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ABSTRACT 

The framework of the Next Generation Science Standards (NGSS) groups together 

middle school students as a single “grade band” for learner outcomes. At the International School 
of Ho Chi Minh City – American Academy (ISHCMC-AA) middle school STEM teachers have 
observed considerable differences academically between grade 6, 7, and 8 students. Therefore, 

establishing a learning progression (LP) for science and engineering practices (SEP) would be 
highly beneficial for the middle school STEM department. This action research used a mixed-

methods approach to triangulate data of student performances and perceptions of strengths and 
weaknesses for the SEP of developing and using models of novel phenomena. Based on data 
collected from middle school STEM students (N=85) a LP that increases in science skills and 

cognitive abilities for learning outcomes by the ends of grades 6, 7, and 8 has been established 
and used as a department wide standard of student performance expectations.  
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Context of the Study 

This action research (AR) project was aimed to establish a learning progression (LP) for 

the science and engineering practice (SEP) of developing and using models for the middle school 

STEM department at the International School of Ho Chi Minh City – American Academy 

(ISHCMC-AA). I chose this research topic as the framework of the Next Generation Science 

Standards (NGSS) groups together middle school learner outcomes as a single grade band for 

grades 6-8. However, I often considered how to better meet the needs of students at my school by 

establishing performance expectations for each individual grade level. To address this problem, I 

undertook this AR project to establish a LP of performance expectations of the SEP developing 

and using models. This LP would be beneficial to STEM teachers at ISHCMC-AA by providing 

direction and support in efforts to increase science literacy in middle school STEM students. 

Through this AR project, a LP that increases in science skills and cognitive abilities of 

performance expectations for the SEP of developing and using models has been established for 

grades 6, 7 and 8 STEM classes.  

Focus Question 

My focus question was, How does a leveled learning progression for the science and 

engineering practice of developing and using models increase science literacy skills through 

performance expectations in middle school STEM students?  

My sub-questions include the following: 
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1. To what extent does providing a leveled learning progression for developing and using 

models impact student performances for grades 6, 7, and 8? 

2. How do student perceptions of strengths and weaknesses differ for developing and using 

models for grades 6, 7, and 8? 

3. How does a learning progression for developing and using models impact middle school 

STEM teachers at ISHCMC-AA? 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

Introduction and Background 

The NGSS framework outlines a learning progression for students in grades K-12 which 

focuses on science literacy skills that increase in complexity from elementary to high school with 

grade bands: k-2, 3-5, 6-8, 9-12 (NGSS, 2013). Science literacy is broadly defined as equipping 

students with core ideas, practices, and crosscutting concepts necessary to become scientifically 

literate through developing critical thinking and problem-solving skills (NGSS, 2013). However, 

the decision of the National Research Council to utilize grade bands instead of creating specific 

standards that are grade-by-grade can create challenges through learning gaps for students, 

additional work for teachers, and difficulty creating textbooks that are grade specific. A LP for 

the SEP of developing and using models has been included within the NGSS framework, which 

builds on the experiences from the previous grade band and progresses in performance 

expectations (Figure 1) (NGSS, 2013). Within these grade bands there should be a “seamless 

articulation from elementary to middle to high school” where courses and assessments are 

carefully planned with little repetition of content in order to create a pathway to excellence in 

science literacy (Adams, 2014, p. 59). With the grade band expectations identified in the NGSS, 

teachers should also consider how to differentiate or scaffold assessments to support the ongoing 

development of individual student abilities and achieve equity in science education (Adams, 

2014, p. 53). 
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Figure 1. Screenshot of Appendix F of the NGSS with progression of grade bands for SEP 

developing and using models (NGSS, 2013).  

When assessing students, teachers should not assume a one size fits all method of 

evaluation (Blaz, 2008). Dr. Carol Ann Tomlinson describes differentiation as “tailoring 

instruction to meet individual student needs” (Reading Rockets, n.d.). Teachers must be 

responsive to learners and differentiate instruction to “create different levels of expectations for 

task completion” (Tobin, 2008, p. 159). Tasks should be designed to match student readiness and 

growth that is ongoing and built into the curriculum. Assessments may be modified to include 

different grade-level performances identified in the NGSS and accurately gauge the growth of 

learners. Thus, creating a progression of performance expectations within the SEPs is a crucial 
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approach in differentiation at individual grade levels, and a leveled learning progression for 

developing and using models would benefit middle school STEM students. 

Findings that Provide Direction 

Learning progressions for science and engineering practices should be accessible and 

meaningful for learners and build skills essential for developing science literacy. Scientific 

modelling is defined as “including elements of the practice (constructing, using, evaluating, and 

revising scientific models) and the metaknowledge that guides and motivates the practice (e.g., 

understanding the nature and purpose of models)” (Schwartz et al., 2009, p. 632). A study in two 

Midwestern cities was conducted to develop a learning progression for 5th and 6th grade students 

engaged in scientific modelling (Schwartz et al., 2009). Illustrations were collected that showed 

both groups of students engaged in creating and revising increasingly accurate models 

throughout the progression that included explanations and predictions of phenomena. Follow-up 

interviews were conducted with students to explain their model (Schwartz et al., 2009). From 

this study, a learning progression that includes four learning levels of performance expectations 

was established for understanding models as generative tools for predicting and explaining. 

Data collected from these 5th and 6th grade indicated increasing abilities to explain 

phenomena by using higher order thinking skills through developing models (Schwartz et al., 

2009). Having students perform illustrations to model phenomena generates data that can be 

collected and analyzed to create an evidence-based learning progression. Important elements to 

consider in this progression include making connections between components to describe and 

explain the model, and to evaluate limitations of the model. Student feedback or follow-up 
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interviews can generate data to analyze student perceptions of strengths and weaknesses of their 

models. 

Theoretical Articles that Provide a Framework 

 The transition through middle school and into adolescence is a period of developmental 

change. A study addressed this gap in development by examining normative patterns of mean-

level change in 665 youth from 3rd, 6th, and 9th grades to determine positive and negative affects 

through adolescent development (Griffith et al., 2021). Negative and positive trait affects were 

sampled through a questionnaire to measure youth emotions on a 5-point Likert scale to sample 

emotional states over “the past few weeks” (Griffith et al., 2021). Positive emotional states 

comprised of 12 items such as “cheerful”, “delighted”, and “calm”, while negative emotional 

states included “frightened”, “ashamed” and “upset” (Griffith et al., 2021). Data was analyzed 

with multi-level growth curve models and revealed declines in positive affect and non-linear 

patterns of alternating increases and decreases in negative affect (Griffith et al., 2021). Results 

from this study reveal the importance of understanding the process of risk and resilience as 

students transition from middle childhood through adolescent years (Griffith et al., 2021). 

 Teachers can generate student feedback through 5-point Likert scales to help support 

challenges faced during periods of developmental change. A survey like this can be used to better 

understand student challenges and create a classroom environment that can adapt to the 

“neurological, physiological, cognitive, and social changes that occur during adolescence” (Coe-

Odess et al., 2019, p. 595). For the purpose of developing a learning progression for SEPs, 

survey questions could generate data to better understand student strengths and weaknesses in 

the skills necessary to develop and use models. Along with this student survey, teachers should 
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differentiate assessment to meet each student at their individual needs or grade level expectation, 

while being mindful that students may face risk and resilience while performing the expectations 

in a middle school science class.  

Articles that Provide Helpful Methodologies 

 The development and evaluation of a learning progression for argumentation in science is 

essential to the core practices of the NGSS. Osbourne et al. (2016) conducted a hypothesized 

three-tiered learning progression for scientific argumentation. This study was conducted over a 

four-year period that collected data from approximately 2000 students with the goal of answering 

two research questions: (1) How do middle school students demonstrate competence with 

increasingly complete argumentation in the context of the structure of matter? and (2) To what 

extent is student competence with increasingly complete argumentation generalizable? 

(Osbourne et al., 2016). Assessments were rigorously developed based on the Berkely Evaluation 

and Assessment Research (BEAR) system and includes three differentiated levels of intrinsic 

cognitive load, each increasing level requiring more connections made between claims and 

evidence (Osbourne et al., 2016). To determine the validity of each assessment, think aloud 

interviews with 8th grade students were conducted to identify item flaws and detailed scoring 

guides were established from items based on the pilot tests (Osbourne et al., 2016).  

Assessments were then administered to 8th grade students and scored based on the 

moderated item rubrics, which were analyzed through Rasch analysis to determine findings form 

the schools (Osbourne et al., 2016). Results provided empirical evidence for a learning 

progression of students’ ability to construct argumentation in science. In the lowest level of the 

learning progression, students are able to describe a claim and identify warrants and evidence. In 
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the second level of the progression, students are able to coordinate at least two elements of an 

argument, such as identify the elements of an argument and explain the relationship between 

them. In the third level, students are able to describe comparisons and critique arguments which 

requires the coordination of multiple cognitive elements (Osbourne et al., 2016). 

Short performance assessments can be used to generate data and determine the level of 

science literacy in middle school STEM students. In order to practice higher order thinking skills 

in science, students should be provided opportunity to measure their achievements through 

carefully constructed learning tools. It is stated “to build coherent and evidence-based learning 

progressions, it is necessary to ensure the quality of assessments” (Osbourne et al., 2016, p. 831).  

The BEAR assessment system is a tool used to validate learning progressions through 

assessments. This integrated approach is used to develop meaningful interpretations of student 

work relative to the cognitive and developmental goals of a curriculum (Draney, 2009). The 

BEAR system encompasses four building blocks to construct quality assessments to establish 

learning progressions: 

• Construct Maps 

• Items Design 

• Outcome Space 

• Measurement Model (Draney, 2009) 

The first building block of the BEAR assessment system is the construct map, used to 

represent a theory of leaning from a developmental perspective how student progress from less 

expert to more expert. The second building block is the items design used to elicit specific kinds 

of evidence about student knowledge found in the construct map. The third building block is the 

outcome space, which describes the qualitatively different levels of responses as evidence on the 

construct map for each short performance assessment. The final building block of the BEAR 
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assessment system is the measurement model which describes the reasoning for student 

understandings and performance expectations (Draney, 2009).  
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CHAPTER THREE 

METHODOLOGY 

The purpose of this AR project was to establish a learning progression for the SEP of 

developing and using models for the middle school STEM department at the International School 

of Ho Chi Minh City – American Academy. The main question for this project is “How does a 

leveled learning progression for the science and engineering practice of developing and using 

models increase science literacy skills through performance expectations in middle school STEM 

students?” Supporting questions include “To what extent does providing a leveled learning 

progression for developing and using models impact student performances for grades 6, 7, and 

8?”, “How do student perceptions of strengths and weaknesses differ for developing and using 

models for grades 6, 7, and 8?” and “How does a learning progression for developing and using 

models impact middle school STEM teachers at ISHCMC-AA?”. This project had approved 

protocol status by the IRB under protocol number 2023-1074-EXEMPT (Appendix A). 

Demographics 

The International School of Ho Chi Minh City – American Academy is located in Ho Chi 

Minh City, Vietnam. The school is fully accredited through the Council of International Schools 

and is Vietnam’s leading American international secondary school. The middle school has a 

student body of 85 students (N=85) and focuses on development of foundational skills, effective 

attitudes for learning, and independence and positive relationships (AAVN, 2023). Students are 

from predominantly affluent socioeconomic background and have learned English as a second 

language. The teaching environment is supportive as the middle school STEM department has 
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two professional science teachers, two teaching assistants, one lab tech, two language specialists, 

and a behavior specialist. 

Treatment 

I implemented this AR in three treatments: within the first, second, and third quarters 

(Q1, Q2 and Q3) of the 2023-2024 academic school year. I collected data for all three rounds of 

treatment for STEM 6, 7 and 8 classes using four data collection methods: 

1. A formative classroom assessment technique (CAT) of misconception probe. 

2. A short performance assessment of the SEP developing and using models for a 

novel phenomenon. 

3. A student survey with Likert scale. 

4. Small group student interviews. 

The focus treatment consists of students completing a short performance assessment on 

developing and using models aligned with an NGSS standard. For Q1, Q2 and Q3 I proceeded 

with my usual classroom instruction and the addition of the four data collection techniques. 
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 Table 1. Treatment schedule for grade level with corresponding NGSS standard. 

Date Grade  NGSS Standard 

 

Quarter 1 
 

October 

6 MS-ESS1-1 Earth-Sun-Moon System – Develop and use a model of the 

Earth-Sun-Moon system to describe the cyclic patterns of lunar phases, 
eclipses of the sun and moon, and seasons 

7 MS-PS1-1 Atomic Composition Model – Develop models to describe the 
atomic composition of simple molecules and extended structures. 

8 MS-ESS1-2 Gravity and Motions in Space – Develop and use a model to 
describe the role of gravity in the motions within galaxies and the solar 

system 

 

Quarter 2 
 

December 

6 MS-LS1-7 Food and Chemical Reactions – Develop a model to describe 

how food is rearranged through chemical reactions forming new 
molecules that support growth and/or release energy as this matter moves 

through an organism. 

7 MS-LS2-3 Matter Cycling and Energy Flow in Ecosystems – Develop a 

model to describe the cycling of matter and flow of energy among living 
and nonliving parts of an ecosystem. 

8 MS-ESS2-1 Cycling of the Earth’s Materials – Develop a model to 
describe the cycling of Earth’s materials and the flow of energy that 

drives this process (tectonic plates). 

 

Quarter 3 
 

March 

6 MS-ESS2-4 Cycling of Water Through Earth’s System – Develop a 

model to describe the cycling of water through Earth’s systems driven by 
energy from the sun and the force of gravity. 

7 MS-PS4-2 Wave Reflection, Absorption, and Transmission – Develop 
and use a model to describe that waves are reflected, absorbed, or 

transmitted through various materials. 

8 MS-ESS2-1 Cycling of the Earth’s Materials – Develop a model to 

describe the cycling of Earth’s materials and the flow of energy that 
drives this process (rock type and faults). 

 

Treatments were completed during one 80-minute STEM class in which students 

completed a formative CAT of misconception probe, short performance assessment for 

developing and using a model, and a Likert survey of student perceptions of strengths and 

weaknesses, and a small group interview with students after completion of the assessment. 

Students were encouraged to use their science notebooks while completing assessments, as I 

have an open-notebook policy in all middle school classes to emphasize comprehension over 
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memorization. All phenomena used in the short performance assessments were novel and 

students did not have examples from which to copy or recall in their notebooks. 

The formative misconception probe ensured students understood the disciplinary core 

idea of the model to be developed. For example, the STEM 6 class completed a misconception 

probe of a total solar eclipse (Appendix B) which uncovered student understandings and 

prepared the class to develop a model of a total lunar eclipse (Appendix K).  

Students used the majority of class time to complete the short performance assessment of 

developing a model for the novel phenomenon. Background information about each phenomenon 

was given with instructions that provided direction of what to model. Students worked 

individually to complete their models and submitted when finished. Upon submission students 

answered a 5-point Likert survey questionnaire that reflected the rubric on the performance 

assessment. 

Towards the end of class and after all assessments had been submitted, I conducted small 

group interviews with volunteer students to answer a few questions pertaining to their 

assessment (Appendix U). These conversations were casually held at a standing desk in the 

classroom and student responses were recorded on a word document. 

Instrumentation 

A construct map was established following the Berkely Evaluation and Assessment 

Research system for developing a learning progression. This construct map provided a 

theoretical proposal of how performance expectations should progress in skill level for each 

middle school grade (Table 2). To create this construct map of performance expectations I 

referenced Appendix F of the NGSS (Figure 1) (NGSS, 2013) and a single point rubric provided 
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for developing and using models from The Wonder of Science resources page (The Wonder of 

Science, n.d.). 

Table 2. Construct map of performance expectations by grade level. 

Level Grade Performance Expectations 

1 6  Develop a model to describe phenomena. 
 Identify and label components of the model using a word bank. 

 Describe connections between components of the model. 
 Models developed include drawings and 3D constructed. 

2 7  Develop and/or use a model to predict and/or describe phenomena. 
 Identify and label correct components of the model using a word bank.  

 Describe connections between components of the model.  
 Evaluate limitations of a model. 
 Models developed include drawings, 3D constructed, and digitally 

produced. 

3 8  Develop and/or use a model to predict and/or describe phenomena. 
 Identify and label components of the model. 
 Describe connections between components of the model. 

 Use connections to describe, explain and predict changes to the model. 
 Develop a model to describe unobservable mechanisms, or causal 

accounts for the phenomenon. 

 Connect the model to the phenomenon using the relevant crosscutting 
concept. 

 Models developed include drawings, 3D constructed, digitally produced, 
and computer simulations. 

 

The classroom asessment technique of misconception probe was a formative assessment 

to determine a baseline for student readiness prior to completing the performance assessment. 

The probes were created in the style of Page Keely’s “Uncovering Student Ideas,” (Uncovering 

Student Ideas, 2022) where students were presented a scenario of with novel phenomenon from 

which they choose a student response they agreed with most. This misconception probe ensured 

students understood the disciplinary core idea of the standard being assessed and were able to 

identify components of the model to be performed (Appendices B, C, D, E, F, G, H, I, J). 
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Short performance assessments (Appendices K, L, M, N, O, P, Q, R, S) were created for 

students to develop a model of a novel phenomenon. The core ideas of the assessment and 

phenomena used were primarily adapted from two resources: Inner Orbit (Inner Orbit, n.d.) and 

The Wonder of Science (The Wonder of Science, n.d.). These assessments have been constructed 

to reflect the Items Design building block of the BEAR system for validating a learning 

progression (Draney, 2009). To ensure quality and NGSS alignment I used the performance 

assessment screening tool provided by The Wonder of Science resources page (The Wonder of 

Science, n.d.). Data was collected on single-point, standards-met rubrics, which were used to 

validate student proficiency of science skills through performance expectations at each middle 

school grade level. 

Data Collection and Analysis Strategies 

I collected data from all middle school STEM students at ISHCMC-AA (N=85) using a 

mixed-methods approach. The sample size for STEM 6 includes 16 students in section 6.1 and 

15 students in 6.2 (N=31), STEM 7 includes 16 students in section 7.1 and 14 students in 7.2 

(N=30), and STEM 8 has one class of 23 students (N=24), however there were small fluctuations 

in class size for each treatment due to student absences or changes in student enrollment. This 

mixed-methods approach included triangulating data (Table 3) from short performance 

assessments, student survey with Likert scale (Appendix T), and small group interviews 

(Appendix U). I made arrangements to implement and collect data for all middle school STEM 

classes three times in the 2023-2024 academic school year. Data collected aligned with current 

units of study for all classes. Each treatment section included all four data collection methods. 
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 Table 3. Data Triangulation Matrix. 

Research Questions Formative 
assessment 

Short 
performance 
assessments 

Student 
Survey with 
Likert scale 

Small 
Group 
Interview 

Main Question: 
How does providing a leveled 

learning progression of science and 
engineering practices in 

differentiated assessments increase 
science literacy in middle school 
STEM students? 

 
 

 
X 

 
 

 
X 

 
 

 
X 

 
 

 
X 

Sub Question: 

How do student perceptions of 
strengths and weaknesses differ for 
the science and engineering practice 

of developing and using models for 
grade 6, 7, and 8? 

  

 
 

X 

 

 
 

X 

 

 
 

X 

Sub Question: 
How does a learning progression for 

the science and engineering practice 
of developing and using models 
impact middle school STEM teachers 

at the International School of Ho Chi 
Minh City – American Academy?  

  
 

 
X 

 
 

 
X 

 
 

 
X 

 

The formative results of the CAT were collected from students and immediately 

disseminated to the class by creating a bar graph of student responses drawn on the whiteboard 

(Figure 2). Each incorrect response was analyzed and explained why it was incorrect, and the 

correct response was described in detail to prepare students and set a baseline of understanding 

before moving on to the next step of treatment. 
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Figure 2. Example of how results from CAT were disseminated to class, (n=16). 

The short performance assessments (Appendices K, L, M, N, O, P, Q, R, S) were used to 

collect quantitative data and provide evidence for a learning progression for the SEP of 

developing and using models. Data was collected on single-point, standards-met rubrics, which 

were used to validate student proficiency and performance expectations at each middle school 

grade level. Instructions and grading rubric for each treatment reflected one level of the learning 

progression from the concept map. For example, instructions and rubric provided on the short 

performance assessment in treatment two reflected the performance expectations in level two on 

the concept map.  

Immediately following the short performance assessment, students completed a survey in 

the format of a 5-point Likert scale (Appendix T). This questionnaire and student survey 
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collected data to determine perceptions of strengths and weaknesses while developing and using 

models. Evidence from this Likert survey provided data for descriptive statistics and determined 

measurements of central tendencies for each grade level’s range of student confidence. 

Finally, qualitative data from small group student interviews was collected to support, 

explain, and provide reasoning for results of quantitative student performances. These interviews 

included volunteers to reflect on the particular phenomenon they modeled and share thoughts 

about strengths and weaknesses from the assessment (Appendix U). Responses were recorded on 

a word document and were used to validate a finalized learning progression for developing and 

using models for the middle school STEM department at ISHCMC-AA. 
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CHAPTER FOUR 

DATA ANALYSIS 

Results of Student Performances  

The classroom assessment technique of misconception probe was a valuable measure to 

establish a baseline of student understanding by revealing prior knowledge, boosting 

engagement, and promoting discussion on the concepts to be modeled. The misconception 

probes were administered at the beginning of each treatment in quarters 1, 2, and 3 of the 2023-

2024 school year. The results of each misconception probe were disseminated and described to 

the class prior to beginning the short performance assessment. These misconception probes 

revealed the majority of students understood the scientific concepts to be modeled in the 

treatment (Table 4). Data from each class was used to uncover student understandings of why 

responses were either correct or incorrect. For example, one STEM 6 student incorrectly 

responded to the misconception probe about the lunar cycle “[I agree with] Dylan, because there 

[is] no moon in the daytime” which was corrected through classroom discussion and explanation 

for the correct option of Sally. When asked if the misconception probe helped students prepare 

for the short performance assessment, and how it helped, one student responded “Yeah, I was 

able to understand some of the concepts better and point out incorrect problems in someone 

else’s thinking.” Another student responded “Yes, because it tells you what is wrong and what is 

right and more information to know for the assessment.” 
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Table 4. CAT misconception probe student results by class per quarter. 

Quarter Class Sample Size Answered Incorrect Answered Correct 

 
1 

STEM 6 31 26% 74% 

STEM 7 30 17% 83% 

STEM 8 23 17% 83% 

 

2 

STEM 6 31 19% 81% 

STEM 7 30 0% 100% 

STEM 8 23 22% 78% 

 

3 

STEM 6 30 0% 100% 

STEM 7 29 10% 90% 

STEM 8 23 35% 65% 

 

Short performance assessments were scheduled for the ends of quarters 1, 2, and 3 and 

aligned with the current unit of study for each STEM class. If results of student performances 

showed a decrease in average scores over the course of the year, this would indicate the need for 

scaffolding of assessment and a learning progression to be established for the science and 

engineering practice of developing and using models. 

Statistical analysis for STEM 6 indicated an increase in average student performance 

scores of 7% from Q1 to Q2, and a gain of averages of 0.3 which would be considered medium 

and normalized (Hake, 1998). The average student performance scores decreased 27% from Q2 

to Q3 and had a -1.5 gain of averages. Graphical analysis through box and whisker plot shows 

variation between treatments and were used to visualize significance (Figure 3). The median of 

the STEM 6 Q3 result is well below the lower quartile of Q2 and below the quartile of Q1, which 

suggests that the groups are significantly different. An ANOVA test was performed and showed 

significant differences between SPA scores between quarters (p<0.05) and was further verified 
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through a T-test (p<0.05). Students were most engaged in the Q2 SPA on MS-LS1-7 Food and 

Chemical Reactions, which may explain the higher average in performance scores (Appendix N). 

When asked how they felt about the SPA for the standard, one student responded, “I liked 

drawing the picture of how Son get[s] his energy from eating the bhan mi [sandwich]”. Another 

student responded, “It was easy to show how the food gets rearranged in the human body to give 

the soccer player energy.” The low performance scores on the Q3 assessment appear to be 

indicative of the higher performance expectations outlined on the rubric, such as being able to 

connect the model to a phenomenon using the relevant crosscutting concept or using the model 

to describe unobservable mechanisms.  
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Figure 3. Box and whisker plot for STEM 6 short performance assessment scores by quarter. Q1: 
(N=31), Q2: (N=31), Q3 (N=30).  

 The results of the statistical analysis for STEM 7 showed a large decrease in average 

student performance scores of 17% from Q1 to Q2 and had a gain of averages of 0.0, or 

considered low (Hake, 1998). The average student performance scores decreased 3% from Q2 to 

Q3 and had a gain of 0.0, also considered low. Graphical analysis through box and whisker plot 

shows variation between treatments and were used to visualize significance (Figure 4). The 
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median decreased significantly from Q1 through Q3, and the medians for Q2 and Q3 are below 

the lower quartile of Q1 which indicates significant difference between student performance 

scores. An ANOVA test was performed and calculated with a p-value below 0.05 (p<0.05). A T-

test to compare individual treatments indicated no significance between Q2 and Q3 performance 

scores with a p-value greater than 0.05, meaning the variance in scores is not significant. The 

drop on the Q3 short performance assessment on MS-PS4-2 could be due to students having just 

recently learned the concept of mechanical waves in the previous class. When asked if anything 

was unclear about the assessment one student responded, “We just learned this from Mr. Alan 

last class”. Another student stated they felt some weakness in modeling because, “I didn’t know 

what the components of a mechanical wave are.” Although this performance assessment was 

open notebook, it should be noted the STEM 7 teacher does not place as much emphasis on 

maintaining a well-organized notebook as the STEM 6 and 8 classes. 
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Figure 4. Box and whisker plot for STEM 7 short performance assessment scores by quarter. Q1: 
(N=30), Q2: (N=30), Q3 (N=29).   

 The results of statistical analysis from the STEM 8 class showed a large decrease in 

average student performance scores of 19% from Q1 to Q2 and had a gain of averages of 0.0, or 

considered low (Hake, 1998). The average student performance score increased 15% from Q2 to 

Q3 and had a gain of averages of 0.0, also considered low. Graphical analysis through box and 

whisker plot shows variation between treatments and were used to visualize significance (Figure 
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5). The median of the STEM 8 Q2 result is below the lower quartile of Q1, which suggests the 

groups are significantly different. An increase in median scores from Q2 to Q3 indicates less 

significance in student performance scores. An ANOVA test was performed and calculated a p-

value below 0.05 and was further verified through a T-test. The T-test variance for Q1 and Q3 

performance assessments calculated a p-value greater than 0.05 which indicates the performance 

scores are not significantly different from Q1 to Q3. When asked about the Q3 short performance 

assessment on the MS-ESS2-1 standard covering rock types and faults, one student stated, “This 

phenomenon is a bit more challenging than just modeling the rock cycle because we had to 

include what we learned about faults and tectonic plates in there, too.” 
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Figure 5. Box and whisker plot for STEM 8 short performance assessment scores by quarter. Q1: 

(N=23), Q2: (N=23), Q3 (N=20). 

The statistical analysis from student results on SPAs for STEM 6, 7, and 8 indicate more 

significant variation in student scores in STEM 6, then STEM 7 and 8. Over the course of three 

treatments, the STEM 6 and STEM 7 classes had a similar decrease in average performance 

scores from Q1 to Q3 of 19% and 20% respectively, whereas STEM 8 had an average decrease 

of only 4%. STEM 6 and STEM 7 classes performed strongest when the expectations aligned 

with their grade level indicated on the concept map of learning progression and struggled 
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significantly more than STEM 8 when completing the Q3 assessment that aligned with STEM 8 

performance expectations. This indicates scaffolding of assessments for the lower grade levels is 

necessary, and to establish a learning progression of performance expectations to better meet the 

needs of students at individual grade level. 

Results of Student Perceptions of Strengths and Weakness 

Students completed a survey in the form of 5-point Likert scale to indicate perceptions of 

strengths and weaknesses while performing the SEP of developing and using models. These 

Likert surveys were administered immediately following student submission of the short 

performance assessment. Data from each STEM class was collected and analyzed on a stacked 

bar graph. The graphs are organized by compiling questions 1-5 over the three treatments. 

Higher Likert survey scores represent strengths with the practice of developing and using models 

and indicate confidence in completing the performance task, while lower scores represent 

weaknesses and indicate lack of confidence in completing the performance task. Questions were 

the same for each treatment to display a comparative analysis over the three quarters. The 

questions include: 

1. Identifying components of the model is easy 

2. Labeling components of the model is easy 
3. I can make connections between components in the model 

4. I can use components to predict changes to the model 

5. I can develop a model to explain a phenomenon 

Visual analysis from the STEM 6 student surveys conducted show perceptions of 

strengths in identifying and labeling components of the model (Figure 6). The majority of 

students appear to have no opinion in making connections between components in the model, 
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predicting changes in the model, and developing a model to explain a phenomenon. There does 

not appear to be strong correlation between student perceptions and performance scores. For 

example, students scored strongest on the Q2 performance assessment yet there is no evidence 

from the Likert survey to indicate student perceptions of strengths. When asked how confident a 

student feels in their ability to develop and use models, one student responded they feel 

“somewhat confident, not much, like 1 to 5 I’d say 3.” 

 
Figure 6. STEM 6 Likert data from 5-question student survey of strengths and weaknesses for 
each quarter, (N=92). 

 Visual analysis from the STEM 7 student surveys conducted show students felt strongest 

on the Q2 short performance assessment (Figure 7). There also appears to be a downward trend 

in feelings of weakness in using components of the model, to predict changes, and using a model 

to explain a phenomenon. There does not appear to be any significant differences in student 
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perceptions of strengths between performance assessments, however evidence from the 

performance scores suggests students had most difficulty completing the Q3 model which is not 

reflected in the Likert data. When asked how confident they feel in their ability to develop and 

use models in STEM class, one student responded “Yes, the more we do modelling activities the 

better I feel about connecting ideas and connecting to other concepts.” 

 
Figure 7. STEM 7 Likert data from 5-question student survey of strengths and weaknesses for 
each quarter (N=89). 

 Visual analysis from the STEM 8 student surveys conducted indicate the majority of 

students felt strongest on the Q1 short performance assessment (Figure 8). The most frequent 

response to all questions on the survey is “no opinion.” Students appeared to feel weakest on the 

Q2 short performance assessment. There appears to be a downward trend in student responses 

that indicate feelings of strength over the three treatments, however evidence from the 
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performance assessments indicate an increase in student average of 15% from Q2 to Q3. 

Therefore, there does not appear to be any correlation between student perceptions of strengths 

and weaknesses and performance scores. When asked how confident a student feels in their 

ability to develop and use models after the Q3 assessment, one student responded, “I don’t know 

if I’ve been right or wrong on these since we don’t get them back and we don’t get graded on it.” 

 
Figure 8. STEM 8 Likert data from 5-question student survey of strengths and weaknesses for 
each quarter, (N=66).   

 Visual analysis of all three STEM classes together do not indicate patterns or correlation 

between student perceptions of strength and weaknesses and performance scores. STEM 8 had 

the highest performance scores yet data from the Likert survey indicate large perceptions of no 

opinion or feelings of weakness. Likert data from the STEM 6 class indicates a high overall 

confidence level yet this was not reflected in performance scores, particularly in the Q3 short 
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performance assessment with greater performance expectations. STEM 7 had the lowest 

performance scores and moderate perceptions of strength and weaknesses and showed particular 

room for improvement on explaining their models. 
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CHAPTER FIVE 

CLAIM, EVIDENCE, AND REASONING 

Claims From the Study 

The focus question for this AR project was to determine how a leveled learning 

progression of developing and using models impacted the science literacy skills of middle school 

STEM students. Within the focus question are three sub-questions: (a) how a learning 

progression for developing and using models impact student performances in grades 6, 7, and 8? 

(b) what do students feel are strengths and weaknesses for developing and using models? and (c) 

how does a learning progression for developing and using models impact MS STEM teachers at 

ISHCMC-AA? 

A learning progression can positively impact MS STEM students’ performance scores by 

aligning expectations to individual grade levels and cognitive abilities. From the box and whisker 

plots (Figures 3, 4, and 5), there is a clear distinction that STEM 8 met the highest level of 

performance expectations and had more competency in: making connections between 

components of the model, using components to make a change in the model, and using a model 

to explain a phenomenon. The average performance scores in STEM 8 were 81%, 65% and 77% 

in Q1, Q2, and Q3. STEM 7 performed lowest on the short performance assessments, with class 

averages of 75%, 57% and 55% in Q1, Q2, and Q3 respectively. One reason for this low student 

performance score outcome in STEM 7 could be due to the fact that another MS STEM teacher 

taught this class, whereas I taught both STEM 6 and STEM 8 and was able to build off prior 

knowledge from lessons for those classes. Another difficulty STEM 7 classes appeared to have 
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included using their model to explain a phenomenon. However, it should be noted that there are 

five (n=5) students in this class who are English language learners.  STEM 6 appeared to do very 

well on the Q2 short performance assessment which had students develop a model of how a 

soccer player converts food to energy with a class average of 82%. There is a large student 

population of soccer players (n=12) in this class who appeared to take particular interest in this 

phenomenon and were very engaged in the activity. This showcases the importance of creating 

engaging assessments that spark student curiosity.  

There does not appear to be any correlation of student perceptions of strengths and 

weaknesses and performance scores. STEM 8 students inversely had the highest performance 

scores yet the lowest perceptions of strengths when performing the short performance 

assessments. This could be due to a stage in adolescence when students feel cautious when 

facing risk and resilience that comes with performing in science class (Coe-Odess et al., 2019). 

Interestingly, the STEM 6 class had the highest perceptions of strengths when performing the 

assessments yet low performance score results. This could be due to students’ willingness to take 

more risk at this stage in middle years development. STEM 7 had the highest trend of answering 

“no opinion” to the student survey, which seems to balance out the higher and lower grades. 

This learning progression has impacted the MS STEM teachers at ISHCMC-AA by 

establishing a set of performance expectations for students to meet by the ends of grades 6, 7, 

and 8. The expectations in this progression have been discussed and agreed upon by both MS 

STEM teachers in the department and has received positive feedback from the high school 

science department, as well. This learning progression matches the construct map established 

following the BEAR system and reflects Appendix F of the NGSS framework (NGSS, 2013), 
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which represents a theory of learning from a developmental perspective how students will 

progress through grades 6, 7, and 8 (Draney, 2009). The following learning progression has been 

established: 

Table 5. Established learning progression of performance expectations for grades 6, 7, and 8. 

Grade Performance Expectations 

 
6 

 Develop a model to describe phenomena. 
 Identify and label components of the model using a word bank. 
 Describe connections between components of the model. 

 Models developed include drawings and 3D constructed. 

 
 

7 

 Develop and/or use a model to predict and/or describe phenomena. 
 Identify and label correct components of the model using a word bank.  
 Describe connections between components of the model.  

 Evaluate limitations of a model. 
 Models developed include drawings, 3D constructed, and digitally produced. 

 
 

 
8 

 Develop and/or use a model to predict and/or describe phenomena. 
 Identify and label components of the model. 

 Describe connections between components of the model. 
 Use connections to describe, explain and predict changes to the model. 
 Develop a model to describe unobservable mechanisms, or causal accounts for 

the phenomenon. 
 Connect the model to the phenomenon using the relevant crosscutting concept. 

 Models developed include drawings, 3D constructed, digitally produced, and 
computer simulations. 

 

Value of the Study and Consideration for Future Research 

This study has yielded valuable results that indicate a learning progression can positively 

impact MS STEM students’ performance scores and abilities to predict phenomena in grades 6, 

7, and 8. This learning progression includes clear performance expectations for the MS STEM 

department to follow at ISHCMC-AA and provide direction and support to increase science 

literacy in students as outlined by the NGSS. Elements of the science and engineering practice 

will guide and motivate students to build skills essential in modelling, including identifying and 

labeling components, making connections between components, predicting changes in a model, 
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and using a model to explain a phenomenon (Schwartz et al., 2009, p. 263). By identifying skills 

by grade level rather than grade band of the NGSS, teachers will be able to better differentiate or 

scaffold assessment to support the ongoing development of student abilities and create “a 

pathway to excellence in science literacy” (Adams, 2014, p. 59).  

Future research could continue with establishing the remaining SEPs: asking questions, 

planning and carrying out investigations, analyzing and interpreting data, using mathematics and 

computational thinking, constructing explanations, engaging in argument from evidence, and 

obtaining, evaluating and communicating information. This study could have long term benefits 

to the MS STEM department at ISHCMC-AA, by outlining clear expectations for all assessments 

used at each grade level. Similar initiatives to establish learning progressions could be taken for 

the high school science courses and provide evidence for school-wide cohesion of vertical 

alignment in performance expectations. 

Impact of Action Research on the Author 

 This action research project supported my professional development in better 

understanding how to meet the needs of MS students. Students embark on a number of 

developmental changes in the transition through middle school, which can have both positive and 

negative affects through adolescence (Griffith et al., 2021).  It is important for teachers to be 

aware of these changes and create a classroom environment that can adapt to the diverse needs to 

students (Coe-Odess et al., 2019). An observation I have made while coaching middle school 

sports is the significant difference between a grade 6 and 8 students in their physiological, 

cognitive, and social abilities. Differentiated assessments should be created to spark interest and 
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curiosity of students, and a clear outline of performance expectations should be established in 

understanding student needs. 

 Creating and implementing rigorous assessments is a great teaching strategy to evaluate 

student performances. Misconception probes can be utilized to generate immediate feedback to 

both the teacher and students by uncovering student understanding and promoting class 

discussion through explanation of the science concept being studied. I will continue to create 

short performance assessments that provide students the opportunity to measure their abilities 

through carefully constructed learning activities that align with an NGSS standard. As the needs 

of each grade level will change from year to year and cohort to cohort, I can continue to use 

these short performance assessments as evidence-based learning to establish a progression of 

learner outcomes (Osbourne et al., 2016). 

 Generating student feedback through the 5-point Likert scale is a powerful and efficient 

way of allowing students to have a voice in their own learning. Even though it did not provide 

empirical evidence in establishing a learning progression in comparison to performance scores 

for grades 6, 7, and 8, I will continue to include student surveys following each unit to better 

understand student emotions on cognitive abilities. Rather than “Strongly Agree” to “Strongly 

Disagree”, I will adapt the method to sample emotional states such as “Cheerful” to “Upset” 

(Griffith et al., 2021). 

Overall, the methods of implementing this AR project have most certainly allowed me to 

develop as a professional science educator, and I have enjoyed the challenges in understanding 

how to better meet the needs of students in the middle school years. 

  



37 
 

 

REFERENCES CITED 

  



38 
 

Adams, C. M. (2014). Using the Next Generation Science Standards with gifted and advanced 
learners: A service publication of the national association for gifted children. Prufrock 

Press Inc.  

Coe-Odess, S., Narr, R., & Allen, J. (2019). Emergent emotions in adolescence. In V LoBue, K.,  
Perez-Edgar, K. Buss (Eds.) Handbook of emotional development. Springer, 595-625. 

Draney, K. (2009). Designing learning progressions with the BEAR assessment system. 

https://www.education.msu.edu/projects/leaps/proceedings/Draney.pdf  

Griffith, J, M., Clark, H, M., Haraden, D, A., Young, J, F., & Hankin, B, L. (2021). Affective 
development from middle childhood to late adolescence: Trajectories of mean-level change 
in negative and positive affect. Journal of Youth and Adolescence, 50, 1550-1563. 

Inner Orbit. (2017-2024). Inner orbit assessments. 

https://www.innerorbit.com/schools/teachers/assessments/  

International School of Ho Chi Minh City – American Academy. (2023, September 12). 
https://www.aavn.edu.vn/ 

Keeley, P. (2022). Formative assessment books by Page Keeley. Uncovering Student Ideas. 

https://www.uncoveringstudentideas.org/books  

National Science Teachers Association. (2013). Science and engineering practices in the Next 
Generation Science Standards progression matrix. 

https://static.nsta.org/ngss/resources/matrixfork12progressionofscienceandengineeringpract
icesinngss.8.14.14.pdf.  

NGSS Lead States. (2013a). Next Generation Science Standards: For states, by states. How to 
read the Next Generation Science Standards. National Academy Press.  

NGSS Lead States. (2013b). Next Generation Science Standards: For states, by states. 
APPENDIX E – Science and Engineering Practices in the NGSS. National Academy Press. 

https://www.nextgenscience.org/resources/ngss-appendices 

NGSS Lead States. (2013c). Next Generation Science Standards: For states, by states. 
APPENDIX F – Science and Engineering Practices in the NGSS. National Academy Press. 

https://www.nextgenscience.org/resources/ngss-appendices 

Osbourne, J., Henderson, J., MacPherson, A., Szu, E., Wild, A., Yao, S. (2016). The 

development and validation of a learning progression for argumentation in science. Journal 
of Research in Science Teaching, 53(6), 821-846. 

  



39 
 

Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Achér, A., Fortus, D., Shwartz, Y., Hug, 
B., & Krajcik, J. (2009). Developing a learning progression for scientific modeling: 

Making scientific modeling accessible and meaningful for learners. Journal of Research in 
Science Teaching, 46(6), 632–654. https://doi.org/10.1002/tea.20311  

The Wonder of Science. (n.d.). Performance assessment screening tool. 
https://thewonderofscience.com/graphics 

Tobin, R. (2008). Corundrums in differentiated literacy classroom. Reading Improvement, 45(4), 
159-169. 

  



40 
 

 

APPENDICES 

  



41 
 

 

APPENDIX A 

IRB PROTOCOL REPORT – STATUS APPROVED 

  



42 
 

  



43 
 

 

APPENDIX B 

STEM 6 CAT MISCOCEPTION PROBE TREATMENT 1 – PROMPT AND STUDENT 

RESPONSE 

  



44 
 

 

 

  



45 
 

 

APPENDIX C 

STEM 7 CAT MISCONCEPTION PROBE TREATMENT 1 – PROMPT AND STUDENT 

RESPONSE 

  



46 
 

 

 

  



47 
 

 

APPENDIX D 

STEM 8 CAT MISCOCEPTION PROBE TREATMENT 1 – PROMPT AND STUDENT 

RESPONSE 



48 
 

 

  



49 
 

 

APPENDIX E 

STEM 6 CAT MISCOCEPTION PROBE TREATMENT 2 – PROMPT AND STUDENT 

RESPONSE 

  



50 
 

 

 

  



51 
 

 

APPENDIX F 

STEM 7 CAT MISCOCEPTION PROBE TREATMENT 2 – PROMPT AND STUDENT 

RESPONSE 



52 
 

 

  



53 
 

 

APPENDIX G 

STEM 8 CAT MISCOCEPTION PROBE TREATMENT 2 – PROMPT AND STUDENT 

RESPONSE 

  



54 
 

 

 

  



55 
 

 

APPENDIX H 

STEM 6 CAT MISCOCEPTION PROBE TREATMENT 3 – PROMPT AND STUDENT 

RESPONSE 

  



56 
 

 

 

  



57 
 

 

APPENDIX I 

STEM 7 CAT MISCOCEPTION PROBE TREATMENT 3 – PROMPT AND STUDENT 

RESPONSE 

  



58 
 

 

 

  



59 
 

 

APPENDIX J 

STEM 8 CAT MISCOCEPTION PROBE TREATMENT 3 – PROMPT AND STUDENT 

RESPONSE 

  



60 
 

 

 

  



61 
 

 

APPENDIX K 

STEM 6 MS-ESS1-1 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 1 

  



62 
 

 

  



63 
 

 

APPENDIX L 

STEM 7 MS-PS1-1 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 1 

  



64 
 

 

  



65 
 

 

APPENDIX M 

STEM 8 MS-ESS1-2 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 1 

  



66 
 

 

  



67 
 

 

APPENDIX N 

STEM 6 MS-LS1-7 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 2 

  



68 
 

 

  



69 
 

 

APPENDIX O 

STEM 7 MS-LS2-3 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 2 

  



70 
 

 

  



71 
 

 

APPENDIX P 

STEM 8 MS-ESS2-1 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 2 

  



72 
 

 

  



73 
 

 

APPENDIX Q 

STEM 6 MS-ESS2-4 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 3 

  



74 
 

 

  



75 
 

 

APPENDIX R 

STEM 7 MS-PS4-2 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 3 

  



76 
 

 

  



77 
 

 

APPENDIX S 

STEM 8 MS-ESS2-1 PERFORMANCE ASSESSMENT STUDENT EXEMPLAR – 

TREATMENT 3 

  



78 
 

 

  



79 
 

 

APPENDIX T 

STUDENT LIKERT SURVEY 

  



80 
 

 

  



81 
 

 

APPENDIX U 

SMALL GROUP STUDENT INTERVIEW QUESTIONS 

  



82 
 

 


