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Abstract

As districts are making the shift to three-dimensional learning the development of a

coherent set of high-quality task-based assessments has been a challenge. For this research I

collected and analyzed twelve of my district's assessments over the scientific skill of modeling

from grades seven through 12. The analysis involved two tools developed by NGSS and

Achieve.org to determine the extent to which the assessments ask students to perform tasks that

are driven by phenomena and use the three-dimensional in service of sense-making, the Task

Screener and the Framework to Evaluate Cognitive Complexity in Science Assessments. The

findings support what researchers have said about the shift to three-dimensional task-based

assessments: Choosing appropriate engaging phenomena is key to developing high-quality

rigorous assessments. While most of my district’s modeling assessments were found to be

three-dimensional they are not rigorous because the phenomena guiding the tasks are too general

and not puzzling.



4
Table of Contents

Abstract 3

Chapter 1. Introduction and Framework 5
Research Questions 7

Chapter 2. Literature Review 9
Next Generation Science Standards 9
The Science and Engineering Practices 10
Modeling 11
Assessments 13
Three-dimensional Assessments 14
Rigorous and Relevant Phenomena 15
Coherence 17
Theoretical Framework 18

Chapter 3. Project 20
Achieve.org Task Screener 21
Rigor and Cognitive Complexity 23
Survey 26

Chapter 4. Results and Conclusions 27
Results 27
Three-dimensional Alignment 27
Changing Rigor Through the Grades 30
Challenges in Developing Assessments 33
Discussion/Conclusion 34
Future Work 36

References 38

Appendix A- IRB Approval 42

Appendix B- NGSS Task Screener (Modified to fit space) 43

Appendix C- Task Screener Full Data Set 45

Appendix D- Survey Responses 47



5

Chapter 1. Introduction and Framework

The development of high-quality assessments that meet the Next Generation Science

Standards (NGSS) definition of three-dimensions is a challenge that all science teachers are

facing. The shift from traditional tests to phenomena-based tasks that address the Science and

Engineering Practices (SEPs), Crosscutting Concepts (CCCs), and Disciplinary Core Ideas

(DCIs) is a monumental undertaking for many. There is a need for high-quality assessments that

focus on these three-dimensions for teachers to use as a guide. The research and development of

these tasks is going to take the nation time, and currently assessments for seven through 12th

grades that focus on students’ development and interpretation of scientific models are lacking.

Even more exigent for a district is to develop these assessments to fit the scope and sequence for

their courses as students progress through middle and high school. This new reform in science

education is about designing learning and assessment environments for students that are

grounded in evidence, coherent, and well coordinated at a larger scale than ever before (Pea &

Collins, 2008).

The hope for the development of NGSS is to educate an American workforce with the

knowledge and skills to meet “many of humanity’s most pressing current and future challenges,”

(NRC, 2012). Its goals are reflected in its coherent K–12 structure and the development of the

three-dimensions. Students develop the skills (like scientific modeling), the knowledge, and the

appreciation for science to guide them into their adult lives. A strong education can teach

students how scientists solve problems and how they can develop similar critical thinking skills

to apply to their lives and decisions (Sadhu & Laksono, 2018). Teachers must weave these skills,
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concepts, and crosscutting concepts into every aspect of their lesson planning, from instruction to

assessment (Morrell et al., 2020).

My district is unique in that we adopted the Science and Engineering Practices (SEPs)

from the NGSS as our district’s course standards. There are seven science practices from which

each course instructor must select three to five to focus on in their assessments. Developing and

Using Models is the only scientific practice selected in all courses. I am interested in improving

the quality of our assessments that ask students to engage in this skill. The purpose of focusing

on just scientific modeling is that my science department has agreed to develop best-practice

assessments on this topic for fall 2021. We have students memorizing models and being asked to

replicate them on our assessments all too often. We need to move away from fact-driven

assessments to skill-based tasks (Debarger et al., 2017). This qualitative research project will

involve collecting data to determine what high-quality assessments are being used in my district

and to provide a foundation for improving our future work.

Furtak (2017) analyzed many articles from this current wave of reform and found that as

teachers learn about what the new assessments should look like there are many dilemmas that

must be overcome. First, teachers lack training about the interrelationships among the three

dimensions of NGSS, especially since most of their career they have assessed inquiry practices

separately from content understanding or did not assess it at all. Additionally, teachers need help

learning and developing the types of tasks that can truly help surface student thinking, and

researchers are struggling to do this themselves (Debarger et al., 2017; Furtak, 2017; Pea &

Collins, 2008; Shepard, 2000). To aid researchers in developing a pool of vetted assessments this

research will help researchers to see what is currently being done in the classrooms. New
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tasked-based assessments developed by teachers generally are adaptations of old tests, but they

often fail to be three-dimensional if teachers are not reflective and supported (Debarger et al.,

2017). The purpose of this research is to present and improve my district’s progress towards the

goals set forth by the NGSS. It will also provide model assessments over the SEP “developing

and using models” for other teachers to use as a guide. The work of my district can help improve

three-dimensional assessments nationwide.

Research Questions

1. How do my district’s assessments, which ask students to develop and use models, align with

the three-dimensional learning qualities of the NGSS?

2. How do the assessments on modeling change in rigor through the grades 7-12?

3. What challenges do teachers face when developing three-dimensional tasked-based

assessments for the science classroom?

To answer question one, I used the instrument by NGSS and Achieve.org called the Task

Screener, that is available for teachers to analyze their assessments to determine if they meet the

definition of high quality (NGSS Lead States, 2013d). I examined twelve currently developed

assessments from our district’s science teachers that focus solely on the practice of scientific

modeling, while asking students to engage in all three dimensions. I then used the Framework to

Evaluate Cognitive Complexity in Science Assessments, also by Achieve.org to answer question

two and help develop a model for our teachers of what complexity can look like for students

when developing and using models (Achieve, Inc., 2019). The shift in our district has been very

stressful for us as we adopt the NGSS and change our grading practices. For the last question, I
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surveyed the teachers to determine what challenges they face and reflect on how this research

can aid in improving my district’s three-dimensional science assessments.
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Chapter 2. Literature Review

Next Generation Science Standards

In 2011, the National Research Council published a research paper entitled A Framework

for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas that is perceived

by many as having laid the groundwork for the shift to three-dimensional learning in the

classroom that we are seeing in this current wave of education reform (Ames, 2014). Teachers

and researchers in the decade since have been reworking and redeveloping their curriculum and

assessments to meet the goals put forth by this council. These goals included encouraging an

appreciation for science, development of a knowledge base needed to be educated voters and

consumers, and development of skills needed to enter the workforce and solve future world

problems.

The Lead States (2013) developed performance expectations (PEs) that change the

approach to classroom instruction and assessment for all K–12 science teachers. They focus

across what they refer to as the three-dimensions: Science and Engineering Practices (SEPs),

Crosscutting Concepts (CCCs), and Disciplinary Core Ideas (DCIs). Then they laid out what

three-dimensional classroom instruction should look like. Teachers need to be engaging students

in investigating and designing experiments from their experiences to increase engagement and

learning (NRC, 2012). The result of their work is a new set of science standards called the Next

Generation Science Standards (NGSS) (Lead States, 2013). The NRC (2012) also concluded

that, “instructional resources are key to facilitating the careful sequencing of phenomena and

design challenges across units and grade levels in order to increase coherence as students become
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increasingly sophisticated science and engineering learners” (p. S- 3).  However, these resources

are still missing for many units and teachers are struggling to create assessments that align with

this goal.

The Science and Engineering Practices

The Science and Engineering Practices (SEPs) are one of the three-dimensions presented

in the NGSS and are the skills or practices that all scientists engage in. These eight components

of scientific inquiry are practices such as Asking Questions, Developing and Using Models,

Planning and Carrying out Investigations, Analyzing and Interpreting Data, Using Mathematical

Thinking, Constructing Explanations, Communicating Information, and Engaging in

Argumentation. These should not be taught in isolation. For example, the practice of

argumentation is interconnected to students’ development of an investigation procedure and their

analysis of the data. Students can even engage in argumentation about the use and development

of models.

The NGSS lays out specific capabilities associated with each science practice. Willard

(2020) organizes what students should be able to do at each level of learning by tracking each

skill through a logical progression flow chart. For example, K-2  students can analyze data from

tests to determine if it works as intended. Then, by Grades 3-5 students can use the data to refine

the testing process and by Grades 6-8 begin to define operational ranges. Finally, by grades 9-12

they should be able to analyze data to optimize it relative to a certain criteria for success

(Willard, 2020). These capabilities are outlined to encourage student growth and coherence of

the practices and to give teachers structure to their curriculum development.
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Teachers have a strong role in the development of student skills, from demonstrating the

need for the skills to developing authentic situations where students must use these skills. These

opportunities can give students the conceptual tools to show their current understanding of

phenomena (Lesh & Lehrer, 2003). For example, when students problem-solve through the

revision process of developing and reorganizing their models, they communicate their internal

understanding better for teachers to react to. To become competent thinkers, students must not

only engage in the SEPs, but also know when to apply them (Herman, 1992). Applying these

practices to science phenomena is a critical step in their development. My district developed our

standards around these practices. We wrote out learning targets and success criteria for each of

the practices for students as they progress through grades 5-12.

Modeling

A major skill and concept in the NGSS is scientific modeling. It is categorized as a

crosscutting concept (CCC): “defining the system under study—specifying its boundaries and

making explicit a model of that system—provides tools for understanding and testing ideas that

are applicable throughout science and engineering” (NGSS Lead States, 2013b, p. 1). It is also a

SEP that asks students to develop their own models and use models to develop explanations

(NGSS Lead States, 2013a). This research will focus solely on the second use of modeling as a

verb as my district has chosen to coordinate and improve our assessment over this skill in our

professional development time.

Models will be defined here as “a means for representing aspects of the world” (Giere,

2009, p. 7). Models serve many purposes to the scientist, and students should be exposed to

many types and opportunities to work with models. Models can show the relationship between
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systems, act as a tool for finding patterns, or serve as an explanation for a phenomenon. Teachers

need to give students opportunities to analyze and revise their models. A common model in

chemistry is the Bohr Model of the atom. This model explains the spectrum of hydrogen, but

what other power does it have? Can a student also see why other models may better serve to

explain the bonding nature of the atom? Modeling becomes a language that allows scientists to

communicate ideas, and teachers must open this window for students (Bent, 1984; Coll &

Lajium, 2011). When students develop models and are guided in their reflection on the process,

they are better able to develop higher-level explanations of phenomena (Cheng & Brown, 2015).

It is important for teachers to give students the opportunities to use models just as

scientists do. This looks different across the age groups. Young students should be able to

compare models, distinguish between models and the actual object or process, and develop their

own models to represent something about the natural world. As their brains develop they should

be able to revise models based on evidence and identify limitations in models. By middle school

students can develop models to describe phenomena and generate data becoming more aware of

how the model is different from the target event. Working through this process will allow

students by high school to develop more complex models and use them as a tool to think more

abstractly and interweave concepts and phenomena (Willard, 2020). Like a scientist, they can use

models as a device that can be manipulated and improved upon to better explain and predict

natural events (Cheng & Lin, 2015).

Modeling looks different across the science disciplines and content. The mathematical

model is a good example of a type of model used heavily in physics, some in chemistry, but is

more rare in biology, environmental, and earth science. On the other hand, biology and earth
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sciences make use of cycle models to analyze the flow of energy and matter through systems.

Chemists use symbolic and particle models to visualize and predict the unseen nature of matter.

Engineers often use models to plan, test, and improve solutions to problems. Exposing students

to modeling across curriculum is a big step in getting students to understand the nature of science

as a field and as a practice.

Assessments

The purpose of assessments is to measure a student’s understanding of content or

application of a skill. My district’s changes in summative assessments are driven by a desire to

improve instruction to ensure all students can achieve at a high standard. We want our

assessments to give us the data we need to support and teach our students. Assessments can

support quality changes in school when the focus is on skill development (Herman, 1992). The

skill development my department is focusing on is developing and using scientific models. To

develop quality assessments, we must consider how students use the skill of modeling and ensure

we move beyond just memorizing important information. For example, our summative

assessments should go beyond asking students to memorize and label the model of a cell. Good

assessments help us become better teachers by giving us the data we need to address our

students’ gaps in content and skill.

There are two types of assessments: formative and summative. Formative assessments are

those collected either informally or early on in the learning process. My district has spent the last

five years developing a system of formative assessments and reflection process. Therefore, for

the purpose of this project my focus is instead on the quality of our summative assessments.

These summative assessments are formal opportunities to show student learning that are
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collected by teachers as pieces of evidence that will be used to determine a student’s course

grade. They include classic paper/pencil tests, laboratory reports, and projects, but all should

encompass the ideals of the three-dimensions.

Much of learning is constructed from students’ experiences, and this must be considered

while developing assessments. High quality classroom assessments provide opportunities for

students to think like a scientist and construct and demonstrate their own understanding. Cheng

and Lin (2015) asked students to create their own models to explain everyday phenomena, and

only 12% were able to describe more than just observable features. The authors’ work developed

a five-level definition for depth of scientific models (Cheng & Lin, 2015).  Most students in their

study were only able to use models at level one, which means they only used a model to describe

observable phenomena. This aligns with what I have seen when I ask students to generate their

own models; they struggle to use models to visualize the unseen and are unable to explain

observed phenomena at a higher level. A similar study examined students’ ability to construct

scientific explanations, another Science and Engineering Practice. It focused on the effectiveness

of different methods teachers use to scaffold assessments. The authors concluded that it is

necessary for teachers to provide students with effective scaffolding on assessments, especially

the use of contextualized phenomena, to promote rigor (Kang et al., 2014). This will have

implications on my district’s assessments. If we do not give our students the resources to engage

with the material, they will not be able to demonstrate their skills.

Three-dimensional Assessments

Task assessments designed for the NGSS must target a full range of content and skills.

“They must test students’ understanding of science as a content domain and their understanding
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of science as an approach. And they must provide evidence that students can apply their

knowledge appropriately and are building on their existing knowledge and skills in ways that

lead to deeper understanding of the scientific and engineering practices, crosscutting concepts,

and disciplinary core ideas,” (NRC, 2012, p. 263). Task-based assessments will be defined as

those that are focused around a phenomenon with students using language and critical thinking

skills to engage with the questions. In science, students may have to solve a problem by

collecting or analyzing data. They may need to develop a model to answer questions or organize

an idea. For example, students in chemistry may need to interpret PES (photoelectron

spectroscopy) data to predict and explain the bonding behaving between two atoms.

Achieve.org created a task screener designed to be used by stakeholders to 1) “determine

whether classroom assessment tasks are high quality, designed to elicit evidence of

three-dimensional performances, and designed to support the purpose for which they will be

used, and 2) to provide a group of reviewers with a common set of features to ground

conversations about what it “looks like” for students to demonstrate the kinds of performances

expected by three-dimensional standards” (NGSS Lead States, 2013d, p. 1). Nationwide teachers

and test developers can have a common language and goal for high quality three-dimensional

assessments.

Rigorous and Relevant Phenomena

“To ensure that students are capable of taking on the challenges of tomorrow, investing in

a rigorous and focused science education is critical” (Loney, 2014, p. 1).  Rigor is defined as the

presence of cognitively complex tasks that ask students to engage with phenomena using the

three-dimensions. Science teachers are in a unique position to help students develop the
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analytical and problem-solving skills needed in all careers. My district values a rigorous set of

courses for students and wants students engaging in sensory experiences in which they

participate in the processes of scientific discovery. New rigorous assessments created under this

goal must draw from all three dimensions and be grounded in phenomena that students engage

with by actively trying to figure out the way the world works (sense-making). High cognitive

complexity comes from non-routine use of the DCI while authentically using multiple SEPs in

service of sense-making (Achieve, Inc., 2019).

The assessments created under the new NGSS should be based on relevant and rigorous

phenomena. Achieve.org defines high quality scenarios as those that address a rich and puzzling

phenomenon or problem with a high-degree of uncertainty (Achieve, Inc., 2019). My colleagues

and I have struggled the most with this aspect of assessment development. We are not alone in

this. Studies have found that it is not easy to find and develop tasks that are equally challenging

across different groups of students (Penuel et al., 2019; Settlage & Jensen, 1996; Shavelson et

al., 1991). Choosing appropriate phenomena that is engaging to “students of different ethnicities,

genders, and linguistic backgrounds” and “demanding enough to match the expectation of the

standard” is rare even with careful consideration (Penuel et al., 2019, p. 1391). As a district, we

must consider course phenomena and the corresponding assessment phenomena with care. I

expect many of our current assessments are lacking rigor because they fail to get students to use

models as scientists do. We want to assess if students can transfer the modeling skill to all types

of scientific observations. However, not all content areas are equally amenable to modeling, and

collecting assessments from all subject areas will highlight if we are seeing students’ transfer of

this skill.
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Coherence

There is much value at looking at assessments over the course of several sequential

grades (e.g. grades seven through 12). It makes sure all teachers are on the same page and that

students are developing their knowledge by building on prior experiences and becoming more

sophisticated learners. Penuel et al. (2018) stresses that the teaching of these standards requires a

cluster of task items over multiple assessments and years. Development of a horizontally and

vertically coherent assessment system contributes directly to the quality of implementation of the

NGSS by being a guide by which teachers best prepare students to meet the performance

expectations put forth by the state (Penuel et al., 2018; Pruitt, 2014). This research is intended to

help my district build an assessment system that reflects both the goals of our district and the

goals of NGSS by first building a coherent framework for assessing the practice of modeling in

science.

Our district started the process of analyzing the scope of our curriculum two years ago

with our shift in grading practices and the adoption of the Iowa Core. Scope is defined as the

range of learning targets that need to be prioritized within each unit of study (Ediger, 1999).

What we choose to focus on as a district must be significant, useful, current, and backed up by

multiple sources. Ediger (1999) set out guidelines for how a district should undergo a scope

study in science. I chose to focus this study on the skill of scientific modeling because our

science department grades five through 12 chose to focus on this skill development first. We also

all agreed that developing and using models is a unique and important skill for our students to

practice and be assessed on in our classrooms. Hopefully over time, this can become a model for
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us and other districts hoping to develop a coherent scope for the new NGSS assessment

framework.

Theoretical Framework

The shift to three-dimensional assessments presented by the NGSS is grounded in what

we are learning about how students learn best. The traditional foundation for assessments was

built on a social efficiency model that was driven by need and the attempt to measure

achievement. Learning was about trying to lay a foundation and then systematically accumulate

the knowledge that was necessary and possible for a child to learn. As a result most curriculum

was disconnected from the real-world and assessments were fact driven and standardized

(Shepard, 2000).

Learning opportunities must be contextualized and engaging for students to develop

science literacy and interest. Vygotsky’s research and theory of social constructivism are more

relevant than ever. Science learning is guided by social-constructivist views that suggest that

learning is something to be participated in (Shepard, 2000; Vygotsky, 1978). The brain does

more than just accumulate facts; learning is an active process that is socially and culturally

determined. Students should be asked to develop explanations and models and argue from

evidence they are invested in. These practices are not separate from the content; they are a means

for students to develop an understanding of the world around them. Even without school,

learners develop models of the natural world as they engage with it and teachers must be aware

of children’s learning patterns to best develop curriculum (Inhelder & Piaget, 1958; Karplus,

1977).
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Assessments should be more than just measurements of learning, they can be tools to

support and enhance the learning itself. For science assessments to be compatible with

social-constructivist models the questions must probe important thinking and practices. These

assessments must also be embedded through the learning cycle to make them authentic (Shepard,

2000). Measuring students’ thinking requires an understanding of the complexity framework for

engaging in sense-making (Vygotsky, 1978). This is why grounding assessments in phenomena

are so important, the construction of knowledge is tied closely to the students surroundings and

interaction with their senses. The three-dimensional task-based assessment not only gives

teachers feedback, but can improve learning and mastery.
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Chapter 3. Project

Researchers and teachers need quality examples of scientific modeling tasks that are

appropriate for each grade level. The data collected from this research highlights what qualities

of NGSS three-dimensional learning my district’s assessments are meeting and missing. The

approach to data collection mirrored the research questions. First, after collecting a variety of

modeling assessments from my district's grade 7-12 science teachers they were analyzed using

two resources created by Achieve.org to help teachers in the process of developing quality

three-dimensional assessments. The first tool, Task Screener (NGSS Lead States, 2013d)

generated the data needed to determine the alignment of our district’s assessments that ask

students to develop and use models with the three-dimensional qualities desired by the NGSS

(Appendix A). The second tool the Framework to Evaluate Cognitive Complexity in Science

Assessment (Achieve, Inc., 2019) guided my second research question: How do the assessments

on modeling change in rigor through the grades? It looked for how students were asked to make

sense of phenomena. Finally, a survey was sent to the district’s middle and high school science

teachers to answer my last research question: What challenges are teachers facing when

developing three-dimensional tasked-based assessments for the science classroom?

To collect the assessments I contacted, by email, my district’s science teachers in seventh

through 12 grades. I have worked closely on developing all of the ninth grade chemistry

assessments and the 11th grade physics assessments; however, I had not seen many examples

from other coworkers. I supplied the teachers with the Pre-Screener developed by Achieve

(NGSS Lead States, 2013c) and then requested two quality assessments for each course that
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focus on students’ skill in developing and using scientific models. This Pre-Screener ensured

that I received work that is intended to meet my district’s and the NGSS’s goals of

three-dimensional tasks. All the teachers in my district have been at least informally trained on

the NGSS, but none had used the Achieve set of screeners. The Pre-Screener was available for

them to help them choose assessments from their prior work that have the most characteristics of

phenomena-based tasks. It was not possible to keep anonymity from me regarding who wrote

each test due to the fact that my district has only one teacher per grade. I received a total of 12

assessments over a wide variety of disciplinary core ideas from the science courses in my district

that all students are required to take: 7th grade science, 8th grade science, chemistry 1, physics 1,

earth science 1, and biology. I made a copy of each assessment and deidentified the author and

assigned each a number. All methods were approved by the University of Northern Iowa Internal

Review Board (Appendix A).

Achieve.org Task Screener

The Task Screener is a tool designed to help teachers collaborate in creating better

assessments that are “driven by high-quality scenarios that focus on phenomena or problems”

(NGSS Lead States, 2013d). I used the Task Screener to analyze how well our district’s

assessments are grounded in phenomena and the degree to which they meet the goal of

integrating the three-dimensions (Figure 1). This screener (see Appendix B for full screener)

walked me through a series of criterion including:

1: Tasks are driven by high-quality scenarios that focus on phenomena or problems;

2: Tasks require sense-making using the three dimensions;

3: Tasks are fair and equitable;
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4: Tasks support their intended targets and purpose.

I created a spreadsheet and numbered each assessment 1-12 (Appendix C). They were

randomly ordered for this tool to ensure the authors remained anonymous. From the Task
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Screener I chose to focus mainly on criterion A and B, but I also collected data on criterion C in

case there was some information of interest to the research question. Data was not collected on

criterion D because it requires knowledge of how the teacher used the assessments in class and it

did not address my research question. I then took each assessment through the screener recording

my answers to the prompts. I also considered what improvements could be made to help edit the

assessment to be higher quality.

The organization of this data included first highlighting each incidence of adequately

meeting the criteria for high quality. I then broke down each criterion to a series of yes/no

qualities to clearly provide evidence on why the assessments were or were not adequate.

Criterion A focused on whether the scenario presented real-world phenomena, was specific,

presented students with a need-to-know puzzle, and if it was relevant to students. Criterion B

was focused on how the assessment asked students to engage in the three-dimensions and was

therefore broken down into asking students to demonstrate the DCIs, SEPs, CCCs, integrate

multiple dimensions, and make their thinking visible.

Rigor and Cognitive Complexity

Next, I analyzed each of the assessment tasks submitted using the Framework to Evaluate

Cognitive Complexity of Science Assessments; a tool designed for teachers to determine the rigor

and degree to which students are engaged in science practices and sense-making (Achieve, Inc.,

2019). This rubric (see Appendix B for full rubric) is focused around two essential questions:

1. To what degree does the task ask students to engage in sense-making?

2. In what ways does the task ask students to use each dimension in service of sense-

making?
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This science cognitive complexity framework tool is divided into two phases. First, each

task is scored on a five point scale with a score of five or four meaning it contains high use of

students’ understanding needed to contribute to sense-making and a one or two being indicative

of a familiar or simple task for students to complete (see Table 1). All three-dimensions and the

phenomena were carefully considered. The framework provides a rubric to complete this task.

The second phase takes a more holistic look at the task the students are being asked to do. Its

guidance allows for a judgment on if the students were at the top (being asked to do science with

very little scaffolding) or at the bottom (with a scripted task that does not require very much

reasoning) in terms of cognitive complexity. However, there is no value judgment as assessments

should vary in complexity throughout the year and low scores should not be viewed as bad. The

final analysis created a distribution of items as seen in Figure 2. I then looked at the spread of

assessment’s complexity level across the grades.
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Survey

For the final phase, I emailed the teachers three open-ended survey questions to gain

insight into what challenges they face when trying to develop three-dimensional task-based

assessments.

1. When developing assessments that include the scientific practice of modeling, what

difficulties do you face in making them three-dimensional?

2. How do you consider what phenomena or problems to include in the assessment? Are

they similar to scenarios students see in class or are they new for the assessment?

3. Do you find it difficult to make modeling assessments rigorous? Explain.

I color-coded the answers to look for trends in struggles that can guide future professional

development and help make sense of the results from the Achieve resources. I used deductive

reasoning and coded using specific keywords including CCC and rigor, but I was open to other

patterns of concerns that teachers had about the process.
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Chapter 4. Results and Conclusions

Results

The project was designed to answer questions about my district’s assessments that I can

share with others struggling with the same challenges. The data collected was plentiful and

helpful in showing the strengths and weaknesses of the current assessments that focus on the

topic of scientific modeling. It also provided a helpful starting point to improve these

assessments going forward. The two tools, the Task Screener and the Framework to Evaluate

Cognitive Complexity in Science Assessments, worked well together to build a clear picture of

the quality of my districts modeling assessments and the tasks that guide these assessments.

There were very few surprises during the analysis, but overall there is evidence for a lot of

consistency in how we are having students engage in scientific modeling.

Three-dimensional Alignment

To answer the question regarding how well our assessments on the skill of modeling align

with the three-dimensional qualities of NGSS I first created a spreadsheet from the main

questions and big ideas I found in the Task Screener. There were four main sections or criteria:

A. Was the assessment task driven by high-quality scenarios that focus on phenomena? B. Does

the task require sense-making using the three dimensions? C. Were the tasks fair and equitable?

D. Does the task support their intended targets and purpose? For each criteria I chose a few

guiding points that focused on collecting evidence towards identifying if the task met the success

of the criteria. I chose to eliminate criteria D. because I was unsure of each assessment's target
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and purpose. For most questions I answered with a yes or no or some qualifying statement. I also

offered suggestions for improvement in the moment as I was considering the quality of the tasks.

The first analysis looked at the overall number of assessments that met the criteria of

adequate (Table 2). Only one assessment task was driven by a high-quality scenario and this

assessment's focus was actually on modeling in an engineering rather than scientific context.

Nine of the twelve assessments met the criteria for sense-making using all three-dimensions.

Only three were adequately fair and equitable; mostly because they didn’t offer any student

choice. This meant only one assessment met all three qualities.

Table 2

Summary of Task Screener Results

I wanted to look deeper into the data to see what qualities the assessments were missing. I

first focused on how the tasks in the assessments were or were not driven by high-quality

scenarios. The criteria included having scenarios that were relevant to students, present a

need-to-know puzzle, be specific, and they must present a real world observation (Figure 3).

While all but one of the assessments were based on the real world observation, there was much

missing. Only four scenarios were relevant to the students and three of the twelve were specific.

The remaining were too abstract, for example the discussion of bonding was about finding atoms

their ‘best date’. Or they were too general; giving a DNA sequence to develop a model to explain
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protein synthesis with no specific connection or storyline. High-quality scenarios should contain

a ‘need to know puzzle’. This was present in only two tasks and is an easy way we can improve

our assessments.

A big part of this research is seeing how well my district’s assessments are utilizing the

three-dimensions. To meet this criterion the tasks must ask students to make their thinking

visible, integrate multiple dimensions and demonstrate each of the three dimensions: DCI, CCC,

and SEP (Figure 4). All of the tasks contained quality use of the science and engineering

practices and disciplinary core ideas, which was not a surprise since I specifically asked for

assessments that focused on tasks that asked students to develop and interpret scientific models.

Nine of the twelve assessments had tasks that met all the criteria. While only two of the
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assessments were missing a CCC, I felt that this area could be improved by changing some

vocabulary in the tasks to include specific references to the CCCs.

Changing Rigor Through the Grades

The second tool I used to analyze the same twelve assessments was the Framework to

Evaluate Cognitive Complexity in Science Assessment. I took each assessment through the tool

by ranking them on a scale of one to five on the level of complexity for the scenario, SEPs,

DCIs, and CCCs. I kept Table 1 visible to me so that I could see the definition of each category

and best determine the degree to which students were engaging in sense-making. Half of the

assessments had multiple parts to them so that I was able to analyze 19 different task items.



31
For my first analysis I looked just at the complexity of the modeling that students were

engaging in by grade. Fifteen of the nineteen task items asked students to use relatively complex

modeling skills with a few close applications. This scores as a medium complexity or lower. For

example, one task had students create a particle model (ticker-tape motion) for a biker, but never

had them use that model to explain anything. Only four asked students to figure out a

phenomenon by using multiple SEP’s in service of sense-making (a level four or higher). A

high-quality example task had students use their model of a balloon car they created to explain

how Newton’s laws applied to their design and its success. There was little to no pattern across

the grades, as each teacher created assessments ranked on average a medium level of complexity

(Figure 5).
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Since the complexity did not increase throughout the grades I decided to look at our

overall complexity in each category by tabulating the number of low, medium, and high scores

for each category (Figure 6). This made it clear that the biggest weakness we have in our rigor

actually comes from the scenario that is driving the task. This is similar to what I saw in the

previous analysis. This really highlights that quality three-dimensional integration is based on

engaging students in rich and puzzling phenomena that have a high degree of uncertainty. Our

scenarios/phenomena are rarely rigorous and therefore we are failing to develop consistently

high quality assessments.
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Challenges in Developing Assessments

The teachers involved in the assessment design process gave insights into the challenges

in developing assessments that include the scientific process of modeling. I emailed each of the

four teachers that supplied the tests some questions. I collected these in a table to code

(Appendix D). I first read through everyone's responses, then I started coding any mention of

CCCs the color teal. Two teachers mentioned that it was challenging to include the CCCs

authentically as a connection to the modeling. See Table 3 for full coding totals.

One focus of this research was to analyze the rigor of the assessments and I asked a

specific question about rigor and coded every mention of it red. Teachers seem to struggle with

this balance. They want it to be authentic, but fear it will make the questions too challenging or

too unfocused for students (coded in blue). Some topics seem to be harder than others, but

everyone is aware and seems to want more rigorous assessments. They just don’t know how to

go about developing them.

The second question focused on how the teachers choose phenomena to guide their

assessments. All four teachers mention not straying far from the scenarios they use in lessons;

usually asking students to take it a step further or changing some portion of it. One mentioned

that they use examples from well-known experts. I know that we often use phenomena that we

were familiar with in the past, prior to the release of the NGSS. After the analysis of the twelve

assessments, this is an area where we can devote more training. The Task Screener showed that

much of what guides are tasks are too general and not very puzzling.
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Table 3

Coding of Survey Responses

Discussion/Conclusion

After the analysis of  twelve assessments I was able to see a wide variety of modeling

tasks. The data collected supports that we are doing a good job at getting students to engage in

scientific modeling in conjunction with the disciplinary core ideas. We have made a strong shift

towards including the SEPs in all of our assessments and are engaging students in a variety of

modeling experiences. Students are analyzing real-world models and developing models

following scientific principles. We also give them the opportunity to make their thinking visible

and discuss the CCCs. We have included so many aspects of three-dimensional assessments and

have students completing a variety of modeling tasks that mirror classwork. This supports what

Herman (1992) says about the shift to more contextualized assessments improving assessments.

The biggest weakness of our assessments is the use of phenomena to guide the tasks.

Both the Task Screener and the science cognitive complexity data support this claim. This

research will form a strong foundation for improving our assessments. As students progress

through our courses over the next few years we need to make adjustments to these tasks to get

them engaged in modeling like scientists do. Many of the guiding phenomena are too general and

do not present a need-to-know puzzle. I think this is because they are too much like our old
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assessments in that they use just the classic scenarios we have seen and used our whole careers.

This supports what Furtak (2017) says: there will be cascading challenges as we shift to

three-dimensional assessments. We need to start building off of our students' interest and be open

and flexible to new ideas. Keeping in mind the qualities of good phenomena we can build tasks

that are more conducive to sense-making.

Before this research I had a misconception about rigor. I was equating rigor with

complexity. However, rigor can be achieved at all grades. It's about choosing phenomena that

gets students to engage in grade-appropriate sense-making. The relationship between good

phenomena and rigor was made clear to me during this research. The use of the modeling to

understand real-world puzzles is rigor. This supports Penuel’s findings that even with careful

consideration finding good phenomena is challenging (2019).

I and my colleagues have been concerned about the open-ended nature of task-based

assessments, but the data suggests that this is not what we need. High quality assessments ask

students to apply modeling to phenomena that is specific and relevant. This will improve both the

rigor and quality of our assessments, while addressing concerns over giving students too much

freedom. We need to switch our focus from the questions we are asking to the driving

phenomena that guides the tasks. This is the key. I suggest starting with work from Penuel and

the University of Colorado Boulder, where new resources are being released.

Teachers need more examples of high quality science assessments. The process of

adopting new standards and changing assessments to reflect the three-dimensional nature of

science has been challenging for everyone. This research shows teachers what type of challenges

they may face when writing task-based assessments over the skill of modeling. Modeling is not
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the biggest challenge; instead it is making assessments rigorous and based in puzzling

phenomena. I suggest more collaborative work between teams to select specific and relevant

phenomena. Brainstorming between colleagues and resource building can help switch the focus

to careful initial selection of guiding phenomena. I hope they also can see the value in using the

set of Achieve.org tools to effectively analyze their current assessments.

Future Work

This research provided a lot of data about my district's modeling assessment that can be

used to improve those assessments and help create stronger assessments in the future. If other

districts repeat this research it would be interesting to see if they are experiencing similar

challenges. A broader look across districts could also be reflective of the method of change that

is occurring. Do most districts focus on teaching the SEPs or have more made the switch to being

strongly phenomena-based but are struggling with engaging students in the scientific practices?

Additional research over assessments on other scientific skills would be helpful. For

example, our department has been discussing the situations where we encourage argumentation

in the classroom and specifically the types of tasks students do. The presentation of strong

phenomena can improve our assessments that focus on modeling as well as those that focus on

developing explanations and argumentation. I would like to collect all of the assessments that ask

students to develop arguments and run them through the Framework to Evaluate Cognitive

Complexity in Science Assessments and map the items phenomena in chronological order to look

for consistency and flow. Then research what pattern of complexity is most supported by data

and then rewrite our assessments to better reflect what the research says.



37
Looking at the work of teachers from seventh through 12th grade has given me insight

into how students are going to develop over the coming years. Coherent assessment systems

contribute directly to high-quality adoption of new curriculum, especially when teams work

together (Penuel et al., 2019). When I see the younger students in four years they will have had

more experience modeling and I need to adjust my assessments to reflect that. The work by

Willard (2020) needs to be a reference document that we reflect on often as students gain more

and more experience in the three-dimensional system of task-based assessments. As the teacher

of the oldest students in our district my expectations need to grow with them.

Much of the value of the Task Screener is in the meaningful discussions it can lead to

with colleagues about the quality of the tasks. I would like to lead a group of science teachers

through this process, specifically with regard to engaging students in scientific argumentation.

The pairing with the Framework to Evaluate Cognitive Complexity in Science Assessment

worked well to see the role the phenomena plays in the quality of the tasks. I think many teachers

could develop better tasks with less stress if they better understood what it means to engage

students in sense-making and how the phenomena could guide that.
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Appendix D- Survey Responses

Questions Teacher 1 Teacher 2 Teacher 3 Teacher 4

1. When developing
assessments that
include the scientific
practice of modeling
what difficulties do
you face in making
them
three-dimensional?

1. Making sure they
can represent the
crosscutting concept.
Many times I have
them write a
statement
implementing the
CCC. Also
encouraging the
students to find ways
to model, not just
write out the
information in
sentences.

The challenges I face
when creating
modeling assessments
in biology is in the
design. How do I
make the problem
challenging yet
achievable for my
lower level learners.

The challenge with
modeling assessments
is not having students
go too far. If the
questions are not
focused, students tend
to answer with all of
the know;edge they
have on a subject,
whether it is relevant
to the question or not.

Choosing rigorous
phenomena and
connecting a CCC
authentically,
Task-based is also
hard, I struggle to
find a puzzle/story to
guide the reason for
students to either
develop a model or to
interpret the model.

2. How do you
consider what
phenomena or
problems to include
in the assessment?
Are they similar to
scenarios students
see in class or are
they new for the
assessment?

2. When I am
considering
phenomena I look at
what some of the
experts have used
(Paul Andersen), I
also look at the main
theme or final
assessment.
Sometimes they are
similar scenarios and
occasionally they tie
into the final
assessment. I am still
growing and learning
the 3D process so
each year I try to
improve my delivery
and the assessments.

When looking at
phenomena, I try to
link it to scenarios we
have discussed in
class, but the specific
examples are new
situations. For
example, if we
discuss
photosynthesis ideal
conditions and
practice those, on the
assessment, they may
need to extrapolate
what would happen in
an airtight container.
We aspire to link their
learning to situations
they would encounter
in real life.

I often do similar
scenarios to what
students do in class
only with an extra
component, like an
explanation of how
the model works or
where we used it
before. A lot of times
the phenomena are
developed weekly
and students are
aware of the big ideas
for that week. Then
we get tested about
the stuff we do in the
labs. I try my best to
let students know
what those big
ideas/phenomena are
ahead of time so that
they can narrow their
focus/

Always very similar
to class, changing
numbers/elements to
create different
scenarios. This is one
of the hardest parts
for me with the
modeling standard. I
can't think of ideas
that are different from
class. It's easy for
argumentation and
investigations.
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3. Do you find it
difficult to make
modeling
assessments
rigorous? Explain.

3. There are a few
topics, like water
cycle, that made it
difficult to make it
rigorous. Like I said
above I keep doing
research and reading
Science teaching
information to
improve each year
with rigor, 3D, and
delivery.

The challenge with
modeling assessments
is not having students
go too far. If the
questions are not
focused, students tend
to answer with all of
the know;edge they
have on a subject,
whether it is relevant
to the question or not.

I do. Especially with
the Evidence Based
Reporting, I just feel
like I haven't had
enough training or
knowledge of the
grading system in my
collegiate studies. It
is hard for me to
come up with
assessments that are
rigorous but also
applicable to what we
are doing. I don't like
to surprise students
about what's on their
tests, so that is part of
the reason why
coming up with that
rigor can be a
challenge for me. I
am continuing to
improve, especially in
my Earth Science
course. I do have
Chem 1 to help me
guide my ideas for
assessments, I just
have to put them in
another language.

Yes, they often are
very straightforward
and uninteresting. I
don't often change
much from the
formatives.
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