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APPENDIX F – Science and Engineering Practices in the NGSS 
 
A Science Framework for K-12 Science Education provides the blueprint for developing the Next 
Generation Science Standards (NGSS). The Framework expresses a vision in science education that 
requires students to operate at the nexus of three dimensions of learning:  Science and Engineering 
Practices, Crosscutting Concepts, and Disciplinary Core Ideas. The Framework identified a small number 
of disciplinary core ideas that all students should learn with increasing depth and sophistication, from 
Kindergarten through grade twelve. Key to the vision expressed in the Framework is for students to learn 
these disciplinary core ideas in the context of science and engineering practices. The importance of 
combining science and engineering practices and disciplinary core ideas is stated in the Framework as 
follows: 

Standards and performance expectations that are aligned to the framework must take into 
account that students cannot fully understand scientific and engineering ideas without 
engaging in the practices of inquiry and the discourses by which such ideas are 
developed and refined. At the same time, they cannot learn or show competence in 
practices except in the context of specific content. (NRC Framework, 2012, p. 218) 

The Framework specifies that each performance expectation must combine a relevant practice of science 
or engineering, with a core disciplinary idea and crosscutting concept, appropriate for students of the 
designated grade level. That guideline is perhaps the most significant way in which the NGSS differs 
from prior standards documents. In  the  future,  science  assessments  will  not  assess  students’  understanding 
of core ideas separately from their abilities to use the practices of science and engineering. They will be 
assessed  together,  showing  students  not  only  “know”  science  concepts;;  but  also, students can use their 
understanding to investigate the natural world through the practices of science inquiry, or solve 
meaningful problems through the practices of engineering design. The Framework uses the term 
“practices,”  rather  than  “science  processes”  or  “inquiry”  skills  for  a  specific  reason: 

We use the term  “practices”  instead  of  a  term  such  as  “skills”  to  emphasize  that  
engaging in scientific investigation requires not only skill but also knowledge that is 
specific to each practice. (NRC Framework, 2012, p. 30) 

The eight practices of science and engineering that the Framework identifies as essential for all students 
to learn and describes in detail are listed below: 

1.  Asking questions (for science) and defining problems (for engineering) 
2.  Developing and using models 
3.  Planning and carrying out investigations 
4.  Analyzing and interpreting data 
5.  Using mathematics and computational thinking 
6.  Constructing explanations (for science) and designing solutions (for engineering) 
7.  Engaging in argument from evidence 
8.  Obtaining, evaluating, and communicating information 

 
Rationale  
Chapter 3 of the Framework describes each of the eight practices of science and engineering and presents 
the following rationale for why they are essential. 
 

Engaging in the practices of science helps students understand how scientific knowledge 
develops; such direct involvement gives them an appreciation of the wide range of 
approaches that are used to investigate, model, and explain the world. Engaging in the 
practices of engineering likewise helps students understand the work of engineers, as 
well as the links between engineering and science. Participation in these practices also 
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helps students form an understanding of the crosscutting concepts and disciplinary ideas 
of  science  and  engineering;;  moreover,  it  makes  students’  knowledge  more  meaningful  
and embeds it more deeply into their worldview. 
The  actual  doing  of  science  or  engineering  can  also  pique  students’  curiosity,  capture  
their interest, and motivate their continued study; the insights thus gained help them 
recognize that the work of scientists and engineers is a creative endeavor—one that has 
deeply affected the world they live in. Students may then recognize that science and 
engineering can contribute to meeting many of the major challenges that confront society 
today, such as generating sufficient energy, preventing and treating disease, maintaining 
supplies of fresh water and food, and addressing climate change.  
Any education that focuses predominantly on the detailed products of scientific labor—
the facts of science—without developing an understanding of how those facts were 
established or that ignores the many important applications of science in the world 
misrepresents science and marginalizes the importance of engineering. (NRC 
Framework 2012, pp. 42-43) 

As suggested in the rationale, above, Chapter 3 derives the eight practices based on an analysis of what 
professional scientists and engineers do. It is recommended that users of the NGSS read that chapter 
carefully, as it provides valuable insights into the nature of science and engineering, as well as the 
connections between these two closely allied fields. The intent of this section of the NGSS appendices is 
more limited—to describe what each of these eight practices implies about what students can do. Its 
purpose is to enable readers to better understand the performance expectations. The “Practices  Matrix”  is 
included, which lists the specific capabilities included in each practice for each grade band (K-2, 3-5, 6-8, 
9-12). 
 
Guiding Principles 
The development process of the standards provided insights into science and engineering practices.  
These insights are shared in the following guiding principles: 

Students in grades K-12 should engage in all eight practices over each grade band. All eight 
practices are accessible at some level to young children; students’  abilities to use the practices 
grow over time. However, the NGSS only identifies the capabilities students are expected to 
acquire by the end of each grade band (K-2, 3-5, 6-8, and 9-12). Curriculum developers and 
teachers determine strategies  that  advance  students’  abilities  to use the practices. 
Practices grow in complexity and sophistication across the grades. The Framework suggests 
how  students’  capabilities  to  use  each  of  the  practices  should progress as they mature and engage 
in  science  learning.  For  example,  the  practice  of  “planning  and  carrying  out  investigations”  
begins at the kindergarten level with guided situations in which students have assistance in 
identifying phenomena to be investigated, and how to observe, measure, and record outcomes. By 
upper elementary school, students should be able to plan their own investigations. The nature of 
investigations that students should be able to plan and carry out is also expected to increase as 
students mature, including the complexity of questions to be studied, the ability to determine what 
kind of investigation is needed to answer different kinds of questions, whether or not variables 
need to be controlled and if so, which are most important, and at the high school level, how to 
take measurement error into account. As listed in the tables in this chapter, each of the eight 
practices has its own progression, from kindergarten to grade 12. While these progressions are 
derived from Chapter 3 of the Framework, they are refined based on experiences in crafting the 
NGSS and feedback received from reviewers. 
Each practice may reflect science or engineering. Each of the eight practices can be used in the 
service of scientific inquiry or engineering design. The best way to ensure a practice is being used 
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for science or engineering is to ask about the goal of the activity. Is the goal to answer a question? 
If so, students are doing science. Is the purpose to define and solve a problem? If so, students are 
doing engineering. Box 3-2 on pages 50-53 of the Framework provides a side-by-side comparison 
of how scientists and engineers use these practices. This chapter briefly summarizes what it 
“looks  like”  for  a  student  to  use  each  practice  for  science  or  engineering.  
Practices represent what students are expected to do, and are not teaching methods or 
curriculum. The Framework occasionally offers suggestions for instruction, such as how a 
science unit might begin with a scientific investigation, which then leads to the solution of an 
engineering problem. The NGSS avoids such suggestions since the goal is to describe what 
students should be able to do, rather than how they should be taught. For example, it was 
suggested for the NGSS to recommend certain teaching strategies such as using biomimicry—the 
application of biological features to solve engineering design problems. Although instructional 
units that make use of biomimicry seem well-aligned with the spirit of the Framework to 
encourage integration of core ideas and practices, biomimicry and similar teaching approaches 
are more closely related to curriculum and instruction than to assessment. Hence, the decision 
was made not to include biomimicry in the NGSS. 
The eight practices are not separate; they intentionally overlap and interconnect. As 
explained by Bell, et al. (2012), the eight practices do not operate in isolation. Rather, they tend to 
unfold sequentially, and even overlap. For  example,  the  practice  of  “asking  questions”  may  lead  
to  the  practice  of  “modeling”  or  “planning  and  carrying  out  an  investigation,”  which  in  turn  may  
lead  to  “analyzing  and  interpreting  data.”    The  practice  of  “mathematical and computational 
thinking” may include some aspects of “analyzing  and  interpreting  data.” Just as it is important 
for students to carry out each of the individual practices, it is important for them to see the 
connections among the eight practices.  
Performance expectations focus on some but not all capabilities associated with a practice. 
The Framework identifies a number of features or components of each practice. The practices 
matrix, described in this section, lists the components of each practice as a bulleted list within 
each grade band. As the performance expectations were developed, it  became  clear  that  it’s  too  
much to expect each performance to reflect all components of a given practice. The most 
appropriate aspect of the practice is identified for each performance expectation.  
Engagement in practices is language intensive and requires students to participate in 
classroom science discourse. The practices offer rich opportunities and demands for language 
learning while advancing science learning for all students (Lee, Quinn, & Valdés, in press). 
English language learners, students with disabilities that involve language processing, students 
with limited literacy development, and students who are speakers of social or regional varieties of 
English  that  are  generally  referred  to  as  “non-Standard  English”  stand  to  gain  from  science  
learning that involves language-intensive scientific and engineering practices. When supported 
appropriately, these students are capable of learning science through their emerging language and 
comprehending and carrying out sophisticated language functions (e.g., arguing from evidence, 
providing explanations, developing models) using less-than-perfect English. By engaging in such 
practices, moreover, they simultaneously build on their understanding of science and their 
language proficiency (i.e., capacity to do more with language).   

On the following pages, each of the eight practices is briefly described. Each description ends with a table 
illustrating the components of the practice that students are expected to master at the end of each grade 
band. All eight tables comprise the practices matrix. During development of the NGSS, the practices 
matrix was revised several times to reflect improved understanding of how the practices connect with the 
disciplinary core ideas.  
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Appendix G – Crosscutting Concepts 

Crosscutting concepts have value because they provide students with connections 

and intellectual tools that are related across the differing areas of disciplinary 

content and can enrich their application of practices and their understanding of core 

ideas. — Framework p. 233 

A Framework for K-12 Science Education: Practices, Core Ideas, and Crosscutting Concepts 

(Framework) recommends science education in grades K-12 be built around three major 

dimensions:  scientific and engineering practices; crosscutting concepts that unify the study of 

science and engineering through their common application across fields; and core ideas in the major 

disciplines of natural science. The purpose of this appendix is to describe the second dimension—

crosscutting concepts—and to explain its role in the Next Generation Science Standards (NGSS). 

The Framework identifies seven crosscutting concepts that bridge disciplinary boundaries, uniting 

core ideas throughout the fields of science and engineering. Their purpose is to help students deepen 

their understanding of the disciplinary core ideas (pp. 2 and 8), and develop a coherent and 

scientifically based view of the world (p. 83.) The seven crosscutting concepts presented in Chapter 

4 of the Framework are as follows: 

1. Patterns. Observed patterns of forms and events guide organization and classification, and

they prompt questions about relationships and the factors that influence them. 

2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple,

sometimes multifaceted. A major activity of science is investigating and explaining causal 

relationships and the mechanisms by which they are mediated. Such mechanisms can then be 

tested across given contexts and used to predict and explain events in new contexts. 

3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize what is

relevant at different measures of size, time, and energy and to recognize how changes in scale, 

proportion, or quantity affect a system’s structure or performance. 

4. Systems and system models. 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. 

5. Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and matter

into, out of, and within systems helps one understand the systems’ possibilities and limitations. 

6. Structure and function. The way in which an object or living thing is shaped and its

substructure determine many of its properties and functions. 

7. Stability and change. For natural and built systems alike, conditions of stability and

determinants of rates of change or evolution of a system are critical elements of study. 

The Framework notes that crosscutting concepts are featured prominently in other documents about 

what all students should learn about science for the past two decades. These have been called 

“themes” in Science for All Americans (AAA 1989) and Benchmarks for Science Literacy (1993), 

“unifying principles” in National Science Education Standards (1996), and “crosscutting ideas” 

NSTA’s Science Anchors Project (2010). Although these ideas have been consistently included in 

previous standards documents the Framework recognizes that “students have often been expected to 
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build such knowledge without any explicit instructional support. Hence the purpose of highlighting 

them as Dimension 2 of the framework is to elevate their role in the development of standards, 

curricula, instruction, and assessments.” (p. 83) The writing team has continued this commitment by 

weaving crosscutting concepts into the performance expectations for all students—so they cannot 

be left out. 

Guiding Principles 

The Framework recommended crosscutting concepts be embedded in the science curriculum 

beginning in the earliest years of schooling and suggested a number of guiding principles for how 

they should be used. The development process of the standards provided insights into the 

crosscutting concepts. These insights are shared in the following guiding principles.  

Crosscutting concepts can help students better understand core ideas in science and 

engineering. When students encounter new phenomena, whether in a science lab, field trip, or on 

their own, they need mental tools to help engage in and come to understand the phenomena from a 

scientific point of view. Familiarity with crosscutting concepts can provide that perspective. For 

example, when approaching a complex phenomenon (either a natural phenomenon or a machine) an 

approach that makes sense is to begin by observing and characterizing the phenomenon in terms of 

patterns. A next step might be to simplify the phenomenon by thinking of it as a system and 

modeling its components and how they interact. In some cases it would be useful to study how 

energy and matter flow through the system, or to study how structure affects function (or 

malfunction). These preliminary studies may suggest explanations for the phenomena, which could 

be checked by predicting patterns that might emerge if the explanation is correct, and matching 

those predictions with those observed in the real world.  

Crosscutting concepts can help students better understand science and engineering practices. 
Because the crosscutting concepts address the fundamental aspects of nature, they also inform the 

way humans attempt to understand it. Different crosscutting concepts align with different practices, 

and when students carry out these practices, they are often addressing one of these crosscutting 

concepts. For example, when students analyze and interpret data, they are often looking for patterns 

in observations, mathematical or visual. The practice of planning and carrying out an investigation 

is often aimed at identifying cause and effect relationships:  if you poke or prod something, what 

will happen? The crosscutting concept of “Systems and System Models” is clearly related to the 

practice of developing and using models. 

Repetition in different contexts will be necessary to build familiarity. Repetition is counter to 

the guiding principles the writing team used in creating performance expectations to reflect the core 

ideas in the science disciplines. In order to reduce the total amount of material students are held 

accountable to learn, repetition was reduced whenever possible. However, crosscutting concepts are 

repeated within grades at the elementary level and grade-bands at the middle and high school levels 

so these concepts “become common and familiar touchstones across the disciplines and grade 

levels.” (p. 83) 

Crosscutting concepts should grow in complexity and sophistication across the grades. 

Repetition alone is not sufficient. As students grow in their understanding of the science disciplines, 

depth of understanding crosscutting concepts should grow as well. The writing team has adapted 

and added to the ideas expressed in the Framework in developing a matrix for use in crafting 

performance expectations that describe student understanding of the crosscutting concepts. The 

matrix is found at the end of this section.  
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Crosscutting concepts can provide a common vocabulary for science and engineering. The 

practices, disciplinary core ideas, and crosscutting concepts are the same in science and 

engineering. What is different is how and why they are used—to explain natural phenomena in 

science, and to solve a problem or accomplish a goal in engineering. Students need both types of 

experiences to develop a deep and flexible understanding of how these terms are applied in each of 

these closely allied fields. As crosscutting concepts are encountered repeatedly across academic 

disciplines, familiar vocabulary can enhance engagement and understanding for English language 

learners, students with language processing difficulties, and students with limited literacy 

development. 

Crosscutting concepts should not be assessed separately from practices or core ideas. Students 

should not be assessed on their ability to define “pattern,” “system,” or any other crosscutting 

concepts as a separate vocabulary word. To capture the vision in the Framework, students should be 

assessed on the extent to which they have achieved a coherent scientific worldview by recognizing 

similarities among core ideas in science or engineering that may at first seem very different, but are 

united through crosscutting concepts. 

Performance expectations focus on some but not all capabilities associated with a crosscutting 

concept. As core ideas grow in complexity and sophistication across the grades it becomes more 

and more difficult to express them fully in performance expectations. Consequently, most 

performance expectations reflect only some aspects of a crosscutting concept. These aspects are 

indicated in the right-hand foundation box in each of the standards. All aspects of each core idea 

considered by the writing team can be found in the matrix at the end of this section. 

Crosscutting concepts are for all students. Crosscutting concepts raise the bar for students who 

have not achieved at high levels in academic subjects and often assigned to classes that emphasize 

“the basics,” which in science may be taken to provide primarily factual information and lower-

order thinking skills. Consequently, it is essential that all students engage in using crosscutting 

concepts, which could result in leveling the playing field and promoting deeper understanding for 

all students. 

Inclusion of Nature of Science and Engineering Concepts. Sometimes included in the 

crosscutting concept foundation boxes are concepts related to materials from the “Nature of 

Science” or “Science, Technology, Society, and the Environment.” These are not to be confused 

with the “Crosscutting Concepts” but rather represent an organizational structure of the NGSS 

recognizing concepts from both the Nature of Science and Science, Technology, Society, and the 

Environment that extend across all of the sciences. Readers should use Appendices H and J for 

further information on these ideas. 

Progression of Crosscutting Concepts Across the Grades 

Following is a brief summary of how each crosscutting concept increases in complexity and 

sophistication across the grades as envisioned in the Framework. Examples of performance 

expectations illustrate how these ideas play out in the NGSS. 

1. “Patterns exist everywhere—in regularly occurring shapes or structures and in repeating events 

and relationships. For example, patterns are discernible in the symmetry of flowers and snowflakes, 

the cycling of the seasons, and the repeated base pairs of DNA.” (p. 85) 

While there are many patterns in nature, they are not the norm since there is a tendency for disorder 



Handout #4



Handout #5



Copyright © National Academy of Sciences. All rights reserved.

A Framework for K-12 Science Education:  Practices, Crosscutting Concepts, and Core Ideas

A Framework for K-12 Science Education150

By the end of grade 12. In complex animals, the brain is divided into several dis-
tinct regions and circuits, each of which primarily serves dedicated functions, such 
as visual perception, auditory perception, interpretation of perceptual information, 
guidance of motor movement, and decision making about actions to take in the 
event of certain inputs. In addition, some circuits give rise to emotions and memo-
ries that motivate organisms to seek rewards, avoid punishments, develop fears, or 
form attachments to members of their own species and, in some cases, to individu-
als of other species (e.g., mixed herds of mammals, mixed flocks of birds). The 
integrated functioning of all parts of the brain is important for successful interpre-
tation of inputs and generation of behaviors in response to them.

Core Idea LS2	 Ecosystems: Interactions, Energy, and Dynamics

How and why do organisms interact with their environment and what are the 
effects of these interactions?

Ecosystems are complex, interactive systems that include both biological com-
munities (biotic) and physical (abiotic) components of the environment. As with 
individual organisms, a hierarchal structure exists; groups of the same organisms 
(species) form populations, different populations interact to form communities, 
communities live within an ecosystem, and all of the ecosystems on Earth make 
up the biosphere. Organisms grow, reproduce, and perpetuate their species by 
obtaining necessary resources through interdependent relationships with other 
organisms and the physical environment. These same interactions can facilitate or 
restrain growth and enhance or limit the size of populations, maintaining the bal-
ance between available resources and those who consume them. These interactions 
can also change both biotic and abiotic characteristics of the environment. Like 
individual organisms, ecosystems are sustained by the continuous flow of energy, 
originating primarily from the sun, and the recycling of matter and nutrients 
within the system. Ecosystems are dynamic, experiencing shifts in population com-
position and abundance and changes in the physical environment over time, which 
ultimately affects the stability and resilience of the entire system.

LS2.A: INTERDEPENDENT RELATIONSHIPS IN ECOSYSTEMS

How do organisms interact with the living and nonliving environments to obtain 
matter and energy?
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Ecosystems are ever changing because of the interdependence of organisms of the 
same or different species and the nonliving (physical) elements of the environment. 
Seeking matter and energy resources to sustain life, organisms in an ecosystem 

interact with one another in complex feed-
ing hierarchies of producers, consumers, 
and decomposers, which together represent 
a food web. Interactions between organisms 
may be predatory, competitive, or mutu-
ally beneficial. Ecosystems have carrying 
capacities that limit the number of organ-
isms (within populations) they can support. 
Individual survival and population sizes 
depend on such factors as predation, dis-
ease, availability of resources, and parame-
ters of the physical environment. Organisms 
rely on physical factors, such as light, tem-
perature, water, soil, and space for shelter 
and reproduction. Earth’s varied combina-

tions of these factors provide the physical environments in which its ecosystems 
(e.g., deserts, grasslands, rain forests, and coral reefs) develop and in which the 
diverse species of the planet live. Within any one ecosystem, the biotic interactions 
between organisms (e.g., competition, predation, and various types of facilitation, 
such as pollination) further influence their growth, survival, and reproduction, 
both individually and in terms of their populations. 

Grade Band Endpoints for LS2.A

By the end of grade 2. Animals depend on their surroundings to get what they 
need, including food, water, shelter, and a favorable temperature. Animals depend 
on plants or other animals for food. They use their senses to find food and water, 
and they use their body parts to gather, catch, eat, and chew the food. Plants 
depend on air, water, minerals (in the soil), and light to grow. Animals can move 
around, but plants cannot, and they often depend on animals for pollination or 
to move their seeds around. Different plants survive better in different settings 
because they have varied needs for water, minerals, and sunlight. 

By the end of grade 5. The food of almost any kind of animal can be traced back 
to plants. Organisms are related in food webs in which some animals eat plants 
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for food and other animals eat the animals that eat plants. Either way, they are 
“consumers.” Some organisms, such as fungi and bacteria, break down dead 
organisms (both plants or plants parts and animals) and therefore operate as 
“decomposers.” Decomposition eventually restores (recycles) some materials back 
to the soil for plants to use. Organisms can survive only in environments in which 
their particular needs are met. A healthy ecosystem is one in which multiple spe-
cies of different types are each able to meet their needs in a relatively stable web 
of life. Newly introduced species can damage the balance of an ecosystem.

By the end of grade 8. Organisms and populations of organisms are dependent on 
their environmental interactions both with other living things and with nonliving 
factors. Growth of organisms and population increases are limited by access to 
resources. In any ecosystem, organisms and populations with similar requirements 
for food, water, oxygen, or other resources may compete with each other for lim-
ited resources, access to which consequently constrains their growth and repro-
duction. Similarly, predatory interactions may reduce the number of organisms 
or eliminate whole populations of organisms. Mutually beneficial interactions, in 
contrast, may become so interdependent that each organism requires the other for 
survival. Although the species involved in these competitive, predatory, and mutu-
ally beneficial interactions vary across ecosystems, the patterns of interactions of 
organisms with their environments, both living and nonliving, are shared.

By the end of grade 12. Ecosystems have carrying capacities, which are limits to 
the numbers of organisms and populations they can support. These limits result 
from such factors as the availability of living and nonliving resources and from 
such challenges as predation, competition, and disease. Organisms would have the 
capacity to produce populations of great size were it not for the fact that environ-
ments and resources are finite. This fundamental tension affects the abundance 
(number of individuals) of species in any given ecosystem. 

LS2.B: CYCLES OF MATTER AND ENERGY TRANSFER IN ECOSYSTEMS

How do matter and energy move through an ecosystem?

The cycling of matter and the flow of energy within ecosystems occur through 
interactions among different organisms and between organisms and the physical 
environment. All living systems need matter and energy. Matter fuels the energy-
releasing chemical reactions that provide energy for life functions and provides the 
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Essential Question 
(Critical Focus Question) 

Check Sheet 

Did I begin with the standards?  Which standards am I going to address? 

Have I determined the big idea or enduring understanding and can I write it? 

Is my question looking for critical thinking and analysis? 

Does my question allow for multiple ideas and/or beliefs? 

Does my question encourage collaboration? 

Is my question meaningful? Is it worthwhile to study for 2-4 weeks? 

Is my question intellectual? 

Is my question dependent on multiple reading resources to answer? 

Does my question lead into my Task? 

Does my question ask the learner to make a decision or to plan some action? 

Is my question written in simple language? 

Is my question understood by all learners? 

Is my question open-ended? 
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Science and Engineering Practices 
(Excerpted from Appendix F) 

Practice 1 Asking Questions and Defining Problems 
Students at any grade level should be able to ask questions of each other about the 
texts they read, the features of the phenomena they observe, and the conclusions they 
draw from their models or scientific investigations. For engineering, they should ask 
questions to define the problem to be solved and to elicit ideas that lead to the 
constraints and specifications for its solution. (NRC Framework 2012, p. 56)  

Scientific questions arise in a variety of ways. They can be driven by curiosity about the 
world, inspired by the predictions of a model, theory, or findings from previous 
investigations, or they can be stimulated by the need to solve a problem. Scientific 
questions are distinguished from other types of questions in that the answers lie in 
explanations supported by empirical evidence, including evidence gathered by others or 
through investigation.  

While science begins with questions, engineering begins with defining a problem to 
solve. However, engineering may also involve asking questions to define a problem, 
such as: What is the need or desire that underlies the problem? What are the criteria for 
a successful solution? Other questions arise when generating ideas, or testing possible 
solutions, such as: What are the possible trade-offs? What evidence is necessary to 
determine which solution is best?  

Asking questions and defining problems also involves asking questions about data, 
claims that are made, and proposed designs. It is important to realize that asking a 
question also leads to involvement in another practice. A student can ask a question 
about data that will lead to further analysis and interpretation. Or a student might ask a 
question that leads to planning and design, an investigation, or the refinement of a 
design.  

Whether engaged in science or engineering, the ability to ask good questions and 
clearly define problems is essential for everyone.  

Practice 2 Developing and Using Models 
Modeling can begin in the earliest grades, with students’ models progressing from concrete 
“pictures” and/or physical scale models (e.g., a toy car) to more abstract representations of 
relevant relationships in later grades, such as a diagram representing forces on a particular object 
in a system. (NRC Framework, 2012, p. 58)  

Handout #12
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Models include diagrams, physical replicas, mathematical representations, analogies, 
and computer simulations. Although models do not correspond exactly to the real world, 
they bring certain features into focus while obscuring others. All models contain 
approximations and assumptions that limit the range of validity and predictive power, so 
it is important for students to recognize their limitations.  

In science, models are used to represent a system (or parts of a system) under study, to 
aid in the development of questions and explanations, to generate data that can be 
used to make predictions, and to communicate ideas to others. Students can be 
expected to evaluate and refine models through an iterative cycle of comparing their 
predictions with the real world and then adjusting them to gain insights into the 
phenomenon being modeled. As such, models are based upon evidence. When new 
evidence is uncovered that the models can’t explain, models are modified.  

In engineering, models may be used to analyze a system to see where or under what 
conditions flaws might develop, or to test possible solutions to a problem. Models can 
also be used to visualize and refine a design, to communicate a design’s features to 
others, and as prototypes for testing design performance.  

Practice 3 Planning and Carrying Out Investigations 
Students should have opportunities to plan and carry out several different kinds of investigations 
during their K-12 years. At all levels, they should engage in investigations that range from those 
structured by the teacher—in order to expose an issue or question that they would be unlikely to 
explore on their own (e.g., measuring specific properties of materials)—to those that emerge from 
students’ own questions. (NRC Framework, 2012, p. 61)  

Scientific investigations may be undertaken to describe a phenomenon, or to test a 
theory or model for how the world works. The purpose of engineering investigations 
might be to find out how to fix or improve the functioning of a technological system or to 
compare different solutions to see which best solves a problem. Whether students are 
doing science or engineering, it is always important for them to state the goal of an 
investigation, predict outcomes, and plan a course of action that will provide the best 
evidence to support their conclusions. Students should design investigations that 
generate data to provide evidence to support claims they make about phenomena. Data 
aren’t evidence until used in the process of supporting a claim. Students should use 
reasoning and scientific ideas, principles, and theories to show why data can be 
considered evidence.  

Over time, students are expected to become more systematic and careful in their 
methods. In laboratory experiments, students are expected to decide which variables 
should be treated as results or outputs, which should be treated as inputs and 
intentionally varied from trial to trial, and which should be controlled, or kept the same 
across trials. In the case of field observations, planning involves deciding how to collect 
different samples of data under different conditions, even though not all conditions are 
under the direct control of the investigator. Planning and carrying out investigations may 
include elements of all of the other practices.  
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Practice 4 Analyzing and Interpreting Data 
Once collected, data must be presented in a form that can reveal any patterns and 
relationships and that allows results to be communicated to others. Because raw data as 
such have little meaning, a major practice of scientists is to organize and interpret data 
through tabulating, graphing, or statistical analysis. Such analysis can bring out the 
meaning of data—and their relevance—so that they may be used as evidence.  

Engineers, too, make decisions based on evidence that a given design will work; they 
rarely rely on trial and error. Engineers often analyze a design by creating a model or 
prototype and collecting extensive data on how it performs, including under extreme 
conditions. Analysis of this kind of data not only informs design decisions and enables the 
prediction or assessment of performance but also helps define or clarify problems, 
determine economic feasibility, evaluate alternatives, and investigate failures. (NRC 
Framework, 2012, p. 61-62)  

As students mature, they are expected to expand their capabilities to use a range of 
tools for tabulation, graphical representation, visualization, and statistical analysis. 
Students are also expected to improve their abilities to interpret data by identifying 
significant features and patterns, use mathematics to represent relationships between 
variables, and take into account sources of error. When possible and feasible, students 
should use digital tools to analyze and interpret data. Whether analyzing data for the 
purpose of science or engineering, it is important students present data as evidence to 
support their conclusions.  

Practice 5 Using Mathematics and Computational Thinking 

Although there are differences in how mathematics and computational thinking are applied in 
science and in engineering, mathematics often brings these two fields together by enabling 
engineers to apply the mathematical form of scientific theories and by enabling scientists to use 
powerful information technologies designed by engineers. Both kinds of professionals can 
thereby accomplish investigations and analyses and build complex models, which might 
otherwise be out of the question. (NRC Framework, 2012, p. 65)  

Students are expected to use mathematics to represent physical variables and their 
relationships, and to make quantitative predictions. Other applications of mathematics in 
science and engineering include logic, geometry, and at the highest levels, calculus. 
Computers and digital tools can enhance the power of mathematics by automating 
calculations, approximating solutions to problems that cannot be calculated precisely, 
and analyzing large data sets available to identify meaningful patterns. Students are 
expected to use laboratory tools connected to computers for observing, measuring, 
recording, and processing data. Students are also expected to engage in computational 
thinking, which involves strategies for organizing and searching data, creating 
sequences of steps called algorithms, and using and developing new simulations of 
natural and designed systems. Mathematics is a tool that is key to understanding 
science. As such, classroom instruction must include critical skills of mathematics. The 
NGSS displays many of those skills through the performance expectations, but 
classroom instruction should enhance all of science through the use of quality 
mathematical and computational thinking.  
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Practice 6 Constructing Explanations and Designing Solutions 

“The goal of science is the construction of theories that provide explanatory accounts of the 
world. A theory becomes accepted when it has multiple lines of empirical evidence and greater 
explanatory power of phenomena than previous theories.”(NRC Framework, 2012, p. 52)  

In engineering, the goal is a design rather than an explanation. The process of developing a 
design is iterative and systematic, as is the process of developing an explanation or a theory in 
science. Engineers’ activities, however, have elements that are distinct from those of scientists. 
These elements include specifying constraints and criteria for desired qualities of the solution, 
developing a design plan, producing and testing models or prototypes, selecting among 
alternative design features to optimize the achievement of design criteria, and refining design 
ideas based on the performance of a prototype or simulation. (NRC Framework, 2012, p. 68-69) 

The goal of science is to construct explanations for the causes of phenomena. Students 
are expected to construct their own explanations, as well as apply standard 
explanations they learn about from their teachers or reading.  

An explanation includes a claim that relates how a variable or variables relate to another 
variable or a set of variables. A claim is often made in response to a question and in the 
process of answering the question, scientists often design investigations to generate 
data.  

The goal of engineering is to solve problems. Designing solutions to problems is a 
systematic process that involves defining the problem, then generating, testing, and 
improving solutions.  

Practice 7 Engaging in Argument from Evidence 

The study of science and engineering should produce a sense of the process of argument 
necessary for advancing and defending a new idea or an explanation of a phenomenon and the 
norms for conducting such arguments. In that spirit, students should argue for the explanations 
they construct, defend their interpretations of the associated data, and advocate for the designs 
they propose. (NRC Framework, 2012, p. 73)  

Argumentation is a process for reaching agreements about explanations and design 
solutions. In science, reasoning and argument based on evidence are essential in 
identifying the best explanation for a natural phenomenon. In engineering, reasoning 
and argument are needed to identify the best solution to a design problem. Student 
engagement in scientific argumentation is critical if students are to understand the 
culture in which scientists live, and how to apply science and engineering for the benefit 
of society. As such, argument is a process based on evidence and reasoning that leads 
to explanations acceptable by the scientific community and design solutions acceptable 
by the engineering community. 

Argument in science goes beyond reaching agreements in explanations and design 
solutions. Whether investigating a phenomenon, testing a design, or constructing a 
model to provide a mechanism for an explanation, students are expected to use 
argumentation to listen to, compare, and evaluate competing ideas and methods based 
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on their merits. Scientists and engineers engage in argumentation when investigating a 
phenomenon, testing a design solution, resolving questions about measurements, 
building data models, and using evidence to evaluate claims.  

Practice 8 Obtaining, Evaluating, and Communicating Information 

Any education in science and engineering needs to develop students’ ability to read and produce 
domain-specific text. As such, every science or engineering lesson is in part a language lesson, 
particularly reading and producing the genres of texts that are intrinsic to science and 
engineering. (NRC Framework, 2012, p. 76)  

Being able to read, interpret, and produce scientific and technical text are fundamental 
practices of science and engineering, as is the ability to communicate clearly and 
persuasively. Being a critical consumer of information about science and engineering 
requires the ability to read or view reports of scientific or technological advances or 
applications (whether found in the press, the Internet, or in a town meeting) and to 
recognize the salient ideas, identify sources of error and methodological flaws, 
distinguish observations from inferences, arguments from explanations, and claims from 
evidence. Scientists and engineers employ multiple sources to obtain information used 
to evaluate the merit and validity of claims, methods, and designs. Communicating 
information, evidence, and ideas can be done in multiple ways: using tables, diagrams, 
graphs, models, interactive displays, and equations as well as orally, in writing, and 
through extended discussions.  
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Handout #14 
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at a later stage, to test a physical prototype. Both scientists and engineers use their 
models—including sketches, diagrams, mathematical relationships, simulations, 
and physical models—to make predictions about the likely behavior of a system, 
and they then collect data to evaluate the predictions and possibly revise the mod-
els as a result. 

Between and within these two spheres of activity is the practice of evalua-
tion, represented by the middle space. Here is an iterative process that repeats at 
every step of the work. Critical thinking is required, whether in developing and 
refining an idea (an explanation or a design) or in conducting an investigation. 
The dominant activities in this sphere are argumentation and critique, which often 
lead to further experiments and observations or to changes in proposed models, 
explanations, or designs. Scientists and engineers use evidence-based argumenta-
tion to make the case for their ideas, whether involving new theories or designs, 
novel ways of collecting data, or interpretations of evidence. They and their peers 
then attempt to identify weaknesses and limitations in the argument, with the ulti-
mate goal of refining and improving the explanation or design.

In reality, scientists and engineers move, fluidly and iteratively, back and 
forth among these three spheres of activity, and they conduct activities that might 
involve two or even all three of the modes at once. The function of Figure 3-1 is 
therefore solely to offer a scheme that helps identify the function, significance, 
range, and diversity of practices embedded in the work of scientists and engineers. 
Although admittedly a simplification, the figure does identify three overarching 
categories of practices and shows how they interact. 

How Engineering and Science Differ

Engineering and science are similar in that both involve creative processes, 
and neither uses just one method. And just as scientific investigation has been 
defined in different ways, engineering design has been described in various ways. 
However, there is widespread agreement on the broad outlines of the engineering 
design process [24, 25]. 

Like scientific investigations, engineering design is both iterative and sys-
tematic. It is iterative in that each new version of the design is tested and then 
modified, based on what has been learned up to that point. It is systematic in 
that a number of characteristic steps must be undertaken. One step is identifying 
the problem and defining specifications and constraints. Another step is generat-
ing ideas for how to solve the problem; engineers often use research and group 
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sessions (e.g., “brainstorming”) to come up with a range of solutions and design 
alternatives for further development. Yet another step is the testing of potential 
solutions through the building and testing of physical or mathematical models 
and prototypes, all of which provide valuable data that cannot be obtained in 
any other way. With data in hand, the engineer can analyze how well the various 
solutions meet the given specifications and constraints and then evaluate what is 
needed to improve the leading design or devise a better one. 

In contrast, scientific studies may or may not be driven by any immedi-
ate practical application. On one hand, certain kinds of scientific research, such 
as that which led to Pasteur’s fundamental contributions to the germ theory of 
disease, were undertaken for practical purposes and resulted in important new 
technologies, including vaccination for anthrax and rabies and the pasteurization 
of milk to prevent spoilage. On the other hand, many scientific studies, such as 
the search for the planets orbiting distant stars, are driven by curiosity and under-
taken with the aim of answering a question about the world or understanding an 

❚ Students’ opportunities to immerse themselves in these practices and

to explore why they are central to science and engineering are critical to 

appreciating the skill of the expert and the nature of his or her enterprise. ❚
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observed pattern. For science, developing such an explanation constitutes success 
in and of itself, regardless of whether it has an immediate practical application; 
the goal of science is to develop a set of coherent and mutually consistent theoreti-
cal descriptions of the world that can provide explanations over a wide range of 
phenomena, For engineering, however, success is measured by the extent to which 
a human need or want has been addressed.

Both scientists and engineers engage in argumentation, but they do so with 
different goals. In engineering, the goal of argumentation is to evaluate prospec-
tive designs and then produce the most effective design for meeting the specifi-
cations and constraints. This optimization process typically involves trade-offs 
between competing goals, with the consequence that there is never just one “cor-
rect” solution to a design challenge. Instead, there are a number of possible solu-
tions, and choosing among them inevitably involves personal as well as technical 
and cost considerations. Moreover, the continual arrival of new technologies 
enables new solutions.

In contrast, theories in science must meet a very different set of criteria, 
such as parsimony (a preference for simpler solutions) and explanatory coherence 
(essentially how well any new theory provides explanations of phenomena that fit 
with observations and allow predictions or inferences about the past to be made). 
Moreover, the aim of science is to find a single coherent and comprehensive theory 
for a range of related phenomena. Multiple competing explanations are regarded 
as unsatisfactory and, if possible, the contradictions they contain must be resolved 
through more data, which enable either the selection of the best available expla-
nation or the development of a new and more comprehensive theory for the phe-
nomena in question.

Although we do not expect K-12 students to be able to develop new scien-
tific theories, we do expect that they can develop theory-based models and argue 
using them, in conjunction with evidence from observations, to develop explana-
tions. Indeed, developing evidence-based models, arguments, and explanations is 
key to both developing and demonstrating understanding of an accepted scien-
tific viewpoint. 

❚ A focus on practices (in the plural) avoids the mistaken impression

that there is one distinctive approach common to all science—a single 

“scientific method.” ❚
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Practice 1  Asking Questions and Defining Problems 
Students at any grade level should be able to ask questions of each other about the texts 
they read, the features of the phenomena they observe, and the conclusions they draw 
from their models or scientific investigations. For engineering, they should ask questions 
to define the problem to be solved and to elicit ideas that lead to the constraints and 
specifications for its solution. (NRC Framework 2012, p. 56)  

Scientific questions arise in a variety of ways. They can be driven by curiosity about the world, inspired 
by the predictions of a model, theory, or findings from previous investigations, or they can be stimulated 
by the need to solve a problem. Scientific questions are distinguished from other types of questions in that 
the answers lie in explanations supported by empirical evidence, including evidence gathered by others or 
through investigation. 
While science begins with questions, engineering begins with defining a problem to solve. However, 
engineering may also involve asking questions to define a problem, such as:  What is the need or desire 
that underlies the problem? What are the criteria for a successful solution? Other questions arise when 
generating ideas, or testing possible solutions, such as:  What are the possible trade-offs? What evidence 
is necessary to determine which solution is best?  
Asking questions and defining problems also involves asking questions about data, claims that are made, 
and proposed designs. It is important to realize that asking a question also leads to involvement in another 
practice. A student can ask a question about data that will lead to further analysis and interpretation. Or a 
student might ask a question that leads to planning and design, an investigation, or the refinement of a 
design.    
Whether engaged in science or engineering, the ability to ask good questions and clearly define problems 
is essential for everyone. The following progression of Practice 1 summarizes what students should be 
able to do by the end of each grade band. Each of the examples of asking questions below leads to 
students engaging in other scientific practices. 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Asking questions and 
defining problems in K–2 
builds on prior 
experiences and 
progresses to simple 
descriptive questions that 
can be tested. 
 Ask questions based 

on observations to find
more information 
about the natural 
and/or designed 
world(s).

 Ask and/or identify 
questions that can be 
answered by an 
investigation. 

 Define a simple 
problem that can be 
solved through the 
development of a new 
or improved object or 
tool. 

Asking questions and defining 
problems in 3–5 builds on K–2 
experiences and progresses to 
specifying qualitative 
relationships. 
 Ask questions about what 

would happen if a variable is 
changed. 

 Identify scientific (testable) 
and non-scientific (non-
testable) questions. 

 Ask questions that can be 
investigated and predict 
reasonable outcomes based 
on patterns such as cause and 
effect relationships. 

 Use prior knowledge to 
describe problems that can be 
solved. 

 Define a simple design 
problem that can be solved 
through the development of 
an object, tool, process, or 
system and includes several 
criteria for success and 
constraints on materials, time, 
or cost.

Asking questions and defining problems 
in 6–8 builds on K–5 experiences and 
progresses to specifying relationships 
between variables, and clarifying 
arguments and models. 
 Ask questions 

o that arise from careful observation 
of phenomena, models, or 
unexpected results, to clarify 
and/or seek additional information.

o to identify and/or clarify evidence 
and/or the premise(s) of an 
argument. 

o to determine relationships between
independent and dependent 
variables and relationships in 
models. 

o to clarify and/or refine a model, an
explanation, or an engineering 
problem. 

o that require sufficient and 
appropriate empirical evidence to 
answer. 

o that can be investigated within the 
scope of the classroom, outdoor 
environment, and museums and 
other public facilities with 
available resources and, when 

Asking questions and defining 
problems in 9–12 builds on K–8 
experiences and progresses to 
formulating, refining, and 
evaluating empirically testable 
questions and design problems 
using models and simulations. 
 Ask questions 

o that arise from careful 
observation of phenomena,
or unexpected results, to 
clarify and/or seek 
additional information. 

o that arise from examining 
models or a theory, to 
clarify and/or seek 
additional information and
relationships. 

o to determine relationships, 
including quantitative 
relationships, between 
independent and 
dependent variables.

o to clarify and refine a 
model, an explanation, or 
an engineering problem.

 Evaluate a question to 
determine if it is testable and
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appropriate, frame a hypothesis 
based on observations and 
scientific principles. 

o that challenge the premise(s) of an
argument or the interpretation of a 
data set. 

 Define a design problem that can be 
solved through the development of an 
object, tool, process or system and 
includes multiple criteria and 
constraints, including scientific 
knowledge that may limit possible 
solutions. 

relevant. 
 Ask questions that can be 

investigated within the scope 
of the school laboratory, 
research facilities, or field 
(e.g., outdoor environment) 
with available resources and, 
when appropriate, frame a 
hypothesis based on a model 
or theory. 

 Ask and/or evaluate questions 
that challenge the premise(s) 
of an argument, the 
interpretation of a data set, or 
the suitability of a design. 

 Define a design problem that 
involves the development of a
process or system with 
interacting components and 
criteria and constraints that 
may include social, technical, 
and/or environmental 
considerations.
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Practice 2  Developing and Using Models 
Modeling  can  begin  in  the  earliest  grades,  with  students’  models  progressing  from  
concrete  “pictures”  and/or  physical  scale  models  (e.g.,  a  toy  car)  to  more  abstract  
representations of relevant relationships in later grades, such as a diagram representing 
forces on a particular object in a system. (NRC Framework, 2012, p. 58)  

Models include diagrams, physical replicas, mathematical representations, analogies, and computer 
simulations. Although models do not correspond exactly to the real world, they bring certain features into 
focus while obscuring others. All models contain approximations and assumptions that limit the range of 
validity and predictive power, so it is important for students to recognize their limitations.   

In science, models are used to represent a system (or parts of a system) under study, to aid in the 
development of questions and explanations, to generate data that can be used to make predictions, and to 
communicate ideas to others. Students can be expected to evaluate and refine models through an iterative 
cycle of comparing their predictions with the real world and then adjusting them to gain insights into the 
phenomenon being modeled. As such, models are based upon evidence. When new evidence is uncovered 
that  the  models  can’t  explain,  models  are  modified.  

In engineering, models may be used to analyze a system to see where or under what conditions flaws 
might develop, or to test possible solutions to a problem. Models can also be used to visualize and refine a 
design,  to  communicate  a  design’s  features  to  others,  and  as  prototypes  for  testing  design  performance.   

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Modeling in K–2 builds on prior 
experiences and progresses to 
include using and developing 
models (i.e., diagram, drawing, 
physical replica, diorama, 
dramatization, or storyboard) that 
represent concrete events or 
design solutions. 
 Distinguish between a model 

and the actual object, process,
and/or events the model 
represents. 

 Compare models to identify 
common features and 
differences. 

 Develop and/or use a model to 
represent amounts, 
relationships, relative scales 
(bigger, smaller), and/or 
patterns in the natural and 
designed world(s). 

 Develop a simple model based 
on evidence to represent a 
proposed object or tool. 

Modeling in 3–5 builds on K–2 
experiences and progresses to 
building and revising simple 
models and using models to 
represent events and design 
solutions. 
 Identify limitations of models.
 Collaboratively develop and/or

revise a model based on 
evidence that shows the 
relationships among variables 
for frequent and regular 
occurring events. 

 Develop a model using an 
analogy, example, or abstract
representation to describe a 
scientific principle or design 
solution. 

 Develop and/or use models to 
describe and/or predict 
phenomena. 

 Develop a diagram or simple 
physical prototype to convey a
proposed object, tool, or 
process. 

 Use a model to test cause and 
effect relationships or 
interactions concerning the 
functioning of a natural or 
designed system. 

Modeling in 6–8 builds on K–5 
experiences and progresses to 
developing, using, and revising 
models to describe, test, and predict 
more abstract phenomena and design 
systems. 
 Evaluate limitations of a model for 

a proposed object or tool. 
 Develop or modify a model—

based on evidence – to match what 
happens if a variable or component 
of a system is changed. 

 Use and/or develop a model of 
simple systems with uncertain and
less predictable factors. 

 Develop and/or revise a model to 
show the relationships among 
variables, including those that are 
not observable but predict 
observable phenomena. 

 Develop and/or use a model to 
predict and/or describe 
phenomena. 

 Develop a model to describe 
unobservable mechanisms. 

 Develop and/or use a model to 
generate data to test ideas about 
phenomena in natural or designed 
systems, including those 
representing inputs and outputs, 
and those at unobservable scales.

Modeling in 9–12 builds on K–8 
experiences and progresses to using, 
synthesizing, and developing models 
to predict and show relationships 
among variables between systems 
and their components in the natural 
and designed worlds.     
 Evaluate merits and limitations of 

two different models of the same 
proposed tool, process, 
mechanism or system in order to 
select or revise a model that best 
fits the evidence or design criteria.

 Design a test of a model to 
ascertain its reliability.

 Develop, revise, and/or use a 
model based on evidence to 
illustrate and/or predict the 
relationships between systems or 
between components of a system.

 Develop and/or use multiple types 
of models to provide mechanistic 
accounts and/or predict 
phenomena, and move flexibly 
between model types based on 
merits and limitations. 

 Develop a complex model that 
allows for manipulation and 
testing of a proposed process or 
system.

 Develop and/or use a model 
(including mathematical and 
computational) to generate data to 
support explanations, predict 
phenomena, analyze systems, 
and/or solve problems.
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Practice 3  Planning and Carrying Out Investigations 
Students should have opportunities to plan and carry out several different kinds of 
investigations during their K-12 years. At all levels, they should engage in investigations that 
range from those structured by the teacher—in order to expose an issue or question that they 
would be unlikely to explore on their own (e.g., measuring specific properties of materials)—
to  those  that  emerge  from  students’  own  questions. (NRC Framework, 2012, p. 61)  

Scientific investigations may be undertaken to describe a phenomenon, or to test a theory or model for 
how the world works. The purpose of engineering investigations might be to find out how to fix or 
improve the functioning of a technological system or to compare different solutions to see which best 
solves a problem. Whether students are doing science or engineering, it is always important for them to 
state the goal of an investigation, predict outcomes, and plan a course of action that will provide the best 
evidence to support their conclusions. Students should design investigations that generate data to provide 
evidence  to  support  claims  they  make  about  phenomena.  Data  aren’t  evidence  until  used  in  the  process  of  
supporting a claim. Students should use reasoning and scientific ideas, principles, and theories to show 
why data can be considered evidence.  
Over time, students are expected to become more systematic and careful in their methods. In laboratory 
experiments, students are expected to decide which variables should be treated as results or outputs, 
which should be treated as inputs and intentionally varied from trial to trial, and which should be 
controlled, or kept the same across trials. In the case of field observations, planning involves deciding 
how to collect different samples of data under different conditions, even though not all conditions are 
under the direct control of the investigator. Planning and carrying out investigations may include elements 
of all of the other practices. 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 
Planning and carrying out 
investigations to answer 
questions or test solutions to 
problems in K–2 builds on 
prior experiences and 
progresses to simple 
investigations, based on fair 
tests, which provide data to 
support explanations or design 
solutions. 
 With guidance, plan and 

conduct an investigation in 
collaboration with peers (for 
K).

 Plan and conduct an 
investigation collaboratively 
to produce data to serve as 
the basis for evidence to 
answer a question. 

 Evaluate different ways of 
observing and/or measuring 
a phenomenon to determine 
which way can answer a 
question. 

 Make observations 
(firsthand or from media) 
and/or measurements to 
collect data that can be used 
to make comparisons. 

 Make observations 
(firsthand or from media) 
and/or measurements of a 
proposed object or tool or 
solution to determine if it

Planning and carrying out 
investigations to answer 
questions or test solutions to 
problems in 3–5 builds on K–
2 experiences and progresses 
to include investigations that 
control variables and provide 
evidence to support 
explanations or design 
solutions.  
 Plan and conduct an 

investigation 
collaboratively to produce 
data to serve as the basis 
for evidence, using fair 
tests in which variables are 
controlled and the number 
of trials considered.

 Evaluate appropriate 
methods and/or tools for 
collecting data. 

 Make observations and/or 
measurements to produce 
data to serve as the basis 
for evidence for an 
explanation of a 
phenomenon or test a 
design solution. 

 Make predictions about 
what would happen if a 
variable changes. 

 Test two different models 
of the same proposed 
object, tool, or process to 

Planning and carrying out 
investigations in 6-8 builds on 
K-5 experiences and 
progresses to include 
investigations that use 
multiple variables and 
provide evidence to support 
explanations or solutions. 
 Plan an investigation 

individually and 
collaboratively, and in the 
design: identify 
independent and dependent 
variables and controls, 
what tools are needed to do 
the gathering, how 
measurements will be 
recorded, and how many 
data are needed to support 
a claim. 

 Conduct an investigation 
and/or evaluate and/or 
revise the experimental 
design to produce data to 
serve as the basis for 
evidence that meet the 
goals of the investigation. 

 Evaluate the accuracy of 
various methods for 
collecting data. 

 Collect data to produce 
data to serve as the basis 
for evidence to answer 
scientific questions or test

Planning and carrying out investigations in 
9-12 builds on K-8 experiences and 
progresses to include investigations that 
provide evidence for and test conceptual, 
mathematical, physical, and empirical 
models. 
 Plan an investigation or test a design 

individually and collaboratively to 
produce data to serve as the basis for 
evidence as part of building and 
revising models, supporting 
explanations for phenomena, or testing 
solutions to problems. Consider 
possible confounding variables or 
effects  and  evaluate  the  investigation’s  
design to ensure variables are 
controlled. 

 Plan and conduct an investigation 
individually and collaboratively to 
produce data to serve as the basis for 
evidence, and in the design: decide on 
types, how much, and accuracy of data 
needed to produce reliable 
measurements and consider limitations 
on the precision of the data (e.g., 
number of trials, cost, risk, time), and 
refine the design accordingly.

 Plan and conduct an investigation or 
test a design solution in a safe and 
ethical manner including considerations 
of environmental, social, and personal 
impacts. 

 Select appropriate tools to collect, 
record, analyze, and evaluate data. 
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solves a problem or meets a 
goal. 

 Make predictions based on 
prior experiences. 

determine which better 
meets criteria for success. 

design solutions under a 
range of conditions. 

 Collect data about the 
performance of a proposed
object, tool, process or 
system under a range of 
conditions. 

 Make directional hypotheses that
specify what happens to a dependent 
variable when an independent variable 
is manipulated. 

 Manipulate variables and collect data 
about a complex model of a proposed 
process or system to identify failure 
points or improve performance relative 
to criteria for success or other variables.
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Practice 4  Analyzing and Interpreting Data 
Once collected, data must be presented in a form that can reveal any patterns and 
relationships and that allows results to be communicated to others. Because raw data as 
such have little meaning, a major practice of scientists is to organize and interpret data 
through tabulating, graphing, or statistical analysis. Such analysis can bring out the 
meaning of data—and their relevance—so that they may be used as evidence. 
Engineers, too, make decisions based on evidence that a given design will work; they 
rarely rely on trial and error. Engineers often analyze a design by creating a model or 
prototype and collecting extensive data on how it performs, including under extreme 
conditions. Analysis of this kind of data not only informs design decisions and enables the 
prediction or assessment of performance but also helps define or clarify problems, 
determine economic feasibility, evaluate alternatives, and investigate failures. (NRC 
Framework, 2012, p. 61-62)  

As students mature, they are expected to expand their capabilities to use a range of tools for tabulation, 
graphical representation, visualization, and statistical analysis. Students are also expected to improve their 
abilities to interpret data by identifying significant features and patterns, use mathematics to represent 
relationships between variables, and take into account sources of error. When possible and feasible, 
students should use digital tools to analyze and interpret data. Whether analyzing data for the purpose of 
science or engineering, it is important students present data as evidence to support their conclusions. 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 
Analyzing data in K–2 
builds on prior experiences 
and progresses to 
collecting, recording, and 
sharing observations. 
 Record information 

(observations, thoughts, 
and ideas). 

 Use and share pictures, 
drawings, and/or 
writings of 
observations. 

 Use observations 
(firsthand or from 
media) to describe 
patterns and/or 
relationships in the 
natural and designed 
world(s) in order to 
answer scientific 
questions and solve 
problems. 

 Compare predictions 
(based on prior 
experiences) to what 
occurred (observable 
events). 

 Analyze data from tests 
of an object or tool to 
determine if it works as 
intended.

Analyzing data in 3–5 builds 
on K–2 experiences and 
progresses to introducing 
quantitative approaches to 
collecting data and 
conducting multiple trials of 
qualitative observations. 
When possible and feasible, 
digital tools should be used. 
 Represent data in tables 

and/or various graphical 
displays (bar graphs, 
pictographs and/or pie 
charts) to reveal patterns 
that indicate relationships.

 Analyze and interpret data
to make sense of 
phenomena, using logical 
reasoning, mathematics, 
and/or computation. 

 Compare and contrast data 
collected by different 
groups in order to discuss 
similarities and differences 
in their findings. 

 Analyze data to refine a 
problem statement or the 
design of a proposed 
object, tool, or process. 

 Use data to evaluate and 
refine design solutions.

Analyzing data in 6–8 builds on K–5 
experiences and progresses to extending 
quantitative analysis to investigations, 
distinguishing between correlation and 
causation, and basic statistical techniques 
of data and error analysis.  
 Construct, analyze, and/or interpret 

graphical displays of data and/or large 
data sets to identify linear and nonlinear 
relationships. 

 Use graphical displays (e.g., maps, 
charts, graphs, and/or tables) of large 
data sets to identify temporal and 
spatial relationships. 

 Distinguish between causal and 
correlational relationships in data. 

 Analyze and interpret data to provide 
evidence for phenomena.

 Apply concepts of statistics and 
probability (including mean, median, 
mode, and variability) to analyze and
characterize data, using digital tools 
when feasible. 

 Consider limitations of data analysis 
(e.g., measurement error), and/or seek 
to improve precision and accuracy of 
data with better technological tools and
methods (e.g., multiple trials). 

 Analyze and interpret data to determine 
similarities and differences in findings.

 Analyze data to define an optimal 
operational range for a proposed object, 
tool, process or system that best meets 
criteria for success.

Analyzing data in 9–12 builds on K–8 
experiences and progresses to 
introducing more detailed statistical 
analysis, the comparison of data sets for 
consistency, and the use of models to 
generate and analyze data.  
 Analyze data using tools, 

technologies, and/or models (e.g., 
computational, mathematical) in order 
to make valid and reliable scientific 
claims or determine an optimal design 
solution. 

 Apply concepts of statistics and 
probability (including determining 
function fits to data, slope, intercept, 
and correlation coefficient for linear 
fits) to scientific and engineering 
questions and problems, using digital 
tools when feasible. 

 Consider limitations of data analysis
(e.g., measurement error, sample 
selection) when analyzing and 
interpreting data. 

 Compare and contrast various types of 
data sets (e.g., self-generated, 
archival) to examine consistency of 
measurements and observations. 

 Evaluate the impact of new data on a 
working explanation and/or model of 
a proposed process or system.

 Analyze data to identify design 
features or characteristics of the 
components of a proposed process or 
system to optimize it relative to 
criteria for success.
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Practice 5  Using Mathematics and Computational Thinking 
Although there are differences in how mathematics and computational thinking are applied 
in science and in engineering, mathematics often brings these two fields together by 
enabling engineers to apply the mathematical form of scientific theories and by enabling 
scientists to use powerful information technologies designed by engineers. Both kinds of 
professionals can thereby accomplish investigations and analyses and build complex 
models, which might otherwise be out of the question. (NRC Framework, 2012, p. 65)  

Students are expected to use mathematics to represent physical variables and their relationships, and to 
make quantitative predictions. Other applications of mathematics in science and engineering include 
logic, geometry, and at the highest levels, calculus. Computers and digital tools can enhance the power of 
mathematics by automating calculations, approximating solutions to problems that cannot be calculated 
precisely, and analyzing large data sets available to identify meaningful patterns. Students are expected to 
use laboratory tools connected to computers for observing, measuring, recording, and processing data. 
Students are also expected to engage in computational thinking, which involves strategies for organizing 
and searching data, creating sequences of steps called algorithms, and using and developing new 
simulations of natural and designed systems. Mathematics is a tool that is key to understanding science. 
As such, classroom instruction must include critical skills of mathematics. The NGSS displays many of 
those skills through the performance expectations, but classroom instruction should enhance all of science 
through the use of quality mathematical and computational thinking.

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 

Mathematical and 
computational thinking in 
K–2 builds on prior 
experience and progresses 
to recognizing that 
mathematics can be used to 
describe the natural and 
designed world(s). 
 Decide when to use 

qualitative vs.
quantitative data. 

 Use counting and 
numbers to identify and 
describe patterns in the 
natural and designed 
world(s).

 Describe, measure, 
and/or compare 
quantitative attributes of 
different objects and 
display the data using 
simple graphs. 

 Use quantitative data to 
compare two alternative 
solutions to a problem. 

Mathematical and 
computational thinking in 
3–5 builds on K–2 
experiences and progresses 
to extending quantitative 
measurements to a variety 
of physical properties and 
using computation and 
mathematics to analyze 
data and compare 
alternative design 
solutions. 
 Decide if qualitative or 

quantitative data are 
best to determine 
whether a proposed 
object or tool meets 
criteria for success. 

 Organize simple data 
sets to reveal patterns 
that suggest 
relationships. 

 Describe, measure, 
estimate, and/or graph 
quantities (e.g., area, 
volume, weight, time) 
to address scientific and
engineering questions 
and problems. 

 Create and/or use 
graphs and/or charts 
generated from simple 
algorithms to compare 
alternative solutions to 
an engineering problem.

Mathematical and computational 
thinking in 6–8 builds on K–5 
experiences and progresses to 
identifying patterns in large data 
sets and using mathematical 
concepts to support explanations 
and arguments. 
 Use digital tools (e.g., 

computers) to analyze very 
large data sets for patterns 
and trends. 

 Use mathematical 
representations to describe 
and/or support scientific 
conclusions and design 
solutions. 

 Create algorithms (a series of 
ordered steps) to solve a 
problem. 

 Apply mathematical concepts 
and/or processes  (e.g., ratio, 
rate, percent, basic 
operations, simple algebra) to 
scientific and engineering 
questions and problems. 

 Use digital tools and/or 
mathematical concepts and 
arguments to test and 
compare proposed solutions 
to an engineering design 
problem.

Mathematical and computational thinking in 9-
12 builds on K-8 experiences and progresses to 
using algebraic thinking and analysis, a range 
of linear and nonlinear functions including 
trigonometric functions, exponentials and 
logarithms, and computational tools for 
statistical analysis to analyze, represent, and 
model data. Simple computational simulations 
are created and used based on mathematical 
models of basic assumptions. 
 Create and/or revise a computational model 

or simulation of a phenomenon, designed 
device, process, or system. 

 Use mathematical, computational, and/or 
algorithmic representations of phenomena
or design solutions to describe and/or 
support claims and/or explanations. 

 Apply techniques of algebra and functions 
to represent and solve scientific and 
engineering problems. 

 Use simple limit cases to test mathematical 
expressions, computer programs, 
algorithms, or simulations of a process or 
system  to  see  if  a  model  “makes  sense”  by  
comparing the outcomes with what is 
known about the real world.

 Apply ratios, rates, percentages, and unit 
conversions in the context of complicated 
measurement problems involving quantities 
with derived or compound units (such as 
mg/mL, kg/m3, acre-feet, etc.).
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Practice 6  Constructing Explanations and Designing Solutions 
The goal of science is to construct explanations for the causes of phenomena. Students are 
expected to construct their own explanations, as well as apply standard explanations they learn 
about from their teachers or reading. The Framework states the following about explanation: 

“The goal of science is the construction of theories that provide explanatory accounts of the 
world. A theory becomes accepted when it has multiple lines of empirical evidence and greater 
explanatory power of phenomena than previous theories.”(NRC Framework, 2012, p. 52) 

An explanation includes a claim that relates how a variable or variables relate to another variable 
or a set of variables. A claim is often made in response to a question and in the process of 
answering the question, scientists often design investigations to generate data.  

The goal of engineering is to solve problems. Designing solutions to problems is a systematic 
process that involves defining the problem, then generating, testing, and improving solutions. 
This practice is described in the Framework as follows. 

Asking students to demonstrate their own understanding of the implications of a scientific idea 
by developing their own explanations of phenomena, whether based on observations they have 
made or models they have developed, engages them in an essential part of the process by which 
conceptual change can occur.  
In engineering, the goal is a design rather than an explanation. The process of developing a 
design is iterative and systematic, as is the process of developing an explanation or a theory in 
science. Engineers’  activities,  however,  have  elements  that  are  distinct  from  those  of  scientists.  
These elements include specifying constraints and criteria for desired qualities of the solution, 
developing a design plan, producing and testing models or prototypes, selecting among 
alternative design features to optimize the achievement of design criteria, and refining design 
ideas based on the performance of a prototype or simulation. (NRC Framework, 2012, p. 68-69) 

Grades K-2 Grades 3-5 Grades 6-8  Grades 9-12 
Constructing 
explanations and 
designing solutions in 
K–2 builds on prior 
experiences and 
progresses to the use of 
evidence and ideas in 
constructing evidence-
based accounts of 
natural phenomena and 
designing solutions.  
 Make observations 

(firsthand or from 
media) to construct 
an evidence-based 
account for natural 
phenomena. 

 Use tools and/or 
materials to design 
and/or build a device 
that solves a specific 
problem or a solution 
to a specific problem.

 Generate and/or 
compare multiple 
solutions to a 
problem.

Constructing explanations 
and designing solutions in 
3–5 builds on K–2 
experiences and progresses 
to the use of evidence in 
constructing explanations 
that specify variables that 
describe and predict 
phenomena and in 
designing multiple 
solutions to design 
problems. 
 Construct an 

explanation of observed
relationships (e.g., the 
distribution of plants in 
the back yard). 

 Use evidence (e.g., 
measurements, 
observations, patterns) 
to construct or support 
an explanation or design 
a solution to a problem. 

 Identify the evidence 
that supports particular 
points in an explanation. 

 Apply scientific ideas to 
solve design problems. 

 Generate and compare 
multiple solutions to a 
problem based on how 

Constructing explanations and 
designing solutions in 6–8 builds on K–
5 experiences and progresses to include 
constructing explanations and designing 
solutions supported by multiple sources 
of evidence consistent with scientific 
ideas, principles, and theories. 
 Construct an explanation that 

includes qualitative or quantitative 
relationships between variables that
predict(s) and/or describe(s) 
phenomena. 

 Construct an explanation using 
models or representations. 

 Construct a scientific explanation 
based on valid and reliable evidence 
obtained from sources (including the 
students’  own experiments) and the 
assumption that theories and laws 
that describe the natural world
operate today as they did in the past 
and will continue to do so in the 
future. 

 Apply scientific ideas, principles, 
and/or evidence to construct, revise 
and/or use an explanation for real-
world phenomena, examples, or 
events. 

 Apply scientific reasoning to show 
why the data or evidence is adequate 
for the explanation or conclusion.

Constructing explanations and designing 
solutions in 9–12 builds on K–8 
experiences and progresses to explanations 
and designs that are supported by multiple 
and independent student-generated sources 
of evidence consistent with scientific 
ideas, principles, and theories.  
 Make a quantitative and/or qualitative 

claim regarding the relationship 
between dependent and independent 
variables. 

 Construct and revise an explanation 
based on valid and reliable evidence 
obtained from a variety of sources 
(including  students’  own  investigations, 
models, theories, simulations, peer 
review) and the assumption that 
theories and laws that describe the 
natural world operate today as they did 
in the past and will continue to do so in 
the future. 

 Apply scientific ideas, principles, 
and/or evidence to provide an 
explanation of phenomena and solve 
design problems, taking into account
possible unanticipated effects. 

 Apply scientific reasoning, theory, 
and/or models to link evidence to the 
claims to assess the extent to which the 
reasoning and data support the 
explanation or conclusion.
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well they meet the 
criteria and constraints 
of the design solution. 

 Apply scientific ideas or principles 
to design, construct, and/or test a 
design of an object, tool, process or 
system.

 Undertake a design project, engaging 
in the design cycle, to construct 
and/or implement a solution that 
meets specific design criteria and 
constraints. 

 Optimize performance of a design by 
prioritizing criteria, making 
tradeoffs, testing, revising, and re-
testing.

 Design, evaluate, and/or refine a 
solution to a complex real-world 
problem, based on scientific 
knowledge, student-generated sources 
of evidence, prioritized criteria, and 
tradeoff considerations. 
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Practice 7  Engaging in Argument from Evidence 
The study of science and engineering should produce a sense of the process of argument 
necessary for advancing and defending a new idea or an explanation of a phenomenon and 
the norms for conducting such arguments. In that spirit, students should argue for the 
explanations they construct, defend their interpretations of the associated data, and advocate 
for the designs they propose. (NRC Framework, 2012, p. 73)  

Argumentation is a process for reaching agreements about explanations and design solutions. In science, 
reasoning and argument based on evidence are essential in identifying the best explanation for a natural 
phenomenon. In engineering, reasoning and argument are needed to identify the best solution to a design 
problem. Student engagement in scientific argumentation is critical if students are to understand the 
culture in which scientists live, and how to apply science and engineering for the benefit of society. As 
such, argument is a process based on evidence and reasoning that leads to explanations acceptable by the 
scientific community and design solutions acceptable by the engineering community. 

Argument in science goes beyond reaching agreements in explanations and design solutions. Whether 
investigating a phenomenon, testing a design, or constructing a model to provide a mechanism for an 
explanation, students are expected to use argumentation to listen to, compare, and evaluate competing 
ideas and methods based on their merits. Scientists and engineers engage in argumentation when 
investigating a phenomenon, testing a design solution, resolving questions about measurements, building 
data models, and using evidence to evaluate claims. 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 
Engaging in argument from 
evidence in K–2 builds on 
prior experiences and 
progresses to comparing 
ideas and representations 
about the natural and 
designed world(s). 
 Identify arguments that

are supported by 
evidence. 

 Distinguish between 
explanations that account 
for all gathered evidence 
and those that do not. 

 Analyze why some 
evidence is relevant to a
scientific question and 
some is not. 

 Distinguish between 
opinions and evidence in 
one’s  own  explanations. 

 Listen actively to 
arguments to indicate 
agreement or 
disagreement based on 
evidence, and/or to retell 
the main points of the 
argument. 

 Construct an argument 
with evidence to support 
a claim. 

 Make a claim about the 
effectiveness of an 
object, tool, or solution 
that is supported by 
relevant evidence.

Engaging in argument from 
evidence in 3–5 builds on K–2 
experiences and progresses to 
critiquing the scientific 
explanations or solutions 
proposed by peers by citing 
relevant evidence about the 
natural and designed world(s). 
 Compare and refine arguments 

based on an evaluation of the 
evidence presented. 

 Distinguish among facts, 
reasoned judgment based on 
research findings, and 
speculation in an explanation.

 Respectfully provide and 
receive critiques from peers 
about a proposed procedure, 
explanation, or model by citing 
relevant evidence and posing 
specific questions. 

 Construct and/or support an 
argument with evidence, data, 
and/or a model. 

 Use data to evaluate claims
about cause and effect.

 Make a claim about the merit 
of a solution to a problem by 
citing relevant evidence about
how it meets the criteria and 
constraints of the problem.

Engaging in argument from 
evidence in 6–8 builds on K–5 
experiences and progresses to 
constructing a convincing 
argument that supports or refutes 
claims for either explanations or 
solutions about the natural and 
designed world(s). 
 Compare and critique two 

arguments on the same topic 
and analyze whether they 
emphasize similar or different 
evidence and/or interpretations 
of facts. 

 Respectfully provide and 
receive  critiques  about  one’s
explanations, procedures, 
models, and questions by 
citing relevant evidence and 
posing and responding to 
questions that elicit pertinent 
elaboration and detail. 

 Construct, use, and/or present 
an oral and written argument 
supported by empirical 
evidence and scientific 
reasoning to support or refute 
an explanation or a model for a
phenomenon or a solution to a 
problem. 

 Make an oral or written 
argument that supports or 
refutes the advertised 
performance of a device, 
process, or system based on 
empirical evidence concerning 
whether or not the technology 
meets relevant criteria and 
constraints.

Engaging in argument from evidence in 
9–12 builds on K–8 experiences and 
progresses to using appropriate and 
sufficient evidence and scientific 
reasoning to defend and critique claims 
and explanations about the natural and 
designed world(s). Arguments may also 
come from current scientific or 
historical episodes in science. 
 Compare and evaluate competing 

arguments or design solutions in 
light of currently accepted 
explanations, new evidence, 
limitations (e.g., trade-offs), 
constraints, and ethical issues. 

 Evaluate the claims, evidence, 
and/or reasoning behind currently 
accepted explanations or solutions to 
determine the merits of arguments. 

 Respectfully provide and/or receive 
critiques on scientific arguments by 
probing reasoning and evidence, 
challenging ideas and conclusions, 
responding thoughtfully to diverse 
perspectives, and determining 
additional information required to 
resolve contradictions. 

 Construct, use, and/or present an 
oral and written argument or 
counter-arguments based on data and
evidence. 

 Make and defend a claim based on 
evidence about the natural world or 
the effectiveness of a design solution 
that reflects scientific knowledge 
and student-generated evidence. 

 Evaluate competing design solutions 
to a real-world problem based on 
scientific ideas and principles,
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 Evaluate competing design
solutions based on jointly 
developed and agreed-upon 
design criteria.

empirical evidence, and/or logical 
arguments regarding relevant factors 
(e.g. economic, societal, 
environmental, ethical 
considerations). 



April 2013 NGSS Release Page 15 of 33 

Practice 8  Obtaining, Evaluating, and Communicating Information 
Any  education  in  science  and  engineering  needs  to  develop  students’  ability  to  read and 
produce domain-specific text. As such, every science or engineering lesson is in part a 
language lesson, particularly reading and producing the genres of texts that are intrinsic 
to science and engineering. (NRC Framework, 2012, p. 76)  

Being able to read, interpret, and produce scientific and technical text are fundamental practices of 
science and engineering, as is the ability to communicate clearly and persuasively. Being a critical 
consumer of information about science and engineering requires the ability to read or view reports of 
scientific or technological advances or applications (whether found in the press, the Internet, or in a town 
meeting) and to recognize the salient ideas, identify sources of error and methodological flaws, 
distinguish observations from inferences, arguments from explanations, and claims from evidence. 
Scientists and engineers employ multiple sources to obtain information used to evaluate the merit and 
validity of claims, methods, and designs. Communicating information, evidence, and ideas can be done in 
multiple ways:  using tables, diagrams, graphs, models, interactive displays, and equations as well as 
orally, in writing, and through extended discussions.  
 

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12 
Obtaining, evaluating, and 
communicating information in 
K–2 builds on prior experiences 
and uses observations and texts 
to communicate new 
information. 
 Read grade-appropriate texts 

and/or use media to obtain 
scientific and/or technical 
information to determine 
patterns in and/or evidence 
about the natural and 
designed world(s). 

 Describe how specific images 
(e.g., a diagram showing how 
a machine works) support a 
scientific or engineering idea. 

 Obtain information using 
various texts, text features 
(e.g., headings, tables of 
contents, glossaries, 
electronic menus, icons), and
other media that will be 
useful in answering a 
scientific question and/or 
supporting a scientific claim. 

 Communicate information or 
design ideas and/or solutions 
with others in oral and/or 
written forms using models, 
drawings, writing, or numbers
that provide detail about 
scientific ideas, practices, 
and/or design ideas. 

Obtaining, evaluating, and 
communicating information in 3–5 
builds on K–2 experiences and 
progresses to evaluating the merit 
and accuracy of ideas and methods. 
 Read and comprehend grade-

appropriate complex texts and/or 
other reliable media 
to summarize and obtain 
scientific and technical ideas and
describe how they are supported 
by evidence. 

 Compare and/or combine across 
complex texts and/or other 
reliable media to support the 
engagement in other scientific 
and/or engineering practices. 

 Combine information in written
text with that contained in 
corresponding tables, diagrams, 
and/or charts to support the 
engagement in other scientific 
and/or engineering practices. 

 Obtain and combine information 
from books and/or other reliable 
media to explain phenomena or
solutions to a design problem.

 Communicate scientific and/or 
technical information orally 
and/or in written formats, 
including various forms of 
media as well as tables, 
diagrams, and charts.

Obtaining, evaluating, and 
communicating information in 6–8 
builds on K–5 experiences and 
progresses to evaluating the merit 
and validity of ideas and methods. 
 Critically read scientific texts 

adapted for classroom use to 
determine the central ideas 
and/or obtain scientific and/or 
technical information to describe 
patterns in and/or evidence 
about the natural and designed 
world(s).

 Integrate qualitative and/or 
quantitative scientific and/or 
technical information in written 
text with that contained in media 
and visual displays to clarify 
claims and findings. 

 Gather, read, and synthesize 
information from multiple 
appropriate sources and assess 
the credibility, accuracy, and 
possible bias of each publication
and methods used, and describe 
how they are supported or not 
supported by evidence. 

 Evaluate data, hypotheses, 
and/or conclusions in scientific
and technical texts in light of 
competing information or 
accounts. 

 Communicate scientific and/or 
technical information (e.g. about
a proposed object, tool, process, 
system) in writing and/or 
through oral presentations. 

Obtaining, evaluating, and 
communicating information in 9–12 
builds on K–8 experiences and 
progresses to evaluating the validity 
and reliability of the claims, methods, 
and designs. 
 Critically read scientific literature 

adapted for classroom use to 
determine the central ideas or 
conclusions and/or to obtain 
scientific and/or technical 
information to summarize complex 
evidence, concepts, processes, or 
information presented in a text by 
paraphrasing them in simpler but 
still accurate terms. 

 Compare, integrate and evaluate 
sources of information presented in 
different media or formats (e.g., 
visually, quantitatively) as well as in 
words in order to address a scientific
question or solve a problem. 

 Gather, read, and evaluate scientific 
and/or technical information from 
multiple authoritative sources, 
assessing the evidence and 
usefulness of each source. 

 Evaluate the validity and reliability 
of and/or synthesize multiple claims, 
methods, and/or designs that appear 
in scientific and technical texts or 
media reports, verifying the data 
when possible. 

 Communicate scientific and/or 
technical information or ideas (e.g. 
about phenomena and/or the process 
of development and the design and 
performance of a proposed process 
or system) in multiple formats (i.e., 
orally, graphically, textually,
mathematically).
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REFLECTING ON THE PRACTICES 

Science has been enormously successful in extending humanity’s knowledge 
of the world and, indeed transforming it. Understanding how science has 
achieved this success and the techniques that it uses is an essential part of any 
science education. Although there is no universal agreement about teaching 
the nature of science, there is a strong consensus about characteristics of the 
scientific enterprise that should be understood by an educated citizen [41-43]. 
For example, the notion that there is a single scientific method of observation, 
hypothesis, deduction, and conclusion—a myth perpetuated to this day by many 
textbooks—is fundamentally wrong [44]. Scientists do use deductive reasoning, 
but they also search for patterns, classify different objects, make generalizations 
from repeated observations, and engage in a process of making inferences as to 
what might be the best explanation. Thus the picture of scientific reasoning is 
richer, more complex, and more diverse than the image of a linear and unitary 
scientific method would suggest [45]. 

What engages all scientists, however, is a process of critique and argumenta-
tion. Because they examine each other’s ideas and look for flaws, controversy and 
debate among scientists are normal occurrences, neither exceptional nor extraor-
dinary. Moreover, science has established a formal mechanism of peer review for 
establishing the credibility of any individual scientist’s work. The ideas that sur-
vive this process of review and criticism are the ones that become well established 
in the scientific community.

Our view is that the opportunity for students to learn the basic set of prac-
tices outlined in this chapter is also an opportunity to have them stand back and 
reflect on how these practices contribute to the accumulation of scientific knowl-
edge. For example, students need to see that the construction of models is a major 
means of acquiring new understanding; that these models identify key features and 
are akin to a map, rather than a literal representation of reality [13]; and that the 
great achievement of science is a core set of explanatory theories that have wide 
application [46]. 

Understanding how science functions requires a synthesis of content 
knowledge, procedural knowledge, and epistemic knowledge. Procedural knowl-
edge refers to the methods that scientists use to ensure that their findings are 
valid and reliable. It includes an understanding of the importance and appropri-
ate use of controls, double-blind trials, and other procedures (such as methods 
to reduce error) used by science. As such, much of it is specific to the domain 
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and can only be learned within science. Procedural knowledge has also been 
called “concepts of evidence” [47]. 

Epistemic knowledge is knowledge of the constructs and values that are 
intrinsic to science. Students need to understand what is meant, for example, by 
an observation, a hypothesis, an inference, a model, a theory, or a claim and be 
able to readily distinguish between them. An education in science should show 
that new scientific ideas are acts of imagination, commonly created these days 
through collaborative efforts of groups of scientists whose critiques and arguments 
are fundamental to establishing which ideas are worthy of pursuing further. Ideas 
often survive because they are coherent with what is already known, and they 
either explain the unexplained, explain more observations, or explain in a simpler 
and more elegant manner. 

Science is replete with ideas that once seemed promising but have not with-
stood the test of time, such as the concept of the “ether” or the vis vitalis (the 
“vital force” of life). Thus any new idea is initially tentative, but over time, as it 
survives repeated testing, it can acquire the status of a fact—a piece of knowledge 
that is unquestioned and uncontested, such as the existence of atoms. Scientists 
use the resulting theories and the models that represent them to explain and pre-
dict causal relationships. When the theory is well tested, its predictions are reli-
able, permitting the application of science to technologies and a wide variety of 
policy decisions. In other words, science is not a miscellany of facts but a coherent 
body of knowledge that has been hard won and that serves as a powerful tool. 

Engagement in modeling and in critical and evidence-based argumentation 
invites and encourages students to reflect on the status of their own knowledge 
and their understanding of how science works. And as they involve themselves 
in the practices of science and come to appreciate its basic nature, their level of 
sophistication in understanding how any given practice contributes to the scientific 
enterprise can continue to develop across all grade levels. 
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