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Foreword
Classroom formative assessment is the most 
powerful form of assessment that teachers have 
at their disposal to elicit and analyze evidence 
of student thinking and, consequently, to 
use this evidence to adjust learning strategies 
accordingly. When used properly, formative 
assessment provides the teacher with a constant 
source of information that can be used during 
the course of and at the point of instruction. 
Similar to a GPS device, formative assessment 
is a means to keep the learner “on the path” 
by using student feedback as information 
to guide and adjust instruction. The probes 
detailed within Uncovering Student Ideas About 
Engineering and Technology: 32 New Forma-
tive Assessment Probes provide opportunities 
for students to engage in self-assessment and 
feedback from their peers in the areas of 
engineering and technology. 

This book is especially timely, since 43 
states and the District of Columbia have 
now adopted or adapted science standards 
based on either the Next Generation Science 
Standards (NGSS; NGSS Lead States 2013) 
or A Framework for K–12 Science Education: 
Practices, Crosscutting Concepts, and Core 
Ideas (the Framework; NRC 2012). These new 
state standards, which provide guidance for 
the development of curriculum, instruction, 
and assessment, call for all students, “over 
multiple years of school, [to] actively engage 
in scientific and engineering practices and 
apply crosscutting concepts to deepen their 
understanding of the core ideas,” both in the 
traditional disciplines of science and in the 
field of engineering (NRC 2012, p. 10).

Uncovering Student Ideas About Engineer-
ing and Technology supports the vision of 
the NGSS and the Framework by providing 

educators with a variety of research-based 
formative assessment probes to uncover their 
students’ prior knowledge and misconceptions 
in the areas of engineering and technology. 
This book not only offers tools for teachers 
to use to uncover their students’ thinking, 
but also provides a foundation to support the 
importance of engineering and technology in 
the development of student problem-solving 
skills and innovative application of science 
concepts. 

The authors of this book represent a 
“perfect storm” of expertise. Page Keeley is 
a prolific writer and researcher in the area of 
science formative assessment. Cary Sneider 
was a member of the Framework and NGSS 
writing teams and has worked extensively with 
teachers nationwide to bring engineering and 
design into the classroom. As a distinguished 
engineer, technologist, and university educator, 
Mihir Ravel affords his expertise through the 
creation of authentic, problem-based scenarios 
and situations addressed through the probes. 
The product of the collaboration of these tal-
ented experts provides the readers of this book 
with a practitioner-friendly guide to infusing 
engineering and technology into classrooms 
through research-based formative assessment 
prompts and probes.

I am honored to be asked to write the 
foreword for this book. Supporting educators 
in the implementation of three-dimensional 
science and engineering standards is mission 
critical. Teachers are the key to the positive 
change we seek in preparing our students to 
become a STEM literate citizenry. Toward 
that end, Understanding Student Ideas About 
Engineering and Technology goes far in sup-
porting educators through its teacher-centered 
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approach to engaging students and soliciting 
evidence of learning within the domains of 
engineering and technology. 

—Peter J. McLaren
Executive Director

Next Gen Education, LLC
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Preface
This is the 12th book in the Uncovering Student 
Ideas in Science series. Like the other books 
in this series, this book provides a collection 
of unique questions, called formative assess-
ment probes, that are purposefully designed to 
reveal preconceptions students bring to their 
learning as well as to identify misunderstand-
ings students develop during instruction that 
may go unnoticed by the teacher. Each probe 
is carefully researched to develop distracters 
that mirror commonly held ideas students have 
about the key ideas or practices. The probes 
are not grade-specific. They are designed to be 
used across multiple grade spans as well as with 
adults for professional learning or preservice 
education, especially since alternative ideas that 
go unchallenged often follow students from 
one grade to the next, right into adulthood. 

Engineering and Technology 
Probes
This book expands on the other 11 books in the 
Uncovering Student Ideas series, whose scope has 
been the traditional science disciplines, to help 
teach the emerging STEM areas of Engineer-
ing and Technology as exciting complements 
to Science and Mathematics. The focus is on 
the disciplinary content of engineering and 
technology, the use of engineering practices, 
and connections to crosscutting concepts 
that support an understanding of engineering 
and technology. As we discuss later in the 
book’s Introduction, it is both important and 
empowering that the great majority of skills 
that students develop through engineering 
activities are the same as those they develop 
in science. 

Before using the probes, please read the 
Introduction (pp. 1–6). The Introduction provides 

information on why a K–12 understanding 
of engineering and technology is important 
today not only for producing future engineers, 
but also for building lifelong creative and 
systematic problem-solving skills for students 
in all career paths. It describes how standards 
and curriculum have changed to reflect this 
importance. It clarifies the differences between 
engineering and technology and how they are 
inextricably linked. It provides information on 
how to use the probes formatively. Finally, it 
provides suggestions for additional resources 
to expand your knowledge of formative assess-
ment as well as engineering and technology.

Four Sections of Probes
Following the Introduction is the collection of 
32 formative assessment probes. These probes 
are organized into four sections: Section 1: 
What Is Technology (seven probes); Section 2: 
What Is Engineering? (nine probes); Section 3: 
Defining Problems (seven probes); and Sec-
tion 4: Designing and Testing Solutions (nine 
probes). Each section includes a matrix that 
lists related key ideas and suggested grade 
levels for each probe. Following the matrix is 
a short description of teaching and learning 
considerations that provide additional informa-
tion for refining curriculum and instruction.

Two Versions of Each Probe
There are two versions of each probe included 
in this book. The first is the English language 
student page. On the back side of the English 
language student page is a Spanish language 
version. This version can be used with English 
language learners or with students in Spanish 
language immersion programs.
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Teacher Notes
Each of the 32 formative assessment probes 
in this book includes detailed background 
information for teachers. The Teacher Notes 
are a vital component of this book and should 
always be read before using a probe. The fea-
tures of the Teacher Notes that accompany 
each probe are as follows:

Purpose
“Deciding what to assess is not as simple as it 
might appear. Existing guidelines for assessment 
design emphasize that the process should begin 
with a statement of the purpose for the assess-
ment and a definition of the content domain 
to be measured” (Pellegrino, Chudowsky, and 
Glaser 2001, p. 178). This section describes 
the purpose of the probe—that is, what you 
will learn about your students’ ideas as you 
use the probe. It begins by describing the 
overarching concept the probe elicits, followed 
by the specific idea or practice that makes up 
the learning target. Before choosing a probe, 
it is important to understand what the probe 
is intended to reveal about students’ think-
ing. Taking time to read the Purpose section 
will help you decide if the probe will provide 
the information you need to plan responsive 
instruction and attend to students’ thinking.

Type of Probe
This section describes the format used to 
develop the probe. All probes in the Uncovering 
Student Ideas series are two-tiered—meaning 
they consist of two parts. The first part is a 
selected answer choice and the second part 
involves constructing an explanation for the 
selected answer choice. Similar to the cross-
cutting concept of structure and function, in 
which structure often determines function, the 
format of a probe is related to how a probe is 
used. The book uses the following probe types:

•	 Friendly Talk Probe: This format uses 
the context of a group of friends having 

a conversation. Answer choices are the 
statements each friend makes. The probe 
models the importance of sharing ideas 
through talk and shows how people often 
have very different ideas.

•	 Justified List Probe: In this format, stu-
dents select answer choices from a list 
of examples and non-examples. It shows 
whether students can transfer what they 
know or have learned to other examples 
or contexts and whether they can develop 
generalizations.

•	 Opposing Views Probe: In this format, two 
people have opposite or very different ideas. 
Selecting who to agree with involves carefully 
examining each statement or argument.

•	 Follow the Dialogue Probe: This format 
is similar to a friendly talk probe, except 
students follow a back-and-forth conversa-
tion in language typical of ways students 
converse with others.

•	 Always, Sometimes, Never Probe: This format 
requires students to evaluate statements 
to decide if they are always true or apply, 
sometimes true or apply, or never true or 
apply and then justify their answer with 
evidence. Selecting sometimes provides an 
opportunity to consider exceptions.

•	 Draw a Picture Probe: Unlike the format 
of the other probe types, students do not 
select a response in this probe. Instead, 
students draw a picture, which provides 
insight into their conceptual model or 
ways of perceiving an object, process, or 
situation. 

•	 Sequencing Probe: This format involves 
students putting statements, procedures, 
steps, or ideas into a logical sequence.

•	 Quantifying Probe: This format involves 
identifying how many examples of a 
concept, procedure, or practice are in a 
given scenario. 

•	 Comparison Chart Probe: This format 
presents students with data used to make 
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comparisons between the different categories 
of information in the chart.

To learn more about each of these probe 
types as well as formative assessment classroom 
techniques (FACTs) that can be used with 
these formats, see Science Formative Assessment, 
Volume 1 and Volume 2 (Keeley 2016; Keeley 
2015), both available through NSTA Press.

Related Key Ideas 
Each probe is designed to target one or more 
related key ideas that develop across multiple 
grade levels. A key idea represents an impor-
tant aspect of understanding engineering and 
technology.

Explanation
The best answer choice is provided in this sec-
tion. Best answer is used rather than correct or 
right answer because the probes are not used to 
pass judgment on whether students are “right 
or wrong,” nor are they intended to be graded. 
Instead, they are used to encourage students 
to reveal their best thinking so far without the 
worry of being “wrong.” Sometimes there is 
no single “right” answer because the probe 
may uncover different ways of thinking that 
support an alternative answer choice. In many 
ways, the “best answer” mirrors the nature of 
engineering as engineers initially share their 
best thinking about a design or problem situ-
ation and modify their ideas and designs as 
they gather more information. 

A brief content explanation is provided to 
help teachers understand the engineering and 
technology ideas and practices that underlie 
the probe and clarify misunderstandings 
students (and teachers) may have related to 
the content. The explanations are brief and 
not meant to give detailed engineering and 
technology knowledge. They are provided to 
support teachers’ basic knowledge of engineer-
ing and technology. Teachers with limited 

coursework or professional development in 
technology and engineering design or who are 
new to teaching engineering should build on 
these probes to expand their content knowl-
edge. The explanations are carefully written to 
avoid highly technical language and complex 
descriptions so that a teacher does not have 
to specialize in engineering to understand the 
explanation. At the same time, the challenge is 
to not oversimplify the engineering concepts, 
key ideas, and practices. The probe explana-
tions are carefully constructed to provide the 
concise information a teacher would need to 
understand and respond to their students’ 
thinking. 

Administering the Probe
Intended grade levels for using the probe 
and suggestions, including modifications, 
for administering the probe to students are 
provided. Unlike summative assessments, the 
probes are not specific to a single grade. They 
are designed to be used across grade spans even 
if a key idea was previously taught. Probes help 
teachers check for understanding of precur-
sor ideas before introducing new ideas. They 
also activate student thinking by connecting 
their new learning to prior knowledge as well 
as engage students in discussions in which 
previous and new ideas are shared.

Connections to the Three Dimensions 
(NRC 2012; NGSS Lead States 2013)
A Framework for K–12 Science Education: 
Practices, Crosscutting Concepts, and Core Ideas 
(the Framework; NRC 2012) is the primary 
source document, which has informed the 
development of many recent state standards, 
including the Next Generation Science Standards 
(NGSS; NGSS Lead States 2013), and will 
continue to inform the development of most 
states’ standards as their standards come up 
for revision, regardless of whether those states 
adopt the NGSS. This section lists the general 
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disciplinary core ideas (DCIs), science and 
engineering practices (SEPs), and crosscutting 
concepts (CCCs) from the Framework and 
NGSS that are related to the probe.

Because the probes are not designed to 
be summative assessments, this section is not 
considered an alignment, but rather identifies 
ideas, practices, and concepts that are related 
in some way to the probe. Additional ways to 
support the use of the DCIs, SEPs, and CCCs 
are included in the Suggestions for Instruction 
and Assessment section.

Related Research
Each probe is informed by research when 
available. Research on K–12 students’ ideas 
about engineering and technology is relatively 
new; therefore, there are fewer studies cited 
in this section compared with other books 
in the Uncovering Student Ideas series. How-
ever, consider using these probes to do your 
own classroom research on commonly held 
ideas about engineering and technology, and 
sharing your results with colleagues through 
presentations or articles in journals published 
by NSTA, the International Technology and 
Engineering Educators Association (ITEEA), 
and other STEM organizations.

One research article frequently cited in 
this book is “The Informed Design Teaching 
and Learning Matrix” (Crismond and Adams 
2012). This meta-literature review connects 
research findings on how people design with 
what K–16 teachers need to understand and 
do to build student capability in engineering 
design and support learning through engineer-
ing design activities.

Although your students may have different 
backgrounds, experiences, and contexts for 
learning, the descriptions from the research 
can help you better understand the intent 
of each probe and the kinds of thinking 
your students are likely to reveal when they 
respond to a probe. The research also helps 

you understand why the distracters are writ-
ten a certain way, as they are often intended 
to mirror research findings. As you use the 
probes, you are encouraged to seek new and 
additional published research.

Suggestions for Instruction and 
Assessment
Uncovering and examining the ideas students 
bring to their learning is considered diagnostic 
assessment. Diagnostic assessment becomes 
formative assessment when the teacher uses the 
assessment data in a feedback loop to make 
decisions about instruction that will move 
students toward the intended learning target. 
Thus, for the probe to be used formatively, a 
teacher needs to think about how to choose 
or modify a lesson or activity to best address 
the ideas students bring to their learning or 
the misunderstandings that might surface or 
develop during the learning process. A probe 
may also reveal whether students understand 
a key idea or use of an engineering practice, 
which can help the teacher move forward with 
planned instruction.

As you carefully analyze your students’ 
responses, the most important next step is to 
make an instructional decision that would work 
best in your particular context. This includes 
considering the learning goal, your students’ 
ideas, the materials you have available, and the 
diverse learners you have in your classroom.

The suggestions provided in this section 
have been gathered from the wisdom of teach-
ers, the knowledge base on effective teaching, 
research on specific strategies used to address 
commonly held ideas and conceptual difficul-
ties, and the experiences of the authors. These 
suggestions are not lesson plans, but rather 
brief recommendations that may help you 
plan or modify your curriculum or instruc-
tion to help students move toward learning 
the important ideas, concepts, and practices 
related to engineering and technology. It may 
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be as simple as realizing that you need to 
provide a relevant, familiar problem-solving 
context, or there may be a specific strategy, 
resource, or activity that you could use with 
your students. Learning is a complex process 
and most likely no single suggestion will help 
all students learn. But that is what formative 
assessment encourages—thinking carefully 
about the instructional strategies, resources, 
and experiences needed to move students’ 
learning forward. As you become more famil-
iar with the ideas your students have and the 
multifaceted factors that may have contributed 
to their misunderstandings, you will identify 
additional strategies that you can use to teach 
for understanding. 

References
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list of references. References are provided for 
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Introduction

What Are Formative 
Engineering and Technology 
Probes?
The subject of Uncovering Student Ideas About 
Engineering and Technology: 32 New Formative 
Assessment Probes highlights the biggest change 
in the content of K–12 science education in 
more than a century—that engineering be 
taught alongside the traditional disciplines 
of life, physical, and Earth and space science. 
Although initially it may seem like technology 
and engineering are two different subjects, 
they are actually two sides of the same coin. 
Technology is the designed world—everything 
around us that has been created by people; 
engineering is the process of inventing and 
improving technologies.

Readers who are familiar with the other 
11 books in the Uncovering Student Ideas 
series will already know how to use these 
probes. If not, you’ll catch on as soon as you 
try one with your students. Each probe is a 
conversation-starter, designed to uncover your 
students’ pre-existing ideas. They become for-
mative when you use the information about 
your students’ thinking to make informed 
instructional decisions that will help them 
modify or refine their initial ideas.

Why Technology and 
Engineering Design Are 
Essential for ALL Students
There are very good reasons why technology 
and engineering have risen to prominence in 
K–12 education. In 1950, the global popula-
tion was about 2.5 billion people, by 2015 
it had more than tripled to 7.3 billion, and 
estimates project it to be about 10 billion by 

2050 (United Nations Population Division, 
https://population.un.org/wpp). How will future 
generations meet the growing needs of this 
population? All students must understand that 
engineering and technology are powerful tools 
to meet our escalating needs for affordable 
health care and housing, clean energy, efficient 
transportation, nourishing food, and clean 
water. Just as learning how the natural world 
functions (science) is critical to understanding 
these problems, equally so is the process of 
solving them through engineering. 

In today’s modern society, in which we 
are all surrounded by complex technologies 
and expected to make technological decisions 
on a daily basis as consumers, workers, and 
citizens, it is essential for everyone to become 
technologically literate and to be able to apply 
user-centered design approaches to solving 
problems in their daily lives. That is why 
technology and engineering education are 
important for ALL students, not just those 
who will become tomorrow’s engineers.

Changes in Science Education 
Standards
The International Technology and Engineer-
ing Educators Association (ITEEA) has been 
a pioneer in developing K–12 standards for 
all students to learn about engineering and 
technology. Standards for Technological Literacy: 
Content for the Study of Technology (ITEEA 
2007) identified 20 standards: seven on the 
nature of technology and its relationship to 
society; six on technology and engineering 
abilities; and seven on modern civilization’s 
major technological systems, including medical, 
agricultural, transportation, and energy systems. 
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Each standard includes benchmarks for grades 
K–2, 3–5, 6–8, and 9–12, to guide the work 
of teachers and curriculum developers. Many 
of these ideas and capabilities have since been 
incorporated in A Framework for K–12 Science 
Education: Practices, Crosscutting Concepts, 
and Core Ideas (the Framework; NRC 2012) 
and the subsequent Next Generation Science 
Standards (NGSS; NGSS Lead States 2013).

At the time this book was being written, 
a great number of states in the United States 
have adopted or adapted science education 
standards that include engineering as a core 
subject at the same level as life science, physi-
cal science, and Earth and space science. In 
addition to having its own set of core ideas 
and performance expectations in the new stan-
dards, engineering as a practice is to be fully 
integrated with the other science disciplines. 
Although engineering has long been a part of 
science standards and curricula, in the past 
it has usually been seen as a way to reinforce 
science concepts by expecting students to apply 
what they learned in more traditional science 
classes. Also, it has been used primarily to teach 
topics in physics, such as force and motion, 
energy, and waves, and only rarely applied to 
other fields of science. In contrast, the vision 
of engineering in the Framework (NRC 2012) 
and the NGSS (NGSS Lead States 2013) is 
that students are expected to be able to apply 
an engineering design process to all fields 
of science, to understand how science and 
engineering drive each other forward, and to 
solve real-world problems by considering the 
ways that science, technology, and engineering 
interact with society and the natural world. As 
explained in volume 2 of the NGSS (NGSS 
Lead States 2013, p. 3):

The rationale for this increased 
emphasis on engineering and 
technology rests on two positions taken 
in the Framework. One position is 
aspirational, the other practical. 

From an aspirational standpoint, 
the Framework points out that 
science and engineering are needed to 
address major world challenges such 
as generating sufficient clean energy, 
preventing and treating diseases, 
maintaining supplies of food and 
clean water, and solving the problems 
of global environmental change that 
confront society today. These important 
challenges will motivate many students 
to continue or initiate their study of 
science and engineering. 

From a practical standpoint, the 
Framework notes that engineering and 
technology provide opportunities for 
students to deepen their understanding 
of science by applying their developing 
scientific knowledge to the solution 
of practical problems. Both positions 
converge on the powerful idea that by 
integrating technology and engineering 
into the science curriculum, teachers 
can empower their students to use what 
they learn in their everyday lives. 

Not surprisingly, it is taking time to 
integrate engineering into school curricula. 
Results from the Report of the 2018 National 
Survey of Science and Mathematics Education 
highlight this issue (Banilower et al. 2018). 
Among elementary teachers, most feel well 
prepared or very well prepared to teach life 
science (75%), Earth science (71%), and physi-
cal science (59%). However, only 9% feel well 
or very well prepared to teach engineering. 
And although middle school and high school 
science teachers are generally more confident 
than elementary teachers, only 6% of middle 
school teachers and 7% of high school science 
teachers are very confident in their abilities 
to teach engineering. Keeping in mind that 
the NGSS includes engineering as a fourth 
discipline, note that only 46% of high schools 
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offer engineering courses, compared with 97% 
that offer biology, 94% that offer chemistry, 
84% that offer physics, and 59% that offer 
Earth science. On the other hand, that is a 
big improvement since the last survey in 2012, 
when only 24% of high schools offered courses 
in engineering (Banilower et al. 2013).

This book is intended to speed and deepen 
the process of integrating engineering into the 
school curriculum by providing teachers with 
tools to assess their students’ understanding 
of technology and engineering, using the 
method of “assessment probes” exemplified 
in the Uncovering Student Ideas series. This 
introduction provides a brief orientation to 
this set of probes by explaining the authors’ 
perspective on the meaning of technology 
and engineering (and why technology and 
engineering are essential for all students to 
learn), how the probes are organized into four 
sections, and additional NSTA resources to 
extend your learning.

The Meaning of Technology 
and Engineering
Technology and engineering are intimately 
related, but they are not the same. The Frame-
work describes the relationship between these 
terms as follows:

In the K–12 context, science is 
generally taken to mean the traditional 
natural sciences: physics, chemistry, 
biology, and (more recently) earth, 
space, and environmental sciences. … 
We use the term engineering in a very 
broad sense to mean any engagement 
in a systematic practice of design to 
achieve solutions to particular human 
problems. Likewise, we broadly use the 
term technology to include all types of 
human-made systems and processes—
not in the limited sense often used 
in schools that equates technology 
with modern computational and 

communications devices. Technologies 
result when engineers apply their 
understanding of the natural world 
and of human behavior to design ways 
to satisfy human needs and wants. 
(NRC 2012, pp. 11–12) 

Since many teachers who use these probes 
are likely to be science teachers, it is important 
to point out that the great majority of skills that 
students develop through engineering activities 
are the same as those they develop in science. 
The eight science and engineering practices 
identified in the Framework and NGSS are 
the same, whether students are exploring the 
natural world or improving the designed world. 
The major difference is in the goal of the two 
activities. The aim of science is to understand 
the natural world, while engineering aims to 
solve a problem or meet a need. When engaged 
in solving a problem, it is essential for students 
to learn about people’s needs and desires that 
require and inspire the development of new 
and improved technologies. Doing so requires 
persistence and logical thinking, coupled in 
equal measure with imagination and compas-
sion for the people in need. Engineering is 
more than applied science. It is a creative art 
grounded in compassion for serving society 
and protecting the natural world.

Organization of This Book
The probes in this book are divided into the 
following four sections. 

•	 Section 1: What Is Technology? Before 
students learn about engineering, they 
must recognize that they are surrounded 
by technologies that have been designed 
and improved by engineers. This section 
will reveal your students’ understanding of 
the nature and purpose of technologies and 
how technologies change over time. Other 
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probes in this section focus on technological 
processes and the critical idea of systems.

•	 Section 2: What Is Engineering? This 
section begins with a series of probes 
about students’ initial ideas concerning 
who can become an engineer and what 
motivates engineers. Other probes reveal 
students’ ideas about how engineers work 
together in teams, the similarities between 
science and engineering, and the nature 
of engineering—spanning the range 
from creative to logical, imaginative to 
systematic, and scientific to mathematical.

•	 Section 3: Defining Problems. Begin-
ning with a very important foundational 
probe about the basics of an engineer-
ing design process (EDP), this group of 
probes is designed to reveal your students’ 
understanding of the critical importance 
of defining a problem before beginning 
to solve it. Probes include the practice of 
defining the problem, determining who 
really needs the solution, whether or not 
the problem can be solved through engi-
neering, and how to define the problem in 
terms of criteria and constraints. It ends 
with a probe about the value of research 
to take advantage of prior successes and 
user feedback.

•	 Section 4: Designing and Testing Solu-
tions. Once your students have defined the 
problem, how do they go about designing 
a solution? The first part of this section 
includes probes intended to help you refine 
instruction to address your students’ cur-
rent thinking about the process of brain-
storming new ideas, drawing ideas from 
nature, considering the affordability and 
sustainability of designs, and the process 
of sorting through initial ideas to choose 
the one that is most promising, making 
trade-offs, and using science and math to 
design a successful solution.

Designs can only be improved and verified 
to work when they’ve been tested—testing 
is actually the phase of an EDP where 
engineers (and students!) often learn the 
most about a design: what’s working, what 
isn’t working, and why. The second part 
of this section begins with a sequence of 
probes concerning the different kinds of 
models used in comparing and develop-
ing designs, from sketches and technical 
drawings, to computer simulations and 
physical prototypes. Other probes concern 
the process of choosing the best solution, 
the pervasive role of science and math 
in engineering design, and iterating and 
optimizing the design to make it better.

Although the probes in this book do not 
cover every aspect of engineering and tech-
nology, the entire collection should provide 
sufficient scope to help you develop a fairly 
in-depth understanding of your students’ cur-
rent vision of engineering design—not only 
as a school subject that they are expected to 
learn, but also to learn the skills of systematic 
problem solving and teamwork needed to solve 
the challenges facing our world, as well as ones 
that may arise in their own lives.

Additional NSTA Resources
NSTA has numerous resources to support your 
use of the probes in this book. In addition to 
the NGSS@NSTA Hub (https://ngss.nsta.org), 
the following resources may also be useful.

Formative Assessment Resources
Keeley, P. 2014. What are they thinking? Promoting 

elementary learning through formative assessment. 
Arlington, VA: NSTA Press.

Keeley, P. 2015. Science formative assessment, vol-
ume 2: 50 more strategies for linking assessment, 
instruction, and learning. Thousand Oaks, CA: 
Corwin Press (a co-publication with NSTA Press).
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Keeley, P. 2016. Science formative assessment, volume 
1: 75 practical strategies for linking assessment, 
instruction, and learning. 2nd ed. Thousand 
Oaks, CA: Corwin Press (a co-publication 
with NSTA Press).

Keeley, P. 2019. Guest editorial: Formative assess-
ment in the science classroom: What it is and 
what it is not. Science and Children 56 (9): 8–9.

Keeley P. Uncovering Student Ideas in Science Series. 
www.nsta.org/publications/press/uncovering.aspx. 
These probes can be used to assess students’ 
ideas about disciplinary content knowledge 
used in an engineering problem.

Science and Children Journal (2010–present). Page 
Keeley writes a monthly column titled “Forma-
tive Assessment Probes: Promoting Learning 
Through Assessment.” While written for the 
elementary journal, the suggestions in the 
column apply to K–12. There are more than 
60 articles in this collection (www.nsta.org/
elementaryschool).  

To learn more about professional develop-
ment support for formative assessment, visit 
the Uncovering Student Ideas website at www.
uncoveringstudentideas.org. 

Engineering and Technology Resources
Kanter, D. E., and D. P. Crismond. 2017. Core 

idea ETS1: Engineering design. In Disciplinary 
core ideas: Reshaping teaching and learning, ed. 
R. Duncan, J. Krajcik, and A. Rivet, 245–262. 
Arlington, VA: NSTA Press.

Keeley, P., and J. Tugel. 2019. Science curriculum 
topic study: Bridging the gap between three-
dimensional standards, research, and practice. 
2nd ed. Thousand Oaks, CA: Corwin Press. 
This book includes several curriculum topic 
study (CTS) guides for understanding disciplin-
ary core ideas about engineering; engineering 
practices; and connections to science, technol-
ogy, and society.

Schwarz, C. V., C. Passmore, and B. J. Reiser, eds. 
2017. Helping students make sense of the world 

using next generation science and engineering 
practices. Arlington, VA: NSTA Press.

Sneider, C. 2012. Core ideas of engineering and 
technology. The Science Teacher 79 (1): 32–36.

Sneider, C. 2017. Core idea ETS2: Links among 
engineering, technology, science, and society. 
In Disciplinary core ideas: Reshaping teaching 
and learning, ed. R. Duncan, J. Krajcik, and A. 
Rivet, 263–277. Arlington, VA: NSTA Press.

Willard, T. 2020. The NSTA atlas of the three 
dimensions. Arlington, VA: NSTA Press. This 
resource includes several conceptual mapped 
progressions of the disciplinary core ideas and 
practices related to engineering and technology.

NSTA Press books on engineering. Go to the 
NSTA Store at www.nsta.org/store and enter 
“engineering” in the search bar. NSTA has 
several books on engineering and engineering 
design challenges in its STEM collection.

NSTA Web Seminar: Engineering Design as a Core 
Idea, presented by Cary Sneider. www.youtube.
com/watch?v=dTh_kTfOsDA. 

Science and Children elementary school journal 
articles. Go to www.nsta.org/elementaryschool 
and enter “engineering and technology” in the 
Journal archives search bar.

Science Scope middle school journal articles. Go to 
www.nsta.org/middleschool and enter “engineer-
ing and technology” in the Journal archives 
search bar.

The Science Teacher high school journal articles. Go 
to www.nsta.org/highschool and enter “engineer-
ing and technology” in the search bar.
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What’s the Problem?

Daniella and her friend Tyson are about to leave for school. Tyson finds out his bicycle 
has a flat tire. He’s worried he will be late for school. Daniella and Tyson have different 
ideas about what is the most important problem to solve first:

Tyson:  We need to figure out how to fix my tire.

Daniella: We need to figure out how to get to school on time.

Who identified the problem that should be solved first? __________________ Explain 
your thinking.

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
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¿Cuál Es el Problema?

Daniella y su amigo Tyson se están preparando para ir a la escuela. Tyson nota que 
su bicicleta tiene una rueda pinchada. Le preocupa llegar tarde a la escuela. Tyson y 
Daniella tienen ideas diferentes sobre cuál es el problema más importante que deben 
resolver primero:

Tyson:  Necesitamos descifrar cómo arreglar mi llanta. 

Daniella: Necesitamos descifrar cómo llegar a la escuela a tiempo.

¿Quién identificó el problema que se debería resolver primero? __________________ 
Explica lo que piensas.

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________
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What’s the Problem?
Teacher Notes

Purpose
The purpose of this assessment probe is to 
elicit students’ initial response to an ill-defined 
problematic situation. The probe is designed 
to reveal whether students recognize that in a 
problem situation, there is sometimes a more 
important problem that needs to be solved first.

Type of Probe
Opposing views

Related Key Idea
•	 It is important to analyze a situation to 

determine the problem that needs to be 
solved.

Explanation
The best answer is Daniella’s: “We need to 
figure out how to get to school on time.” It 
is likely that many students will focus on the 
image of the bicycle, and immediately assume 
that the problem is the f lat tire. However, 
the more important and immediate problem 
to be solved is how to get to school on time. 
Stopping to repair the bicycle will likely make 
them even later. This kind of situation can also 

happen with seemingly straightforward engi-
neering problems in which a problem situation 
needs to be more clearly defined. Sometimes 
an important or immediate problem needs to 
be addressed first, before the more obvious 
problem can be solved. 

Administering the Probe
This probe is best used with grades 3–12. The 
probe can be extended by having students describe 
what they would do to solve the problem.

Connections to the Three 
Dimensions (NRC 2012; NGSS 
Lead States 2013)

•	 DCI: ETS1.A. Defining and Delimiting 
Engineering Problems

•	 SEP: Asking Questions and Def ining 
Problems

Related Research
•	 Crismond and Adams’ (2012) review of 

several hundred studies of how students 
solve problems found that “beginning 
designers feel that understanding the design 
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challenge is straightforward, and a matter 
of comprehending the basic task and its 
requirements. By perceiving the design task 
as a well-structured problem and believing 
there is a single correct answer, they can 
act prematurely and attempt to solve it 
immediately. Informed designers start by 
trying to learn as much as they can about 
the problem and delaying design decisions 
until they understand the problem fully. 
They set out to learn through research, 
brainstorming, and doing technological 
investigations of what the critical issues are 
in order to frame the problem effectively. 
They will later return to assess this framing 
after attempting to solve the challenge 
in case they need to modify the problem 
definition” (p. 747).

•	 Watkins, Spencer, and Hammer (2014) 
had fourth graders use f ictional texts 
as a basis for identifying, scoping, and 
designing solutions for an engineering 
problem that the characters face. In con-
trast to Crismond and Adams’ findings, 
the investigators found that the students 
did not treat design problems as well- 
defined straightforward tasks. Rather, they 
demonstrated promising beginnings of the 
ability to define a problem. 

Suggestions for Instruction and 
Assessment
•	 Lead an all-class discussion as a follow-up 

to this probe. It is likely that students will 
disagree about what needs to be done. In 
that case, encourage more discussion.

•	 If all students believe the tire needs to be 
fixed, you can guide students to consider 
the other problem—getting to school on 
time. For example, you can ask students 
what happens when they are late for school, 
especially if they have been late several 
times before. How would their experience 

with being late for school inform how they 
would approach this problem?

•	 If most students say that the tire should 
be fixed first, ask them if they ever fixed 
a bicycle tire or watched someone do it. 
What is involved in fixing the tire? How 
long might it take to fix the tire? Then 
ask if they still think Tyson and Daniella 
could fix the tire and still get to school 
on time.

•	 Have the students share information about 
how they come to school in the morning. 
Do they ride the bus? Does a parent take 
them? Do they walk or ride a bicycle to 
school? What would they do if their usual 
means for getting to school failed? How 
would they solve the problem of getting 
to school? 

•	 Have students come up with their own 
examples of a problem that at first seemed 
straightforward and easy to solve, but, on 
further examination, there were underlying 
problems that needed to be addressed first.

•	 Ask students to compare how this problem 
situation might be similar to problems that 
engineers encounter. Encourage them to 
guess about a situation, as any answer is 
a good start.

•	 Once students have completed this probe, 
have them discuss the problems involved in 
this situation. Initially, they may think that 
fixing a tire is an engineering problem and 
getting to school is not. However, a more 
accurate description is the reverse. Fixing 
tires is simply a step-by-step mechanical 
task that does not require design skills. 
However, solving how to get to school on 
time could be an engineering problem as 
students will need to define the problem, 
brainstorm multiple solutions, compare 
them, and select the best solution.
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A
administering probes, xi
affordability

Is It Affordable?, 165–168
always, sometimes, never (probe type)

format explained, x
Systems Within Systems, 43

America’s Test Kitchen (TV show), 96–97
artificial heart, 68–73
artificial lung, 72–73
AskNature.org, 162
assessment. See also suggestions for instruction and 

assessment under each probe
diagnostic, xii
formative, xii–xiii

B
bees, 159–161
best answer choice, xi
bio-inspired design, 162
biochemists, 72
biomedical engineers, 72
biomimetics, 162
biomimicry, 162
blind test, 97
Block Diagrams (probe), 31–34

administering, 33–34
connections to the three dimensions, 34
English version, 31
explanation, 33
purpose, 33
related key ideas, 33
related research, 34
Spanish version, 32
suggestions for instruction and assessment, 34

brainstorming
Brainstorming (probe), 153–157
Engineering and Nature (probe), 161

Brainstorming (probe), 153–157
administering, 155
connections to the three dimensions, 155
English version, 153

explanation, 155
purpose, 155
related key ideas, 155
related research, 155–156
Spanish version, 154
suggestions for instruction and assessment, 

156–157
bridge design, 185–189
Build It project, 102
buyers, 129–130

C
card sort

An Engineering Design Process, 112
Engineers’ Models, 178–179
How Are Science and Engineering Similar?, 

78
Is It a Technology?, 19, 21

cardiologists, 71
causal reasoning, 90
causation, 90
CCCs. See crosscutting concepts
civil engineer, 59, 185–189
client

definition of, 113
identifying, 127–130

communicate, in EDP process, 113
comparison chart (probe type)

format explained, x–xi
Picking the Best Solution, 183
What Is a Product’s Life Cycle?, 171

connection to the nature of science
How Are Science and Engineering Similar?, 

78
Is Engineering Creative?, 84
Is It Rocket Science?, 102
Team Players, 66
Who Can Become an Engineer?, 60
Who Engineers?, 54
Working Together to Save Lives, 72

connections to the three dimensions, xi–xii
constraints, 139–142
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controlled experiments, 95–97
Conway, Lynn, 60
correlation, 90
creativity, in engineering, 81–85
Crismond, David, 107
criteria, 139–142
Criteria and Constraints (probe), 139–143

administering, 142
connections to the three dimensions, 142
English version, 139
explanation, 141–142
purpose, 141
related key ideas, 141
related research, 142
Spanish version, 140
suggestions for instruction and assessment, 

142
crosscutting concepts (CCCs)

Engineering and Nature, 161
Engineers’ Models, 178
Making It Better, 200
Reasons for Success, 90
Systems Within Systems, 44
Technology, System, or Both?, 37
What Is a Product’s Life Cycle?, 172

customer, 129

D
DCIs. See disciplinary core ideas (DCIs)
decision matrix, 181–184
define, in engineering design process (EDP), 111, 

113
Defining Problems (section), 105–148

Criteria and Constraints (probe), 139–143
An Engineering Design Process (probe), 

109–114
How Do Engineers Solve Problems? (probe), 

115–119
Is It an Engineering Problem? (probe), 

133–137
key ideas matrix, 106
Pizza Problem (probe), 145–148
teaching and learning considerations, 107
What’s the Problem? (probe), 121–125
Who Needs It? (probe), 127–131

design. See also engineering design process (EDP)
bio-inspired, 162
bridge, 185–189

Designing and Testing Solutions (section), 
149–201

Designing With Math and Science (probe), 
150, 185–189

in EDP process, 113
Design Squad (TV show), 84–85, 113–114
Designing and Testing Solutions (section), 149–

201
Brainstorming (probe), 153–157
Designing With Math and Science (probe), 

185–189
Engineering and Nature (probe), 159–163
Engineers’ Models (probe), 175–179
Is It Affordable? (probe), 165–168
key ideas matrix, 150
Making It Better (probe), 197–201
Picking the Best Solution (probe), 181–184
teaching and learning considerations, 151
Testing for Success (probe), 191–195
What Is a Product’s Life Cycle? (probe), 

169–173
Designing With Math and Science (probe), 

185–189
administration, 187
connections to the three dimensions, 188
English version, 185
explanation, 187
purpose, 187
related key idea, 187
related research, 188
Spanish version, 186
suggestions for instruction and assessment, 

188–189
develop solutions, in engineering design process 

(EDP), 111
diagnostic assessment, xii
disciplinary core ideas (DCIs)

Brainstorming, 155
connection to the three dimensions, 19
Criteria and Constraints, 142
Designing With Math and Science, 188
Engineering and Nature, 161
An Engineering Design Process, 112
Engineers’ Models, 178
How Do Engineers Solve Problems?, 118
How Do Technologies Change?, 30
Is It Affordable?, 168
Is It an Engineering Problem?, 136
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Is It Rocket Science?, 102
Making It Better, 200
Picking the Best Solution, 184
Pizza Problem, 148
Surrounded by Technologies, 14
Team Players, 66
Testing for Success, 194
What Is a Product’s Life Cycle?, 172
What’s the Problem?, 123
What’s the Purpose of Technology?, 25
Who Needs It?, 130
Working Together to Save Lives, 72

draw a picture (probe type)
format explained, x
Who Engineers?, 53

Draw-an-Engineer test
How Are Science and Engineering Similar?, 

78
How Do Engineers Solve Problems?, 118
Is Engineering Creative?, 84
Who Engineers?, 51–54

Draw-an-Scientist test
How Do Engineers Solve Problems?, 118

E
EDP. See engineering design process
EiE (Engineering is Elementary), 14, 20, 90, 96, 

113
electric bike

Is It Affordable?, 165–168
electrical engineers, 72
end user, 129–130
engineering. See also science and engineering 

practices (SEPs); What Is Engineering? (section)
changes in science education standards, 1–3
connections with nature, 159–163
definition, 14
elementary teachers’ preparedness to teach, 2
meaning of, 1, 3
science as complementary to, 99–103
similarities to science, 75–79
technology compared to, 3

Engineering and Nature (probe), 159–163
administering, 161
connections to the three dimensions, 161
English version, 159
explanation, 161
purpose, 161

related key ideas, 161
related research, 161–162
Spanish version, 160
suggestions for instruction and assessment, 

162
engineering and technology resources, 5
engineering design process (EDP), 4

as core idea, 107
diagrams, 111–113, 197–201
An Engineering Design Process, 109–114
How Do Engineers Solve Problems?, 115–119
improving and optimizing a solution, 29
Is It an Engineering Problem?, 133–137
as iterative process, 113
Making It Better, 197–201
Next Generation Science Standards (NGSS), 

112, 117–118
An Engineering Design Process (probe), 109–114

administering, 112
connections to the three dimensions, 112
English version, 109
explanation, 111
purpose, 111
related key idea, 111
related research, 112
Spanish version, 110
suggestions for instruction and assessment, 

112–114
Engineering is Elementary (EiE), 14, 20, 90, 96, 

113
Engineers’ Models (probe), 175–179

administering, 177
connections to the three dimensions, 178
English version, 175
explanation, 177
purpose, 177
related key idea, 177
related research, 178
Spanish version, 176
suggestions for instruction and assessment, 

178–179
environmental impact, 171–172
evidence, reasoning from

Reasons for Success, 87–91
experimentation

controlled experiments, 95–97
Is Engineering Experimental?, 93–97
Reasons for Success, 87–91
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ExploraVision, 30
Extraordinary Women Engineers Coalition, 60

F
follow the dialogue (probe type)

Brainstorming, 155
format explained, x
Is Engineering Experimental?, 95
Surrounded by Technologies, 13
Who Can Become an Engineer?, 59

food engineering, 96–97
formative assessment resources, 4–5
A Framework for K–12 Science Education: Practices, 

Crosscutting Concepts, and Core Ideas, xi–xii, 
2–3, 107

Frayer model for learning vocabulary, 21
friendly talk (probe type)

Block Diagrams, 33
format explained, x
How Do Engineers Solve Problems?, 117
How Do Technologies Change?, 29
Is Engineering Creative?, 83
Is It Rocket Science?, 101
Making It Better, 199
Pizza Problem, 147
Reasons for Success, 89
Team Players, 65
Testing for Success, 193
What’s the Purpose of Technology?, 25
Who Needs It?, 129

G
Get a Grip summer camp, 102

H
heart, artificial, 68–73
honeycomb, 166
Hopper, Grace, 60
How Are Science and Engineering Similar? 

(probe), 75–79
administering, 77–78
connections to the three dimensions, 78
English version, 75
explanation, 77
purpose, 77
related key ideas, 77
related research, 78
Spanish version, 76

suggestions for instruction and assessment, 
78–79

How Do Engineers Solve Problems? (probe), 
115–119

administration, 117
connections to the three dimensions, 117–

118
English version, 115
explanation, 117
purpose, 117
related key idea, 117
related research, 118
Spanish version, 116
suggestions for instruction and assessment, 

118–119
How Do Technologies Change? (probe), 27–30

administering, 29
connection to the three dimensions, 30
English version, 27
explanation, 29
purpose, 29
related key ideas, 29
related research, 30
Spanish version, 28
suggestions for instruction and assessment, 30

I
innovation, 29–30, 83
intensive care nurses, 72
International Technology and Engineering 

Educators Association (ITEEA), 1
Invention by Design: How Engineers Get From 

Thought to Thing (Petroski), 112
Is Engineering Creative? (probe), 81–85

administering, 83
connection to the three dimensions, 84
English version, 81
explanation, 83
purpose, 83
related key idea, 83
related research, 84
Spanish version, 82
suggestions for instruction and assessment, 

84–85
Is Engineering Experimental? (probe), 93–97

administering, 95
connection to the three dimensions, 96
English version, 93
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explanation, 95
purpose, 95
related key ideas, 95
related research, 96
Spanish version, 94
suggestions for instruction and assessment, 

96–97
Is It Affordable? (probe), 165–168

administering, 167–168
connections to the three dimensions, 168
English version, 165
explanation, 167
purpose, 167
related key ideas, 167
related research, 168
Spanish version, 166
suggestions for instruction and assessment, 

168
Is It an Engineering Problem? (probe), 133–137

administering, 136
connections to the three dimensions, 136
English version, 133
explanation, 135–136
purpose, 135
related key idea, 135
related research, 137
Spanish version, 134
suggestions for instruction and assessment, 

137
Is It Rocket Science? (probe), 99–103

administering, 102
connections to the three dimensions, 102
English version, 99
explanation, 101
purpose, 101
related key ideas, 101
related research, 102
Spanish version, 100
suggestions for instruction and assessment, 

102–103
Is It a Technology? (probe), 17–22

administering, 19
connection to the three dimensions, 19
English version, 17
explanation, 19
purpose, 19
related key ideas, 19
related research, 20

Spanish version, 18
suggestions for instruction and assessment, 21

iteration, 199–200

J
justified list (probe type)

Designing With Math and Science, 187
Engineers’ Models, 177
format explained, x
How Are Science and Engineering Similar?, 

77
Is It an Engineering Problem?, 135
Is It a Technology?, 19
Working Together to Save Lives, 71

K
key ideas matrix

Block Diagrams, 8
Brainstorming, 150
Criteria and Constraints, 106
Defining Problems (section), 106
Designing and Testing Solutions (section), 

150
Designing With Math and Science, 150
Engineering and Nature, 150
An Engineering Design Process, 106
Engineers’ Models, 150
How Are Science and Engineering Similar?, 

48
How Do Engineers Solve Problems?, 106
How Do Technologies Change?, 8
Is Engineering Creative?, 48
Is Engineering Experimental?, 48
Is It Affordable?, 150
Is It an Engineering Problem?, 106
Is It Rocket Science?, 48
Is It a Technology?, 8
Making It Better, 150
Picking the Best Solution, 150
Pizza Problem, 106
Reasons for Success, 48
Surrounded by Technologies, 8
Systems Within Systems, 8
Team Players, 48
Technology, System, or Both?, 8
Testing for Success, 150
What Is a Product’s Life Cycle?, 150
What Is Engineering? (section), 48
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What Is Technology? (section), 8
What’s the Problem?, 106
What’s the Purpose of Technology?, 8
Who Can Become an Engineer?, 48
Who Engineers?, 48
Who Needs It?, 106
Working Together to Save Lives, 48

L
Lamarr, Hedy, 60
life cycle analysis, 169–173
lung, artificial, 72–73

M
make-it-and-take-it projects, 194
Making It Better (probe), 197–201

administering, 200
connections to the three dimensions, 200
English version, 197
explanation, 199
purpose, 199
related key idea, 199
related research, 200
Spanish version, 198
suggestions for instruction and assessment, 

200–201
manufacturing engineers, 71–72
Massachusetts Science and Technology/Engineering 

Framework, 114
materials engineer, 65
materials scientists, 71
mathematicians, 72
mathematics

Designing With Math and Science, 185–189
mechanical engineer, 65
mechanical engineers, 72
models

Engineers’ Models, 175–179

N
NASA, workforce of, 102–103
National Assessment of Educational Progress in 

Technology and Engineering Literacy (NAEP-
TEL), 60

natural system, 38, 44
nature, connections with engineering, 159–163
Next Generation Science Standards (NGSS), xi–xii, 

2–3, 107

engineering design process (EDP), 112, 
117–118

NSTA resources, 4–6
engineering and technology resources, 5
formative assessment resources, 4–5

O
opposing views (probe type)

Engineering and Nature, 161
format explained, x
Is It Affordable?, 167
Technology, System, or Both?, 37
What’s the Problem?, 123

optimization
in engineering design process (EDP), 111
Making It Better, 197–201

P
Petroski, Henry, 112
physical therapists, 72
Picking the Best Solution (probe), 181–184

administering, 183
connections to the three dimensions, 184
English version, 181
explanation, 183
purpose, 183
related key ideas, 183
related research, 184
Spanish version, 182
suggestions for instruction and assessment, 

184
Pizza Problem (probe), 145–148

administering, 147
connections to the three dimensions, 148
English version, 145
explanation, 147
purpose, 147
related key idea, 147
related research, 148
Spanish version, 146
suggestions for instruction and assessment, 

148
podiatrists, 65
problem solving

Criteria and Constraints, 139–143
An Engineering Design Process, 109–114
How Do Engineers Solve Problems?, 115–119
Is It an Engineering Problem?, 133–137
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Pizza Problem, 145–148
What’s the Problem?, 121–125
Who Needs It?, 127–131

problems, defining. See Defining Problems 
(section)

prototype
in EDP process, 113
Testing for Success, 193

psychologists, 72

Q
quantifying (probe type)

Criteria and Constraints, 141
format explained, x

R
Reasons for Success (probe), 87–92

administering, 89–90
connections to the three dimensions, 90
English version, 87
explanation, 89
purpose, 89
related key ideas, 89
related research, 90
Spanish version, 88
suggestions for instruction and assessment, 

90–91
research, in EDP process, 113
rocketry

Is It Rocket Science?, 99–103

S
science. See also connection to the nature of 

science; science and engineering practices 
(SEPs)

definition, 14
Designing With Math and Science, 185–189
engineering as complementary to, 99–103
similarities to engineering, 75–79

science and engineering practices (SEPs)
Block Diagrams, 34
Criteria and Constraints, 142
Designing With Math and Science, 188
An Engineering Design Process, 112
Engineers’ Models, 178
How Are Science and Engineering Similar?, 

78
How Do Engineers Solve Problems?, 118

Is Engineering Experimental?, 96
Is It an Engineering Problem?, 136
Picking the Best Solution, 184
Reasons for Success, 90
Testing for Success, 194
What’s the Problem?, 123
Who Needs It?, 130

scientific method, 118
scientific thinking, 89
SEPs. See science and engineering practices (SEPs)
sequencing (probe type)

An Engineering Design Process, 111
format explained, x

Space Shuttle, 103
Standards for Technological Literacy: Content for the 

Study of Technology, 1, 9, 49, 107, 151
surgeons, 71
Surrounded by Technologies (probe), 11–15

administering, 13
connection to the three dimensions, 13
English version, 11
explanation, 13
purpose, 13
related key ideas, 13
related research, 13–14
Spanish version, 12
suggestions for instruction and assessment, 14

systems
natural, 38, 44
Systems Within Systems, 41–45
Technology, System, or Both?, 35–39

systems-design approach, 38
Systems Within Systems (probe), 41–45

administering, 44
connection to the three dimensions, 44
English version, 41
explanation, 43
purpose, 43
related key ideas, 43
related research, 44
Spanish version, 42
suggestions for instruction and assessment, 

44–45

T
Team Players (probe), 63–67

administering, 65
connections to the three dimensions, 66
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Index

English version, 63
explanation, 65
purpose, 65
related key idea, 65
related research, 66
Spanish version, 64
suggestions for instruction and assessment, 66

technological systems, 35–38
Systems Within Systems, 41–45
Technology, System, or Both?, 35–39

technology. See also What Is Technology? (section)
changes in science education standards, 1–3
definition, 1, 13–14, 19, 21, 26
examples of, 17–21
how technologies change, 27–30
improvements, 29
purpose of, 23–26
students’ understanding of, 13–14
surrounded by, 11–15
unintended negative consequences, 26

Technology, System, or Both? (probe), 35–39
administering, 37
connection to the three dimensions, 37
English version, 35
explanation, 37
purpose, 37
related key ideas, 37
related research, 38
Spanish version, 36
suggestions for instruction and assessment, 38

Technovation, 26
test and revise, in EDP process, 113
testing. See Designing and Testing Solutions 

(section)
Testing for Success (probe), 191–195

administering, 193
connections to the three dimensions, 194
English version, 191
explanation, 193
purpose, 193
related key ideas, 193
related research, 194
Spanish version, 192
suggestions for instruction and assessment, 

194–195
Toshiba/NSTA ExploraVision competition, 30

U
users, 129–130

V
Velcro, 162
veterinarians, 72
virtual prototypes, 113

W
What Is a Product’s Life Cycle? (probe), 169–173

administering, 172
connections to the three dimensions, 172
English version, 169
explanation, 171
purpose, 171
related key idea, 171
related research, 172
Spanish version, 170
suggestions for instruction and assessment, 

172
What Is Engineering? (section), 47–103

How Are Science and Engineering Similar? 
(probe), 75–79

Is Engineering Creative? (probe), 81–85
Is Engineering Experimental? (probe), 93–97
Is It Rocket Science? (probe), 99–103
key ideas matrix, 48
Reasons for Success (probe), 87–92
teaching and learning considerations, 49
Team Players (probe), 63–67
Who Can Become an Engineer? (probe), 

57–61
Who Engineers? (probe), 51–55
Working Together to Save Lives (probe), 

69–74
What Is Technology? (section), 7–45

Block Diagrams (probe), 31–34
How Do Technologies Change? (probe), 

27–30
Is It a Technology? (probe), 17–22
key ideas matrix, 8
Surrounded by Technologies (probe), 11–15
Systems Within Systems (probe), 41–45
teaching and learning considerations, 9
Technology, System, or Both? (probe), 35–39
What’s the Purpose of Technology? (probe), 

23–26
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What’s the Problem? (probe), 121–125
administering, 123
connections to the three dimensions, 123
English version, 121
explanation, 123
purpose, 123
related key idea, 123
related research, 123–124
Spanish version, 122
suggestions for instruction and assessment, 124

What’s the Purpose of Technology? (probe), 23–26
administering, 25
connection to the three dimensions, 25
English version, 23
explanation, 25
purpose, 25
related key ideas, 25
related research, 26
Spanish version, 24
suggestions for instruction and assessment, 26

Who Can Become an Engineer? (probe), 57–61
administering, 59
connection to the three dimensions, 60
English version, 57
explanation, 59
purpose, 59
related key ideas, 59
related research, 60
Spanish version, 58
suggestions for instruction and assessment, 

60–61

Who Engineers? (probe), 51–55
administering, 53
connection to the three dimensions, 54
English version, 51
explanation, 53
purpose, 53
related key ideas, 53
related research, 54
Spanish version, 52
suggestions for instruction and assessment, 

54–55
Who Needs It? (probe), 127–131

administering, 129
connections to the three dimensions, 130
English version, 127
explanation, 129
purpose, 129
related key idea, 129
related research, 130
Spanish version, 128
suggestions for instruction and assessment, 

130
Working Together to Save Lives (probe), 69–74

administering, 72
connections to the three dimensions, 72
English version, 69
explanation, 71–72
purpose, 71
related key ideas, 71
related research, 72–73
Spanish version, 70
suggestions for instruction and assessment, 73
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STUDENT IDEAS
About ENGINEERING
and TECHNOLOGY

Uncovering

32 NEW  Formative Assessment Probes

Grades 3–12

781681 4031139

PB455X 
ISBN: 978-1-68140-311-3

Have you been wondering how well your students understand engineering 
and technology concepts? Have you been wishing for formative assessment 
tools in both English and Spanish? If so, this is the book for you. 

Like the other 11 books in the bestselling Uncovering Student Ideas series,   
Uncovering Student Ideas About Engineering and Technology does the following:

• Brings you engaging questions, also known as formative assessment 
probes. The book’s 32 probes are designed to uncover what students know— 
or think they know—about what technology and engineering are, how to define 
related problems, and how to design and test solutions. The probes will help you 
uncover students’ current thinking about everything from the purpose of technology 
to who can become an engineer to how an engineering design process works. 

• Offers field-tested teacher materials that provide best answers along with 
distracters designed to reveal preconceptions and misunderstandings that students 
commonly hold. Since the content is explained in clear, everyday language, even 
engineering and technology novices can grasp and teach it effectively.

• Is convenient even for time-starved teachers like you. The new probes are 
short, easy-to-administer activities that come ready to reproduce for speakers of 
both English and Spanish. In addition to explaining the engineering and technology 
content, the teacher materials note links to A Framework for K–12 Science 
Education and the Next Generation Science Standards and suggest grade-
appropriate ways to present material so students will learn it accurately.

Uncovering Student Ideas About Engineering and Technology has the potential to help 
you take an important first step in teaching for understanding—and perhaps transform 
your teaching about STEM-related topics.
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