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Author Page Keeley continues to provide K–12 teachers with her highly usable and 
popular formula for uncovering and addressing the preconceptions that students 
bring to the classroom—the formative assessment probe—in this first book devoted 
exclusively to life science in her Uncovering Student Ideas in Science series. 

In this volume, Keeley addresses the topics of life and its diversity; structure 
and function; life processes and needs of living things; ecosystems and change; 
reproduction, life cycles, and heredity; and human biology. Using the probes as 
diagnostic tools for identifying and analyzing students’ preconceptions, teachers can 
move students from where they are in their current thinking to where they need to be 
to achieve scientific understanding. At the same time, use of the probes deepens the 
teacher’s understanding of the subject matter, suggests instructional implications, 
and expands assessment literacy. Using the student-learning data gained through 
the probes to inform teaching and learning is what makes the probes formative.  

Each probe is supported by extensive Teacher Notes, which provide background 
information on the purpose of the probes, related concepts, explanations of the 
life science ideas being taught, related ideas in the national science standards, 
research on typical student misconceptions in life science, and suggestions for 
instruction and assessment. 

Very well written … direct, straightforward, and uncluttered. 
—A. Daniel Johnson, PhD, Senior Lecturer and Kirby Faculty 

Fellow, Department of  Biology, Wake Forest University
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Foreword
Capturing the conceptual knowledge of stu-
dents on a particular science topic is one of the 
most important things that science teachers 
do. With this knowledge, teachers compre-
hend the depth of understanding among stu-
dents or their prevailing misconceptions. More 
important, by having this knowledge, teachers 
can determine what instructional strategies 
to use to ensure that students develop a clear 
understanding of a science topic. These strate-
gies can range from asking students (verbally 
or in writing) to explain their thinking to hav-
ing them draw conclusions about various phe-
nomena. Before such instructional strategies 
can be put into place, however, teachers have 
to assess their students’ knowledge.

Teachers have a multitude of ways to 
capture student knowledge. Tests, quizzes, 
questions, and looking at the written work 
of students are standard methods. A method 
used less frequently, but one that is equally 
important, is the formative assessment probe, 
which is the approach used in this book (and 
other books by Page Keeley and her coauthors; 
see p. xviii for a complete list of these books). 
Probes allow a science teacher to determine 
the depth of student understanding in specific 
conceptual areas. Making this determination 
is essential because even though a student may 
be able to select the correct answer to a ques-
tion from several possible answers in a probe, 
he or she may not have a deep understanding 
of the topic, as would be demonstrated by the 
student’s explanation for choosing that answer, 
a step that the probes require. 

The probes in this book are simple yet use-
ful indicators of student understanding. Each 
probe presents a scenario that involves select-
ing an answer and providing an explanation. 

The elegant format of the Teacher Notes that 
accompany each probe includes a discussion of 
research about student conceptual knowledge 
in the area targeted by the probe and the related 
National Science Education Standards (NRC 
1996) and Benchmarks for Science Literacy 
(AAAS 1993, 2009). This connection of research 
to national science standards tells teachers what 
students are likely to misunderstand and what 
level of understanding students can be expected 
to have within a particular grade span. Few sci-
ence education assessment resources offer this 
magic combination of being research-based, 
standards-linked, and aligned with topics regu-
larly taught in the science classroom.

For me, another important use of these 
probes can be the connection of research and 
practice. Although the probes were designed to 
capture the preconceptions that students have, 
they can also be used as tools to monitor how 
students are thinking about a concept during 
and after classroom instruction. Teachers who 
monitor the thinking of their students, and 
draw conclusions about student thinking, are 
engaged in a research process that is connected 
to their classroom practices.

	This connection of research to practice 
can even be used by groups of teachers to study 
student thinking before, during, and after 
instruction. With the probes, groups of science 
teachers within a school or district can collect 
data about students’ thinking, come together, 
and compare the data across instructional top-
ics in science and different curricular formats. 
When teachers work together on collecting 
and analyzing student data, they form com-
munities that focus on learning about student 
thinking and understanding and they defi-
nitely enhance their practices.

Copyright © 2011 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
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All teachers, preservice through experi-
enced, will find these probes valuable. Preservice 
teachers can use the probes to understand stu-
dents’ thinking about natural phenomena. By 
considering how students think about scientific 
phenomena, preservice teachers can begin to 
understand how important it is to tailor their 
instruction to the preconceptions their students 
bring to their learning. Beginning science teachers 
who use these probes will build their capacity to 
examine student thinking and formalize their 
ability to capture student ideas and modify their 
instruction accordingly. Experienced teachers 
who use these probes will continue to develop 
their expertise in using student understandings 
to create interactive learning environments that 
are rich in dialogue and student explanations. 
In terms of these probes, we can safely say that 
one size does fit all teachers!

This book fills an important void in the 
Uncovering Student Ideas in Science series. 
Its focus on the topic of life science is timely 
and needed. Since 2005, Page Keeley and 
her coauthors have developed 170 successful 
probes in physical, life, and Earth and space 
science. Until now, they had not devoted an 
entire book to life science probes. The probes 
in this book capture the many dimensions of 

biology, not just the animal and plant side of 
the field. Included in the mix of 25 probes are 
those that focus on the cellular and ecological, 
as well as the genetics and zoological, domains 
of life science. Further, the biological ideas that 
are presented in this book are aligned with the 
real-life phenomena that students encounter in 
and outside their classrooms.

As a community of science educators, we 
are lucky to have Page Keeley and her commit-
ment to the task of capturing student thinking. 
Her passion in this area has made an impor-
tant contribution to the field of science educa-
tion, with both teachers and students gaining 
tremendously.

Julie Luft
Arizona State University

NSTA, Division Director, Research in 
Science Education
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Series Overview: Uncovering 
Student Ideas in Science 
This book is one of a “series of series” of unique 
K–12 formative assessment resources. The first 
book in the first series was Uncovering Student 
Ideas in Science: 25 Formative Assessment 
Probes (Keeley, Eberle, and Farrin 2005). 
Subsequently, NSTA published three more 
books of K–12 formative assessment probes.* 
The four books in the Uncovering Student Ideas 
in Science series cover a wide range of probes 
in the life, Earth, space, and physical sciences 
as well as the nature of science and “unifying 
themes” such as systems and models. 

In 2010, NSTA published the first volume 
in a new physical science series—Uncovering 
Student Ideas in Physical Science, Vol. 1: 45 New 
Force and Motion Assessment Probes (Keeley and 
Harrington 2010). The four additional books 
planned for this series will cover electricity and 
magnetism, energy, light and sound, and mat-
ter and energy. 

The present book, Uncovering Student 
Ideas in Life Science, Vol. 1: 25 New Formative 
Assessment Probes, addresses K–12 ideas on the 
topics of life and its diversity; structure and 
function; life processes; ecosystems and change; 
reproduction, life cycles, and heredity; and 
human biology. This volume will be followed 
by a second life science volume, and possibly a 
third. It seems there is never a shortage of key 
science ideas commonly held by students that 
can be elicited by formative assessment probes. 
As long as there are interesting and important 
science ideas to examine—and teachers who 

*	See References, pp. xvii–xviii: Keeley, Eberle, and 
Tugel 2007; Keeley, Eberle, and Dorsey 2008; 
Keeley and Tugel 2009.

want to learn more about how their students’ 
think about these ideas—this series will con-
tinue to provide new and informative volumes 
on additional topics such as astronomy, the 
nature of science, and Earth science. 

Although some diagnostic assessment 
tools for science teachers do exist, mostly in 
the physical sciences, there are few diagnostic 
tools that can be used in grades K–12 in all 
of the sciences. The importance of identifying 
and analyzing students’ preconceptions (diag-
nostic assessment) and then using the data on 
students’ preconceptions to inform teaching 
and learning (formative assessment) was rec-
ognized during the 1990s in publications such 
as How People Learn: Brain, Mind, Experience, 
and School (Bransford, Brown, and Cocking 
2000). It became clear to science teach-
ers and educators that there was a need for  
student- and teacher-friendly probing ques-
tions to access students’ thinking and prior 
knowledge in science and to promote learning 
by involving students in the examination of 
their own and their peers’ ideas. This need led 
to the development of this popular series.

With the addition of the present book, 
the Uncovering series consists of a total collec-
tion of 170 formative assessment probes. These 
probes are used by thousands of K–12 class-
room teachers, university professors, informal 
educators, professional developers, instruc-
tional coaches and mentors, and even parents, 
and they consistently appear on the NSTA 
Press list of bestsellers. The series has become 
a valuable resource not only for improving 
student learning but also for deepening teach-
ers’ understanding of science content and of 
pedagogical content knowledge (PCK). (PCK 
is the specialized knowledge of teaching that 

Preface
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teachers—in our case, science teachers—have, 
including knowledge of the most effective ways 
of presenting a topic to make it comprehensible 
to learners. To teach all students according to 
today’s standards, teachers need to have a deep 
and flexible understanding of subject matter so 
that they can help students create useful cog-
nitive maps, connect one idea to another, and 
address misconceptions [Shulman 1992].)

Each book in the original Uncovering series 
begins with a unique introduction to some 
aspect of formative assessment.

•	 Introduction to Vol. 1: Offers an overview 
of formative assessment: what it is and 
how it differs from summative assessment. 
Provides background on probes as specific 
types of formative assessments and how 
they are developed. 

•	 Introduction to Vol. 2: Describes the link 
between formative assessment and instruc-
tion and suggests ways to embed the probes 
into your teaching. 

•	 Introduction to Vol. 3: Describes how you 
can use the probes and student work for 
teacher learning—either individually or 
through professional learning communi-
ties—to (a) deepen your understanding of 
students’ ideas and their implications for 
instruction, (b) learn new science content, 
or (c) even uncover a deeply rooted mis-
conception you might have.  

•	 Introduction to Vol. 4: Describes the link 
between formative and summative assess-
ment, including reasons why an invest-
ment in formative assessment before and 
throughout instruction can improve stu-
dents’ performance on the summative end. 

•	 Uncovering Student Ideas in Physical Science, 
Vol. 1: The introduction to this book pro-
vides an overview of the teaching difficulties 
and research about students’ ideas related to 
force and motion concepts and strategies for 
effectively addressing students’ ideas.

Collectively, the introductory chapters of 
the five previous volumes, in addition to the 
introduction in this volume (p. 1), will expand 
your assessment literacy and understanding of 
effective teaching and learning and will deepen 
your understanding of students’ thinking about 
the important content of science. 

About the Probes 
A probe is a specific type of question designed to 
reveal more than just an answer. A probe uncov-
ers significant data about students’ thinking—
for example, about their scientifically correct 
ideas, misconceptions, partially formed ideas, 
and the types of reasoning and connections 
they use to make sense of phenomena or con-
cepts. The probes in the Uncovering series are 
considered two-tiered assessments. The first tier 
is a forced-choice response where students select 
from a list that includes the answer and several 
distracters. The second tier requires students to 
explain their thinking by explaining why they 
selected a particular answer. 

This two-tiered approach is essential to for-
mative assessment because students may answer 
a selected response question correctly but have 
major flaws in their reasoning for choosing 
that response. Conversely, they may select an 
incorrect response but show sophisticated rea-
soning with pieces of correct knowledge that 
have not been connected in a coherent way. In 
both cases, all the information is useful to the 
teacher when determining the learning expe-
riences that he or she will need to provide to 
move students from where they are in their 
current thinking to where they need to be to 
achieve scientific understanding.

The probes in all of the books in the 
Uncovering series were developed using a pro-
cess that links key ideas in science to children’s 
commonly held ideas as revealed in research 
about how children learn. This formative 
assessment probe development process, sup-
ported with funding from the National Science 
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Foundation, is explained in Science Curriculum 
Topic Study: Bridging the Gap Between Stan­
dards and Practice (Keeley 2005). Tools, tem-
plates, and detailed instructions for facilitating 
the assessment probe development process 
are described in A Leader’s Guide to Science 
Curriculum Topic Study (Mundry, Keeley, 
and Landel 2009). Both of these publications 
are available through NSTA Press (www.nsta.
org/store) and are highly recommended if you 
would like to increase your knowledge about 
the link between science standards, research 
on learning (including misconceptions), and 
classroom practice.

About the Teacher Notes
The Teacher Notes that follow each probe pro-
vide important information related to the con-
tent of the probe, the content’s connection to 
science standards, grade-level considerations, 
the underlying research on students’ commonly 
held ideas, and suggestions for instruction, 
including suggestions for addressing the ideas 
your students have related to the probe and for 
informing your own professional knowledge. 
The Teacher Notes that accompany each of the 
probes are made up of these 11 sections: 

1. Purpose
This section begins by describing the general 
concept elicited by the probe and then states 
the specific ideas that are targeted by the probe. 
Before you choose a probe, it is important that 
you read this section to make sure that the 
probe is designed to provide the information 
about students’ ideas that you need to inform 
your teaching. 

2. Related Concepts
Each probe is designed to target one or more 
related concepts that often cut across grade 
spans, such as the concept of a cell. These con-
cepts are also included on the concept matrix 
charts on pages 8 and 84. A single concept 

may be addressed by more than one probe, as 
indicated on the concept matrix. You may find 
it useful to use a cluster of probes to target a 
concept or specific ideas within a concept. For 
example, there are four probes related to the 
concept of photosynthesis.

3. Explanation
A brief scientific explanation accompanies 
each probe and provides clarification of the 
scientific content that underlies the probe. The 
explanations are designed to help you identify 
what the “best” or most scientifically accept-
able answers are (sometimes there is an “it 
depends” answer) and to clarify any misunder-
standings you might have about the content. 
Great care was taken not to oversimplify the 
content explanations for teachers with biology 
backgrounds. Conversely, explanations were 
carefully worded to provide the information 
that novice life science teachers with little or 
no formal backgrounds in biology would need 
to understand the content. 

If you need additional background infor-
mation on the content, please refer to the ref-
erences and the related NSTA resources that 
appear at the end of each Teacher Notes.

4. Curricular and Instructional 
Considerations
Unlike summative assessments, the probes in 
this book do not target a single grade level. 
Rather, they provide insights into the knowl-
edge and thinking your students may have 
regarding a topic as they developmentally 
progress or move from one grade span (i.e., 
elementary, middle, or high school) to the 
next. Some of the probes can be used in K–2, 
3–5, 6–8, and 9–12; others address a single 
grade span, such as 9–12. Teachers from two 
different grade spans might decide to admin-
ister the same probe and then come together 
to discuss their findings. To do this, it is help-
ful to know what students typically experience 
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and are expected to know at a given grade 
span about the ideas elicited by the probe. 
Because the probes do not typically identify 
one specific grade level for use, you are encour-
aged to read the Curricular and Instructional 
Considerations sections and then decide if your 
students have sufficient readiness to respond to 
the probe and whether the information you 
will get from the probe is likely to be useful in 
your particular context.

5. Administering the Probe
This section provides suggestions for admin-
istering the probe to students, including what 
the appropriate grade levels are and how vari-
ous modifications can make the probe more 
accessible for certain students. For example, 
the notes might recommend eliminating some 
of the choices from the list of possible answers 
for younger students, who may not be familiar 
with particular words or examples. This sec-
tion also tells teachers when it is a good idea 
to establish the context for a probe by showing 
students various items or props referred to in 
the probe (e.g., showing students an unopened 
packet of cucumber seeds or a picture of a seed 
packet when using the “Cucumber Seeds” 
probe on p. 9). This section often suggests 
ways to elicit probe responses when students 
are working in collaborative groups or engag-
ing in a whole-class discussion. 

Most of the probes are not grade-level-
specific in the way summative assessments are 
designed. The suggested grade level is intended 
to be a guide and depends on your use of the 
probe and your students’ readiness. You might 
think about these questions:

•  	 Do you want to know what ideas the 
national science standards expect students 
at your grade level to learn? 

•	 Are you interested in how preconceived 
ideas develop and how they are apt to 

change across multiple grade levels, whether 
or not they are formally taught?

•	 Are you interested in whether your stu-
dents understand previous-grade-level sci-
ence concepts before you introduce higher-
level concepts?

•	 Do you have students who are ready for 
advanced concepts that exceed their grade-
level expectations? 

Weigh the suggested grade levels in the 
Administering the Probe section against the 
knowledge you have of your own students and 
your school’s curriculum.

6. Related Ideas in the National 
Science Standards
This section lists the learning goals stated in 
the two major documents generally considered 
to be the national science standards—the most 
recent version of Benchmarks for Science Literacy 
(AAAS 2009) and National Science Education 
Standards (NRC 1996). Because these are the 
primary documents on which almost all current 
state science standards are based, it is important 
to look at the related learning goals in these 
documents. In future publications in this series, 
we plan to include the new Next Generation 
Science Standards, now under development by 
the National Research Council.

The learning goals in this section (which 
are quoted directly from the two primary 
documents) are not intended to align directly 
to the probe. Rather they appear in a probe 
because they are closely related to it in some 
way. For example, some targeted probe ideas, 
such as the tropism-related ideas in “Pumpkin 
Seeds” and “Rocky Soil,” although not explic-
itly stated as learning goals in the national sci-
ence standards, are clearly related to concepts 
regarding specific ideas about the behavior of 
organisms. The topic of tropisms is not included 
in the standards for the purpose of learning the 
names and types of different plant responses. 
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Rather, it serves as a context for important 
learning goals related to behavioral responses 
to changes in an organism’s environment. 
Therefore, the two probes that address plants’ 
gravitropic or thigmotropic responses to envi-
ronmental stimuli (#12 and #13) clearly relate 
to the National Science Education Standards 
middle and high school ideas related to the 
behavioral characteristics of organisms.

Whenever the ideas elicited by a probe do 
appear to be a strong match (aligned) with a 
national science standard’s learning goal, these 
matches are indicated by a star symbol (). You 
may find this information helpful when using 
probes with lessons and instructional materi-
als that are strongly aligned to a similar goal in 
your local standards, curriculum materials, and 
specific grade level.

Sometimes you will notice that an elemen-
tary learning goal is included with probes that 
have been designated for middle and high 
school use. This is because it is often useful to 
see the related idea that the probe builds on 
from a previous grade span. Likewise, a high 
school learning goal is sometimes included 
with a probe for grades K–8. This is because 
it is useful to consider the next level of sophis-
tication that students will encounter in their 
spiraled learning.

7. Related Research
Each probe is informed by related research, 
where available, or results from the field tests 
that were conducted during development of 
the probes. Three sources of comprehensive 
research summaries readily available to educa-
tors were used to describe the commonly held 
ideas that students have about the life science 
concepts addressed in this book: Chapter 15 in 
Benchmarks for Science Literacy (AAAS 1993, 
2009); the research summaries in the two vol-
umes of the Atlas of Science Literacy (AAAS 
2001, 2007); and Making Sense of Secondary 
Science: Research Into Children’s Ideas (Driver 

et al. 1994). Available research in the specific 
field of biology education was also used. 

It should be noted that although many of 
the research articles cited in this section of a 
probe describe studies that were conducted in 
past decades and involved children in other 
countries as well as the United States, most of 
the results of these studies are considered time-
less and universal. Whether students develop 
their ideas in the United States or other coun-
tries, research indicates that many of their 
preconceptions about living phenomena and 
life science concepts are similar—regardless of 
geographic boundaries and societal and cul-
tural influences. Hence the descriptions from 
the research can help you anticipate the kinds 
of thinking your students are likely to reveal 
when they respond to a probe and the fac-
tors that may have influenced their thinking. 
As you use the probes, you are encouraged to 
explore current and readily available published 
research. The Curriculum Topic Study website 
at www.curriculumtopicstudy.org has a search-
able database where you can access additional 
current research articles on learning.

8. Suggestions for Instruction and 
Assessment
A probe is simply diagnostic, not formative, 
unless you use the information acquired from 
examining your students’ thinking to inform 
your instruction. After analyzing your stu-
dents’ responses, you will then want to take 
two important steps: deciding on individ-
ual student interventions that differentiate 
instruction according to the various ideas stu-
dents may hold and formulating an instruc-
tional path that can be used to guide whole-
class instruction. You may find that additional 
probing assessments are needed. Suggestions 
in this section have been gathered from the 
wisdom of teachers, the knowledge base on 
effective science teaching, research on various 
strategies for learning, and the author’s and her 
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colleagues’ extensive experience working with 
students and teachers.

In this section, you will not find detailed 
descriptions of instructional activities but 
rather brief suggestions for planning or modi-
fying your curriculum or instruction to help 
your students cross the bridge that begins 
with their own preconceptions and leads them 
toward a scientific understanding. Your role 
may be as simple as making sure that your stu-
dents are not limited by the context in which 
they learned a particular concept. For exam-
ple, the probe “Eggs” on page 117 may point 
out the limitations of context when teaching 
about life cycles or how animals are born. 
Some students may believe that only organ-
isms that hatch from eggs that develop in the 
external environment begin their life cycle as 
an egg. They may not recognize that animals 
that give birth to live young also started life as 
an egg. You should also be aware during your 
teaching that the use of an everyday word such 
as animal can create confusion among students 
when the teacher is using such a word accord-
ing to its different, biological meaning—for 
example, some students may not realize that, 
in biology, humans are considered animals (see 
“No Animals Allowed,” p. 21). 

Learning is a very complex process and no 
single suggestion will help all students learn. 
But formative assessment encourages you to 
think carefully about how to move your stu-
dents conceptually from where they are initially 
in their learning to where they need to be. All 
the while, you are monitoring their progress 
during the course of instruction and learning. 
As you become more familiar with the ideas 
your students have and the many factors that 
may have contributed to their misunderstand-
ings, you will identify additional strategies to 
teach for conceptual change.

9. Related NSTA Science Store 
Publications, NSTA Journal Articles, 

NSTA Learning Center Resources 
(SciGuides, SciPacks, and Science 
Objects)
NSTA Press books and NSTA’s journals, 
SciGuides, SciPacks, and Science Objects 
are increasingly targeting the ideas students 
bring to their learning. In this section, I pro-
vide suggestions for additional readings and 
other curricular materials that complement 
or extend the use of the individual probes and 
the background information that accompanies 
them. For example, NSTA Press’s Hard-to-
Teach Biology Concepts: A Framework to Deepen 
Student Understanding (Koba and Tweed 2009) 
can clarify biology concepts that teachers and 
students struggle with. Journal articles from 
NSTA’s elementary, middle school, and high 
school member journals can provide additional 
insight into students’ misconceptions about 
food chains and food webs or present effective 
instructional strategies or activities for deepen-
ing student understanding of the ideas targeted 
by a probe. The NSTA Science Object called 
Cell Structure and Function: Cells—The Basis of 
Life can be used to deepen a novice life science 
teacher’s content knowledge about cells.

10. Related Curriculum Topic Study 
Guides
NSTA is the copublisher of Science Curriculum 
Topic Study: Bridging the Gap Between Stan­
dards and Practice (Keeley 2005). This book 
was developed as a professional development 
resource for teachers with funding from the 
National Science Foundation and is available 
through NSTA Press. It provides a set of 147 
curriculum topic study (CTS) guides that can 
be used to learn more about a science topic’s 
content, examine instructional implications, 
identify specific learning goals and scientific 
ideas, examine the research on student learn-
ing, consider connections to other topics, 
examine the coherency of ideas that build over 
time, and link understandings to state and dis-
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trict standards. The CTS guides use national 
standards and research in a systematic process 
that deepens teachers’ understanding of the 
topics they teach. 

The specific CTS guides that informed 
the development of the probes in this book 
appear in boxes before the References in the 
Teacher Notes. Teachers who wish to delve 
deeper into the standards and research-based 
findings that were used to develop the probes 
may wish to use the guides for further infor-
mation. In addition, the CTS website—www.
curriculumtopicstudy.org—provides a database 
of supplemental resources linked to each topic 
covered in the book. These supplemental 
resources include new research on students’ 
ideas, videos that address the topic, and pro-
fessional development materials.

11. References
References conclude each of the Teacher Notes. 
The references provide the complete citations 
for publications and other materials cited in 
the Teacher Notes. Consider reading some of 
these articles or books to really dig down into 
a subject that interests you.

Formative Assessment 
Reminder
Now that you have some background on the 
older series, this new series, the probes, and the 
Teacher Notes, let’s not forget the formative 
purpose of these probes. Remember—a probe 
is not formative unless you use the information 
from the probe to modify, adapt, or change your 
instruction so that students have opportunities to 
learn certain important life science concepts. 

As a companion to this book and to the oth-
ers in the Uncovering series, NSTA has copub-
lished Science Formative Assessment: 75 Practical 
Strategies for Linking Assessment, Instruction, and 
Learning (Keeley 2008). This book contains a 
variety of strategies to use with the probes to 
facilitate elicitation of student thinking, sup-

port metacognition, spark inquiry, encourage 
discussion, monitor progress toward conceptual 
change, encourage feedback, and promote self-
assessment and reflection. By using the probes 
and their supporting formative assessment 
classroom techniques (FACTs), you will create 
learning environments that acknowledge that 
all students’ ideas are important. Taking the 
time to make students’ ideas visible will help 
you discover and use new knowledge about 
teaching and learning and engage your students 
in the process of conceptual change.

If you have stories to share about your 
use of the probes or suggestions for future 
probe topics, please feel free to e-mail me at 
pagekeeley@gmail.com. In addition, if you are 
interested in planning a workshop or other 
professional development sessions using the 
Uncovering series and its formative assessment 
classroom techniques, check out NSTA Press’s 
Authors Speak site—www.nsta.org/publica­
tions/press/authorsspeak—through which you 
can arrange to bring an NSTA Press author, 
such as the author of this series, to your school 
or district for professional development. 
Following an introduction to using formative 
assessment and the assessment probes, many 
school districts throughout the country, both 
large and small, are recognizing the impor-
tance of using embedded professional devel-
opment, such as book studies, to build and 
sustain a collaborative culture of formative 
assessment in their schools.
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The Virus Debate

The students in Mrs. Oliver’s biology class were having a debate about viruses. Half of 
the class thought viruses were considered living things. The other half of the class did 
not think viruses were considered living things. Which side are you on?

Circle the word you think best describes a virus:      living      nonliving 

Explain your thinking. What rule or reasoning did you use to decide whether viruses 
are living or nonliving?

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________

_________________________________________________________________
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The Virus Debate
Teacher Notes

Purpose
The purpose of this assessment probe is to 
elicit students’ ideas about characteristics of 
life. Viruses are used as a context to uncover 
students’ ideas about what determines 
whether something is considered a living or a 
nonliving thing.

Related Concepts
Living, virus, cells, characteristics of life

Explanation
There is no absolutely right answer to this 
question, although the best answer leans 
toward nonliving. “Are viruses living?” is 
still an open-ended question in the scientific 
community and either answer is acceptable 
depending on students’ reasoning. Viruses fall 
into a gray area between living and nonliving 
things. A virus is not a cell. It is just a piece of 
DNA or RNA (never both), surrounded by a 
protein coat called a capsid. Viruses are a thou-
sand times smaller than even a bacterium and 

can exist in a wide variety of shapes and forms. 
They are often described as obligate intracel-
lular parasites because they must be inside a 
living cell to reproduce and the relationship 
with its host is parasitic (the guest benefits at 
the expense of the host). 

The reason the best answer leans toward 
nonliving is that when the characteristics of 
viruses are compared to a standard list of the 
characteristics of life, there are many more 
things they are not. Viruses are not made of 
cells, they do not obtain or use energy to run 
metabolic activities (they do not have a metab-
olism because they are just particles and not 
cells). They do not grow in size or develop over 
a lifetime from a juvenile virus to a mature 
virus. They do not have the ability to respond 
to a stimulus in their environment, and they 
do not maintain homeostasis as living cells do 
when they exchange gases, expel waste, or take 
in food and water. 

So, why the debate? Well, viruses do have 
genes that can mutate and give the virus a new 
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characteristic that might allow it to have an 
advantage in its environment. Natural selection 
then “chooses” the viruses better able to infect 
new cells and thus “survive,” which results in 
evolution of the virus population over time. 

Also, viruses do “reproduce,” but they are 
not capable of doing this independently, and 
they do not divide as cells do using mitosis or 
binary fission. Making more viruses is called 
replication rather than reproduction because 
they take over a living cell and use the cell’s 
existing machinery to make copies of them-
selves by assembling more pieces of nucleic 
acids and protein coats. These new virus par-
ticles leave the host cell either one at a time 
or all at once to go infect a new host cell and 
make more copies. Whether a virus is living 
or nonliving, an organism or not an organism, 
leads to a lively debate during which students 
may conclude that viruses are at the border-
line of life.

Curricular and Instructional 
Considerations

Elementary Students
In elementary grades, students learn about a 
variety of living things and some of the charac-
teristics and needs that all living things have in 
common. They may be familiar with viruses as 
things that cause disease, but an understanding 
of the characteristics of a virus should wait until 
middle school when students have a deeper 
understanding of cells and life processes.

Middle School Students
In the middle grades, students develop a 
deeper understanding of the characteristics of 
life and know that the cell is the fundamen-
tal unit of structure and function that carries 
out the processes essential to all living things. 
Middle school students can understand the 
characteristics that define life and apply them 
to a variety of organisms. When viruses are 

introduced, they present a conundrum to stu-
dents that challenges their conceptions of liv-
ing versus nonliving. Middle school students 
develop a basic understanding of viruses and 
viral infection, but details about the types, 
structures, and replication of viruses can wait 
until high school.

High School Students
In high school, biology students learn about 
the history that led to the discovery of viruses. 
Their deeper knowledge of DNA, RNA, and 
proteins helps them understand the structural 
characteristics of viruses and the details of 
viral infection and replication, including sev-
eral viruses of importance to human and plant 
health. Their understanding of the characteris-
tics that define life at the cellular level deepens 
as they extend their knowledge to the level of 
cell organelles and biomolecules. 

Administering the Probe 
This probe is most appropriate for middle and 
high school students. Before giving the probe, 
make sure that students have some basic 
knowledge of what a virus is, its structure, 
and what it does when it enters a cell. After 
students have this basic information, use this 
probe to engage students in thinking about 
whether viruses are living. The probe leads to 
a lively debate among students, encouraging 
them to draw upon their prior knowledge of 
characteristics that define life. 

Related Ideas in National 
Science Education Standards 
(NRC 1996)

K–4 Characteristics of Organisms
•	 Organisms have basic needs. For example, 

animals need air, water, and food; plants 
require air, water, nutrients, and light. 
Organisms can survive only in environ-
ments where their needs can be met.
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5–8 Structure and Function in Living 
Systems
  	All organisms are composed of cells—the 

fundamental unit of life.
  	Cells carry out the many functions needed 

to sustain life. They grow and divide, there-
fore producing more cells. This requires 
that they take in nutrients, which they use 
to provide energy for the work that cells do 
and to make the materials that a cell or an 
organism needs.

5–8 Reproduction and Heredity
  	Reproduction is a characteristic of all liv-

ing systems.

9–12 The Cell 
• 	 Cells have particular structures that under-

lie their functions. Every cell is surrounded 
by a membrane that separates it from the 
outside world. Inside the cell is a concen-
trated mixture of different molecules that 
form a variety of specialized structures that 
carry out such cell functions as energy pro-
duction, transport of molecules, waste dis-
posal, synthesis of new molecules, and the 
storage of genetic material. 

•	 Cells store and use information to guide 
their functions. The genetic information 
stored in DNA is used to direct the synthe-
sis of the thousands of proteins that each 
cell requires.

• 	 Cell functions are regulated. Regulation 
occurs through both changes in the activ-
ity of the functions performed by proteins 
and through the selective expression of 
individual genes. This regulation allows 
cells to respond to their environment and 
to control and coordinate cell growth and 
division. 

9–12 The Molecular Basis of Heredity 
• 	 In all organisms, the instructions for 

specifying the characteristics of the organ-

ism are carried in DNA, a large polymer 
formed from subunits of four kinds (A, G, 
C, and T). The chemical and structural 
properties of DNA explain how the genetic 
information that underlies heredity is both 
encoded in genes and replicated.

Related Ideas in Benchmarks 
for Science Literacy  
(AAAS 2009)

K–2 The Cell
• 	 Most living things need water, food, and 

air.

3–5 The Cell
• 	 Microscopes make it possible to see that 

living things are made mostly of cells.

6–8 The Cell
  	All living things are composed of cells, 

from just one to many millions, whose 
details usually are visible only through a 
microscope.

  	Within cells, many of the basic functions 
of organisms—such as extracting energy 
from food and getting rid of waste—are 
carried out.

• 	 Cells repeatedly divide to make more cells 
for growth and repair.

9–12 The Cell
• 	 Within the cells are specialized parts for the 

transport of materials, energy capture and 
release, protein building, waste disposal, 
passing information, and even movement. 

Related Research
• 	 Children have various ideas about what 

constitutes “living.” Some may believe 
objects that are “active” are alive; for exam-
ple, fire, clouds, or the Sun. As children 
mature, they include eating, breathing, 
and reproducing as essential characteris-

 Indicates a strong match between the ideas elicited by the probe and a national standard’s learning goal.
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tics of living things. People of all ages use 
movement and, in particular, movement in 
response to a stimulus, as a defining char-
acteristic of life (Driver et al. 1994).

• 	 Elementary and middle school students 
use observable processes such as move-
ment, breathing, reproducing, and dying 
when deciding if things are alive or not. 
High school and college students use these 
same readily observable characteristics to 
determine if something is alive. They rarely 
mention ideas such as “being made up of 
cells” or biochemical aspects such as “con-
taining DNA.” Many educators suggested 
that the learning of facts has contributed 
little toward understanding. Students may 
be able to quote the seven characteristics 
of life but may not be able to apply them 
when determining if something is living 
(Brumby 1982).

• 	 Carey (1985) suggested that progression in 
the concept of living is linked to growth in 
children’s ideas about biological processes. 
Young children have little knowledge of 
formal concepts in biology, including cri-
teria that define characteristics of life. 

Suggestions for Instruction and 
Assessment
• 	 Combine this probe with “Is It Living?” 

and “Is It Made of Cells?” in Uncovering 
Student Ideas in Science, Vol. 1: 25 Forma-
tive Assessment Probes (Keeley, Eberle, and 
Farrin 2005). Consider adding virus to the 
list of distracters in each of these probes.

• 	 This probe can also be used with the “agree-
ment circle” formative assessment class-
room technique (FACT) (Keeley 2008). 
Students are asked several questions about 
viruses while standing in a large circle. 
Those who agree with the statement step to 
the inside of the circle. Those who disagree 
stay on the outside of the circle. Then stu-
dents from inside and outside the circle are 

matched up in groups to argue their ideas. 
After using several questions about viruses, 
use this probe as the culminating question 
for debate.

• 	 Use graphic organizers such as Venn dia-
grams or compare-and-contrast charts to 
compare characteristics of viruses to char-
acteristics of living cells.

• 	 Miller and Levine (2006, p. 480) use an 
interesting analogy to describe lytic infec-
tion by viruses. Challenge students to 
compare viral infection to an outlaw in the 
American Wild West—the virus being the 
outlaw and the cell being the town. First, 
the outlaw rides into town and then elimi-
nates the town’s existing authority (the 
sheriff), which is analogous to the host 
cell’s DNA. Then the outlaw demands to 
be outfitted with new weapons, horses, and 
equipment by terrorizing the local people, 
which is analogous to using the host cell 
to make viral proteins and viral DNA. 
Finally, the outlaw forms a gang that leaves 
the town and goes on to attack new towns, 
which is analogous to the host cell burst-
ing open and releasing hundreds of virus 
particles that go on to infect new cells. 

• 	 Ask students if viruses are parasites. Com-
pare viruses to parasitic organisms. How 
are they alike and how are they different? 
How can a virus be considered a parasite, 
yet not be considered an organism?

•	 Compare and contrast how viruses are classi-
fied with how living organisms are classified. 

Related NSTA Science Store 
Publications, NSTA Journal 
Articles, NSTA SciGuides, 
NSTA SciPacks, and NSTA 
Science Objects
Dubois, S., K. Moulton, and J. Jamison. 2009. 

Collaboration at the nanoscale: Exploring viral 
genetics with electron microscopy. The Science 
Teacher 76 (4): 32–39.
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