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T
he National Association of Biology 

Teachers considers evolution to be 

the foundation for middle school 

life science. In the National Science 

Education Standards (NSES), evo-

lution is an essential component of the science 

curriculum at all grade levels. With this book as 

your guide, your charge is to help youth learn 

about evolution as the unifying theme of the 

life sciences. How do you guide kids’ under-

standing? What are the potential pitfalls? Th is 

chapter covers what you need to know based on 

the most recent research and advice about the 

teaching and learning of evolution. First, I shall 

present the National Science Education Stan-

dards. Th en I will turn to current research 

on some of the best ways to teach evolution. 

Finally, I will tell you what researchers know 

about how kids learn about evolution and 

ways to use this knowledge when you teach, 

whether in informal or formal settings. 

 All major scientifi c and research organiza-

tions in the United States agree that evolution 

is a major unifying concept in the life sciences 

and should be included in the K–12 science 

education frameworks and curricula (NSTA 

2003). Why is there such consensus? Scientists 

use the theory of evolution because it explains, 

with simplicity and elegance, the similarities 

and diversity found in all living organisms. 

Teaching and Learning 
About Evolution 
E. Margaret Evans

Whether today’s youth plan to be scientists, 

health practitioners, teachers, engineers, politi-

cians, or informed citizens, they must grasp the 

unifying role of evolutionary theory in 21st-

century life science. 

 Teaching biological evolution can be 

a challenge. Our everyday intuitions about 

the way the world works are at odds with an 

evolutionary perspective. Instead of a static 

world inhabited by separate living kinds, evo-

lutionary theory provides us with a dynamic 

world in which all living kinds are related, 

through a common ancestry. Evolutionary 

science provides a new way of thinking about 

the living world. 

National Science Education 
Standards for Biological 
Evolution
Leading educators and scientists have come 

together to develop a set of national science 

standards aimed at improving the scientifi c 

literacy of the U.S. population. Th ere are two 

major organizations involved in this eff ort, and 

although they have each tackled the standards 

from a diff erent perspective, they have achieved 

a remarkable consensus on what students at 

diff erent grade levels need to know about sci-

ence. Th e National Research Council (NRC) 

developed the National Science Education 
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Standards, whereas the American Association 

for the Advancement of Science (AAAS) cre-

ated the Benchmarks for Science Literacy and 

its more dynamic form, the Atlas of Science Lit-
eracy. According to these documents, an under-

standing of biological evolution and the nature 

of science should be a core component of sci-

ence curricula for all students. 

 I shall briefl y summarize the current consen-

sus on standards for evolution content and the na-

ture of science content for each grade level, based 

mostly on the NSES. Th e AAAS Benchmarks 

break down the grade levels somewhat diff erently 

(K–2, 3–5, 6–8, and 9–12), but in general the 

concepts expected of each age group are similar 

(see Table 1). Th e distinctive feature of the Atlas 

of Science Literacy is that the learning goals for 

a particular topic are presented on one page as a 

conceptual fl owchart from the earlier to the later 

grade levels (see the AAAS fl owchart for biologi-

cal evolution on page 27). 

Table 1: Atlas of Science 
Literacy: Learning Goals

 Scientifi c Inquiry: Evidence and 

Reasoning in Inquiry

 Scientifi c Inquiry: Scientifi c Investigations

 Scientifi c Inquiry: Scientifi c Th eories

 Scientifi c Inquiry: Avoiding Bias in 

Science

 Heredity: DNA and Inherited 

Characteristics

 Heredity: Variation in Inherited 

Characteristics

 Cells: Cell Functions

 Evolution of Life: Biological Evolution 

 Evolution of Life: Natural Selection

(AAAS 2001)

Evolution and the Nature of 
Science in the Classroom:
A grade-level comparison
Below is a summary of the relevant sections 

in the NSES, for each range of grade levels. A 

chart detailing the relationship between each 

of the activities in the book and the National 

“Life Science” Standards (Content Standard 

C) for Grades 5 to 8 can be found in this 

book on pages xvii–xix. Further information 

is provided in the resources section at the 

end of the book.

Kindergarten to fourth grade
Th e NSES propose that children in this age-

range be taught about the characteristics of 

diff erent kinds of organisms (both plants and 

animals), their life cycles, and their ecological 

niches (see Table 2). In particular, they learn 

about the interrelationships between living 

things through direct experience of the living 

world. Young children are introduced to the na-

ture of science as they carry out simple experi-

ments and learn basic concepts about science 

as a way of thinking about the natural world. 

Th ese activities are intended to be the foun-

dational knowledge base for an understand-

ing of the life sciences and of evolution.

Table 2: National Science 
Education Standards in the K–4 
Classroom
Content Standard A: Science as Inquiry 

Content Standard C: Life Science 

Content Standard F: Changes in 

Environments 

Content Standard G: History and Nature of 

Science 
(NRC 1996)   
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6-8

9-12

3-5

K-2

from DNA 
AND INHERITED 

CHARACTERISTICS

to and from CHANGES 
IN THE EARTH’S 

SURFACE

to and from CELL 
FUNCTIONS

from VARIATION 
IN INHERITED 

CHARACTERISTICS
from CELLS AND 

ORGANS

evidence from 
existing organisms fossil evidence

NS

NS

NS

Some kinds of organisms that 
once lived on earth have 
completely disappeared, although 
they were something like others 
that are alive today. 5F/2

“Fossils” can be compared to one 
another and to living organisms 
according to their similarities and 
differences. Some organisms that 
lived long ago are similar to 
existing organisms, but some 
are quite different. 5F/2

Many thousands of layers of 
sedimentary rock provide evidence 
for the long history of the earth and 
for the long history of changing life 
forms whose remains are
found in the rocks. 5F/3…

The basic idea of biological 
evolution is that the earth’s 
present-day species developed 
from earlier, distinctly different 
species. 5F/1

Molecular evidence substantiates 
the anatomical evidence for 
evolution and provides additional 
detail about the sequence in which 
various lines of descent branched 
off from one another. 5F/2

Evolution builds on what already exists, 
so the more variety there is, the more there 
can be in the future. But evolution does not 
necessitate long term progress in some set 
direction. Evolutionary change appears to 
be like the growth of a bush: Some 
branches survive from the beginning with 
little or no change, many die out altogether, 
and others branch repeatedly, sometimes 
giving rise to more complex organisms. 5F/9

Life on earth is thought to have 
begun as simple, one-celled 
organisms about 4 billion years 
ago…. Once cells with nuclei 
developed about a billion years 
ago, increasingly complex multi-
cellular organisms evolved. 5F/8

Similarities among organisms 
are found in internal anatomical 
features and patterns of 
development, which can be used 
to infer the degree of relatedness 
among organisms. 5A/3… 

A great variety of kinds of living 
things can be sorted into groups 
in many ways. 5A/1…

The degree of kinship between 
organisms or species can be 
estimated from the similarity of 
their DNA sequences. 5A/2…

Sediments, sand and smaller 
particles (sometimes containing 
the remains of organisms) are 
gradually buried and cemented 
together to form solid rock 
again. 4C/3

Waves, wind, water, and ice 
shape and reshape the earth’s 
surface by eroding rock and 
soil in some areas and 
depositing them in other 
areas, sometimes in seasonal 
layers. 4C/1

Patterns of human development 
are similar to those of other 
vertebrates. …6B/3

The DNA code is virtually the 
same for all life forms. …5C/4

The way in which cells 
function is similar in all 
living organisms. 
…5C/3

The cells in similar tissues and 
organs in other animals are 
similar to those in human beings 
but differ somewhat from cells 
found in plants. …5C/1

More recently deposited rock 
layers are more likely to contain 
fossils resembling existing 
species. …5F/3

Modern ideas about evolution 
provide a scientific explanation 
for the history of life on earth as 
depicted in the fossil record and 
in the similarities evident within 
the diversity of  existing 
organisms. 5F/7

Evolution of Life: Biological Evolution (AAAS 2001)
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Fifth to eighth grade
For these grade levels, the NSES explicitly 

mention biological evolution. Children are en-

couraged to pay attention to the relationship 

between the organism and its environment, 

its ecosystem, and, in particular, the concepts 

of diversity and adaptation. Th ey are taught 

about the function and structure of cells. Chil-

dren also learn that how any one species moves, 

reproduces, and gets food is a function of its 

evolutionary history. Th e concepts of variation, 

inheritance, selection, and time are introduced, 

along with the fossil record and extinction. 

Th ese concepts are also woven into a larger 

context—that of the study of systems—with 

the history of Earth and the universe portrayed 

as tightly coupled systems. Students’ classroom 

activities in the fi fth through eighth grades in-

clude studies of the nature and history of sci-

ence. Th ese students learn about observation, 

experimentation (hypothesis testing), the re-

lationship between explanation and evidence, 

and modeling, particularly of theoretical and 

mathematical models (see Table 3).

Table 3: National Science Education 
Standards in the 5–8 Classroom

Content Standard A: Science as Inquiry 

Content Standard C: Life Science 

Content Standard D: Earth in the Solar 

System 

Content Standard G: History and Nature 

of Science 

(NRC 1996)

Ninth to twelfth grade
NSES for these grade levels detail the Darwin-

ian concepts of natural selection and common 

descent, along with gene theory and the molec-

ular basis of heredity. Students learn about bio-

logical classifi cation as a hierarchy, determined 

by the evolutionary relationships between or-

ganisms, with species as the fundamental bio-

logical unit. Biological evolution is again wo-

ven into a larger context along with that of the 

origin and evolution of Earth and the universe. 

Th ese students study science as a special way of 

knowing, based on empirical standards, logical 

arguments, explanation, and skepticism. Th ey 

discover the principle that all scientifi c knowl-

edge is subject to change in the light of new 

evidence (see Table 4).

Table 4: National Science Education 
Standards in the 9–12 Classroom 

Content Standard A: Science as Inquiry 

Content Standard C: Life Science 

Content Standard D: Th e Origin and 

Evolution of the Earth System 

Content Standard G: History and Nature 

of Science 

(NRC 1996)

Summary
Th e NSES present the theory of evolution as 

a unifying theme for life science. Evolution 

integrates a life science curriculum focused 

on biological systems that are interrelated and 

constantly undergoing change. Change in one 

part of the system aff ects the other compo-

nents. Th e origin of biological organisms is also 

presented as part of a broader topic, the origin 

of the Earth and of the universe. Importantly, 

science is presented as an activity that is based 

on evidence derived from meticulous investiga-

tions of the natural world. Over the grade 
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levels these topics are gradually introduced, 

with the requirements for each level off ering 

more depth, while building on early founda-

tional concepts.

Teaching Science
Th e National Science Education Standards 

for teaching advocate inquiry-based activi-

ties as the best method for learning about 

evolution (NAS 1998; NRC 2000). Th e goal 

of the inquiry method is to have the student 

think and behave like a scientist. Th is goes 

beyond hands-on activities, in which a stu-

dent may engage in some aspect of the sci-

entist’s behavior, such as collecting data or 

exploring natural phenomena. Inquiry-based 

learning emphasizes thinking and reason-

ing as well. It is known as the “minds-on” 

approach: Engage, Explore, Explain, Elabo-

rate, and Evaluate (the 5E model). Students 

have to come up with hypotheses to explain 

a pattern of observations, and then conduct 

an experiment or a study designed to test 

these hypotheses. Once they have gathered 

the data, they have to explain the results, de-

cide whether or not they fi t with the original 

hypotheses, and consider alternative expla-

nations. Finally, they have to explain their 

results to an audience, either in a written or 

an oral form. Th ere are many data sets avail-

able that can be used to explore evolution-

ary hypotheses. Moreover, all of the activities 

in this book incorporate basic concepts of 

inquiry-based learning. 

 In contrast to the more traditional ap-

proach, the inquiry method also emphasizes 

collaborative learning. It is the rare scientist 

who works entirely alone. He or she would 

not be able to accomplish the work without a 

team. Lectures, memorization, and individual 

problem sets, which are the hallmarks of the 

traditional approach, are not absent with the 

inquiry method, but they clearly play a less 

dominant role. Overall, the inquiry method 

emphasizes the dynamic aspect of a scientifi c 

investigation. Science is viewed as a dynamic 

enterprise with current facts and theories act-

ing as a way station to new facts and theories. 

Science learning experiences, in any setting, 

focus less on the accumulation of many super-

fi cial facts and more on the deep learning of 

fundamental principles. 

 How does inquiry-based or experiential 

learning play out in the everyday activities of 

the scientist’s laboratory? Peter Medawar, a 

well-known evolutionary biologist, described 

some of the conversations in his laboratory:

 “What gave you the idea of trying...?”

 “What happens if you assume that…?”

 “Actually your results can be accounted for 

on a quite diff erent hypothesis….”

 “Obviously a great deal more work has got 

to be done before….” 

 According to Medawar’s own observations 

and those of others who have studied scientists 

at work, what is happening is that the scien-

tists are “building explanatory structures, tell-

ing stories which are scrupulously tested to see 

if they are stories about real life” (Hoagland 

1990, p. 20). Th ese “stories” are more formally 

represented as hypotheses, which are then test-

ed by collecting data to determine their truth 

or falsity.

 Th e 4-H Youth Development programs 

share the same basic approach as that of inquiry-

based learning, but with a greater emphasis 

on experiential learning, the hallmark of 4-H 

activities. Th eir credo is “Do-Refl ect-Apply,” 
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which involves youth carrying out an activ-

ity, refl ecting on the experience, then apply-

ing this experience to their own lives or that 

of the broader society.

The Development of Children’s 
Concepts of Evolution
Cognitive scientists are interested in the way 

people reason about the world, in the absence 

of expert training. Recently, there has been a 

surge of interest in this everyday reasoning and 

what impact it has on the developing learner’s 

capacity to absorb new information. Common-

sense or everyday reasoning has been portrayed 

as a limited series of intuitive theories about 

the world, each one of which potentially de-

scribes a diff erent kind of knowledge. Intuitive 

theories diff er from scientifi c theories in many 

ways, but like scientifi c theories they frame the 

way we view the world and provide both ques-

tions and explanations (Wellman and Gelman 

1998). Th ese are the kinds of everyday expla-

nations or hunches that most easily come to 

mind when we try to fi gure out what is going 

on in the world. How these intuitive theories 

develop over the course of a child’s life and into 

adulthood is the focus of much recent research. 

I’ll focus on the development of those concepts 

most likely to impede evolutionary thinking. 

Family background and the development of 

children’s intuitive theories are the major infl u-

ences on children’s reasoning about evolution-

ary change. 

 How do we know about these develop-

mental changes? Over the past 15 years or so, 

my colleagues and I have begun to map out 

the emergence of children’s understanding of 

natural transformations, such as evolutionary 

change, which relate to the development of 

their intuitive theories of biology (Evans 2001; 

Rosengren, Gelman, Kalish, and McCormick 

1991). In the process we have interviewed 

hundreds of children and their parents from 

diff erent religious backgrounds. To investigate 

children’s intuitive ideas, we ask the children 

unexpected questions and give them unusual 

tasks. Th is is done to make sure that they do 

not just give us rehearsed responses. Th ey have 

to think through the issues. We also compare 

children’s intuitions about natural transforma-

tions, such as seasonal change, with their intu-

itions about artifi cial transformations, such as 

making chairs or toys. Th ese kinds of studies 

reveal the way children of diff erent ages reason 

about diff erent types of transformations. I shall 

detail what we have found and tie it in with the 

extensive research that science educators have 

carried out on older students’ ideas about evo-

lutionary change.

Four- to seven-year-olds
Over the preschool and elementary school 

years, children slowly abandon their idea that 

animals cannot change. In preschool through 

about second grade, most children reject the 

idea of almost any kind of radical biological 

change, from metamorphosis to adaptive vari-

ation. Th us, from the perspective of the young 

child’s intuitive biology, living things cannot 

change. Th is age group is learning so much 

that is diff erent and new, it is surely useful to 

have an intuitive sense that the world around 

them is permanent and enduring. Young chil-

dren, however, do know that animals possess 

adaptive features such as wings for fl ying or 

fi ns for swimming, but they have little sense 

of what would happen if the environment 

changes. If you ask a child from this age group 

where the very fi rst animals come from, you 

will get a variety of answers. Some are likely to 
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respond that God made them. Other children 

may well reply that the very fi rst animal came 

“from someplace else” or that they “came out 

of the ground.” In other words, they appear 

to think that the animals were always here on 

Earth, but someplace else where they could 

not be seen. Th is idea may be rooted in chil-

dren’s everyday experiences of the world. Ev-

ery spring after the snow melts or after the 

fi rst spring rains, the ground seems to burst 

with new life. 

Eight- to ten-year-olds
From about third grade to the end of fourth 

grade, there is a gradual shift in children’s rea-

soning. Th is age group is more likely to accept 

some kinds of radical biological change, espe-

cially over the life cycle, such as metamorpho-

sis. Interestingly, whatever their family back-

ground, most children in this age range endorse 

the idea that the very fi rst kinds of animals were 

“made by someone,” and often that someone is 

God. One reason for this belief is that unlike 

their younger siblings, older children are begin-

ning to think about existential questions. Th is 

age group is more likely to know about death 

and understand that animal kinds are not eter-

nal, in that they were not always here on Earth, 

nor will they continue to be on Earth. So, the 

question arises, how did diff erent kinds of ani-

mals get here in the fi rst place? Th ese children 

appear to transfer their intuitive understanding 

of the human as an intentional manufacturer 

of new tools, and apply it to objects that have 

arisen naturally, such as new species. 

 Simultaneously, children in this age range 

are starting to integrate diff erent kinds of causes 

into a complex causal structure. If preschool 

children see “Josh” knock over a glass and break 

it, they are perfectly capable of reasoning about 

the immediate cause. Th ey can tell you who 

knocked over the glass and how it happened, 

such as “Josh didn’t see the glass.” But if you 

ask preschoolers to think a little harder about 

“why” Josh knocked over the glass, they have 

more diffi  culty. Th e older children, however, 

are better able to engage in a more complicated 

reasoning process and arrive at a more distant 

cause, as in the following causal chain: Josh 

knocked over the glass because he was in a bad 

mood, because he didn’t get lunch, because he 

forgot his lunch money, and so on, until they 

arrive at the most distant or original cause. Th is 

sort of reasoning is necessary for understand-

ing the origins of novel animal kinds: Why and 

how did something come into existence in the 

fi rst place?

Ten- to twelve-year-olds
On the surface, at least, the beliefs of preado-

lescents are very similar to the beliefs of the 

adult members of their community, with the 

same percentage endorsing evolutionist and 

creationist beliefs. Children in fi fth grade and 

older are able to reason about existential ques-

tions such as the origins and death of living 

things. At this point, we often see the infl u-

ence of a family’s system of beliefs. Children 

who are exposed to the evidence that animals 

change—from metamorphosis, to adaptive 

variation within species, to fossils—are most 

likely to accept major evolutionary changes. 

Th ey will agree that one kind of animal could 

have originated from earlier and very diff er-

ent kinds of living things, although they are 

likely to exhibit many misconceptions about 

evolution. For these children who take the 

perspective of a naturalist, this is the begin-

ning of a more complex understanding of the 

fundamental interrelationship between all liv-
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ing things. Conversely, children who know the 

least about natural history and fossils, and who 

go to schools that endorse Biblical literalism, 

are likely to endorse the idea that God created 

each kind of animal. But, interestingly, these 

beliefs seem to vary depending on the organ-

ism. Many children and their parents exhibit 

mixed beliefs, agreeing that butterfl ies and 

frogs evolve but that God created mammals, in 

particular humans. 

Older youth and adults
Adolescents are often ready to assimilate ba-

sic evolutionary concepts. But their everyday 

intuitions continue to undermine the teach-

ing of Darwinian theory. Most adolescents 

and even many adults endorse a pre-Darwin-

ian theory of evolutionary change, which 

makes it diffi  cult for them to grasp contem-

porary Darwinian concepts (e.g., Bishop and 

Anderson 1990). Perhaps the most revealing 

indicator of this kind of reasoning is the use 

of need-based or intentional explanations 

of evolutionary change: Animals change be-

cause they need to adapt to novel environ-

ments in order to survive. Such ideas ap-

pear to have their roots in children’s and 

adults’ understanding of the way humans 

fit in with or adapt to their environment. 

Additionally, many believe that such adap-

tations, acquired over the lifetime of the 

individual animal, can be inherited by fu-

ture generations. 

 Education researchers have also found that 

science learners think of evolution as growth 

and improvement over time. Such ideas con-

tribute to the rejection of the idea that living 

species are very likely to become extinct, which 

should be a core concept in major evolutionary 

change. Although many adults and children 

accept the extinction of the dinosaurs, they are 

less willing to generalize this understanding to 

include contemporary species, especially the 

human species (Poling and Evans 2004). Many 

have the idea that species continually adapt to 

new environments and do not really become 

extinct. Perhaps a more critical aspect of this 

problem is that the concept of extinction seems 

to arouse existential concerns. In practical 

terms, what this means is that older children 

and adults have diffi  culty contemplating the 

idea that humans and other species alive today 

might cease to exist. 

Using Research on Learning 
to Teach Evolution 
In this section, I’ll show you how to identify dif-

ferent reasoning patterns among science learn-

ers. Th is will help you guide novice learners to 

a more informed viewpoint, and also help you 

assess their learning. Th e research described in 

this section is based on museum visitors’ expla-

nations of the evolutionary problems presented 

in this book (Evans et al. 2005).

 Th e following reasoning patterns could 

serve as the basis of both your teaching and as-

sessment tools.

 Informed Naturalistic Reasoners: People 

who propose Darwinian evolutionary ex-

planations for the origin of species.

 Novice Naturalistic Reasoners: People 

who propose natural explanations, but 

who have little understanding of Dar-

winian evolutionary mechanisms. Many 

will use the pre-Darwinian concepts de-

scribed earlier.

 Creationist Reasoners: People who pro-

pose supernatural explanations. In particu-

lar, they reference God’s direct role in the 

origin of species.
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 Mixed Reasoners: People who use more 

than one of the above reasoning patterns. 

Th is is the reasoning pattern found in 

most people. 

 By using these reasoning patterns as a diag-

nostic tool, you can give your science learners 

insights into the nature of their own reasoning. 

You cannot expect them to completely replace 

their intuitive ideas with Darwinian evolution-

ary concepts. But they might be able to con-

struct dual frameworks. You will have succeed-

ed when you and they recognize when they are 

shifting from informed to novice naturalistic 

reasoning patterns and back again. By refl ect-

ing on their own reasoning processes, they 

should be able to change their way of thinking 

about the problem. 

 Teachers and youth leaders can also use 

these reasoning patterns to assess learning. 

Ideally, any assessment of students’ under-

standing should not be an endpoint in and 

of itself, but a further tool to help them 

consolidate what they have learned. Each of 

the activity chapters in this book has an as-

sessment question (part four) in which the 

learner is asked to take on the role of a sci-

ence reporter and explain a central problem 

in the evolution of each organism. Th ese as-

sessment questions provide learners with an 

opportunity to refl ect on what they learned 

as they read the chapter introductions and 

carry out the various activities. Th is is a core 

component of inquiry-based and experiential 

methods. Th is process encourages the use of 

higher-order thinking skills. Students are not 

just memorizing facts, they are developing 

scientifi c explanations and reporting them 

to outsiders. Th ey can do this individually, 

with the instructor evaluating each reporter’s 

response, or as a group activity. 

Informed Naturalistic 
Reasoners
The informed naturalistic reasoner uses 

evolutionary concepts and explanations 

rather than everyday intuitive reasoning to 

explain biological change. The core evolu-

tionary concepts of variation, inheritance, 

selection, and time (VIST) could be used to 

assess children’s responses to the questions 

at the end of each of the seven activities 

in this book. The VIST acronym from the 

University of California Museum of Pale-

ontology website (http://evolution.berkeley.
edu) provides a useful way of framing and 

remembering these concepts. 

Variation
Variation refers to the diff erences among 

individuals in a population. Th ese can be 

described as diff erences in a particular trait 

(feature or behavior), as a mutation, or as 

genetic diff erences. Here is an example of 

the kind of informed natural reasoning you 

might encounter about variation in Activity 

5 about fi nch evolution (Evans et al. 2005): 

Th e fi nches with the larger beaks survived I 
suppose. Th e ones who didn’t died out…. 

Inheritance
Inheritance refers to traits (factors) that are 

inherited and passed from one generation to 

the next. Students may not use the term in-

heritance, but just convey the idea that some 

factors are passed from one generation to the 

next. Here is an example of informed natural 

reasoning about inheritance from the same 

activity:

Th ose big-beaked fi nches were favored by the envi-
ronment. So they were able to eat, breed, and then 
their off spring continued to do the same…. 
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Selection
Selection refers to the idea that organisms with 

traits that are adapted to the environment are 

more likely to survive (and pass these factors 

on to the next generation). A reasonable re-

sponse might note the key environmental fea-

ture to which the organism is adapted. Here 

is an example of informed natural reasoning 

about selection in fi nches:

Well, the large-beaked birds were the only ones 
that survived because they could eat the seeds, and 
therefore they were the only ones that reproduced; 
and the ones with the small beaks lost out….

Time
Th e number of generations produced over a giv-

en time period is a clue to whether evolutionary 

change will occur rapidly (as in HIV) or slowly 

(as in whales). From one generation to the next 

a species may change ever so slightly, but given 

enough time, the result can be huge. Almost any 

reference to time acknowledges its crucial role. 

 Here is an example from the fi nch activ-

ity of a response that includes the four core 

evolutionary concepts—variation, inheritance, 

selection, and time (VIST): 

Well, in that case I would assume that the birds 
evolved—well, the birds with the larger beaks 
were the ones better able to survive, since the 
larger beaks were more useful in getting the seeds. 
So that trait is the one that was selected for, and 
the birds that had the smaller beaks died out over 
time…. Th ey didn’t produce as many off spring. 

Novice Naturalistic Reasoners
Novice naturalistic reasoners usually employ 

everyday reasoning, particularly intuitive ideas 

about biological change. We’ll look at three 

typical kinds of everyday explanations used by 

science learners.  

 Th e fi rst kind of explanation is called goal-

directed or need-based change. Here is an ex-

ample from the fi nch activity of a novice natu-

ralistic reasoner’s goal-directed response: 

It’s evolution. Th ey had to—for survival, the 
beaks had to grow so the fi nch could eat. So they 
just adapted… their bodies adapted so that they 
could survive. Th at’s not evolution, is it, it’s an-
other word. Is it development? Th en their babies 
had those beaks.
 Th is novice science learner is using ev-

eryday reasoning to explain how the fi nches 

could survive. She has recognized a need, 

which is that the fi nches do not have the 

right kinds of beaks to eat in this environ-

ment. Th e mechanism of change that she has 

identifi ed is that the fi nch’s beak must grow 

to meet the challenge. Th e term development 
captures an understanding that animals grow 

to meet an unmet future need, much in the 

way an individual animal develops from in-

fancy to adulthood. Th e other intuitive idea 

expressed by this science learner is that this 

trait (the large beak) is acquired over the life-

time of the fi nch and can be passed on to 

future generations. 

 Th is kind of response is relatively sophis-

ticated, but it isn’t scientifi cally correct. What 

this novice science learner does not realize is 

that there is already a natural variation in beak 

size in this population and that those fi nches 

with the larger beaks are the ones that will sur-

vive. It would not take much to have her focus 

on the variation in the population and then 

fi gure out a Darwinian mechanism of change, 

such as natural selection.

 Th e next explanation typical of novice 

naturalistic reasoning includes terms such as 

thoughts, beliefs, wants, skills, or eff ort. Th ese 

terms are a sign that this science reasoner is 
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using everyday intuitions about the way hu-

mans solve problems, called intentional rea-

soning. Here is an example from the fi nch 

activity of a novice naturalistic reasoner’s in-

tentional response: 

Well, I tend to believe that a lot of animals…have 
capabilities of making adaptations. Like they 
wanted to increase the size of the beak to get the 
seeds so they tried to change their beaks to use in 
their daily life.
 Th is kind of explanation is subtly diff er-

ent from the goal-directed reasoning described 

above. In using an intentional explanation, this 

science learner appears to assume that the fi nch 

can actively think about the problem and try 

to solve it by changing its beak, in the same 

way an athlete will actively train to achieve a 

better performance. Ask the science learner if 

the fi nch can really solve problems in the same 

way humans solve problems. Th ey will prob-

ably recognize that this is unlikely. Th en they 

can begin to think of alternative explanations 

for the change in beak size.

 Th e third kind of novice naturalistic 

reasoning is called proximate (or immedi-

ate) cause reasoning. Recall that when asked 

about the origins of species, younger chil-

dren would often respond as if the species 

were “always here on Earth, but someplace 

else.” Th ey did not address the most distant 

or original cause: Why and how did these 

new kinds of animals come into existence? 

Instead, the children described how they be-

came visible. Interestingly, older youth and 

adults sometimes come up with similar im-

mediate or proximate cause explanations to 

describe evolutionary change. Th ey are most 

likely to do so when they are confronted with 

questions about the origins of organisms 

about which they know very little or which 

are not visible, such as insects, diatoms, and 

viruses. Here are some examples from the 

diatom and HIV activities of a novice natu-

ralistic reasoner’s proximate cause response:

Diatom: Water could have been mixed through-
out the whole Earth, and it could have carried 
new algae in diff erent places.
HIV: Th ey were there and they weren’t detected.
 Th ere are several ways to address this kind 

of response. First, you should help the youth 

realize that there is a mystery. Th ese particular 

organisms did not exist before and now they 

do. Th ey were not hiding elsewhere on Earth. 

How did they come into existence? What are 

the relevant clues? What has changed? With 

some prodding the youth should begin to real-

ize that the change in the environment is an 

important clue. Th en they can make the con-

nection between environmental change and 

the appearance of new species.

Creationist Reasoners
Religion and evolution are perfectly compat-

ible, with a few exceptions. One exception is 

Biblical Literalism, whose adherents believe 

that God created each kind of animal that is 

currently on Earth just a few thousand years 

ago. Such beliefs are clearly irreconcilable with 

evolutionary ideas. According to a 2004 Gal-

lup Poll, about 45% accept that God created 

humans in this way. Most Western religions, 

however, do not take a literal view of the Bible. 

Th is same poll indicated that 48% of the Amer-

ican public consider the Bible to be divinely 

inspired but not to be taken literally and 38% 

are theistic evolutionists, believing that biolog-

ical evolution occurred over millions of years, 

with God guiding the process. Pope John Paul, 

for example, viewed a belief in evolution and a 

belief in God as perfectly compatible. Clearly, 
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many citizens and religious leaders fi nd it easy 

to accept evolution and to believe in God. Th ey 

accept that evolutionary theory has its place: It 

explains adaptive features and the similarities 

and diff erences among organisms in the living 

world, but it does not tell us how to behave. It 

is not a theory of morality. Th at is the province 

of family, culture, and religion. 

 Creationist reasoners are likely to cite God 

or intelligent design as directly implicated in 

the origin of organisms. Th is is an intentional 

mode of reasoning in which animals are cre-

ated to serve God’s purpose. As long as science 

learners describe the evolutionary concept ac-

curately, they should be assessed appropriately, 

even if they also express creationist ideas. 

Here are two examples of a creationist rea-

soner’s response: 
I would just explain it as God being the creator 
with infi nite wisdom, and he designed and cre-
ated every organism, down to the most minute 
detail….
I think they each were created as they are, with 
their own unique set of chromosomes, so I wouldn’t 
have an answer how they would evolve.

Mixed Reasoners
Perhaps one of the more surprising fi ndings 

from recent research is that many people do not 

consistently use a single pattern of reasoning. In 

fact, they are more likely to be mixed reasoners, 

employing two or three patterns of reasoning 

simultaneously. For some youth or adults this 

kind of reasoning may mark an unconscious 

transition between evolutionist and creationist 

reasoning or novice and informed naturalistic 

reasoning. In other cases, the confl ict is more 

conscious, as it was for the parent who said, I 
don’t know what to believe, I just want my kid to 
go to heaven. As described earlier, many youth 

and adults propose evolutionary explanations 

for the origins of most animals, with the excep-

tion of humans (and sometimes other mam-

mals as well). Here is an example from Activity 

6 on human evolution: 

I don’t believe that they [humans] do evolve, be-
cause I don’t believe necessarily in evolution. I 
mean yes I believe there’s a Darwinism where the 
stronger species survived [like in the fi nches], but, 
I’m Christian so I believe God created man and 
God created chimpanzees.…
 In another kind of mixed reasoning pattern, 

we fi nd creationist reasoning combined with 

informed naturalistic reasoning. Th e following 

response begins with creationist reasoning and 

concludes with a selectionist concept, as the sci-

ence learner tries to explain why there are more 

large-beaked fi nches than small-beaked fi nches. 

It seems probable that the learner was unaware 

that she is describing an evolutionary mecha-

nism, natural selection. Th is is a response from 

Activity 5 on fi nch evolution: 
But like I said, I don’t believe in evolution. So 
I don’t believe that they evolved because it takes 
too long. Th ere are too many failures before they 
evolve into something that fi nally works, so I just 
reject that view. Um, my guess would be that there 
probably were larger-beaked fi nches but there 
weren’t as many of them and the small-beaked 
ones would have died out because they couldn’t 
get the food.
  You should not expect creationist reason-

ers to replace their belief system with Dar-

winian evolutionary concepts. But you can 

expect all of your science learners to under-

stand evolutionary theory, so that they know 

how the natural world works. Many of them 

will be entering the kind of careers in which 

they will need this kind of understanding. 

How might they do this? By refl ecting on 
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their reasoning processes, they should be able 

to construct dual frameworks. You will have 

succeeded when you and they recognize that 

they are shifting from novice naturalistic or 

creationist reasoning patterns to informed 

naturalistic reasoning patterns, even if they 

use mixed patterns of reasoning.

Summary
Understanding how youth of diff erent ages 

think and reason about evolution can lead 

to more eff ective guidance and teaching. By 

recognizing the nature of their thinking pro-

cesses as they begin to acquire these complex 

and counterintuitive ideas, you can help them 

become better learners. Th e central idea is to 

have science learners engage in “intentional” 

conceptual change, in which learners are ac-

tive agents in the learning process (Sinatra 

and Pintrich 2003). In this kind of conceptual 

change, learners refl ect on the content of the 

learning process itself. Such a practice is more 

likely to result in lasting changes and will be 

an important mental tool for use in their daily 

lives. Teachers and youth leaders who are aware 

of their science learners’ conceptual diffi  culties 

can use the ideas in this chapter in a variety of 

ways to suit the particular learning challenges 

that they face. Th ese ideas represent some of 

the core concepts in inquiry-based and experi-

ential learning.
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