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RESEARCH ON
LEARNING

GREGORY F. GRETHER

ABSTRACT

Evolution by natural selection is key to understanding life and of con-
siderable practical importance in public health, medicine, biotechnol-
ogy, and agriculture. The Next Generation Science Standards (NGSS)
include natural selection among several evolutionary concepts that all
third-graders should know. This article explores a novel approach to
developing and testing curricula for teaching natural selection and re-
lated concepts to children. College students developed lesson plans with
specific evolutionary learning objectives based on the NGSS and taught
them at elementary schools. Learning was assessed with a pre/post-test
design, and a subset of students was retested after two years. After just
two hours of instruction and active-learning activities, students of all
three grade levels tested (grades 3-5) demonstrated substantial improve-
ment in their understanding of evolutionary concepts. Students who were
retested in grade 5 scored higher than fifth-graders who had not partici-
pated previously. The most challenging concepts for all grade levels were
common ancestry and natural selection, but fifth-graders showed more
improvement than third- and fourth-graders. If this finding is substanti-
ated by further research, an adjustment to the NGSS schedule might be
warranted. Spacing evolutionary biology concepts out might be a better
strategy than concentrating them all in grade 3.

Key Words: adaptation; common ancestry; evolution; evolutionary time;
fossils; natural selection; Next Generation Science Standards; NRC
framework; science education; vestigial traits.

O Introduction

Evolution is among the greatest of human discoveries and key
to understanding everything biological (Dobzhansky, 1973). An
understanding of natural selection, in particular, is valuable in
numerous industries and sectors of the economy, including public
health, medicine, biotechnology, resource management, and agri-
culture, and yet a large proportion of adults do not understand how
it works (Gregory, 2009). People who understand natural selection
generally regard it as simple, intuitive, and inevitable, but there is
ample evidence that it is actually a difficult concept to grasp and

Developing & Testing Curricula for
Teaching Evolutionary Concepts at
the Elementary School Level

that misconceptions developed in childhood can be difficult to cor-
rect later (reviewed in Gregory, 2009; Prinou et al., 2011; Emmons
et al., 2018; Lucci & Cooper, 2019). Children naturally grapple
with biological questions and deserve to be introduced to evolu-
tionary concepts at a young age, before unscientific ideas become
too deeply engrained (Nadelson et al., 2009; Emmons et al., 2018).
Providing children with concrete evidence for evolution, such as
fossils and vestigial traits, can help counteract cognitive and cul-
tural biases against evolutionary thinking (Evans, 2000; Hermann,
2011). Children of elementary school age are also quite capable of
understanding the building blocks of natural selection — within-
species variation, mutation, heritability, differential survival, and
reproduction — as well as the cornerstone concept of adaptation
(e.g., Nadelson et al., 2009; Campos & Sa-Pinto, 2013; Emmons
& Kelemen, 2015).

In 2012, the National Research Council (NRC) published an
influential report outlining a new framework for K-12 science edu-
cation. One of the guiding principles of the NRC framework is that
evolution and natural selection are “key to understanding both the
unity and the diversity of life on Earth” (National Research Council,
2012). The Next Generation Science Standards (NGSS) were largely
based on the NRC framework and have thus far been adopted by
20 U.S. states (NGSS Lead States, 2013; National Science Teachers
Association, 2019). The NGSS are framed in terms of what all stu-
dents of a given grade level should know about and be able to do
to demonstrate their knowledge. According to the NGSS, by grade
3 (i.e., eight to nine years of age), children should know about trait
variation and inheritance, fossils and extinct organisms, common
ancestry, biological diversity, natural selection, and adaptation (Cal-
ifornia Department of Education, 2019).

In California, the NGSS were approved for implementation in
2017, but meeting these new science standards is a major chal-
lenge. Most elementary schools lack science teachers, and many
teachers lack the time or knowledge to design lessons based on the
new standards (Dorph et al., 2007; Watanabe, 2011). While the
previous elementary school science standards included several of
the building-block concepts, they did not include natural selection
itself (California Department of Education, 2004). Ensuring that
accurate, effective, and easy-to-implement curricula for teaching
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evolutionary concepts to children are readily available to elemen-
tary school teachers is crucial for the success of the NGSS (Krajcik
et al., 2014; Anderson et al., 2018; Lucci & Cooper, 2019).

Which evolutionary concepts do children struggle with the
most? What are the most effective ways to teach evolutionary con-
cepts at the elementary school level? How much time, in a regular
classroom setting, needs to be devoted to these concepts for stu-
dents to grasp and retain them? Is grade 3 optimal for introducing
common ancestry and natural selection? Or would it be better to
introduce these topics later in elementary school, as originally pro-
posed by the NRC (National Research Council, 2012)? With the
goal of helping to answer these questions, here I explore a new
approach to developing and testing curricula for teaching evolu-
tionary concepts at the elementary school level. The overall design
of the study was for college students to develop lesson plans with
specific evolutionary learning objectives based on the Disciplinary
Core Idea (DCI) dimension of the NGSS and teach them at local
elementary schools. Short-term learning was assessed by adminis-
tering quizzes before and after the lessons. Long-term learning was
assessed by retesting a subset of the students two years later and
comparing their quiz scores to those of students at the same grade
level who had not participated previously. Examples of effective les-
son plans are provided with a companion article in this issue of ABT
(Grether et al., 2021).

O Methods

Participants

A written application was used to identify University of California,
Los Angeles (UCLA), undergraduates with good qualifications and
motivations for participating in the study; 148 students applied and

43 were selected to participate. The selected students had taken
courses in evolutionary biology, were highly motivated to obtain
teaching experience, and were able to outline suitable topics for
teaching evolutionary concepts to children.

Two public elementary schools in Los Angeles County par-
ticipated in both years of the study (2016, 2018). At “school A,”
all classes in grades 3, 4, and 5 participated (11 classes, 234 stu-
dents). Most fifth-graders who participated in 2018 (n = 48) had
also participated when they were in grade 3 (n = 37). At “school B,”
grades 3 and 4 were combined and all classes at that level partici-
pated in the study (10 classes, 233 students). At school A, third-
graders ranged in age from eight to 10 years (mean + SD = 8.65
+ 0.48; n = 98), fourth-graders ranged in age from nine to 11 years
(9.69 £ 0.52; n = 74), and fifth-graders ranged in age from 10 to
12 years (10.67 + 0.50; n = 73). At school B, students ranged in age
from eight to 10 years (9.03 + 0.72; n = 219).

Development of Lesson Plans

Prior to developing lesson plans, the undergraduates read and dis-
cussed articles on evolutionary concepts and misconceptions (e.g.,
Baum et al., 2005; Nadelson et al., 2009; Grether, 2010a, b; Prinou
et al., 2011; Campos & Sa-Pinto, 2013; Padian, 2013; Young et
al., 2013; Mervis, 2015) and the effectiveness of different teaching
methods (e.g., Kirschner et al., 2006; Hmelo-Silver et al., 2007,
Clark et al., 2012; Rosenshine, 2012), and studied relevant sections
of the NRC framework (National Research Council, 2012) and the
NGSS. They were also provided with links to websites about teach-
ing evolutionary concepts and articles on the local Pleistocene fauna
(to improve their understanding of the fossils in the teaching collec-
tion; e.g., Carbone et al., 2009; Binder & Van Valkenburgh, 2010;
Ripple & Van Valkenburgh, 2010). They worked in small groups
(two or three students) to develop lesson plans based on six specific

Table 1. Evolutionary biology learning objectives that served as the target for lesson plans in this study.

1. | Fossils

billion) years.

Fossils are organisms that lived long ago; they can show us how organisms have evolved over time
and how groups of modern organisms are related to each other; fossils can also tell us about past
environments; fossils show us that life has been evolving on Earth for at least 3,500,000,000 (3.5

2. | Vestigial traits
modification (i.e., evolution).

Vestigial (useless, leftover) traits provide clear evidence of common ancestry and descent with

3. | Common
ancestry
evolved.

All organisms are related to each other because they evolved from a common ancestor; evolution
is a branching process (tree) not a progression (ladder); all organisms alive today are equally highly

4. | Heritability

Most traits of organisms are variable, and some of the variation is heritable (genetic) and can be
passed from one generation to the next.

5. | Natural selection

the past.

Evolution by natural selection happens because variation in heritable traits affects survival and
reproduction; organisms are adapted to their natural environment because of natural selection in

6. | Evolutionary

time selection to change a species.

Evolution in nature is very slow or at least seems slow to us. It takes many generations for natural

a. Inlong-lived organisms, big changes take millions of years. For example, humans and
chimpanzees evolved from a common ancestor that lived 4-12 million years ago.

b. Short-lived organisms can evolve rapidly. For example, the flu virus, which has a generation
time of about two days, evolves so fast that new vaccines are developed every six months.

¢. Evolution can be much faster when people decide which individuals survive and reproduce.
This is called artificial selection. For example, dogs evolved from wolves and diversified into
numerous breeds in less than 40,000 years.
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learning objectives encompassing the NGSS DCls in evolutionary
biology (i.e., LS3 and LS4) for grades 3—5 (Table 1). The learning
objectives fall into three categories: evidence for evolution (1-3),
mechanism of evolution (4-5), and time-scale of evolution (6).

Each group of undergraduates was assigned to a specific ele-
mentary school class and introduced to the teacher(s) in week 1.
In week 2, the undergraduates traveled to the schools to administer
the pre-quiz. Each quiz question and its possible answers were read
aloud by one of the undergraduates. After collecting and reviewing
the pre-quiz in class, the undergraduates presented and led discus-
sion of an evolutionary topic (e.g., fossils) to further gauge their
students’ understanding of evolutionary concepts. In weeks 6 and
7, the undergraduates returned to the schools to present their les-
sons. In week 8, they returned to administer the post-quiz.

The undergraduates were instructed to tailor their lesson plans
to address conceptual deficiencies revealed in the pre-quiz and in
their discussions with the students, while giving as much weight to
learning objective 5 (natural selection) as to any other single learn-
ing objective. They were given examples of lesson plans, access to
a collection of Pleistocene fossils, and funds for purchasing instruc-
tional supplies. They developed and practiced their lesson plans
over a four-week period, with multiple rounds of feedback from
instructors and peers, and sent two revised drafts to the elemen-
tary school teachers for comment. After delivering their first lesson,
the undergraduates gave oral reports in which they shared and dis-
cussed their classroom experiences with their instructors and peers,
with the goal of improving the second lesson plans.

The lesson plans were designed to be taught in two one-hour
sessions. Most included a natural selection game and an interactive,
phylogeny-building (i.e., evolutionary tree) exercise. Many lessons
included fossils, time lines, video clips, and slide shows. Natural
selection games were required to include at least two generations
to illustrate the response to selection. For lesson plan examples, see
Grether et al. (2021).

The undergraduates received instruction in elementary school
etiquette and classroom management and were counseled to avoid
lecturing, to avoid using unnecessary technical terms, and to define
necessary technical terms in a child-friendly way. They were also
encouraged to base their lessons on real or at least realistic organ-
isms, not magical creatures or cartoon characters. To prevent them
from “teaching to the test,” the undergraduates were not allowed to
refer back to the pre-quiz questions in their lessons and they were
not shown the post-quiz until after they taught their lessons.

Learning Assessment

While the lesson plans varied, the quizzes used to assess learning
were the same in all classes. The pre-quiz consisted of six multiple-
choice questions, one for each of the six learning objectives, and the
post-quiz consisted of six questions of the same type as the pre-quiz
followed by two additional questions for learning objectives 3 and 5
(Table 1) that differed structurally from the pre-quiz questions. The
purpose of including two different types of questions on the post-
quiz was to assess whether the students could generalize what they
had learned. Each question had four possible answers, only one
of which was correct. Most incorrect answers represented common
misconceptions or creationist ideas. The quizzes were written for
third-grade comprehension, included pictures, and were printed in
color (sample quizzes are included in Grether et al., 2021).

The questions on the pre-quiz in year 1 (2016) served as the
first six questions on the post-quiz in year 2 (2018), and the first
six questions on the post-quiz in year 1 served as the pre-quiz in

year 2, but the order of the questions and possible answers differed
between years. Students were assigned 1D numbers for matching
their quiz scores within and across years, but no personal identify-
ing information was retained.

This research protocol was reviewed and certified by the UCLA
Institutional Review Board (IRB no. 15.001050).

Data Analysis

The response to a quiz question was scored as “correct” if only the
correct answer was circled. The sum of correct responses across
the first six questions (hereafter “quiz score”) was used to compare
overall performance between the pre- and post-quiz. I used multi-
level mixed-effects general linear regression to analyze quiz scores,
and multilevel mixed-effects logistic regression models or Fisher’s
exact tests to analyze responses to individual quiz questions.

To test for improvement in quiz scores between the pre- and
post-quiz across schools, 1 restricted the analysis to third- and
fourth-graders and used multilevel mixed-effects general linear
regression with quiz order as the factor and nested random-effects
terms for student, class, school, and year (using the mixed com-
mand in Stata 14.2). To test for differences between grade levels, I
restricted the analysis to school A and used multilevel mixed-effects
general linear regression with quiz order, grade level, and their
interaction as factors and nested random-effects terms for student,
class, and year. The distribution of quiz scores was left-skewed and
under-dispersed in relation to a Poisson distribution (i.e., variance
< mean). Squaring the quiz scores eliminated the skew and resulted
in better Gaussian model fits (as indicated by Wald tests), and those
results are presented here, but models with untransformed quiz
scores yielded qualitatively similar results (as did multilevel Pois-
son regression models if they converged). The quiz scores of fifth-
graders who had also participated in grade 3 were excluded from
these analyses.

To make comparisons between fifth-graders who participated
in the study when they were in grade 3 and those who did not, and
to compare the third- and fifth-grade quiz scores of students who
participated in both years, I used multilevel mixed-effects general
linear regression with quiz order and prior participation as factors
and nested random-effects terms for student and class. All compari-
sons were planned, and therefore unadjusted P-values are reported,
but the results were qualitatively the same with Sidak adjustments
for multiple comparisons.

To test for differences between years in the quiz scores of third-
and fourth-graders, I used multilevel mixed-effects general linear
regression with quiz order and year as factors and random-effects
terms for student, class, and school. To test for variation among
classes, I used a mixed-effects general linear regression with quiz
order and class as factors and a random-effects term for student.

O Results

Grade Levels

Across both schools and years, the mean (= SE) quiz score for
third- and fourth-graders on the first six quiz questions was 3.50
+ 0.07 on the pre-quiz and 4.54 = 0.06 on the post-quiz (n = 383
students). Thus, on average, third- and fourth-graders answered
one more question correctly on the post-quiz than on the pre-quiz
(Figure 1; quiz order effect: x* = 177.96, df = 1, P < 0.0001). Fifth-
graders participating in the study for the first time increased from
a mean (x SE) of 3.90 + 0.15 on the pre-quiz to 5.40 + 0.11 on
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Figure 1. Mean scores (+ SE) of third- and fourth-graders on the first six quiz questions, by school and year. “Pre” refers to the
pre-quiz (prior to lessons) and “post” refers to the post-quiz (after lessons).

the post-quiz (n = 39 students). Restricting the analysis to school
A, where all three grades participated, there was an interaction
between quiz order and grade level (Figure 2A; x* = 6.31, df =
2, P = 0.043). Students of all three grade levels scored higher on
the post-quiz than on the pre-quiz (grade 3: x* = 37.04, df = 1,
P < 0.0001; grade 4: %* = 35.73, df = 1, P < 0.0001; grade 5:
x*=47.56,df = 1, P < 0.0001). There was no significant variation
among grade levels in the mean pre-quiz score (x* = 1.77, df = 2,
P = 0.42) and no difference between third- and fourth-graders on
the post-quiz (}* = 0.63, df = 1, P = 0.43), but fifth-graders scored
higher on the post-quiz than the younger students (y* = 20.20,
df=1,P<0.0001). In terms of improvement in quiz scores between
the pre- and post-quiz, there was no difference between third- and
fourth-graders (x> = 0.17, df = 1, P = 0.68), while fifth-graders’

scores improved more than those of the younger students (y* =
6.01,df=1,P=0.014).

Prior Participation

Among fifth-graders, there was an interaction between quiz order
and whether the students had participated in grade 3 (x* = 7.26, df
=1, P=0.0071). Students who had participated in grade 3 scored
higher on the pre-quiz (x*=7.23, df = 1, P = 0.0072) but not on the
post-quiz (¥x? = 0.64, df = 1, P = 0.42), compared with students who
participated for the first time in grade 5 (Figure 2B). Fifth-graders
who had participated in grade 3 scored higher on both quizzes than
they had in grade 3 (pairwise comparisons; pre-quiz: z = 6.17, P <
0.001; post-quiz: z = 2.54, P = 0.011; n = 31 students), but their

6 A 61 B s C
I I I I
I I I

4 post . post post . post
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N
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-
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3 4 5 no yes 3 5
Grade level Participated in 3rd grade? Grade level

Figure 2. Mean scores (+ SE) on the first six quiz questions at school A, (A) by grade level, excluding fifth-graders who also
participated in grade 3; (B) comparing fifth-graders who did or did not participate in grade 3; and (C) comparing quiz scores
of third- and fifth-grade students who participated in both years.
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fifth-grade pre-quiz scores were indistinguishable from their third-
grade post-quiz scores (z = =1.00, P = 0.32; Figure 2C).

Years & Classes

Mean pre-quiz scores of third- and fourth-graders were a full point
higher in year 2 (4.02 + 0.09) than in year 1 (3.01 = 0.09; x> =
2257, df =1, P < 0.0001) but there was no difference between
years in post-quiz scores (x* = 0.05, df = 1, P = 0.83), resulting in a
negative interaction between year and quiz order (%* = 44.34, df =
1, P < 0.0001; Figure 1). Thus, there was less improvement in year
2 because the mean pre-quiz score was higher than in year 1.

The third- and fourth-grade classes varied considerably in mean
quiz scores (x* = 98.91, df = 1, P < 0.0001) and in the degree of
improvement between the pre- and post-quiz (quiz order by class
interaction; x> = 79.18, df = 17, P < 0.0001). Class means ranged
from 1.95 to 4.67 on the pre-quiz and from 3.55 to 5.35 on the
post-quiz (n = 18 classes).

Individual Learning Objectives

Third- and fourth-graders showed improvement on all six learning
objectives, although the magnitude of improvement varied (Table 2).
The largest improvements were made on the evolutionary time, vesti-
gial traits, and natural selection questions. These students were 3.16
times more likely to answer the natural selection question correctly,
4.18 times more likely to answer the vestigial traits question correctly,
and 10.23 times more likely to answer the evolutionary time question
correctly on the post-quiz compared to the pre-quiz (n = 383 stu-
dents). They were about twice as likely to correctly answer both types
of common ancestry questions and 13.52 times more likely to cor-
rectly answer the second natural selection question on the post-quiz,
compared to the corresponding pre-quiz questions.

Table 2. Improvement in the quiz scores of third- and
fourth-graders between the pre-quiz and post-quiz (N =
383 students). The odds ratio can be interpreted as the
increase in the probability of a question being answered
correctly on the post-quiz compared to the pre-quiz.

For learning objectives 3 and 5, there were two types

of questions on the post-quiz, one that was similar to
the corresponding pre-quiz question and one that was
structurally different.

Learning Odds Question

objective Ratio z P Type

1 | Fossils 1.75 |247 |0.013 Same

2 | Vestigial traits 418 |6.16 |<0.001 |Same
Common

3 | ancestry 1.86 |3.98 |<0.001 |Same
Common

3 | ancestry 198 |[4.32 |<0.001 | Different

4 | Heritability 296 |3.48 |<0.001 |Same
Natural

5 | selection 3.16 |6.58 |<0.001 |Same
Natural

5 | selection 13.52 [9.74 |<0.001 | Different
Evolutionary

6 |time 10.23 8.31 |[<0.001 |Same

Fifth-graders showed improvement on the questions about ves-
tigial traits (Fisher’s exact test, P = 0.006), common ancestry (P <
0.0001), natural selection (P = 0.001), and evolutionary time (P <
0.0001), but not on the fossils (P = 0.12) and heritability (P = 0.5)
questions. However, only three fifth-graders answered the fossils
question incorrectly and only one answered the heritability question
incorrectly on the pre-quiz, and no fifth-graders answered either of
these questions incorrectly on the post-quiz (n = 39 students).

A majority of students at all grade levels circled the correct
answers for the fossils, vestigial traits, and heritability questions on
both quizzes (Figure 3). That was not the case for the common
ancestry, natural selection, and evolutionary time questions. On
the post-quiz, a majority of students circled the correct answers for
the natural selection and evolutionary time questions; but, with the
exception of fifth-graders, most students still did not circle the cor-
rect answer to the common ancestry question.

O Discussion

The results presented here suggest that two concentrated hours of
instruction and active-learning activities can go a long way toward
reaching the goals of the NGSS for evolutionary biology in elemen-
tary school. Students of all three grade levels showed substantial
overall improvement in their understanding of evolutionary con-
cepts, and students who participated in the study in both grades 3
and 5 appeared to retain what they had learned previously. Third-
and fourth-graders were more likely to answer every type of ques-
tion correctly on the post-quiz than on the pre-quiz and showed
the most improvement on the vestigial traits, natural selection, and
heritability questions (Table 2 and Figure 3). Fifth-graders were
also more likely to answer every type of question correctly on the
post-quiz than on the pre-quiz and showed the most improvement
on the common ancestry, natural selection, and evolutionary time
questions. The fossils and heritability questions were the easiest
for all grade levels, perhaps because these topics were included in
the previous California science standards for grade 2 (California
Department of Education, 2004), which were still in effect when
these students were in grade 2.

The most challenging concepts for all grade levels were com-
mon ancestry and natural selection (Figure 3). Even after the les-
sons, which invariably emphasized that evolution is a branching
process, the concept of an evolutionary ladder, in which “lower”
organisms evolve into “higher” organisms, still held sway with a
number of elementary school students, as did the idea that some
organisms are not related to each other at all. On the natural selec-
tion question, the most prevalent misconception, both before and
after the lessons, was that changes acquired during an individual’s
life can be passed on to offspring. Interestingly, all three of these
misconceptions align with Lamarck’s long-refuted theory of evo-
lution (Mayr, 1972). Very few students in this study thought that
fossils or vestigial traits were designed to confuse people. Several
students at each grade level selected the creationist “never evolve”
answer to the natural selection question on the pre-quiz, but nota-
bly fewer students circled this answer on the post-quiz (Figure 3).

The NGSS DClIs for grade 3 include all the evolutionary con-
cepts that the lesson plans in this study were designed to teach.
While the results show that third-graders can indeed learn these
concepts and retain them at least until grade 5, they also indicate
that grade 5 is not too late. Fifth-graders who had participated in
the study in grade 3 scored higher on both quizzes than they had
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Figure 3. Visual summary of the answers chosen by students before and after the lessons, by quiz question and grade level.
Grade levels 3, 4, and 5 correspond to school A, and grade level 3/4 corresponds to school B. Panels A-F represent the first
six quiz questions in the same order as the corresponding learning objectives in Table 1. The percent of students answering
each question correctly is shown in blue (lowest bar). The other colors (bars) represent different types of wrong answers (see
inset answer key). Shorthand descriptions of the wrong answers are as follows: (A) Fossils question: (a) to confuse; (b) people
put them there; (c) part of the rock. (B) Vestigial traits question: (a) to confuse; (b) will evolve trait in the future; (c) had trait
earlier in development. (C) Common ancestry question: (a) not related; (b) evolutionary ladder; (c) one organism will evolve
into the other. (D) Heritability question: (a) mystery; (b) want to look like parents; (c) eat same foods as parents. (E) Natural
selection question: (a) never evolve; (b) acquired characteristics are inherited; (c) individuals change in each generation.

(F) Evolutionary time question: (a) years; (b) minutes; (c) days. For the actual quiz questions and answers, see Grether

etal. (2021).

in grade 3, but their fifth-grade pre-quiz scores were indistinguish-
able from their third-grade post-quiz scores (Figure 2C). My inter-
pretation is that these fifth-graders retained what they learned in
grade 3 but had not advanced in their understanding since then,
before the new lessons. However, the finding that fifth-graders par-
ticipating in the study for the first time achieved post-quiz scores
higher than those of third-graders and just as high as those of fifth-
graders who had participated previously (Figure 2B) suggests that
grade 5 might be a better age to introduce the most challenging
concepts. By contrast, there was no indication that fourth-graders
were better at mastering these concepts than third-graders (Figures
2A and 3). From the standpoint of teaching evolutionary concepts,
it would be ideal to repeat them at all grade levels, but classroom

time is limited and teachers have other science standards to meet.
Therefore, if these results are substantiated by further research, an
adjustment to the NGSS guidelines might be warranted. Spacing
the evolutionary biology DClIs out, as the NRC originally proposed
(National Research Council, 2012), might be a better strategy than
concentrating them all in grade 3.

Students could potentially learn how to answer particular types
of questions without actually learning the underlying concepts. To
address this issue, I included two different types of questions about
common ancestry and natural selection on the post-quiz. One of
the two questions was directly analogous to the corresponding pre-
quiz question while the other question was of a new structure, with
different types of incorrect answers. The results indicate that the
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students were able to generalize what they learned from one type of
question to another (Table 2).

Because there was no replication of lesson plans, it is impos-
sible to draw firm conclusions about which lesson plans were
most effective. The student composition and regular classroom
teachers undoubtedly account for much the variation among class
means. Another possible shortcoming of this study is that the pre-
quiz included only six multiple-choice questions, one per learn-
ing objective. Including more questions, of varied types, and using
other methods of assessment, such as interviewing students indi-
vidually before and after the lessons, would have provided greater
resolution of the students’ grasp of evolutionary concepts. However,
in studies of this sort, the possible dividends of asking a larger num-
ber of questions and using other methods of assessment need to be
balanced against the constraints of available classroom time and the
attention spans of children.
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