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Abstract 

Background: Despite substantial research on the teaching of evolution in the public high schools of the United 
States, we know very little about evolution teaching in the middle grades. In this paper, we rely on a 2019 nationally 
representative sample of 678 middle school science teachers to investigate how much time they report devoting to 
evolution and the key messages they report conveying about it, using this information to assess the state of middle 
school evolution education today. Throughout these analyses, we provide comparative data from high school biology 
teachers to serve as a baseline.

Results: We find that, compared to high school biology teachers, middle school science teachers report themselves 
as less well-equipped to teach evolution, devoting less class time to evolution, and more likely to avoid taking a stand 
on the scientific standing of evolution and creationism. We show that middle school science teachers with extensive 
pre-service coursework in evolution and in states that have adopted the Next Generation Science Standards are more 
likely to report devoting more class time to evolution. Similarly, we show that middle school teachers in states that 
have adopted the Next Generation Science Standards and who are newer to the profession are more likely to report 
themselves as presenting evolution as settled science.

Conclusion: Our findings suggest avenues for the improvement of middle school evolution education through 
teacher preparation and public policy; in addition, a degree of improvement through retirement and replacement 
is likely to occur naturally in the coming years. More generally, our results highlight the need for further research 
on middle school education. Our broad statistical portrait provides an overview that merits elaboration with more 
detailed research on specific topics.

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ 
zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
The teaching of evolution in the public schools of the 
United States has been subject not only to media scru-
tiny, attention-grabbing court cases, and dramatizations 
such as Inherit the Wind, but also to intense academic 
research. In articles and books too numerous to list com-
prehensively, scholars have scrutinized textbooks (e.g., 
Skoog 1984), state content standards (e.g., Lerner 2000; 
Mead and Mates 2009), teacher practices (e.g., Griffith 
and Brem 2004; Moore and Kraemer 2005), pre-service 

and in-service teachers’ education (e.g., Friederich-
sen et al. 2016) and the effects of social and community 
forces that influence each of these (e.g., Berkman and 
Plutzer 2010). Yet for all of this research, we know very 
little about evolution teaching in the middle grades.1
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1 We can only speculate about the reasons for the neglect. It may be due to 
the fact that the most visible political and legal conflicts over the teaching of 
evolution involved teachers–such as John Scopes, Susan Epperson, and Don-
ald Aguillard—who taught at the high school level. It may be owing to the 
expectation that evolution is taught less extensively in lower grades and study-
ing its teaching there is therefore less important. And it may be that middle 
school science teachers, as generalists, are not expected to have the training, 
inclination, or opportunities to teach evolution in much depth.
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The middle school years are important for introduc-
ing students to many of the evolutionary concepts that 
they will need to master the topic in high school. (In the 
United States, middle schools generally serve grades 6 
through 8, with students usually 11 to 14 years old, while 
junior high schools generally serve grades 7 through 9; 
with students usually 12 to 15  years old; for brevity, we 
will use “middle school” to abbreviate “middle or junior 
high school.”) Indeed, the foundations for understanding 
evolution are woven into the Next Generation Science 
Standards beginning in kindergarten. Therefore, atten-
tion to how evolution is taught in the middle grades is 
long overdue. As we show below, middle school science 
teachers report devoting considerable time to evolution, 
so it is imperative that the quality of that instruction and 
the challenges faced by middle school science teachers be 
understood and appreciated. In this paper, we aim to take 
a first and important step in spurring research on evolu-
tion education in the middle grades that is comparable to 
that at the high school level.

To that end, the paper proceeds as follows. First, we 
document and summarize the meager body of relevant 
research that we could identify. Second, we introduce 
our methodology and data set, a 2019 nationally repre-
sentative sample of 678 middle school science teachers. 
Third, we present a series of results on how much time 
these teachers report devoting to evolution and the key 
messages they report conveying to students, using this 
information to assess the state of middle school evolu-
tion education today. Throughout these analyses, we 
provide comparative data from high school biology 
teachers. Fourth, we offer some discussion, providing an 
overview of the results, a discussion of the limitations of 
the study and possible directions for future research, and 
recommendations for teacher preparation and public 
policy.

What do we know about evolution teaching in the middle 
grades?
After an extensive search, we identified only a handful 
of scholarly reports on evolution teaching in middle 
school. Nadelson and Nadelson’s (2010) study of teacher 
attitudes toward teaching evolution included a subsam-
ple of 13 middle school teachers, but the article never 
breaks out this group for comparison—probably due to 
the unreliability of statistical comparisons with such a 
small sample. Fowler and Meisels (2010) report results 
from 85 middle school teachers, part of a convenience 
sample of Florida NSTA members, finding that 67% of 
them agreed that evolution is a central principle in biol-
ogy, while 40% felt that one “does not need to under-
stand evolution in order to understand biology.” Based 
on their review of the literature, Glaze and Goldston 

(2015) conclude that “elementary and middle school 
teachers demonstrated greater misgivings” about teach-
ing evolution, as well as less acceptance of evolution, 
“than their secondary counterparts.” This is a very plau-
sible conclusion, but we were unable to find firm empir-
ical evidence of this in the work they cite. Finally, as 
part of her recent dissertation, Klahn (2020) conducted 
structured interviews with ten middle school science 
teachers about evolution, finding that they favored 
emphasizing microevolution over macroevolution as a 
teaching approach, few of them discussed human evo-
lution, and they were concerned about pressures from 
inside and outside the school.

Taken together, the existing literature suggests that 
many of the same themes that arise in research on high 
school biology teachers are present among middle school 
science teachers, but it is impossible to say much more 
than that. Indeed, if all these studies provided precise 
statistical comparisons, the combined sample size would 
be under 110, so it is not possible to assess whether the 
observed teachers are representative of all middle school 
teachers or even of teachers in their particular locale. 
Thus, there is an acute need for research that uses stand-
ard questions and methods and representative samples 
to understand whether middle school evolution teaching 
differs from evolution teaching in high schools, and—
if so—by how much. In the next section, we describe a 
study that does precisely this.

Methods
Fielded between February and May of 2019, the 2019 
Survey of American Science Teachers included both a 
high school and a middle school sample. Results from 
the high school responses can be found in Plutzer, 
Branch, and Reid (2020), and the methods for the pre-
sent study are described in detail in that report. We 
repeat the description of the methods here for the con-
venience of readers. The sample was drawn, based on 
investigator specifications, from a national teacher file 
maintained by MDR (Market Data Retrieval, a Dun and 
Bradstreet direct mail firm that maintains the largest 
mailing list of educators in the US). To ensure national 
coverage, national lists of 30,847 high school biology 
teachers and 55,001 middle school science teachers were 
first stratified by state and urban/suburban/other loca-
tion. With the District of Columbia serving as a single 
stratum, this produced 151 segments. Within each seg-
ment, we selected a random sample with a high school 
sampling probability of 0.081 and a middle school prob-
ability of 0.046, yielding an initial set of 2503 high school 
biology teacher and 2511 middle school teacher names 
and addresses.
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Replicating precisely the survey protocol used by 
Berkman and Plutzer’s 2007 survey of high school biol-
ogy teachers (Berkman et  al. 2008), and consistent with 
best practices for mail surveys (Dillman et al. 2014), we 
then sent each teacher an advance prenotification letter 
explaining the survey and telling them that a large survey 
packet would arrive in a few days. The packet included 
a cover letter, a token pre-incentive (a $2 bill), a 12-page 
survey booklet, and a postage-paid return envelope. One 
week later a reminder postcard was sent, and a complete 
replacement packet (though without an incentive) two 
weeks after that. In the week after the replacement packet 
was mailed, we emailed reminders to the roughly 85% of 
non-responding teachers for whom we had valid emails. 
Two email reminders and one final postcard—saying that 
the study was about to close—followed.

The overall response rate was 40% for the high school 
sample and 34% for the middle school sample (using 
AAPOR response rate formula #4). To place this in con-
text, sample surveys of teachers vary considerably in their 
overall response rate, ranging from the low single digits 
(Puhl et  al. 2016; Troia and Graham 2016; Davis et  al. 
2017; Dragowski et  al. 2016) and the mid-teens (Lang 
et al. 2017; Hart et al. 2017) to Department of Education 
survey programs that approach 70% (National Center for 
Education Statistics n.d., 2019; Centers for Disease Con-
trol and Prevention 2015). In that light, our response rate 
is at the high end of results achieved outside of govern-
ment-sponsored studies. However, survey scientists have 
sought to discourage a heavy reliance on response rates as 
indicators or data quality. Indeed, scores of studies show 
that there is no simple relationship between response 
rates and Total Survey Error or response bias (e.g., Keeter 
et  al. 2000; Groves and Peytcheva 2008; Keeter 2018), 
leading to a greater focus on direct measures of a sam-
ple’s representativeness. To this end, we conducted a 
detailed non-response audit, and found that the respond-
ing teachers were broadly representative of the target 
population. Details are provided in the Appendix (see 
Tables 10, 13, and 14, and the accompanying text).

We augmented the design weights with a non-response 
adjustment, and we report weighted estimates through-
out this report, although the unweighted results are 
almost always similar. Full details on the methods of con-
tact, the non-response audit, and methods of weight cal-
culation are provided in the Appendix.

The full pencil-and-paper questionnaire was a twelve-
page booklet. In addition to the items discussed in this 
report, the questionnaire also included sections on the 
teaching of climate change, textbook selection, and addi-
tional questions about how teachers manage controversy 
in their classrooms—topics that are beyond the scope of 
this paper.

Results
Pre‑service coursework
Middle school science teachers are expected to be gen-
eralists, with most middle school science classes cover-
ing a mixture of earth and space sciences, life sciences, 
chemistry, and physics. Some may also include technol-
ogy or computer applications. Thus, the likelihood that 
any middle school teacher has extensive coursework in 
any one area is low. As a consequence, we expect mid-
dle school teachers to have less pre-service coursework 
on evolution and less in-service continuing educa-
tion on evolution, as compared to high school biology 
teachers. (The National Survey of Science & Mathemat-
ics Education found this to be true with regard to pre-
service coursework in 2012 and 2018: see Smith 2020, 
p. 10, Table 2.8.) And that expectation is borne out by 
our survey, as shown in Table 1. Because the distribu-
tion of coursework for middle school teachers is quite 
skewed, we combine answers to two different questions 
and reduce to four levels of coursework (detailed break-
downs are provided in Supplementary Materials, Addi-
tional file 1: Table S1). Table 1 shows that 42% of middle 
school teachers reported that they had not taken even a 
single college-level course with any evolution content. 
An additional 23% reported taking just one course; for 
four in five of this group, this was not a course primar-
ily focused on evolution but another science course 
that devoted one or more class sessions to evolution.

Understanding of the scientific consensus
Given their less extensive coursework on evolution, we 
expected fewer middle school teachers to be aware of 
the scientific consensus on evolution. That is indeed the 
case. We asked all teachers, “To the best of your knowl-
edge, what proportion of scientists think that humans 
and other living things have evolved over time?” The 
Pew Research Center’s (2015) survey of AAAS mem-
bers estimates the correct answer as 98%. As shown in 
Table  2, only 55% of middle school teachers correctly 

Table 1 Reported pre-service and continuing education 
coursework covering evolution (percentages within column)

Middle school High school
(N = 653) (N = 718)

No courses 42.3 19.0

One course 22.7 14.7

Two courses 14.3 17.2

Three or more courses 20.6 49.1

Total 100.0 100.0
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answered that 81–100% of scientists think that humans 
evolved, in contrast to 71% in the high school sample.

In addition, we expected that the middle school sci-
ence teachers would be less likely report accepting evo-
lution themselves. The teachers were asked about their 
view on human origins, using a question frequently 
used in general population public opinion polls. Table 3 
presents the results, along with the results from a 2019 
Gallup poll of the general public for reference (Brenan 
2019). These results show while middle school teachers 
were more likely than high school teachers to choose the 
creationist response, they were significantly (p < 0.001) 
less likely to do so than members of the general public.2

Teaching evolution: time devoted to the topic 
and messages conveyed to students
Evolution is expected to be taught in middle school sci-
ence classes in most states: Vazquez (2017) notes that 
the state science standards in all but two states mention 
natural selection and 37 mention evolution. Neverthe-
less, because middle school science classes are more 
general and tend to be more multidisciplinary than high 
school biology, and because middle school students are 
less capable of understanding complicated concepts like 
those involved in evolution than high school students, 
we expected to find that middle school science teachers 
devote less time to both general evolution and human 
evolution than their high school counterparts.

We asked each teacher to select his or her primary 
class (that with the largest enrollment) and tell us about 
the allocation of time devoted to various topics in that 

class. The question began, “Thinking about how you lay 
out your class for the year, please indicate how many 
class hours (40–50  min) you typically spend on each of 
the following broad topic areas.” After cell biology, ecol-
ogy, and human health and disease, the teachers were 
asked about human evolution, general evolutionary pro-
cesses, and (later in the sequence) “intelligent design or 
creationism.”3

We first report on the two evolution topics. As Table 4 
shows, only 45% of middle school science teachers 
reported devoting any class time to human evolution 
and only 60% to general evolutionary processes; this is in 
comparison to 78 and 91% of high school biology teach-
ers, respectively. Combining both answers, the mean 
number of class hours reportedly devoted to evolution 
(totaling human and general) is nearly double in high 
school compared to middle school (17.2 class hours ver-
sus 9.1).

If we restrict comparison to those teachers who 
reported devoting at least one class hour to evolution, 
however, the difference narrows (18.6 class hours ver-
sus 14.6). That is, when middle school science teachers 
cover evolution at all, they spend only 22% less time on 
the subject than high school biology teachers do. To put 
it another way, assuming a 5-day week, high school biol-
ogy teachers spend about 3.7 weeks on evolution on aver-
age, while middle school science teachers spend about 
2.9 weeks.

But focusing on the class hours reportedly devoted to 
the topic can obscure important differences in how the 
science of evolution is characterized. To assess the mes-
sages that teachers convey to students, we presented a 
series of prompts about the themes that teachers empha-
size in the overall course organization and the messages 
they convey to students.

Perhaps most important is the prompt, “When I 
teach about the origins of biological diversity (includ-
ing answering student questions) … I emphasize the 
broad scientific consensus that evolution is fact.”4 Teach-
ers could agree, disagree, or choose “not applicable.” The 
results, reported in the upper panel of Table 5, show that 

Table 2 Teachers’ perceptions of consensus among scientists on 
human evolution (percentages within column)

What proportion of scientists think humans and other living things 
have evolved over time?

Middle school High school N

0–20% 1.0 0.4 9

21–40% 3.1 1.3 27

41–60% 13.1 6.2 112

61–80% 27.5 20.8 313

81–100% 55.4 71.3 859

Total 100.0 100.0 1320

3 We recognize that intelligent design is simply a strategy for promoting cre-
ationism, but we maintained this wording to maximize the comparability of 
our survey results with those from Berkman and Plutzer’s 2007 survey of high 
school biology teachers (Berkman et al. 2008).

4 No definition of “fact” was provided in the survey, and it is possible that 
the ambiguity of the term (discussed in the context of evolution by Jean and 
Lu 2018) affected the results; further investigation with differently worded 
questions is indicated. The question originated in Berkman and Plutzer’s 
2007 survey of high school biology teachers (Berkman, Pachecho, and 
Plutzer 2008) and was retained to ensure comparability.

2 For simplicity, we describe “God created human beings” as the creationist 
response, taking the other responses to signal acceptance of human evolution. 
We acknowledge that the question is a crude instrument, which fails both 
to reflect the complexity of the conceptual geography and to accommodate 
ambivalence and uncertainty (see Branch 2017 for discussion). But the fact 
that it is frequently used makes it helpful for purposes of comparison.
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middle school science teachers are half as likely as high 
school biology teachers to strongly agree.

But this result is deceptive because of the large num-
ber of middle school teachers who chose “not applica-
ble.”5 If we restrict our comparison to those who reported 
devoting at least one class hour to evolution and exclude 
those who chose “not applicable,” the picture is rather 

different. As shown in the lower panel of Table  5, the 
gap in emphasis is much narrower than it appeared ini-
tially. Indeed, combining “agree” with “strongly agree” 
shows that (among those teaching about evolution) 82% 
of middle school science teachers reported emphasizing 
the scientific consensus that evolution is a fact, which is 
comparable to the 86% of high school biology teachers 
who reported conveying this message.

Creationism in the middle school science classroom
As any student of science education in the United States 
knows, the teaching of evolution is only half the story. 
For more than a century, a number of secondary science 

Table 3 Personal views on human evolution (percentages within column)

Which comes closest to your views on the origin and development of human beings? Middle school High school General public (a)

(N = 580) (N = 683) (N = 967)

Humans have developed over millions of years from less advanced forms of life, but God guided 
this process

45.0 39.6 33.4

Humans have developed over millions of years from less advanced forms of life, but God had no 
part in this process

35.2 49.9 21.8

God created human beings pretty much in their present form at one time within the last 
10,000 years or so

19.7 10.5 40.1

Total 100.0 100.0 100.0

(a) From Gallup poll, June 2019, excluding “don’t know” responses

Table 4 Reported number of class hours devoted to evolution (percentages within row)

Not covered 1–2 3–5 6–10 11–15 15–20 20 or more 
class hours

Total N

% % % % % % % %

Class hours devoted to general evolutionary processes

 Middle school 39.2 13.9 16.0 13.0 6.2 6.6 5.1 100.0 641

 High school 9.3 8.1 13.5 24.8 17.4 14.2 12.7 100.0 787

Class hours devoted to human evolution

 Middle school 55.1 16.3 14.5 6.1 2.1 4.3 1.5 100.0 646

 High school 21.8 27.4 20.4 14.0 7.3 4.6 4.5 100.0 785

Table 5 Teachers’ reported emphasis on evolution as a fact

*Excluding those who chose “not applicable”

Strongly agree Agree Disagree Strongly 
disagree

Not applicable Total N

% % % % % %

Emphasize consensus that evolution is fact

Middle school 25.1 29.7 8.0 5.1 32.2 100.0 655

High school 47.4 31.9 9.6 3.3 7.8 100.0 799

N (*)

Middle school 39.3 42.5 13.0 5.1 100.0 375

High school 51.3 34.5 10.8 3.3 100.0 716

5 Eighty percent of middle school teachers selecting “not applicable” also 
reported spending zero hours on human evolution and general evolution. 
However, their avoidance of evolution is not due to evolution being com-
pletely irrelevant to their classes. Of the middle school teachers who selected 
“not applicable,” 64% reported devoting class time to cell biology, ecology, or 
biodiversity—topics to which evolution is clearly relevant.
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educators—such as Roger DeHart, John Freshwater, 
and Rodney LeVake, to name a few recent high-profile 
instances—have actively promoted or given credence to 
non-scientific alternatives to evolution in their public 
school classrooms. We therefore asked how many mid-
dle school science teachers currently discuss creationism 
in their classes. At first glance (upper panel of Table 6), 
middle school science teachers look a lot like high school 
biology teachers in terms of time devoted to creationism, 
including intelligent design. Overall, 7% of middle school 
science teachers reported spending 1–2 class hours and 
8% reported spending three class hours or more on crea-
tionism, while the corresponding percentages for high 
school biology teachers are 9 and 4%, respectively.

Yet this ignores how few middle school science teachers 
reported covering evolution. So we also compared high 
school and middle school teachers who reported devot-
ing at least one class period to evolution. Those results, in 
the lower panel of Table 6, show that among this subset 
of teachers, slightly more middle school science teachers 
reported introducing creationist ideas into the classroom 

than their high school counterparts (19 versus 14%). But 
these data alone don’t reveal whether these teachers are 
discussing creationism in order to advocate for it or to 
criticize it.

To better understand the content of this instruction, we 
posed two prompts to teachers: “I emphasize that intel-
ligent design is a valid, scientific alternative to Darwinian 
explanations for the origin of species” and “I emphasize 
that many reputable scientists view creationism or intel-
ligent design as valid alternatives to Darwinian theory.” 
(These ask about the teacher making the assertion with-
out and with appeals to scientific authority.)

We report the responses to these prompts two ways: 
first providing the overall distribution (upper panels of 
Table 7) and next restricting analysis to those who did not 
choose “not applicable” (lower panels of Table 7). Look-
ing at this more restricted sample, we see substantial dif-
ferences. About 80% of high school teachers disagree 
with each statement, which suggests that when creation-
ism arises through student questions or by the teachers 
themselves, they use the occasions to counter the idea 

Table 6 Class hours reportedly devoted to creationism or intelligent design

*For those who reported teaching one or more hours of evolution

Not covered 1–2 3–5 6–10 11–15 15–20 20 or more 
hours

Total N

% % % % % % % %

Hours devoted to creationism or intelligent design

 Middle school 84.8 6.8 3.3 1.7 1.5 1.0 0.9 100.0 646

 High school 86.6 9.0 2.1 1.1 1.0 0.1 0.2 100.0 783

N(*)

 Middle school 81.2 9.0 3.8 1.4 2.1 1.2 1.2 100.0 410

 High school 85.9 9.5 2.3 1.1 1.0 0.1 0.2 100.0 725

Table 7 Reported teacher emphasis on creationism as science

*Excluding those who chose “not applicable”

Strongly agree Agree Disagree Strongly 
disagree

Not applicable Total N

I emphasize intelligent design is valid alternative

 Middle school 3.1 16.1 14.3 20.3 46.3 100.0 647

 High school 2.7 11.2 14.9 43.3 28.0 100.0 791

N (*)

 Middle school 5.7 30.0 26.5 37.7 100.0 350

 High school 3.7 15.5 20.6 60.1 100.0 574

I emphasize scientists view creationism or intelligent design as valid

 Middle school 2.5 13.8 16.1 19.6 47.9 100.0 649

 High school 2.4 11.9 18.1 40.1 27.5 100.0 794

N (*)

 Middle school 4.7 26.6 31.0 37.7 100.0 340

 High school 3.3 16.4 24.9 55.3 100.0 581



www.manaraa.com

Page 7 of 16Branch et al. Evo Edu Outreach            (2021) 14:8  

that creationism is scientifically credible. While about 
18% of high school teachers agree with either the first 
or the second statement, or both, however, about 36% 
of middle school teachers agree with the first and about 
31% agree with the second. Thus, if they cover these top-
ics, middle school teachers are far more likely to discuss 
creationist ideas in ways that give them the legitimacy of 
science.

A clearer picture emerges when we combine the 
three questions about teaching emphasis into a teach-
ing typology, along the lines of that developed by 
Plutzer et  al. (2020). In this typology, there are four 
groups of teachers: those who send the message that 
evolution is settled science by emphasizing the broad 
scientific consensus on evolution while not empha-
sizing the scientific credibility of creationism; those 
who send mixed messages by emphasizing the broad 
scientific consensus on evolution while also emphasiz-
ing the scientific credibility of creationism; those who 
avoid the issue by emphasizing neither; and those who 
send a pro-creationist message by emphasizing the 
scientific credibility of creationism but not the broad 
scientific consensus on evolution. The top panel of 
Table 8 shows many more high school biology teach-
ers report teaching evolution as settled science than 
do middle school science teachers. In contrast, nearly 
twice as many middle school science teachers (10.5% 
compared to 5.8%) report sending exclusively pro-
creationist messages and more than 50% more (21.4% 
compared to 13.8%) report sending mixed messages.

For comparison, the bottom panel of Table 8 restricts 
analysis to those teachers who report devoting at least 
one class hour to either evolution or creationism, 
thereby reducing the number of avoiders, but never-
theless raising concerns. Even among middle school 
science teachers who devote formal class time to evo-
lution or creationism, more than one in five (21%) do 
not comment on the scientific standing of those views, 
nearly one in five (18%) convey mixed messages by 
endorsing both evolution and creationism, and nearly 
one in ten (9%) endorse creationism alone.

Which factors promote more and better teaching 
of evolution in the middle grades?
The comparison with high school biology teachers pro-
vides a general characterization but also reveals consid-
erable diversity among middle school science teachers. 
Judging from their reports, some teach far more evolu-
tion than others; and some convey messages consistent 
with the scientific consensus while others do not. In this 
section, we first seek to explain the variation in hours 
devoted to evolution and then to explain the variation in 
the messages teachers convey.

We focus on a suite of variables previously identi-
fied in the literature as potentially important predictors 
in the teaching of evolution. These include a key policy 
variable—whether the teacher works in a state that has 
adopted the Next Generation Science Standards (NGSS: 
NGSS Lead States 2013), which treat evolution as a disci-
plinary core idea of the life sciences. Plutzer et al. (2020) 

Table 8 Reported teacher emphasis when teaching evolution, by level (column percentages)

Teachers who answered “not applicable” on all constituent questions are excluded

Middle school High school
(N = 653) (N = 718)

A. Full sample

 Evolution as settled science 38.3 67.3

 Mixed messages 15.1 12.3

 Avoidance 39.2 14.8

 Pro-creationism 7.4 5.7

 Total 100.0% 100.0%

Middle school High school
(N = 416) (N = 674)

B. Only teachers reporting devoting one or more class hours to either evolution or creationism

 Evolution as settled science 51.5 69.8

 Mixed messages 18.1 12.8

 Avoidance 21.0 11.8

 Pro-creationism 9.3 5.6

 Total 100.0% 100.0%
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concluded that the treatment of evolution in the NGSS 
helped to produce a significant change in the emphasis 
on evolution in public high school biology classrooms 
between 2007 and 2019. So we looked to see whether 
public middle school teachers in NGSS states report allo-
cating their time differently and sending different mes-
sages than their colleagues in states that have adopted 
non-NGSS standards, either based on the same Frame-
work (National Research Council 2012) on which the 
NGSS are based or not.

We also examine two different measures of teachers’ 
formal preparation: whether they hold a degree (under-
graduate or graduate) in a scientific discipline, and the 
weighted sum of the number of semester-length (or 
quarter-length) classes they completed that focused 
primarily on evolution and the number of courses they 
completed that devoted at least one full class session to 
evolution (focused classes are weighted double). (The 
two coursework measures, if treated separately, would 
be highly correlated, making it difficult to disentangle 
their effects; the weighted sum treats them together.)

Finally, we also look at teacher seniority, which can 
affect teaching in a number of ways. Most critically, the 
most senior teachers were teaching many years before 
the NGSS were released and may have developed teach-
ing approaches that they are reluctant to change to cor-
respond to the demands of newer standards.

To examine the impact of all these factors on teach-
ing, we estimate two multivariate models. The first 
regresses the total number of class hours devoted to 
evolution on these independent variables. The resulting 
regression slope estimates and 90% confidence intervals 

are reported in Fig.  1 (in which the baseline effects of 
omitted comparison groups are included as a conveni-
ence for interpretation).

The first group of estimated effects concern state 
adoption of the Next Generation Science Standards. 
The results show that middle school teachers in NGSS 
states report devoting 2.5 more class hours to evolution 
than teachers in states where the standards are more 
loosely based on the Framework or not based on the 
Framework at all. This is a substantial, and statistically 
significant, effect.

Teachers’ college-level coursework in evolution also 
has a statistically significant effect. The coefficients 
show a strong increasing trend, with even one or two 
prior courses having a substantial impact (increasing 
reported coverage by 1.9 and 4.2  class hours, respec-
tively). For middle school science teachers, even small 
exposure to college-level evolutionary science seems to 
matter greatly. After accounting for their more exten-
sive coursework, middle school science teachers hold-
ing a degree in science report providing more coverage 
as well (1.7 additional class hours), but this estimate is 
not statistically significant. Finally, the plot shows that 
teachers with more than twenty years of experience 
devote fewer class hours to evolution, but the estimate 
is far short of statistical significance.

Overall, then, it appears that state adoption of the 
NGSS has an important impact on the number of class 
hours devoted to evolution that a typical middle school 
student will experience. Middle school students are likely 
to have additional focused instruction on evolution if 
their teachers majored in science and if their teachers 

Fig. 1 Effects of policy and formal preparation on the number of 
class hours devoted to evolution by middle school science teachers. 
Ordinary least squares regression estimates and 90% confidence 
intervals (accounting for sample weights and design effects, N = 596). 
Contrast (baseline) categories included for reference have no 
confidence intervals

Fig. 2 Effects of policy and formal preparation on odds of reporting 
teaching evolution as settled science. Binary logistic regression 
estimates and 90% confidence intervals (accounting for sample 
weights and design effects, N = 402). Contrast (baseline) categories 
included for reference have no confidence intervals
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completed college coursework with even minimal evolu-
tion content.

We next turn to model the emphasis given to evolu-
tion and creationism (as assessed by our typology). 
Because the typology is a non-ordered nominal vari-
able, the appropriate model is a multinomial logis-
tic regression model. The results of that model are 
reported in Supplementary Materials, Additional file 1: 
Fig.  S1. Because the results for three of the typology 
outcomes were similar, we report a simpler model in 
Fig. 2, in which the dependent variable is coded 1 if the 
teacher is classified as teaching evolution as settled sci-
ence and 0 otherwise. The sample here, as in the lower 
panel of Table  8, includes only teachers who reported 
devoting class time to either evolution or creationism.

This coefficient plot shows the relative risk ratio (also 
called the odds ratio) of teaching evolution as settled 
science relative to all other alternatives. Markers show-
ing ratios less than one (to the left of the red refer-
ence line) mean that the variable reduces the odds of 
teaching evolution as settled science; ratios over one 
represent positive effects. The graph also includes 90% 
confidence intervals around the estimates.

A notable effect revealed by this analysis concerns 
teacher seniority (which was not a statistically signifi-
cant factor in the previous model of class hours devoted 
to evolution). Teachers with more than twenty years 
of experience are less likely to teach evolution as set-
tled science (their odds of doing so are 49% lower than 
those with 10–19  years of experience). As shown in 
the more detailed model reported in Additional file  1: 
Fig.  S1, this effect is primarily driven by more experi-
enced teachers adopting avoidance strategies to navi-
gate instruction in evolution. These teachers are slightly 
more likely to convey mixed messages but especially 
likely to convey no messages at all to students regarding 
the scientific standing of evolution.

Other than seniority, the patterns of effects here 
are similar to those predicting time devoted to evo-
lution, though the smaller sample size means there is 
more uncertainty around each estimate. Most notably, 
the odds that middle school science teachers in NGSS 
states will report teaching evolution as settled science 
are more than 1.5 times greater than those in non-
NGSS states. Formal course preparation has positive 
effects as well, but with sizable impacts requiring three 
or more courses covering evolution. In contrast to the 
previous model of class hours devoted to evolution, 
having a degree in science does not have a statistically 
significant effect (beyond the accompanying increase 
associated with the coursework required to earn the 
degree).

Discussion
Overview
Middle school can and should play a major role in pro-
moting scientific literacy in general, and in laying the 
groundwork for understanding evolution, the foun-
dational framework for modern biology, in particular. 
Indeed, the Next Generation Science Standards promote 
the introduction of basic evolutionary science in the mid-
dle grades to serve as the first stage of secondary sci-
ence instruction. And yet, no previous research had ever 
sought to measure the extent of evolution teaching and 
the emphasis given to evolution and creationism in US 
middle schools. This paper takes a first step toward filling 
that void.

We find that evolution is less frequently covered as a 
formal class topic in middle school science classes than 
in general biology classes typically taken by students in 
the ninth or tenth grade. This is not surprising, given that 
middle school science classes are more general and tend 
to be more multidisciplinary than high school biology. 
However, those teachers who do cover evolution devote 
only slightly less time to it than do high school teachers.

Middle school science teachers are more likely than 
their high school counterparts to report that they pro-
mote creationism, send mixed messages about the sci-
entific standing of evolution, or simply avoid endorsing 
evolution’s status as settled science. Consequently, fewer 
than 40% of middle school science classes are led by a 
teacher who emphasizes that evolution is a well-estab-
lished scientific fact.6

We find that forthright teaching of evolution in the 
public school middle school science classroom is more 
likely to occur when teachers themselves have strong sci-
ence preparation in the form of multiple college courses 
that covered evolution and hold a degree in science 
rather than a more general education degree. We also 
find that instruction is both more extensive and more 
robust in NGSS states.

Limitations of the present study and suggested directions 
for future research
A limitation of the study is that the questions used in the 
survey were not systematically assessed for validity and 
reliability. This may be of especial concern with regard to 
those that are prima facie susceptible to multiple inter-
pretations, such as the question assessing personal views 

6 That said, evolution is presented in a variety of courses offered in multiple 
grades in the middle schools, judging from the courses described by our sam-
ple of teachers. With the average middle school science class devoting a bit 
over nine class hours to evolution, students completing three middle school 
science classes will have the opportunity to learn about evolution in a cumula-
tive, if not necessarily structured or intensive, way.
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on human evolution and the question about “the broad 
scientific consensus that evolution is fact” (discussed 
above in notes 2 and 4, respectively). Developed for 
Berkman and Plutzer’s 2007 survey of high school biol-
ogy teachers (Berkman et al. 2008), these questions were 
retained for purposes of comparison (as in Plutzer et al. 
2020), but it would be desirable to assess their validity 
and reliability before using them in the future.

A further limitation of the study is that the survey did 
not probe as deeply as it could have in certain areas of 
teacher understanding—although obviously no sur-
vey can ask about everything that might be relevant. In 
particular, the survey did not attempt to investigate the 
degree to which the teachers understand evolution using 
standard instruments such as MATE (Rutledge and 
Warden 2000), as, e.g., Glaze and Goldston (2019) did 
with high school teachers. Similarly, the survey did not 
attempt to investigate the degree to which the teachers 
understand the nature of science—a factor correlated 
with understanding and acceptance of evolution (see, 
e.g., Lombrozo et al. 2008)—as, e.g., Nehm and Schonfeld 
(2007) did with high school teachers. Such investigations 
would be worth conducting in future research.

Similarly, the survey did not probe as deeply as it 
could have in certain areas relevant to teacher prepara-
tion. In particular, no data were collected about licen-
sure.7 Different states license middle school teachers 
in different grade bands—for example, in Alabama, 
middle school teachers are licensed to teach grades 4 
through 8, while in North Carolina, they are licensed 
to teach grades 6 through 9, while Wisconsin offers 
both an elementary and middle school license for 
kindergarten through grade 9 and a middle and high 
school license for grades 4 through 12—and different 
types of licenses often involve different requirements 
about teachers’ content knowledge. It would therefore 
be interesting to investigate the connections between 
licensing and classroom practice with regard to evolu-
tion, although, because the effect of different licensing 
regimes on classroom practice is largely mediated by 
different approaches to pre-service teacher prepara-
tion, we expect that such a study would tend to confirm 
the present results.

Implications for teacher preparation and public policy
We found that the most senior middle school science 
teachers are those who are most likely to avoid address-
ing evolution’s scientific status, which suggests that a 

degree of improvement through retirement and replace-
ment is likely to occur naturally in the coming years. 
But what positive steps can be taken to improve middle 
school evolution education?

We found that middle school science teachers were 
more likely to devote more class hours to evolution 
and more likely to present evolution as settled science 
when they themselves have strong science preparation. 
In light of this finding, it is clear that improving evo-
lution education at the middle school level depends 
on middle school science teachers acquiring a solid, 
scientific understanding of evolutionary biology. It is 
beyond the scope of the present study to address the 
vexed and complex question of how to do so, but we 
suggest that a reasonable and achievable goal would be 
for middle school science teachers to achieve parity, 
with respect to both time devoted to and emphasis on 
the settled status of evolution, with their high school 
counterparts.

It would be helpful for there to be strong incentives 
for teacher preparation programs to ensure that middle 
school science teachers learn about evolution properly. 
Because we found that middle school science teachers 
were more likely to devote more class hours to evolu-
tion and more likely to present evolution as settled 
science in states that adopted the NGSS, the recom-
mendation for public policy with regards to state sci-
ence standards is clear: to improve evolution education 
at the middle school level, adopt the NGSS or standards 
with a comparable treatment of evolution. Doing so will 
provide teacher preparation programs with the incen-
tive to ensure that newly minted teachers are able to 
meet the demands of the standards. In addition, since 
only 27 states require that middle school teachers pass 
a subject-specific licensing test (National Council on 
Teacher Quality 2020), it seems plausible that reforms 
to licensure that required teachers charged with teach-
ing evolution to demonstrate their mastery of the field 
of biology would similarly provide incentive to teacher 
preparation programs to ensure that pre-service teach-
ers learn about evolution properly.

Conclusion
Middle school science teachers play a key role in the sci-
ence education of U.S. students. Our broad statistical 
portrait provides an overview that merits elaboration 
with more detailed research on specific topics such as 
middle school lesson plans, professional development for 
middle school science teachers, teacher education curric-
ula, and more. These topics, and many others, have been 
studied extensively at the high school level. It is time to 
pay comparable attention to the middle grades, with an 
eye not only to understanding but also to alleviating the 

7 We are grateful to one of the anonymous reviewers for emphasizing the rel-
evance of licensure.
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challenges to the teaching of evolution. We hope that this 
initial study will spur further research on middle school 
evolution education.

Appendix

2019 Survey of American Science Teachers: 
materials and methods
Background
The 2019 Survey of American Science Teachers is the 
third of a series of three scientific surveys of science 
teachers. The first, the 2007 National Survey of High 
School Biology Teachers, was funded by the National 
Science Foundation and focused on high school biology 
teachers and their approach to the teaching of evolution-
ary biology. The second, the 2014–2015 National Survey 
of American Science Teachers, was conducted by Penn 
State with the National Center for Science Education 
and focused on the teaching of climate change. This sec-
ond study added a sample of middle school teachers and 
sampled high school teachers of all four core subjects: 
earth science, biology, chemistry, and physics. The 2019 
Survey of American Science Teachers, the third study in 
the series, retains a focus on high school biology teachers 
(from the 2007 survey) and middle school science teach-
ers (from the 2014 to 2015 survey).

In order to allow valid comparisons to prior surveys, 
the most recent effort replicated many of the questions 
and adhered closely to the study design from previous 
waves. As a result, when examining the data from identi-
cal questions, it is possible to compare this wave’s middle 
school sample to the middle school sample from 2014 to 
2015, and to compare the high school biology sample to 
the 2007 survey and to the biology subgroup within the 
2014–2015 high school sample.

Sampling
The 2019 Survey of American Science Teachers employs 
two stratified probability samples of science educators. 
The first represents the population of all science teach-
ers in public middle or junior high schools in the United 
States. The second represents all biology or life science 
teachers in public high schools in the United States.

There is no comprehensive list of such educators. 
However, a direct mail marketing company, Market 
Data Retrieval (MDR, a division of Dun and Bradstreet) 
maintains and updates a database of 3.9 million K–12 
educators.

MDR selected probability samples conforming to our 
specifications. Specifically, MDR first identified eligi-
ble schools (public middle and junior high schools, and 
public high schools) and then selected all middle school 

teachers with the job title “science teacher” and all high 
school teachers with the job title “biology teacher” or “life 
science teacher.”

The middle school universe contained 55,001 teachers 
with full name, school name and school address. From 
these, teachers were selected with probability 0.0455 
independently from each of 151 strata defined by urban-
ism (city, suburb, all others) and state, with the District of 
Columbia being its own stratum. This resulted in a sam-
ple of 2511 middle school science teachers.

The high school biology universe contained 30,847 
teachers with full name, school name and school address. 
From these, teachers were selected with probability 
0.0810 independently from each of 151 strata defined by 
urbanism (city, suburb, all others) and state, with the Dis-
trict of Columbia being its own stratum. This resulted in 
a sample of 2503 high school science teachers.

Of the 5014 elements in the two samples, MDR pro-
vided current email addresses for 4150, or 82.8%.

Questionnaire design
The questionnaires for this survey included questions 
employed in the 2007 National Survey of High School 
Biology Teachers (which focused on the teaching of evo-
lution), and the 2014–2015 National Survey of Ameri-
can Science Teachers (which focused on the teaching of 

Table 9 Field Dates

Main pencil/paper study

 February 15, 2019: 5015 pre-notification letters sent

 February 22, 2019: 5015 survey packets with consent 
and pre-incentive

 March 1, 2019: 5015 reminder postcards sent

 March 18, 2019: 4540 replacement packets sent

 March 25, 2019: 4132 reminder postcards sent

 May 24, 2019: Mail survey data collection closed

Qualtrics follow-up

 Main follow-up file (emails provided by MDR)

  April 17, 2019: 3161 emails sent

  April 23, 2019: 2026 emails sent

  April 29, 2019: 2883 emails sent

  May 2, 2019: Last recorded survey

  May 11, 2019: Survey closed

 Supplemental follow-up file (emails identified in audit)

  April 23, 2019: 352 emails sent

  April 25, 2019: 335 emails sent

  May 1, 2019: 314 emails sent

  May 2, 2019: Last recorded survey

  May 11, 2019: Survey closed
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climate change). A few new questions were developed to 
measure teachers’ perceptions of local public opinion.

The survey was initially written for pencil/paper 
administration and—when finalized—programmed so 
it could be administered on the Qualtrics online survey 
platform.

Fieldwork
The survey design was a “push to mail” strategy in which 
all 5014 respondents received an advance pre-notifica-
tion letter, a survey packet with incentive ($2 in cash) and 
a postage paid return envelope, two reminder postcards 
and a replacement survey packet. Non-respondents for 
whom we had an email address then received an email 
invitation to complete the survey online.

This included 3161 non-respondents with emails sup-
plied by MDR, and an additional 352 collected during the 
non-response audit.

Non-respondents then received two additional email 
reminders. Field dates are summarized in Table 9.

Non‑response audit
Beginning on April 11, 2019, after most paper surveys 
had been received and logged, we identified a subsam-
ple of 700 non-respondents, and launched a detailed 
non-response audit on this group. The primary goal 
was to confirm or disconfirm their eligibility. From 
the time we began the audit of non-respondents, we 
received questionnaires from 62 of these teachers. 
They were removed from the audit, leaving 638 audited 
non-respondents.

For each person, we first searched for their school, 
and sought to locate a current school staff directory. If 
no directory was found, we searched all classroom web 
sites at the school, and searched the school web site 
for the teacher’s full name and last name. If we found a 
match for the teacher anywhere on the school web site, 
that non-respondent was confirmed as eligible.

In some cases, we found a teacher in the same sub-
ject and same first name, but with a different last name. 
If we were able to absolutely confirm that teacher had 

recently changed names (e.g., their email matched the 
name in our list) that teacher was confirmed as eligible.

If we did not find the teacher, we did two broader web 
searches. First, a search with the teacher’s full name and 
the keyword “science.” In some instances, this brought 
up results indicating that the teacher had changed jobs 
or retired (e.g., information on the former teacher’s 
LinkedIn page). These were confirmed as ineligible. We 
recorded the following outcomes:

Teacher confirmed as eligible—listed on school web-
site.

Teacher confirmed as eligible—classroom web pages 
identified.

Teacher confirmed as eligible—other (e.g., listed in 
recent news story).

Confirmed ineligible—school has current staff direc-
tory, and teacher not listed.

Confirmed ineligible—other (e.g., teacher identified 
as instructing in a different subject).

Unable to determine—school does not have a staff 
directory.

Unable to determine—school does not have func-
tional web site.

The final results of the audit are summarized in 
Table 10.

Table 10 Summary of non-response audit

Number Percent

Confirmed Eligible 420 65.8%

Unknown Eligibility 61 9.6%

Confirmed Ineligible 157 24.6%

Total 638 100.0%

Table 11 Final dispositions of combined middle and high 
school samples

Number Percent

11 Complete 1427 28.5%

12 Partial 72 1.4%

21 Refused—eligible 3 0.1%

22 Survey returned blank—eligibility unknown 12 0.2%

23 Web survey started—did not complete Q1 59 1.2%

31 Not returned—eligibility unknown 2817 56.2%

32 Not returned—confirmed eligible 420 8.4%

33 Undeliverable—eligibility unknown 33 0.7%

41 Self report ineligible 14 0.3%

42 Not eligible—from audit 157 3.1%

Total 5014 100.0%
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Thus, of all non-respondents (and assuming ¼ of the 
unknowns are ineligible) we estimate that 72% are eligi-
ble. This is the basis for calculating the “e” component 
in the response rate (American Association for Public 
Opinion Research 2006).

Dispositions and response rates
Every individual on the initial mailing list of 5014 names 
and addresses was assigned a disposition code.

A survey was considered complete if the respondent 
answered questions from at least two of the following 
three question groups: Question #1 which asked teachers 

how many class hours they devoted to each of nine top-
ics (appearing on the second page of the paper question-
naire), a group of attitude questions appearing on pages 
7–8 of the written questionnaire; and a group of demo-
graphic and background variables on pages 9 and 11 of 
the paper questionnaire.

A survey was considered partially complete if the 
respondent answered at least how many class hours they 
devoted to each of nine topics (appearing on the second 
page of the paper questionnaire). A summary of the dis-
positions appears in Table 11.

Table 12 Calculation of Response Rate

Number

Total mailed 5014

Total useable surveys (complete + partial) 1499

Confirmed/assumed eligible among non-returned (codes 21 + 32) 423

Confirmed ineligible (41 + 42) 171

Total non-response of unknown eligibility (22 + 23 + 31 + 33) 2920

“e”—Estimated % eligible among non-returns
of unknown eligibility*

73%

Estimated eligible (e × (22 + 23 + 31 + 33)) + (21 + 32) 2555

RR4 (completes + partials)/(completes + partials + estimated eligible) 37.0%

Table 13 Estimated response rates, by characteristics known for respondents and non-respondents

Estimated N Estimated N

Response Response

Rate (%) Rate (%)

Sample Email Availability

 Middle School Science 34.0 2398 Supplied by Vendor 38.6 4137

 High School Biology 40.4 2445 Not Supplied 30.4 706

Teacher Gender Public School Type

 Female 37.6 2740 Conventional 37.3 4776

 Gender Unknown 31.1 548 Charter 30.7 51

 Male 38.7 1555

Hispanic Student Share of Enroll-
ment

 Under 5% 41.1 2368 Under 5% 41.5 1320

 5–15% 36.6 1106 5–15% 42.2 1375

 15–50% 30.7 991 15–50% 32.0 1340

 Above 50% 32.9 336 Above 50% 30.2 807

Free Lunch Eligible Urbanism

 Under 5% 35.8 524 Large City 30.0 597

 5–15% 45.2 553 Other City 39.6 659

 15–50% 39.6 2251 Suburb of Large City 37.4 1707

 Above 50% 31.5 1474 Other Suburb 35.8 276

Town or Rural 39.3 1578
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Response rates
We utilize the response rate definitions published by 
the American Association for Public Opinion Research 
(2006). These require an estimate of the percentage of all 
non-respondents who are eligible or non-eligible (e.g., 
due to retirement) to complete the survey. This quantity, 
referred to as e, was estimated from a detailed audit of 
638 non-respondents. Based on these dispositions we 
calculate the response rate (AAPOR response rate for-
mula #4) to be 37%. This is interpreted as the percentage 
of all eligible respondents who submitted a usable ques-
tionnaire (complete or partially complete). Respondents 
who returned questionnaires that are blank or fail to 
qualify as partial, are considered non-respondents. The 
details of the response rate calculation are reported in 
Table 12.

Response rates by teacher and school characteristics
Response rates can be broken down and estimated for 
different groups, providing that there are data for non-
respondents as well as respondents. As a result, we can-
not test for differences based on questionnaire items (we 
lack information on seniority, degrees earned, religiosity, 
and so on for all non-respondents).

We can, however, utilize “frame” variables and those 
provided by the direct mail vendor MDR. Table  13 
reports on eight such comparisons.

Teacher characteristics. The response rate was some-
what lower for middle school teachers (34%) compared 
to high school biology teachers (40%). Using the saluta-
tions (Mr., Ms., Miss, Ms., etc.) provided in the direct 
mail file, we classified teachers as female, male, or gen-
der unknown. The latter group included a small number 
of teachers with salutations of “Dr.” or “Coach.” However, 
the large majority had gender-ambiguous first names 
such as Tracy, Jamie, Kim or Chris. Men (39%) and 
women (38%) did not differ significantly, but we had a 
lower return among those whose communications could 
not be personalized (Dear Kim Smith rather than Dear 
Mr. Smith, for example).8

The value of conducting an email follow-up to the pen-
cil/paper survey is evident in the 39% response rate for 
those teachers with a valid email supplied by the vendor 
(those lacking an email had a 30% response rate). Note 
that some of these additional returns were paper surveys 
returned only after teachers received an email announc-
ing the availability of a web survey.

School type. We had a somewhat lower response rate from 
teachers at public charter schools (31%). Note, however, 
that because charters still represent a tiny slice of the pub-
lic school market, raising their response rate to the overall 
average would have only increased the number of surveys 
completed by charter school teachers by three or four.

School demographics. As in previous surveys, we find 
lower response rates from teachers working in schools 
with medium or large minority populations. Schools 
whose student bodies are more than 15% African Ameri-
can or more than 15% Hispanic, or more than 50% free 
lunch eligible, all had response rates between 30 and 33%.

Urbanism. Finally, response rates did not differ sub-
stantially by urbanism except for schools in central cit-
ies with populations exceeding 250,000. Teachers in these 
large school systems responded at a 30% rate.

Overall, we uncovered systematic differences. By and 
large these are modest in magnitude and do not intro-
duce major distortions in the data. For example, teachers 

Table 14 Multivariate logistic regression model predicting 
likelihood of completing survey

*  p < 0.05

Logit (Std err) Odds Ratio

High school (compared to 
middle)

0.231 (0.065) * 1.26

Email supplied by vendor 0.265 (0.092) * 1.30

Charter school 0.054 (0.338) 1.06

Gender unknown (contrast group)

 Female 0.237 (0.108) * 1.27

 Male 0.230 (0.114) * 1.26

Pct of students who are Black

 5–15% − 0.133 (0.083) 0.88

 15–50% − 0.365 (0.093) * 0.69

 Above 50% − 0.310 (0.151) * 0.73

Pct of students who are 
Hispanic

 5–15% 0.059 (0.085) 1.06

 15–50% − 0.343 (0.096) * 0.71

 Above 50% − 0.397 (0.128) * 0.67

Pct of students free lunch eligible

 5–15% 0.254 (0.135) 1.29

 15–50% 0.194 (0.111) 1.21

 Above 50% 0.098 (0.130) 1.10

Urbanism (baseline is large city)

 Other City 0.276 (0.131) * 1.32

 Suburb of Large City 0.104 (0.115) 1.11

 Other Suburb − 0.037 (0.172) 0.96

 Town or Rural 0.051 (0.124) 1.05

Student Teacher Ratio 0.003 (0.007) 1.00

Constant − 1.334 (0.245) * 0.26

N 4794

8 Extrapolating, had we taken the time to track down the gender of all 548 
teachers through web searches, LinkedIn, etc., we would have gotten an addi-
tional 37 completed surveys.
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in large central city school systems constituted 12% of the 
teachers we recruited, and 10% of the final data set. How-
ever, since these individual differences might be additive 
(e.g., central city schools with many minority and school 
lunch-eligible students), we estimated a propensity model 
to assess the total impact of all factors simultaneously.

Table  14 reports a logistic regression model in which 
the dependent variable is the submission of a usable sur-
vey (scored 1, all other dispositions scored 0, with con-
firmed ineligible respondents dropped from the analysis).

This confirms most of the observational difference 
reported in Table 13. The odds ratio column is more intui-
tive and shows that the odds of returning a usable survey was 
26% higher in the high school sample, 30% higher for teach-
ers with a valid email on file, and about 26% higher when 
we used a gender-based salutation. Teachers at schools with 
sizable Black and Hispanic presence in the student body 
are also underrepresented (odds ratios below 1). However, 
after controlling for student body composition, the effects of 
school lunch eligibility and urbanism are diminished.

Propensity scores. We use this model to calculate the 
probability to respond for all original members of the 
sample. That allows us to calculate the response pro-
pensity for all respondents. Those whose characteristics 
make them unlikely to respond must, therefore, speak on 
behalf of more non-respondents. We use the inverse of 
the propensity as a second-stage weighting adjustment.

Weighting
Analysis weights were constructed in a two-stage pro-
cess. A base weight adjusts for possible under-coverage 
by the sample supplier and the non-response adjustment 
balances the sample based on characteristics that are pre-
dictive of non-response (e.g., student body composition).

Base weight. MDR claims to have contact information 
for approximately 85% of all K–12 teachers, but that 
coverage rate can vary by grade, subject, and state.

We assume that science teachers comprise the same 
percentage of all middle school teachers in each state, 
and we assume that biology teachers constitute the 
same share of high school faculty in each state. It fol-
lows that the distribution across states in the MDR data 
base should be proportional to the number of teachers 
in each state. If not, adjustment is necessary to make 
the sample fully representative.

We therefore constructed the following two ratios:

Number of middle school teachers as counted
by the National Center for Education Statistics

Number of middle school teachers in MDR
direct mail data base

and

These were each standardized to have a mean of 1.0 
so that ratios above 1 indicate relative under-coverage 
by MDR.

Non-response calibration. The second stage weight 
is based on the logistic regression model reported in 
Table 14. From this model, we calculated the probabil-
ity of completing the survey (defined as completing a 
usable survey, classified as “complete” or “partial” in 
Table 11.

The second stage non-response adjustment is simply 
the inverse of the response propensity, 1/π.

Analysis weight (designated as final_weight in the 
data set) is the product of the first stage coverage 
adjustment and the second stage non-response adjust-
ment, standardized so it has a mean of 1. The weights 
range from 0.24 to 3.23, with a standard deviation of 
0.35. Ninety percent of the cases have weights between 
0.55 and 1.60, indicating that weighting will have only 
a small impact on statistical results in comparison to 
unweighted analyses.
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