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Evolution is the unifying principle of biology, but it remains
controversial to many and misunderstood by most.

Numerous studies undertaken over the past three decades
have revealed a remarkably high level of misconceptions
about basic evolutionary principles among elementary and
high-school students, undergraduates, teachers, and the
public (see Gregory [2009] for a review).

By contrast, little or no information is available regarding
the acceptance and understanding of evolution among ad-
vanced science students at the postgraduate level.While it may
be tempting to assume that students pursuing graduate de-
grees in science will exhibit a strong understanding of evo-
lutionary processes, misconceptions that are not corrected at
the undergraduate level may carry over to the graduate level.

The goal of our study was to examine the degree of accep-
tance of evolution among a sample of Canadian graduate stu-
dents working in different scientific disciplines, and to assess
both their level of understanding of evolutionary mecha-
nisms and their views on the large-scale patterns of life’s his-
tory. We also examined the potential influence of formal
undergraduate instruction in evolution.

The results indicate that advanced science students un-
derstand evolution better than students at other levels, but that
there is much room for improvement.

Student sample and survey design
All students surveyed in the study were enrolled in a gradu-
ate science program at the University of Guelph, a midsized,
research-intensive university in southern Ontario, Canada,
with a population of about 17,000 undergraduates and 2000
graduate students. The university, best known for its strong
emphasis on the life sciences, is the home of the Biodiversity

Institute of Ontario, the Ontario Agricultural College (OAC),
and the Ontario Veterinary College (OVC).

The students. Graduate students surveyed were drawn from
the College of Biological Science (CBS), the College of Phys-
ical and Engineering Science (CPES), the OAC, and the OVC.
The CBS is home to approximately 300 graduate students
distributed across three departments (Human Health and
Nutritional Sciences, Integrative Biology, and Molecular and
Cellular Biology). The CPES has roughly 400 graduate students
and includes four departments (Chemistry, Computing and
Information Science, Mathematics and Statistics, and Physics)
as well as the School of Engineering. The OAC hosts about 450
graduate students in five applied life science departments
(Animal and Poultry Science, Environmental Biology, Food
Science, Land Resource Science, and Plant Agriculture). The
OVC has around 230 graduate students and is divided into
four applied biomedical departments (Biomedical Science,
Clinical Studies, Pathobiology, and Population Medicine).

Participation in the study was voluntary and anonymous.
In total, 186 graduate students took part, with 41 from the CBS
(14% of the college’s graduate student enrollment), 36 from
the CPES (9%), 76 from the OAC (17%), and 33 from the
OVC (14%). No distinction was made between master’s and
PhD students. Some students did not answer all the questions.
Nearly half of the students surveyed had never completed a
course in evolutionary biology, and only about one-third
had done so within the previous five years.

The questionnaire. We composed an online questionnaire
(available in appendix 1 of the supplementary material at
http://hdl.handle.net/10214/1943) to acquire information on
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several key issues: (a) the educational background of stu-
dents engaged in graduate studies at a major Canadian uni-
versity, (b) the level of acceptance of evolution among science
graduate students, (c) the students’ understanding of the
mechanisms by which evolutionary change occurs, and (d)
the perception among students of the large-scale patterns of
evolution in the history of life. Items (c) and (d) necessarily
overlap to some extent because patterns are produced by
mechanisms, but questions were designed to provide insights
into both. Some of the questions were inspired by previous
studies; however, we developed many new questions appro-
priate for students at the graduate level. For other question-
naires, consult Bishop and Anderson (1986), Rutledge and
Warden (1999), Anderson and colleagues (2002), Beardsley
(2004), Shtulman (2006), and Kampourakis and Zogza (2008).

The questionnaire was generated using SelectSurvey.NET
software provided by Computing and Communications Ser-
vices at the University of Guelph; it consisted of 32 questions
divided into 4 parts. Part 1 (seven questions) solicited infor-
mation regarding students’ educational background and per-
sonal opinion of evolution. In particular, we asked for students’
college and specialty of study, self-described understanding
of evolution, perceived understanding of peers and the gen-
eral public, acceptance of evolution, understanding of the con-
cept of “theory” in science, and the importance of evolution
as a scientific concept. To protect students’ anonymity, per-
sonal details such as age, sex, ethnicity, country of birth, or
religion were not collected. Part 2 (11 questions) consisted of
two polar options with a 5-part scale (1 = agree strongly
with first statement, 3 = neutral, 5 = agree strongly with
second statement). These questions provided a direct choice
between opposing explanations for biological observations or
scenarios. The 13 questions in part 3 offered a single statement
to which students were asked to rank their level of agreement
on a 5-level Likert scale from 1 (strongly disagree) to 5
(strongly agree). These examined the level of acceptance of
either correct or incorrect statements about evolutionary
processes and patterns, but did not pit alternatives against one
another. Part 4 consisted of two short-answer questions
asking students to present very brief explanations of how
complex features could be lost or gained through evolution-
ary mechanisms.

Mechanisms and patterns. Studies at secondary and postsec-
ondary levels have shown that the most common student mis-
conceptions relate to individual organisms changing in
response to “need” or as a result of the use or disuse of spe-
cific features, and passing these changes on to their offspring
(Gregory 2009). Such views have often been labeled“Lamarck-
ian” as opposed to Darwinian mechanisms, which are based
on overproduction, chance mutation, and nonrandom sur-
vival and reproduction as influenced by the heritable traits of
organisms. The Lamarckian label is incorrect insofar as stu-
dents frequently attribute change in response to need to or-
ganisms’ volition (which Lamarck did not) instead of viewing
that change as an indirect by-product of enhanced use or dis-

use resulting from needs imposed by the environment (Kam-
pourakis and Zogza 2007). In our study, we called mechanisms
based on need or use and disuse “intuitive” (Gregory 2009).

In addition, our study incorporated questions designed to
evaluate belief in mechanisms reminiscent of other defunct,
non-Darwinian evolutionary theories: “saltationism” (the
origin of major new features occurring in one generation) and
“orthogenesis” (inevitable change along a predetermined
trajectory, even to the point of maladaptation or extinction).
We designed questions to evaluate student views on broad
evolutionary patterns (in particular, their views on whether
macroevolutionary change is “progressive” [Ruse 1996]).
Finally, we included some questions that allowed a direct
test of student understanding of Darwinian natural selection.

Scoring and analysis. We evaluated parameters such as level
of acceptance of evolution by taking the numerical values from
1 to 5 directly from student responses, and we used one-way
ANOVA (analysis of variance) to compare those responses
by college. We also tested these scores for relationships with
various other factors using Pearson correlations.

We developed indices to assess student views on mecha-
nisms and patterns. For example, a “Darwin index” provides
information about the tendency to select responses that in-
dicate a Darwinian mechanism based on natural selection. It
was calculated as follows: Darwin index = 100 × the sum of
individual scores on relevant questions divided by the total
possible score on those questions.

The“total possible score” indicates the sum of responses to
relevant questions, taking either the value from 1 to 5 if the
answer was a level of agreement with a Darwinian statement,
or the inverse (6 – the response value) if an answer of 5 in-
dicated strong agreement with a non-Darwinian option. A
score of 100 for the Darwin index would reflect a view of adap-
tive evolution based fully on population-level processes
occurring over multiple generations and involving the non-
random sorting of randomly generated genetic variation.
A minimum score of 20 would indicate a strongly non-
Darwinian understanding of evolutionary change.

We also tabulated an “intuitive index” to encapsulate the
misconceptions most commonly held by students at other
educational levels, including changes to individual organ-
isms as a result of use or disuse of features and a generalized
concept of change according to need, with or without a sug-
gestion of conscious effort on behalf of organisms. Again, a
maximum score (100) would indicate a strong acceptance of
these intuitive (though incorrect) mechanisms, whereas a
minimum score (20) would indicate a strong rejection of
them. We calculated several other indices in a similar way: an
“orthogenesis index,” a “saltationism index,” and a “progres-
sionism index.” Finally, we calculated a “theory index,” re-
flecting the level of understanding of the term “theory” in
science. (Appendix 2 of the supplemental material at
http://hdl.handle.net/10214/1943 contains the particular
formulas showing the questions included in each index.)
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Scoring of short-answer questions. The two short-answer
questions were scored slightly differently from each other
because of the nature of the responses. For question 31, re-
garding the loss of eyes in cave-dwelling fish, responses char-
acterized as “Darwinian” included variation due to random
mutations and natural selection. “Drift” included popula-
tion-wide random mutations that adversely influenced eye
development, usually because of a lack of constraint, as
eyes no longer conferred any fitness benefit. Both “drift” and
“Darwinian” responses are compatible with modern evolu-
tionary understanding, and two students suggested both pos-
sible mechanisms. Answers categorized as “advantage only”
simply indicated that the loss of eyes was a possible advan-
tage or that their presence no longer provided an advantage;
chance mutation or population-level variation were not com-
ponents of such answers.“Need”indicates responses based on
the lack of a requirement for eyes in the dark, whereas “use
and disuse”responses specified that a prolonged period with-
out using eyes led to their loss.

For question 32, which concerned the origin of flight in bats,
responses characterized as “Darwinian” included both vari-
ation due to random mutations and natural selection.“Mu-
tation only” answers cited only mutations and not natural
selection.“Saltationism” indicates responses in which wings
emerged fully formed in a single individual, usually
because of mutation and followed by natural selection.
Answers categorized as “advantage only” simply indicated
that there were advantages to having wings among early bats
once they began to form, whereas “need” indicates that
wings emerged directly in response to need.“Use and disuse”
responses made explicit mention of wings emerging as a
consequence of using protowing features for gliding.

Acceptance and understanding
of evolution among students
In this section we discuss the responses of the students in our
sample.

Acceptance of evolution. About 70% of the students who
completed the voluntary survey identified evolution as an es-
tablished scientific fact supported by overwhelming evidence
(figure 1). A further 16% indicated that they recognize that
evolution is accepted by the scientific community at large, but
that they themselves remain “partially convinced.” About
11% responded that there is evidence in support of evolution
but that it“remains just a theory.”Only 7 students (< 4%) felt
that evolution is “purely speculative” and unsupported by
evidence (four in OVC, one each in the other colleges). There
were no significant differences in the overall level of accep-
tance among colleges (ANOVA, p > 0.13).

Acceptance of evolution was not significantly correlated
with the time since taking a formal course in evolution (table
1). Almost half (48%) of the students had never taken a
formal course in evolution, but 68% of these students none-
theless rated evolution as an established fact, and another 14%
were partially convinced. The level of acceptance was positively

correlated with the self-assessed level of understanding,
Darwin index score, and theory index score, but not with the
other indices (table 1). Not surprisingly, students who accepted
evolution as fact were more likely to consider it important for
the scientific goal of understanding the natural world.

Nearly 87% of all surveyed students considered evolution
to be relevant or very relevant to the broader goals of science.
As might be expected, students in the CPES were less likely
than those in the three life science–oriented colleges to con-
sider evolution directly relevant to their day-to-day research
and interpretation of data (figure 2; ANOVA, p < 0.0001;
differences between the other colleges were not significant).
Students’ opinions regarding the relevance of evolution were
positively correlated with the Darwin index score but were
independent of the time since taking an evolution course
(table 1).

Self-assessment of understanding. Students were asked to
estimate the level of understanding of evolution for themselves,
their peers, and the general public. The most common rating
students gave to themselves and their peers was“good”(about
60% of responses in both cases). However, students were
twice as likely to rate their own understanding as“very good”
(25%) than they were to give that rating to their peers (13%).
Students who had taken a course in evolution were more
likely to rate their own understanding highly (very good:
32%; good: 57%) than were students who had not taken an
evolution course (very good: 19%; good: 66%). On average,
students in all four colleges were equally confident in their own
understanding (ANOVA, p > 0.8). Students’ assessments of
their own understanding correlated positively with Darwin
index scores and negatively with scores on both the intuitive
index and the orthogenesis index (table 1). Fewer than 8% of
the students ranked the public’s understanding of evolution
as good (none said very good), and about 65% considered it
to be poor or very poor (figure 3).
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Figure 1. Summary of responses regarding graduate stu-
dents’ acceptance of evolution (see question 7 in appendix
1 of the supplementary material at http://hdl.handle.net/
10214/1943).



Concept of scientific theory. Nearly 74% of the students
surveyed agreed or strongly agreed with the statement:“The
meaning of the word ‘theory’ differs considerably in science
versus in common language.”Similarly, 70% agreed or strongly
agreed that “in science, theories do not become facts, but
rather theories explain facts.” However, only 40% disagreed
with the notion that theories are“promoted to facts”when they
are supported by overwhelming evidence. Overall, at least one-
quarter of the students either misunderstood or were neutral
or unsure about the concept of scientific theories and their
relationship to other concepts such as facts (table 2).

Answers on all three theory questions were combined into
a single theory index (appendix 2 at http://hdl.handle.net/
10214/1943), which averaged about 72. The theory index
was positively correlated with the Darwin index and negatively
with the intuitive index (table 1). Mean theory index scores
were significantly higher in the two “basic science” colleges
(CBS and CPES) compared with the two “applied science”
colleges (OAC and OVC) (t test, p < 0.01).

Mechanisms and patterns of evolution. We used the answers
to the questionnaire to calculate five indices that bear on
conceptions of evolutionary mechanisms (the Darwin, in-
tuitive, orthogenesis, and saltationism indices) or patterns
(progressionism index). The mean scores for these indices are
summarized in table 3. The mean score on the Darwin index
was about 74 (out of a maximum of 100) across all colleges.
The only other index with a mean score higher than 50 was
the progressionism index. The mean scores were not signif-
icantly different among colleges for any index (ANOVA, all
p > 0.2; table 3). The Darwin index was negatively correlated
with the other four indices (table 1), though this result is
not unexpected because these indices involved some over-
lapping questions (see appendix 2 at http://hdl.handle.net/
10214/1943).

Short-answer responses. A summary of responses to the two
short-answer questions is presented in table 4. A large num-
ber of students either did not answer the questions (question
31: n = 37; question 32: n = 48) or indicated that they did not
know (question 31: n = 3; question 32: n = 4), and in both cases
a small number (n = 3) refused to answer on the grounds that
they do not agree that evolution occurs. It is not clear why so
many students chose not to answer these questions, especially
given the high self-assessment of their understanding of evo-
lution, although it is possible that the time required to answer
them was a deterrent.

1. Loss of eyes in cave fish (question 31). Of the answers
received, 39% cited mechanisms involving either mutation and
natural selection or genetic drift, which can be considered
compatible with modern evolutionary theory. In total, more
than 75% of students who answered this question invoked
drift, selection, or ecological or reproductive advantage (i.e.,
they expressed at least a basic grasp of evolutionary mecha-
nisms), whereas about 20% appealed only to need (or the lack
of it) and fewer than 9% were Lamarckian in a strict sense (i.e.,
invoked use and disuse) (table 4).

A large number of answers categorized as“advantage only”
simply indicated a possible advantage to the loss of eyes (n =
45) or a loss because their presence no longer provided an
advantage (n = 6), but did not include a component of chance
mutation or population-level variation. “Need” indicates
responses based simply on the requirement (or lack of it)
for eyes in the dark, whereas“use and disuse”responses spec-
ified that a prolonged period without using eyes led to
their loss.A few students (n = 7) explicitly listed both “need”
and “use and disuse” as explanations. Some students (n = 5)
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Figure 2. Summary of responses regarding the relevance
of evolution to graduate students’ own research, to the
interpretation of their own results, and to science in
general (see question 5 in appendix 1 of the supplemen-
tary material at http://hdl.handle.net/10214/1943).

Figure 3. Summary of responses regarding graduate
students’ assessment of their own understanding of evo-
lution and that of their peers and the public (see question
4 in appendix 1 of the supplementary material at http://
hdl.handle.net/10214/1943).



described the loss of eyes but provided no reason or mecha-
nism why this should happen.

2. Evolution of flight in bats (question 32). Only around
one-third of the answers to this question could be consid-

ered fully Darwinian. However, of
all the answers received, about 86%
demonstrated at least a rudimen-
tary grasp of evolutionary mechan-
isms, even if some components
were omitted or details regarding
rate were incorrect, by invoking
either Darwinian mechanisms
(about 33%), reproductive or sur-
vival advantage alone (approxi-
mately 37%), chance mutations
alone (approximately 4%), or mu-
tations and selection within a salta-
tionist framework (about 12%).
By contrast, fewer than 12% called
upon only need, and none ex-
pressly invoked organisms’ con-
scious intent to change. Only 2.5%
credited Lamarckian mechanisms
of use and disuse (table 4). Some
students (n = 9) described likely
intermediates (e.g., species similar
to flying squirrels) but did not pro-
vide a mechanism.

Interpretation of
major findings
This passage highlights the major
patterns found among graduate
students in terms of acceptance,
conceptions, and misconceptions
of evolution.

Acceptance and relevance of evolu-
tion. Roughly 70% of the students
who volunteered to complete the
survey selected the description of
evolution as an established fact sup-
ported by overwhelming evidence,
and more than 85% at least agreed
that evolution is“supported by suf-
ficient evidence to be convincing to
the scientific community.” Only a
very small percentage of students
(approximately 4%) indicated that
they reject evolution outright.

Similarly, a large majority (87%)
of the students consider evolution to
be important to understanding the
natural world, even if it is not di-
rectly relevant for their own day-
to-day research. This suggests that
graduate students in a variety of
scientific disciplines have developed
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Table 1. Summary of correlation results.

Pearson Significant
correlation Number of correlation

Survey category coefficient (r) p value respondents (α = 0.05)

Time since last evolution course versus

Self-described understanding 0.1672 0.0237 183 Yes

Acceptance 0.1145 0.1208 185

Theory index 0.1989 0.0068 184 Yes

Darwin index 0.1418 0.0636 172

Intuitive index –0.1017 0.1845 172

Orthogenesis index –0.0357 0.6420 172

Saltationism index –0.1322 0.0838 172

Progressionism index –0.2375 0.0017 172 Yes

Relevance to goals of science 0.0265 0.7200 185

Level of acceptance of evolution versus

Self-described understanding 0.3058 < 0.0001 184 Yes

Theory index 0.2119 0.0038 185 Yes

Darwin index 0.2351 0.0018 173 Yes

Intuitive index –0.1052 0.1683 173

Orthogenesis index 0.0602 0.4317 173

Saltationism index –0.0014 0.9851 173

Progressionism index 0.0117 0.8787 173

Relevance to goals of science 0.3750 < 0.0001 186 Yes

Self-described understanding of evolution versus

Darwin index 0.4112 < 0.0001 171 Yes

Intuitive index –0.3268 < 0.0001 171 Yes

Orthogenesis index –0.1818 0.0173 171 Yes

Saltationism index –0.1235 0.1075 171

Progressionism index –0.1398 0.0682 171

Relevance to goals of science 0.0197 0.7908 184

Theory index versus

Darwin index 0.2326 0.0021 172 Yes

Intuitive index –0.2288 0.0025 172 Yes

Orthogenesis index 0.0063 0.9347 172

Saltationism index –0.1001 0.1913 172

Progressionism index –0.1796 0.0184 172 Yes

Relevance to goals of science 0.1224 0.0971 185

Index comparisons

Darwin versus intuitivea –0.7408 < 0.0001 175 Yes

Darwin versus orthogenesis –0.4255 < 0.0001 175 Yes

Darwin versus saltationism –0.5362 < 0.0001 175 Yes

Darwin versus progressionism –0.3865 < 0.0001 175 Yes

Intuitive versus orthogenesis 0.4423 < 0.0001 175 Yes

Intuitive versus saltationism 0.3493 < 0.0001 175 Yes

Intuitive versus progressionism 0.4551 < 0.0001 175 Yes

Orthogenesis versus saltationism 0.2904 0.0001 175 Yes

Orthogenesis versus progressionism 0.2741 0.0002 175 Yes

Saltationism versus progressionism 0.4472 < 0.0001 175 Yes

Darwin versus relevance 0.1513 0.0469 173 Yes
to goals of science

a. Because some questions were included in both the Darwin index and the intuitive index but scored in
an inverse way (see appendix 2 at http://hdl.handle.net/10214/1943), there is necessarily some negative corre-
lation between the two, as well as between the Darwin index and the orthogenesis index.



an appreciation of the standing of evolution as the unifying
principle in biology.

Of course, the voluntary nature of the survey may have
resulted in some self-selection bias. However, the results of this
study accord well with recent polls regarding the acceptance
of evolution in Canada (insofar as polls using differently for-
matted questions can be compared). Two surveys conducted
in 2007 (Angus Reid Global Monitor 2007, Canadian Press and
Decima Research 2007) indicated that 58% to 63% of the
Canadian public accepts evolution (vs. approximately 40% in
the United States; Miller et al. 2006, Gallup 2009a). However,
it must be noted that more than half of these are theistic
evolutionists. Only about 22% to 26% of Canadians sur-
veyed indicated the view that humans were created in their
present form within the last 10,000 years (vs. approximately
45% in the United States; Gallup 2009b). For Canadians with
at least one university degree, the level of acceptance of evo-
lution is about 70%, outnumbering creationists five to one.
About half the students surveyed in our study had not taken
an undergraduate evolutionary biology course, so it is not
surprising that their level of acceptance is about the same as
other members of the public with a baccalaureate degree. (In
the United States, about 53% of college graduates and 74%
of individuals with postgraduate degrees indicate that they
accept evolution; Gallup 2009a). The highest level of strong
acceptance was found in the CBS (78%), and the lowest level
in the OVC (58%); however, prior undergraduate training had
no effect on acceptance.

In this study, there was a positive correlation between
acceptance of evolution and general understanding as indi-
cated by Darwin index scores. Interestingly, similar correla-
tions have been reported among preservice
teachers (Vlaardingerbroek and Roederer
1997, Rutledge and Mitchell 2002, Deniz et
al. 2008), but not among high-school or
undergraduate students (Bishop and An-
derson 1990, Demastes et al. 1995, Brem et
al. 2003, Sinatra et al. 2003, Ingram and
Nelson 2006, Shtulman 2006). It may be
that as one’s education level rises, under-
standing a topic becomes increasingly im-
portant for accepting it.

Scientific theories. Though a nonnegligible
percentage of the students surveyed may be
confused about the meaning of the word
“theory” in science, the confusion was less
apparent among students in the basic sci-
ences (CBS and CPES). Understanding the
concept of scientific theories is important:
Understanding this concept was positively
correlated with the acceptance of evolution
and the Darwin index. This may indicate
that improving instruction of the nature of
scientific theories at the undergraduate or
graduate level (or both) may yield benefits.

Conceptions of evolution. Students at the graduate level ex-
hibited a relatively good understanding of evolutionary mech-
anisms as assessed by the index scores. On average, students
across colleges scored roughly 73 to 76 on the Darwin index,
indicating that they most commonly accept Darwinian ex-
planations rather than alternatives. Conversely, the average in-
tuitive index score was around 45 (minimum possible is 20),
as were scores on the orthogenesis and saltationism indices.
These scores indicate that adherence to non-Darwinian mech-
anisms is rather low. This level of understanding is much
greater than is usually reported for high-school students and
undergraduates (reviewed by Gregory 2009).

The correlation between time since taking a course in evo-
lution and the Darwin index scores was positive but marginally
nonsignificant (table 1). Interestingly, there was a stronger, neg-
ative correlation between previous undergraduate training and
the progressionism index, indicating that undergraduate
education in evolution helps to correct the misconception that
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Table 2. Summary of responses to three statements about
the nature of scientific theories.
(Percent)

Statement

Theory differs Theories are
in science later promoted Theories

Response versus vernacular to facts explain facts

Strongly agree 27.4 9.2 26.3

Agree 46.2 28.6 44.1

Neutral 12.9 22.7 16.1

Disagree 12.4 27.6 12.4

Strongly disagree 1.1 11.9 1.1

Table 3. Summary of mean scores (and standard error) on indices relating to
conceptions of mechanisms and patterns of evolution.

College

Index and sample size CBS CPES OAC OVC All students

Darwin
Mean score 76.0 73.9 73.4 72.5 73.9
SE 1.80 1.93 1.34 2.10 0.85

Intuitive
Mean score 44.2 44.5 46.8 44.7 45.4
SE 2.27 2.43 1.68 2.63 1.07

Orthogenesis
Mean score 40.5 44.3 41.9 46.9 42.9
SE 2.25 2.41 1.66 2.60 1.07

Saltationism
Mean score 45.3 41.5 47.9 47.8 46.0
SE 2.43 2.60 1.80 281 1.16

Progressionism
Mean score 52.7 55.9 56.0 56.4 55.3
SE 2.29 2.45 1.70 2.65 1.08

Sample size 39 34 71 29 173

CBS, College of Biological Science; CPES, College of Physical and Engineering Science; OAC,
Ontario Agricultural College; OVC, Ontario Veterinary College; SE, standard error.

Note: The mean scores were calculated using answers to questions as outlined in appendix 1
at http://hdl.handle.net/10214/1943. The higher the score, the more prevalent is the particular
conception of evolution; the maximum is 100 and the minimum is 20.



evolution is progressive. The fact that the effect is stronger for
patterns than for mechanisms of evolution could indicate that
students develop a tendency to prefer Darwinian explanations
on their own as they train at an advanced level. More plau-
sibly, this could occur because misconceptions about progress
are easier to correct than those about natural selection.
This latter interpretation is supported by the finding that
even direct instruction in evolution may have only moderate
impacts on conceptions of evolutionary processes (e.g., Jensen
and Finley 1995, Ferrari and Chi 1998, Nehm and Reilly
2007, Spindler and Doherty 2009), and there may be little
difference in understanding between science majors and
nonscience majors (Sundberg and Dini 1993).

That said, students who had recently taken an evolution
course indicated a higher self-described level of understand-
ing of evolution, which did in fact relate positively with the
Darwin index and negatively with the intuitive and ortho-
genesis indices—that is, students who felt that they had a
better understanding of evolutionary ideas generally did.

Application of evolutionary concepts. Whereas the students
scored quite well on questions involving rankings of pre-
determined options, their performance on open-ended ques-
tions requiring the application of basic evolutionary principles
was less encouraging. In fact, fewer than 30% of the students
provided a Darwinian explanation (or an equally acceptable
one based on genetic drift) for a question regarding the loss
of a complex organ, and only about 21% provided such an

answer to a question about adaptation. A roughly equal
number called upon only the advantage (or lack thereof) of
the feature, making this sort of answer something of a hybrid
between Darwinian and teleological explanations. A large
percentage of students did not provide any answer to these
questions.

These misconceptions are not simply a matter of lack of
instruction: Non-Darwinian answers were prevalent even
among students who had taken an undergraduate course in
evolution. This indicates that traditional instruction methods,
although they may lead to some understanding of evolu-
tionary mechanisms (as shown by index scores), do not
necessarily produce a strong working knowledge that can be
applied spontaneously to newly encountered phenomena
(e.g., Alters and Nelson 2002, Gregory 2009).

Misconceptions. Studies of students, teachers, and members
of the public indicate that misconceptions of natural selec-
tion are extremely common (reviewed by Gregory 2009).
These misconceptions are often characterized as “Lamarck-
ian” in reference to concepts such as the inheritance of ac-
quired characters, change through conscious efforts toward
improvement, and enhancement or loss of features as a result
of use or disuse. Only the latter of these is legitimately con-
sidered Lamarckian (Kampourakis and Zogza 2007), and in
any case none was prominent among the graduate students
surveyed for this study. The most common misconception we
found related to teleological thinking, in which identifying

798 BioScience • October 2009 / Vol. 59 No. 9 www.biosciencemag.org

Education

Table 4. Summary of the results of the short-answer questions.

Response Number of Percentage of Percentage of
Question category responses 186 students 138 answers

Answer to short-answer question All drift or Darwinian 54 29.0 39.1
31 (loss of eyes in cave fish) Darwinian only 25 13.4 18.1

Drift only 27 14.5 19.6
Drift and Darwinian 2 1.1 1.4
All advantage only 51 27.4 37.0
Advantage to loss 45 24.2 32.6
No longer advantageous 6 3.2 4.3
All need 27 14.5 19.6
Need only 20 10.8 14.5
Need and use and disuse 7 3.8 5.1
All use and disuse 12 6.5 8.7
Use and disuse only 5 2.7 3.6
Other
Epigenetics 1 0.5 0.7
All nonanswers 48 25.8 –
No mechanism provided 5 2.7 –
Do not know 3 1.6 –
No answer 37 19.9 –
Unwilling to answer 3 1.6 –

Answer to question 32 Darwinian 40 21.5 32.8
(origin of bat flight) Mutation only 5 2.7 4.1

Saltationism 15 8.1 12.3
All advantage only 47 25.3 38.5
Advantage only 45 24.2 36.9
Advantage only and need 2 1.1 1.6
All need 14 7.5 11.5
Need 12 6.5 9.8
Use and disuse 3 1.6 2.5
All nonanswers 64 34.4 –
No mechanism provided 9 4.8 –
Do not know 4 2.2 –
No answer 48 25.8 –
Unwilling to answer 3 1.6 –



“need” or “function” was considered a sufficient explana-
tion. This was commonly mixed with a semi-Darwinian
notion of “advantage,” implying at least a basic appreciation
of variation among individuals and competition for resources.
It is possible that students used this merely as shorthand, as
many biologists do, but in many cases, noting a plausible
advantage (or lack of one) appeared to be presented as a
sufficient explanation by itself for the origin (or loss) of the
complex trait. The other significant misconception appears
to be a lingering interpretation of evolution as a progressive
process, supplemented to a lesser extent with some acceptance
of orthogenetic-type mechanisms of inevitable directionality.

Summary and conclusions
This study provides one of the first assessments of acceptance
and conceptions of evolution among students pursuing
advanced degrees in science. In general, these graduate
students exhibit a high level of acceptance of evolution, at least
on a par with university graduates generally. They also appear
to recognize the importance of evolution as a central part of
biology, even if their own research is in other areas. Never-
theless, there is some room for improvement with regard to
understanding the nature of scientific theories—a topic of
relevance to students (and their instructors) in all scientific
disciplines.

This study reinforces the conclusions of research on stu-
dents at numerous other levels that a functional knowledge
of evolutionary mechanisms is not easily acquired. Even if
graduate students did not receive formal instruction in evo-
lution during their undergraduate education, they performed
much better on predetermined, ranked-answer questions
than did younger students; however, they may still lack a
working understanding of evolutionary processes that
allows them to readily provide explanations for specific
biological features. Therefore, reinforcing concepts regarding
evolution and the nature of science remains an important part
of scientific education, even for the most advanced students.
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