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Teleological reasoning, not acceptance 
of evolution, impacts students’ ability to learn 
natural selection
M. Elizabeth Barnes1 , E. Margaret Evans2*, Ashley Hazel3, Sara E. Brownell1 and Randolph M. Nesse1

Abstract 

Background: How acceptance of evolution relates to understanding of evolution remains controversial despite 
decades of research. It even remains unclear whether cultural/attitudinal factors or cognitive factors have a greater 
impact on student ability to learn evolutionary biology. This study examined the influence of cultural/attitudinal fac-
tors (religiosity, acceptance of evolution, and parents’ attitudes towards evolution) and cognitive factors (teleological 
reasoning and prior understanding of natural selection) on students’ learning of natural selection over a semester-
long undergraduate course in evolutionary medicine.

Method: Pre-post course surveys measured cognitive factors, including teleological reasoning and prior under-
standing of natural selection, and also cultural/attitudinal factors, including acceptance of evolution, parent attitudes 
towards evolution, and religiosity. We analyzed how these measures influenced increased understanding of natural 
selection over the semester.

Results: After controlling for other related variables, parent attitude towards evolution and religiosity predicted 
students’ acceptance of evolution, but did not predict students’ learning gains of natural selection over the semester. 
Conversely, lower levels of teleological reasoning predicted learning gains in understanding natural selection over the 
course, but did not predict students’ acceptance of evolution.

Conclusions: Acceptance of evolution did not predict students’ ability to learn natural selection over a semester 
in an evolutionary medicine course. However, teleological reasoning did impact students’ ability to learn natural 
selection.
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Introduction and background
Recent research suggests that when a topic is at odds with 
one’s cultural identity a greater understanding of that 
topic does not increase acceptance of that topic (Kahan 
2015). Research focusing on the resistance to contempo-
rary controversial topics has shown that fact-based argu-
ments are often ineffectual for increasing acceptance of 
facts about controversial topics, such as climate change 
and evolution. People who understand the arguments for 
evolution and climate change nonetheless tend to resist 

the validity of arguments that conflict with their cultural 
identity (Kahan 2015; Lewandowsky and Oberauer 2016). 
However, providing familiar examples with practical 
implications may help improve understanding regardless 
of acceptance. In the context of evolution, evolutionary 
medicine (the application of modern evolutionary the-
ory to understanding health and disease) provides such 
examples and should increase understanding of a core 
component of evolution, natural selection. Therefore, a 
course on evolutionary medicine provides a context for 
exploring the complex relationship between understand-
ing natural selection, accepting evolution, and increased 
understanding of natural selection after instruction. 
We summarize research on evolutionary medicine as a 
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potential teaching tool for increasing understanding of 
natural selection, then describe the differences between 
terms used in evolution education that are often con-
fused and conflated (belief, acceptance, understanding, 
and knowledge). Next, we review studies of how cultural/
attitudinal and cognitive factors influence understanding 
and acceptance of evolution. Finally, we describe a study 
that explores the influence of cultural/attitudinal factors 
and cognitive factors on students’ acceptance of evolu-
tion at the start of an evolutionary medicine course and 
how these factors influence students’ ability to learn nat-
ural selection over the course.

Evolutionary medicine as a teaching tool
Research suggests that the provision of a motivational 
framework that encourages students to personally iden-
tify with and invest in the topic may be an effective teach-
ing tool. Evolutionary medicine has that potential. By 
making students aware of the utility of evolutionary the-
ory in everyday life (Futuyma 1995; O’Brien et al. 2009), 
particularly in health-related decision making, evolu-
tionary medicine can directly engage students, includ-
ing those who may not usually accept evolutionary ideas. 
Recent articles have examined the various ways that this 
could be accomplished in high school (Beardsley et  al. 
2011) and college (Meikle and Scott 2011). Evolutionary 
medicine has also been proposed as an essential com-
ponent of the medical school curriculum (Alcock and 
Schwartz 2011; Jenkins and Antolin 2011; Labov 2011; 
Nesse et al. 2010; Stearns et al. 2010).

Belief, understanding, acceptance, and knowledge
The status of evolution as one of the most poorly accepted 
and understood scientific theories is well-documented. 
In 2014, 42% of the US public chose the statement “God 
created human beings in their current form within the 
last 10,000 years” as the option that most closely aligned 
with their viewpoint (Newport 2014). Numerous studies 
also demonstrate widespread misunderstanding of natu-
ral selection among high school biology teachers (e.g., 
Nehm et  al. 2009) as well as high school students (e.g., 
Lawson and Worsnop 1992). Moreover, basic misconcep-
tions of evolution are consistently endorsed or expressed 
by a broad range of the public, including adult visitors 
to natural history museums (Evans et  al. 2010), science 
graduate students (Gregory and Ellis 2009), and medical 
students (Bishop and Anderson 1990).

Misunderstandings of natural selection and other 
evolutionary mechanisms are not necessarily related to 
the pervasive resistance to the idea of evolutionary ori-
gins, especially of humans (Evans et  al. 2010; Hermann 
2012; Kahan 2015). Inconsistent use of terms—such as 
acceptance, belief, understanding, and knowledge—and 

difficulties measuring those constructs, has made it chal-
lenging to achieve consensus on the nature of the rela-
tionship between understanding and acceptance (Smith 
2009; Southerland et  al. 2001). Some researchers dis-
tinguish belief in evolution from acceptance, with belief 
based solely on intuition or faith, while acceptance is said 
to require an evaluation of the evidence (Abraham et al. 
2012; Akyol et al. 2012; Ingram and Nelson 2006; Nadel-
son and Southerland 2009; Sinatra et al. 2003). However, 
other researchers, use the terms synonymously and argue 
that the distinction is not useful (Nehm et al. 2009). Even 
college-level evolution instructors use inconsistent defi-
nitions of acceptance of evolution and understanding of 
evolution (Barnes and Brownell 2016). The meaning of 
‘knowledge of evolution’ has also been debated (Cobern 
2004; Smith and Siegel 2004; Southerland et  al. 2001). 
Some authors describe knowledge in philosophical terms 
as ‘justified true belief ’ that requires understanding and 
belief and/or acceptance (Abraham et  al. 2012; Cobern 
2004; Sinatra et al. 2003; Southerland et al. 2001). Others 
equate knowledge solely with understanding, whether or 
not it is accompanied by adequate justifications or belief 
and/or acceptance (Carter and Wiles 2014; Deniz et  al. 
2008).

Relatedly, although a range of instruments have been 
used to measure acceptance and understanding of evolu-
tion, their operationalization is suboptimal. For instance, 
the measure of acceptance of evolutionary theory 
(MATE) (Rutledge and Warden 1999) is widely used to 
measure acceptance (Akyol et al. 2012; Barone et al. 2014; 
Carter and Wiles 2014; Ha et  al. 2012), however, many 
items on this scale conflate acceptance with understand-
ing (Glaze and Goldston 2015; Smith 2009).

To avoid this problem, a straightforward measure 
of acceptance that does not also measure understand-
ing of evolutionary facts was used in this study (see 
Spiegel et al. 2012). Acceptance was operationalized as 
the extent to which a student agrees that evolutionary 
processes explain the origin of diverse species, includ-
ing humans, as this contentious issue is the one most 
likely to challenge religious belief and individual iden-
tity. Understanding of natural selection was operation-
alized as the extent to which a student answers factual 
and conceptual questions about natural selection cor-
rectly. We used the conceptual inventory of natural 
selection (CINS) to measure student understanding 
of natural selection (Anderson et  al. 2002). It is com-
prehensive, widely used, and, importantly, it measures 
understanding of natural selection in the context of a 
diversity of organisms. Prior educational exposure to 
evolution was operationalized as the extent to which a 
student has been exposed to evolutionary ideas in the 
past.
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Intuitive cognitive biases
Cognitive biases are conceptualized as early emerging 
intuitive conceptual frameworks that may benefit the 
young learner by focusing attention on the relevant input 
(Wellman and Gelman 1998). Such biases persist for 
adult learners as well potentially impeding understanding 
of evolution (Evans 2001) and other counterintuitive sci-
entific concepts (Bloom and Weisberg 2007).

For instance, teleological reasoning is the tendency 
to view natural phenomena as purposeful or directed 
towards a goal (e.g., Kelemen 2012). In the case of natu-
ral selection, this could be a “goal” of health and longevity 
or other perceived “needs” of the organism. It is one of 
the three cognitive biases most often implicated in resist-
ance to evolutionary thinking (the others being essential-
ism and intentionality) and has been consistently linked 
to students’ difficulties understanding natural selection 
(e.g., Evans 2001, 2013; Nehm and Reilly 2007). A clas-
sic example of this pattern is the “Lamarckian” expla-
nation for the existence of the giraffe’s long neck (e.g., 
Evans 2013), which is that giraffes needed long necks to 
reach leaves at the top of the trees. In contrast, there is 
no implicit goal or purpose built into the explanation 
provided by natural selection, which is that there is nat-
ural variation in the population and those animals with 
longer necks had greater reproductive success in a par-
ticular environment. Thus, we also included a measure of 
students’ teleological reasoning in the study. Teleological 
biases differ from those reasoning biases that refer explic-
itly to the intentions of the organism (e.g., ‘the finches 
wanted bigger beaks, so they exercised them’) or to a pur-
poseful and intelligent external agent (e.g., ‘God made it 
that way’) (Evans et al. 2012).

Cultural, attitudinal, and educational factors
Cultural and attitudinal factors can reinforce and extend 
cognitive biases. Religiosity, family education level, in-
group attitudes, and prior exposure to negative media 
on evolution all contribute to low acceptance, which, in 
turn, can increase resistance to learning about evolution 
(Evans 2013; Barnes et  al. 2017b; Brem et  al. 2003), so 
we also include measures of religiosity and family demo-
graphic and attitudinal factors.

While there seems to be a positive relationship 
between the number of college biology courses taken and 
an understanding of evolution (Nadelson and Souther-
land 2009; Rice et al. 2011), the influence of one or two 
semesters of evolution instruction is less clear. Short and 
Hawley (2015) found that student misconceptions of evo-
lution decreased over a semester in an evolutionary psy-
chology class; however, the same study also found that 
student misconceptions about evolution increased over 
a semester in an introductory biology class. Similarly, 

Abraham et  al. (2012) found that while some student 
misconceptions of evolution decreased over a semester 
of college biology instruction, others increased. These 
uncertainties led us to include a subjective measure of 
prior educational exposure to evolution to augment the 
measure of the number of biology courses taken.

Research questions
Many studies have examined factors influencing under-
graduates’ understanding of evolution including studies 
that have examined cultural/attitudinal factors and cog-
nitive factors, but none have studied the relative influ-
ence of these factors on students’ learning of evolution 
over an undergraduate course in evolutionary medicine. 
Our main research question was whether intuitive cog-
nitive biases and students’ initial acceptance of evolution 
influenced their learning of natural selection in a course 
on evolutionary medicine. We assessed the relationships 
among the cultural/attitudinal factors and cognitive fac-
tors before the course. After the course, we again meas-
ured students’ understanding of natural selection and 
teleological reasoning, while controlling for their initial 
understanding of natural selection, in order to deter-
mine which variables influenced learning gains of natural 
selection over the semester.

Unlike other studies (e.g., Beardsley et  al. 2011), we 
used the full CINS assessment of natural selection under-
standing (Anderson et al. 2002). This measure allowed us 
to assess whether students generalized their understand-
ing of natural selection to adaptations using examples not 
presented in the course materials. As part of the pre-test, 
in addition to demographic questions, we assessed stu-
dents’ acceptance of evolution, religiosity, prior expo-
sure to evolutionary concepts, and their parents’ beliefs 
and educational levels. The CINS was given as a pre- and 
post-test along with a measure of students’ intuitive tele-
ological reasoning.

Methods
Participants
Participants were students from two consecutive years 
of a semester-long course on evolutionary medicine at 
a selective public research university (N  =  190, mean 
age = 19.5 years; 72% female; 63% non-Hispanic white). 
Sixty-one percent of the students were first years or soph-
omores, 37% were juniors or seniors, while 2% did not 
report a class year; 63% had taken at least one previous 
college level biology class. Students’ stated career goals 
included: 62% medicine/public health, 9.5% psychology/
social work, 9.5% other, 4% biology, 11% undecided. Reli-
gious identification included: 30% Catholic, 13% funda-
mentalist Christian, 11% other Protestant, 10% other, 9% 
Jewish, 3% Eastern religion, 3% Muslim, and 19% none. 
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One hundred and ninety students (97% response rate) 
completed the pre-test, 144 (79% response rate) the post-
test, while 129 (66% response rate) provided complete 
pre-post data over the two assessments. There were no 
significant differences on any of the pre-test measures 
between those students who did or did not complete 
the post-test. In each analysis, the number of students 
included may differ depending on how many students 
had a completed data set for that particular analysis.

Course description
This course was co-taught by the same two instructors for 
two semesters. Both were experienced instructors who 
had taught the same course in previous years. The course 
goals were to teach core principles of evolutionary biol-
ogy and their application to problems in medicine and 
public health. The goal of the class was to develop critical 
thinking about why mechanisms in the body appear to be 
vulnerable to disease, from an evolutionary perspective. 
Thus, there was a strong emphasis on teaching the prin-
ciples of adaptation and maladaptation, and methods for 
testing hypotheses about the origins and tradeoffs of bio-
logical adaptations (See Additional file 1: Table S1 for list 
of topics and readings).

The course format relied on lectures for a portion of 
most classes, augmented by classroom discussion and 
exercises that engaged individuals actively. Students also 
had textbook readings, weekly discussions in small ses-
sions with graduate assistants, several laboratory exer-
cises, and a field trip. Unscheduled in-class quizzes, five 
over the course of the semester, encouraged students to 

do the readings, while a midterm and a final exam tested 
content knowledge. Students also wrote a term paper 
where they chose a human disease to explain in terms of 
the evolutionary underpinnings of vulnerability to that 
disease.

Procedure
In a 15 to 20-min session on the first day of class, stu-
dents provided informed consent, demographic infor-
mation, and completed a pre-test. The post-test, with a 
subset of the same measures on the pre-test (see Table 1), 
was completed in a 10 to 15-min session on the last day 
of class. One researcher (EME), who was not one of the 
course instructors, collected all data and students under-
stood that the researcher would have no access to or 
influence over course grades. The course instructors did 
not know which students agreed to participate in the 
study, minimizing pressure to participate and possible 
influences of social desirability effects.

Measures
The measures are summarized in Table  1, along with 
reliability coefficients, for applicable scales. Scales with 
fewer than 10 items often have low alpha values, thus 
in cases where the scales have fewer than 10 items, we 
report their mean inter-item correlations in conjunction 
with Cronbach’s Alpha (MIIC: optimal range .2–.4). For 
the CINS, which is a 20-item scale, we report only Cron-
bach’s alpha (Table 1). For single item measures (student 
religiosity and prior educational exposure) and two item 
measures in which inter-item correlation does not signify 

Table 1 Study measures: inter-item correlation ranges (IICR), Cronbach’s alpha, and whether the measure was used dur-
ing pre-test and/or post-test (N/A not applicable)

Measures Pre-test Post-test IICR Alpha

Final semester grade: students’ final percent grade in the evolutionary medicine course N/A N/A N/A N/A

Parental educational level (two items): mean of mothers’ and fathers’ highest educational levels (scale 1–5: some 
high school to graduate school)

✓ N/A N/A

Cultural/attitudinal measures

 Parental attitude towards evolution (two items): mean agreement (scale 1–5: disagree to agree): what attitude 
do you think your (1) father or guardian has toward evolution? (2) mother or guardian has toward evolution?

✓ N/A N/A

 Student religiosity (one item): how important is religion in your life? (scale 1–4: not important to very important) ✓ N/A N/A

 Student acceptance of evolution (three items): mean agreement (scale 1–5: disagree to agree): do you think that 
evolutionary principles explain the origins of (1) reptiles (2) humans (3) viruses?

✓ .60–.78 .86

Cognitive measures

 Prior educational exposure (one item): how much have you learned about evolution? (scale 1–5: not much to a 
lot)

✓ N/A N/A

 Teleological reasoning (three items): mean agreement (scale 1–5: disagree to agree): (1) natural selection shapes 
health and longevity; (2) evolutionary changes arise in response to the needs of organisms to adapt to its 
environment; (3) natural selection shapes healthy inclinations

✓ ✓ .26–.45 .60

 Natural selection understanding (20 items): CINS, multiple choice test in which participants select the best 
answer out of four responses (score = total number correct)

✓ ✓ N/A .71
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reliability (parental education level and parental atti-
tude towards evolution) we do not report reliability data. 
Table 1 also describes which measures were used in the 
pre-test and which measures were used in the post-test.

Validity and reliability
For student acceptance of evolution, we asked students 
in the pretest whether they agreed that evolutionary 
principles explained the origin of viruses, reptiles, and 
humans (inter-item correlation range  =  .60–.78). This 
was based on a measure validated in Spiegel et al. (2012), 
which explored whether visitors to a museum changed 
their conceptions of evolution following their exposure 
to an exhibit on evolution. Most of the variables in the 
Spiegel et al. (2012) study were based on open-ended sce-
narios, but the visitors were also asked the same three 
Likert scale questions on their acceptance of evolution-
ary origins as in the current study, though the organisms 
differed, being insects, birds, and humans. These were 
combined into a single highly reliable scale, acceptance 
of evolutionary origins (Cronbach’s alpha =  .91), which 
demonstrated good construct validity as it was signifi-
cantly negatively correlated with participant religiosity 
(r = −.33; p < .001) and positively correlated with partici-
pants’ views on the importance of understanding evolu-
tion (r = .50; p < .001). In the current study, this measure 
was asked before the course began and the reliability of 
the measure was high (Cronbach’s alpha =  .86), as was 
the construct validity, indicated by the significant posi-
tive and negative relationships with the other key meas-
ures (see Table 3).

How much students reported learning about evolu-
tion before the course (prior educational exposure), was 
significantly related to the number of evolution courses 
the student completed in high-school (M = 2, SD = 1.06; 
r (189)  =  .26, p  <  .001), and in college, (M  =  1.24, 
SD =  1.63; r (186) =  .38, p  <  .001.). Unlike prior edu-
cational exposure, however, the number of completed 
high school courses in biology and college courses with 
evolution did not correlate significantly with key vari-
ables, which challenged its validity as a measure of prior 
learning with this population of students, thus they were 
excluded from further analyses and prior educational 
exposure was used instead.

Teleological reasoning was operationalized as stu-
dent agreement with three progressive/need based 
statements about evolution, selected from a corpus of 
misconceptions voiced by students in the instructor’s 
previous classes on this topic. The conceptual and empir-
ical framework informing this measure (see Johnson and 
Morgan 2016) included the following: (1) items were stu-
dent misconceptions about evolutionary medicine, identi-
fied by the instructor in previous iterations of the course 

(2) the misconceptions could be conceptualized as tele-
ological; in particular, we focused on items that implied a 
goal directed process, a key feature of teleological reason-
ing identified by Mayr (1982, p. 48) and (3) the items had 
reasonable reliability (given that they assessed different 
kinds of misconceptions). Of 14 misconceptions included 
in the pre-test, three met these criteria.

Of the three statements included in this measure, the 
first (natural selection shapes health and longevity) and 
third (natural selection shapes healthy inclinations) 
focused on a common misconception (based on “sur-
vival of the fittest”) that natural selection shapes healthy 
outcomes and/or increases longevity. This is only true to 
the extent that selection shapes inclinations that increase 
reproductive success in ancestral environments. How-
ever, any allele that increases reproductive success will 
spread even if it decreases health outcomes and longev-
ity. The second statement (evolutionary changes arise in 
response to the needs of organisms to adapt to its envi-
ronment) refers to a common misunderstanding that 
organisms direct evolution to meet their needs (e.g., 
the classic Lamarckian explanation of the “giraffe’s long 
neck”—see the “Introduction and background”). All these 
statements are teleological in the sense that they imply 
that natural selection (AKA evolution) is goal-directed 
and purposeful, in that it shapes future outcomes and (as 
such) is responsive to the survival needs of the organism, 
demonstrating good face validity.

The inter-item correlation of the teleological meas-
ure is adequate (.26–.45), given that each statement 
represented a different domain (health, longevity, the 
organism’s needs). It also demonstrates good construct 
(theoretical) validity; the teleological measure is signifi-
cantly negatively related to natural selection understand-
ing and the final course grade but unrelated to the other 
measures, which was predicted.

Natural selection understanding was measured using 
the conceptual inventory for natural selection, or CINS, 
and has been previously validated with college students 
(Anderson et  al. 2002) (Cronbach’s alpha  =  .71). The 
mean score on this measure for a community college stu-
dent sample was 8.21 (SD = 3.07) (Anderson et al. 2002).

Analyses
We first used Pearson correlations (two-tailed) to estab-
lish baseline relationships between each variable at pre-
test. However, to determine the relative influence of each 
variable on students’ incoming acceptance of evolution 
at pre-test, their incoming understanding of natural 
selection at pre-test, and changes in understanding of 
natural selection over the semester, we ran three inde-
pendent multiple regressions using relevant variables as 
predictors of the dependent variable in each regression. 
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Multiple regression is appropriate for this analysis to 
estimate the unique variance explained by each variable, 
when all other variables are held constant (Aiken et  al. 
1991).

Results
Pre-test: attitudes and understanding
At the beginning of the course, student acceptance of 
evolution was high; on a scale of 1–5 students scored an 
average of 4.11. Student religiosity was close to neutral 
with students scoring an average of 2.43 on a 1–4 scale. 
Students showed a high endorsement of teleological rea-
soning (3.78 average on a 1–5 scale) and low understand-
ing of natural selection (13.90 average on a 0–20 scale). 
Ranges, means, and standard deviations of all variables 
at pre-test are reported in Table 2. We first examined the 
relationships between parent demographics, student and 
parent attitudinal measures, students’ prior educational 
exposure, student natural selection understanding, and 
student teleological reasoning measures before students 
were exposed to the course material. Students entering 

this course in evolutionary medicine had better scores 
on the CINS measure of natural selection understanding 
than those of the community college students sampled in 
Anderson et al. (2002) research.

Correlations
As seen in Table 3, at pre-test, students who had higher 
acceptance of evolution scores had parents with higher 
educational levels who were also more likely to accept 
evolution. Student religiosity and parent educational 
level were not significantly correlated. Students report-
ing higher levels of prior educational exposure to evolu-
tion obtained somewhat higher scores on the measures 
of natural selection understanding and acceptance of 
evolution, and lower scores on religiosity. Students who 
obtained higher scores on the measure of natural selec-
tion understanding at pre-test were less religious and 
more likely to accept evolution. Their parents were also 
more likely to accept evolution. Students with a better 
understanding of natural selection also had higher levels 
of prior educational exposure to evolution and were less 
likely to endorse teleological reasoning. However, these 
correlations do not consider the influence of other corre-
lated variables so we conducted multiple regression anal-
yses to determine the relative influence of each variable, 
controlling for all other variables, on student acceptance 
of evolution and student understanding of natural selec-
tion at pre-test.

Student acceptance of evolution
To control for all other variables and illustrate the rela-
tive influence of each variable on students’ incoming 
acceptance of evolution, we conducted a multiple linear 

Table 2 Descriptive statistics of pre-test variables

M Min Max SD N

Parent education level 4.13 1 5 .85 189

Parent attitude towards evolution 3.80 1 5 1.05 189

Student religiosity 2.43 1 4 1.02 190

Student acceptance of evolution 4.11 1 5 .82 188

Student prior educational exposure 3.07 1 5 .93 189

Student teleological reasoning 3.78 1 5 .81 186

Student natural selection understanding 13.90 6 20 3.50 182

Table 3 Pearson correlations (two-tailed) among pre-test variables, assessed before exposure to course material

*p < .05, **p < .01, ***p < .001

Measures 1. Parent educa-
tion level

2. Parent attitude 
evolution

3. Student 
religiosity

4. Student acceptance 
evolution

5. Prior exposure 6. Teleological 
reasoning

Demographic and cultural/attitudinal measures

 1. Parental educa-
tional level

–

 2. Parental attitude 
evolution

.314*** –

 3. Student religios-
ity

−.062 −.332*** –

 4. Student accept-
ance evolution

.244** .679*** −.457*** –

Cognitive measures

 5. Prior exposure .091 .200** −.211** .248*** –

 6. Teleological 
reasoning

.016 .043 −.089 .100 −.038 –

 7. Natural selection 
understanding

.051 .213** −.218** .156* .304*** −.295***
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regression (see Table  4 for a summary of coefficients, 
standard errors, and statistical significance): R2 =  .50 
(R  =  .71); F (6, 169)  =  28.50, p  <  .001 (Adjusted 
R2 =  .49). Together, these variables accounted for 49% 
of the variance in student acceptance of evolution 
scores, with significant unique variance contributed by 
two of the attitudinal variables, parent attitude toward 
evolution (positively) and student religiosity (nega-
tively). Interestingly, parent attitude towards evolu-
tion predicted student acceptance of evolution more 
than religiosity indicating that parent attitudes may 
be more important for student acceptance of evolu-
tion than strength of personal religious beliefs among 
this population. Almost none of the cognitive variables 
contributed unique variance to students’ acceptance of 
evolution, except prior educational exposure, but this 
variable was a far weaker predictor of acceptance of 
evolution than either of the cultural/attitudinal vari-
ables (Table 4).

Given that individuals are more likely to reject the evo-
lutionary origins of humans versus other organisms we 
were interested to see if these results would be different 
if we separated student acceptance of human evolution 
from that of reptiles and viruses. Therefore, we ran these 
analyses again with the dependent variable as the single 
item from our scale that inquired about human evolution 
and then again with the dependent variable being student 
scores on acceptance of evolution of viruses and lizards. 
The results of these analyses were not different from the 
results reported in Table 4. The same was determined for 
all subsequent regression analyses. The frequency dis-
tributions of each measure are reported in Fig. 1, which 
illustrate the similarities in scores between the three dif-
ferent items and the aggregate acceptance of evolution 
scores.

Natural selection understanding
To control for all other variables and illustrate the relative 
influence of each variable on student incoming under-
standing of natural selection, we conducted a multiple 
linear regression (see Table  5 for a summary of coef-
ficients, standard errors, and statistical significance): 
R2 = .24 (R = .49); F (6, 169) = 8.788, p < .001 (Adjusted 
R2 = .21). Together, these variables accounted for 21% of 
the variance with significant unique variance contributed 
by one of the cultural/attitudinal variables only; student 
religiosity (negatively). Both cognitive variables, prior 
educational exposure (positively) and teleological rea-
soning (negatively), contributed unique variance. Stu-
dent religiosity was a weaker predictor of understanding 
of natural selection than were the cognitive variables. In 
summary, while cultural/attitudinal measures mainly 
predicted students’ acceptance of evolution, cognitive 
measures were the main predictors of natural selection 
understanding.

Pre- to post-test: natural selection understanding 
and teleological reasoning
Paired sample t tests were conducted on pre- and post-
test natural selection understanding and teleologi-
cal reasoning scores to determine whether they had 
changed after exposure to course material. Both analy-
ses indicated a statistically significant change over the 
semester: an increase in natural selection understanding 
(Mpre =  14.09, SD =  3.53; Mpost =  16.41, SD =  3.13), 
t (143) = −.10.35, p <  .001, and a decrease in teleologi-
cal reasoning (Mpre  =  3.80, SD  =  .81; Mpost  =  2.44, 
SD = .86), t (147) = .14.80, p < .001.

Learning gains in natural selection understanding over the 
course
Natural selection understanding at post-test was signifi-
cantly correlated with the following pre-test measures: 
parental attitude towards evolution (r =  .26; p =  .001), 
student religiosity (r = −.23; p =  .002), student accept-
ance of evolution (r =  .21; p =  .005), prior educational 
exposure (r =  .23; p =  .003), and pre-test natural selec-
tion understanding (r  =  .68; p  <  .001), as well as the 
post-test measure of teleological reasoning (r  =  −.39; 
p  <  .001). We conducted a multiple linear regression 
to determine the relative influence of each variable, 
independently of the others, on the post-test natural 
selection understanding score. Because we control for 
pre-test natural selection understanding in this regres-
sion, we are in effect, determining the relative influence 
of all other variables on student learning gains in natural 
selection understanding over the course. Overall, 50% 
of the variance was explained: R2 =  .53 (R =  .73); F (7, 
132) = 21.0, p <  .001 (Adjusted R2 =  .50). Only natural 

Table 4 Results from  a multiple linear regression of  stu-
dent incoming acceptance of evolution on all pre-test vari-
ables

*p < .05, **p < .01, ***p < .001

B SE B β

Intercept 2.59 .42 N/A

Demographic and cultural/attitudinal measures

 1. Parental educational level .04 .05 .04

 2. Parental attitude towards evolution .40 .05 .52***

 3. Student religiosity −.21 .05 −.27***

Cognitive variables

 4. Prior educational exposure .11 .05 .12*

 5. Teleological reasoning .04 .06 .04

 6. Natural selection understanding −.01 .01 −.04

Adjusted  R2 .49
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selection understanding-pre (β = .58; p < .001) and tele-
ological reasoning-post (β = −.24; p < .001) contributed 
significant unique variance. Results are summarized in 
Table 6.

Learning gains in understanding of natural selection 
were predicted by the cognitive variables, but not by the 
cultural/attitudinal variables. Although students were 
less likely to endorse teleological reasoning at the end 

Fig. 1 Frequency distributions of student acceptance of evolution scores 1 lowest acceptance and 5 highest acceptance a frequency distribution 
of student scores on the combined measure of acceptance of evolution (virus + reptiles + humans/3) b frequency distribution of student scores 
on the single question on acceptance of virus evolution c frequency distribution of student scores on the single question on acceptance of reptile 
evolution and d frequency distribution of student scores on the single question of acceptance of human evolution
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of the course, continued endorsement of intuitive tele-
ological explanations for evolutionary change negatively 
predicted students’ learning gains in understanding of 
natural selection.

Final semester grade
We further conducted similar analyses on the final 
semester grades to assess the influence of natural selec-
tion understanding-post on course grades. We did this 
to provide evidence to assess whether students’ mastery 
of course material was indeed dependent on their mas-
tery of understanding natural selection. Final semester 
grades (N = 172) ranged from 70.5 to 98.2 (M = 87.64, 
SD  =  5). Both significantly correlated variables, tele-
ological reasoning-post (r = −.24; p =  .004) and natu-
ral selection understanding-post (r = .42; p < .001) were 
simultaneously regressed on the final course/grade score; 

they explained 17% of the final semester grade: R2 =  .18 
(R = .43); F (2, 146) = 15.87, p < .001 (Adjusted R2 = .17). 
Natural selection understanding-post, only, contributed 
significant unique variance (β =  .38; p  <  .001) demon-
strating a significant role for a principled understanding 
of natural selection in students’ mastery of the course 
material.

Discussion
Undergraduate students in this study completed a course 
on evolutionary medicine that offered a human-centered 
narrative, which increased learning of natural selection 
and decreased teleological reasoning over the semes-
ter. Importantly, this course succeeded in conveying key 
evolutionary content, natural selection, regardless of stu-
dents’ incoming acceptance of evolution. Their under-
standing of natural selection improved over the semester, 
as measured with an instrument that included questions 
on content unrelated to course material but nonetheless 
explained significant variance in grades. Overall, these 
findings demonstrate that students generalized an under-
standing of natural selection gained in a course on evo-
lutionary medicine to content more typically found in 
standard evolutionary biology courses. Relatedly, over 
the same time-frame, they significantly decreased their 
reliance on intuitive teleological reasoning.

Key findings
First, students with a broad range of scores on a measure 
of acceptance of evolution are capable of learning about 
evolutionary medicine in general, and natural selection in 
particular. Second, students’ cognitive biases significantly 
interfered with learning. We compiled a measure of stu-
dents’ acceptance of evolution in which they merely had 
to indicate whether they agreed that evolutionary prin-
ciples explained the origin of diverse species (including 
humans). This measure did not assess students’ knowl-
edge of evolution facts; in this respect, it differs from 
extant measures of students’ acceptance of evolution 
(e.g., Rutledge and Warden 1999), which tend to conflate 
acceptance and understanding. Conversely, our meas-
ure of natural selection understanding focused entirely 
on student understanding of evolutionary facts and 
concepts, but did not address student attitudes toward 
evolution.

We were intrigued to discover that when using multiple 
regression analyses to control for various factors, paren-
tal attitude towards evolution (but not parent educational 
level) positively predicted students’ acceptance of evolu-
tion but had no independent effect on students’ under-
standing of natural selection. This is in line with recent 
studies, which establish that education level, per se, plays 
a minor role in the acceptance of evolution, while the 

Table 5 Results from  a multiple linear regression of  stu-
dent incoming understanding of  natural selection on  all 
pre-test variables

*p < .05, **p < .01, ***p < .001

B SE B β

Intercept 16.21 2.27 N/A

Demographic and cultural/attitudinal measures

 1. Parental educational level .14 .29 .03

 2. Parental attitude towards evolution .45 .31 .13

 3. Student religiosity −.63 .27 −.18*

 4. Student acceptance of evolution −.30 .43 −.07

Cognitive variables

 5. Prior educational exposure 1.01 .27 .27***

 6. Teleological reasoning −1.31 .29 −.30***

Adjusted  R2 .21

Table 6 Results from  a multiple linear regression of  stu-
dent post-test understanding of natural selection

*p < .05, **p < .01, ***p < .001

B SE B β

Intercept 12.45 1.80 N/A

Demographic and cultural/attitudinal measures

 1. Parental educational level −.26 .23 −.07

 2. Parental attitude towards evolution .43 .23 .15

 3. Student religiosity −.26 .21 −.09

 4. Student acceptance of evolution −.233 .247 −.079

Cognitive variables

 5. Prior educational exposure −.01 .22 −.00

 6. Teleological reasoning-post −.81 .21 −.24***

 7. Natural selection understanding-pre .50 .06 .58***

Adjusted  R2 .50
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attitudes of family and friends play a more significant 
role (Hill 2014). Parents with low education levels may be 
more likely to have low acceptance of evolution, but it is 
their attitude that is driving students’ acceptance levels, 
not their level of education. Conversely, prior educational 
exposure to evolution (positively) and intuitive teleologi-
cal reasoning (negatively) predicted understanding of 
natural selection, but neither had a large effect on accept-
ance of evolution. While student religiosity affected both 
measures negatively, the amount of variance explained 
by religiosity was much higher for acceptance of evolu-
tion than for understanding of natural selection. Addi-
tionally, the two key measures, evolution acceptance 
and understanding of natural selection were not signifi-
cantly related to each other once the variance explained 
by other variables was excluded. Finally, student learning 
gains in natural selection at the end of the semester were 
uniquely predicted by the cognitive variables alone: tele-
ological reasoning and pre-test natural selection under-
standing. This disassociation between the cognitive and 
attitudinal factors makes it possible for courses that focus 
on evolutionary mechanisms, such as natural selection, 
to be successful, regardless of students’ prior beliefs and 
family attitudes about evolution.

Persistent tendencies toward teleological reasoning 
were associated with a decrease in college students’ abil-
ity to learn natural selection. At the end of the course, 
students were significantly less likely to endorse teleolog-
ical reasoning, although those who continued to endorse 
such explanations for evolutionary change did worse on 
the post-test measure of natural selection understanding. 
These findings imply that instruction aimed at alerting 
students to the possible negative effects of their intui-
tive endorsement of teleological explanations should be 
given more consideration and that it may increase learn-
ing gains.

Limitations and future directions
We did not have a comparison group of students who 
were learning evolution outside of the context of evolu-
tionary medicine, making causal inferences about the 
efficacy of teaching evolutionary medicine specifically, 
as opposed to other evolution instructional methods dif-
ficult. However, we limit our conclusions about the effi-
cacy of evolutionary medicine in this manuscript for that 
reason.

An additional limitation was that our measure of under-
standing was limited to natural selection. It would have 
been useful to examine whether students’ understanding 
of macroevolutionary processes changed over the semes-
ter and how attitudinal/cultural and cognitive variables 
were related to this change (Nadelson and Southerland 

2009). However, given that this course was not focused 
on macroevolutionary principles, we are doubtful that 
we would have seen similar gains on a measure of under-
standing of macroevolution and therefore this course 
would not have been the proper context to test these 
kinds of hypotheses. Further, due to the absence of a tele-
ological reasoning measure explicitly focused on evolu-
tionary medicine, we used responses to three questions 
on this topic (out of a corpus of 12 questions) to assess 
students’ tendency to believe that evolution is directed 
towards a goal. Although this is a more narrowly defined 
construct than teleological reasoning in general, it is one 
of the key constructs identified by Mayr (1982). Validated 
measures of different aspects of teleological reasoning are 
needed and should be used for future studies.

Additionally, overall in this course students’ incoming 
acceptance of evolution was high; some students came 
in with only moderate levels of acceptance, but few of 
them had very low levels of acceptance (Fig.  1). Future 
research should explore if these results are robust with 
a population of students with lower initial acceptance of 
evolution.

Finally, we did not assess changes in acceptance of evo-
lution over the semester. The amount of time available 
for data collection was limited because we administered 
the pre- and post-test on the first and last day of class, 
respectively. Especially for the post-test, this meant limit-
ing the number of measures to measures of understand-
ing and teleological reasoning. Future research should 
also explore how these factors may influence a change in 
acceptance of evolution over the semester.

Implications for instruction
The disconnect between students’ acceptance of evolu-
tion and their understanding of natural selection is in 
accordance with a recent body of research demonstrat-
ing that facts are not necessarily persuasive, particu-
larly when they conflict with beliefs that are central to 
an individual’s identity (e.g., Barnes et  al., 2017a;  Evans 
2013; Kahan 2015). Instructors of courses that introduce 
controversial material, whether in the sciences or the 
social sciences, should be cognizant of this disconnect 
and try to adjust their delivery of course material accord-
ingly. Our main recommendation based on these data is 
that teaching students about intuitive cognitive biases, 
particularly teleological reasoning, could serve to make 
students more aware of this bias and perhaps reduce 
the tendency to use them when reasoning about natural 
selection. Such instruction could help students be more 
reflective about the language they use to describe evo-
lutionary processes and could thus impact their under-
standing of natural selection.
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Conclusion
These data show that students with reasonably broad 
ranges of acceptance of evolution can understand natu-
ral selection if their tendency to use teleological reason-
ing is corrected. We also demonstrate with the pre-test 
data that a greater understanding of natural selection 
did not predict higher levels of acceptance of evolution, 
though religiosity and parental attitudes did. If instruc-
tors want to increase both understanding of natural 
selection and acceptance of evolution they may have to 
address both cognitive factors, such as teleological rea-
soning, as well as cultural factors such as family attitudes 
and religiosity.

Abbreviation
CINS: conceptual inventory of natural selection.
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