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ARTICLE

ABSTRACT
Recent calls to action urge sweeping reform in science education, advocating for improved 
learning for all students—including those majoring in fields beyond the sciences. However, 
little work has been done to characterize the differences—if any exist—between students 
planning a career in science and those studying other disciplines. We describe an attempt 
to clarify, in broad terms, how non–STEM (science, technology, engineering, and math-
ematics) majors differ from life sciences majors, and how they are similar. Using survey 
responses and institutional data, we find that non–STEM majors are not unilaterally science 
averse; non–STEM majors are more likely than biology majors to hold misconceptions 
about the nature of science, yet they are not completely ignorant of how science works; 
non–STEM majors are less likely than biology majors to see science as personally relevant; 
and non–STEM majors populations are likely to be more diverse—with respect to incoming 
knowledge, perceptions, backgrounds, and skills—than a biology majors population. We 
encourage science educators to consider these characteristics when designing curricula 
for future scientists or simply for a well-informed citizenry.

INTRODUCTION
Recent calls to action urge sweeping reform in science education, advocating for 
improved learning for all students (American Association for the Advancement of Sci-
ence [AAAS], 2011). A growing body of literature illustrates that active-learning tech-
niques and an inquiry-based curriculum improve learning, further compelling educa-
tors to institute these practices (Luckie et al., 2004, 2012; Prince, 2004; Walker et al., 
2008; Armbruster et al., 2009; Haak et al., 2011; Cotner et al., 2013; Guang and 
Bierma, 2013; Freeman et al., 2014; Connell et al., 2016). Yet, as instructors migrate 
to evidence-based teaching, they invariably make assumptions about their students’ 
characteristics—including science identity, confidence, motivation, incoming knowl-
edge and ability, and the potential to learn.

To confirm or reject these assumptions about our students, we can look to recent 
work that draws connections between student characteristics, perceptions of science 
and scientists, and scientific knowledge. For example, there is a small but significant 
correlation between general scientific knowledge and attitudes (confidence, interest) 
toward science, a relationship that spans continents and cultures. Specifically, confi-
dence plays a vital part in persistence, retention, and abilities in STEM (science, 
technology, engineering, and mathematics) subjects (Lundeberg et al., 1992), and con-
fidence differences are related to differences in students’ motivation (Fenollar et al., 
2007). Science confidence may also be affected by factors such as in-class engagement, 
intrinsic motivation, self-regulatory skills, gender, experience, and test anxiety (Pintrich 
et al., 1991; Eccles et al., 1993; Pajares, 1996; Cotner et al., 2011; Nissen, 2016). How-
ever, if there is a causal basis for the correlation between confidence and knowledge, it 
has not been established (Allum et al., 2008). Similarly, increases in attitudes toward 
science have been correlated with increases in knowledge (Cook and Mulvihill, 2008); 
again, these correlations have not been disentangled to reveal possible causation.
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Student characteristics can have a profound influence on 
how students perceive and learn science. Recent work on identi-
ty-protective cognition (Kahan, 2010, 2012, 2013) demon-
strates that culture and a sense of in-group identity can impact 
not only perceptions of science and scientists but also how an 
individual responds to politically polarizing scientific informa-
tion. For example, an individual who identifies as a conservative 
male (vs. his liberal female counterpart) is less likely, as a func-
tion of increased knowledge, to accept the science of climate 
change (McCright and Dunlap, 2011). Similarly, religious affili-
ation can preclude acceptance of evolution—especially human 
evolution—even in response to repeated evidentiary claims 
(Cotner et al., 2010; Moore et al., 2011; Rissler et al., 2014).

Furthermore, scientific knowledge is socially and personally 
relevant. Ignorance of science (both from a factual and proce-
dural standpoint) has implications for policy (Ding et al., 2011), 
personal health choices (Kahan, 2013), and support for govern-
mental funding of science research (Miller, 2004; Sanz-Menen-
dez et al., 2014).

This information can be valuable as we develop our curric-
ula or revise existing courses. However, much of the work thus 
far fails to inform a key dichotomy in many of our institutions—
that of the biology majors versus non–STEM majors audience. 
Specifically, how do students interested in life sciences careers 
(i.e., “biology majors”) differ from those who are studying other 
fields (non–STEM majors)? Do we make the same assumptions 
about a biochemistry major as a marketing major? Does a future 
ecologist find relevance in the same problems as a future histo-
rian? Furthermore, if they differ, do we acknowledge these dif-
ferences in our curricular design? If so, how? And how would 
curricular reform differentially impact biology majors and non–
STEM majors?

These topics have not been completely overlooked, as some 
investigators have established general differences between biol-
ogy majors and nonmajors. For example, Smith et al. (2004) 
confirm many suspicions that the non–STEM majors enrolled in 
introductory science courses are there primarily to fulfill a 
requirement, not to quench some thirst for knowledge or better 
position themselves in the job market. Other investigators have 
documented empirical differences in non–STEM majors and 
biology majors with respect to motivation (Glynn et al., 2011), 
interest (Knight and Smith, 2010), understanding of the nature 
of science (Partin et al., 1998), and science content knowledge 
(Knight and Smith, 2010; Medina et al., 2014). Additionally, 
many (Hobson, 2001; Arwood, 2004; Kolb and Kolb, 2005; 
Cook and Mulvihill, 2008; Busch, 2010; Cotner and Gallup, 
2011; Guang and Bierma, 2013) have demonstrated that an 
emphasis on the applications of scientific information—for 
example, via civic engagement, environmental issues, or public 
health—can have positive impacts on knowledge acquisition 
and attitudes toward science.

However, gaps in our understanding remain, especially in 
terms of characterizing our students as they enter our courses. 
Specifically, do non–STEM majors differ in terms of their science 
identity; confidence in their ability to do science; and percep-
tions of science, scientists, and scientific methodology? The work 
we describe in this paper reflects an attempt to clarify, in 
broad terms, how non–STEM majors differ from biology 
majors, how they are similar, and where we still need further 
information.

At our institution, students are admitted, as first-semester 
freshmen, into colleges with defined disciplines (e.g., College of 
Biological Sciences, College of Liberal Arts, College of Design) 
and a suite of corresponding majors (e.g., in the College of Bio-
logical Sciences, possible majors include biochemistry, neuro-
science, and ecology, evolution, and behavior). This early 
grouping enabled us to tackle many of our questions about stu-
dent identity, interest and confidence in doing science, and per-
ceptions of scientists and scientific methods. Specifically, we 
had the following questions:

1.	 Are incoming biology majors different from non–STEM 
majors with respect to descriptive characteristics—gender, 
academic preparation, ethnicity, citizenship?

2.	 Do incoming biology majors exhibit stronger “science iden-
tity” than their non–STEM majors counterparts?

3.	 Are non–STEM majors less confident in their ability to do 
science than are incoming biology majors?

4.	 Do these two groups differ in their perceptions of scientists 
and scientific methods?

Our goal was to identify meaningful differences between 
our target populations to help us design curricula in ways that 
would benefit all students—developing biologists as well as 
those majoring in other fields.

METHODS
Terminology
We define “biology major” as any student entering the College 
of Biological Sciences (CBS) at the University of Minnesota. 
Any student in any of the university’s other colleges (whether 
an entering freshman or not) is a “nonmajor.” The nonmajors 
designation is complicated by the fact that there are three sci-
ence-focused colleges at the university—CBS, the College of 
Science and Engineering (CSE, which does not have a life sci-
ences emphasis), and the College of Food, Agriculture, and Nat-
ural Resources Sciences (CFANS, which does have a life sciences 
emphasis); however, the largest group of nonmajors are those 
in the College of Liberal Arts (CLA; further discussed in the 
Results section). Therefore, to provide clarity, we exclude the 
CSE and CFANS students from our analysis to compare 
developing biologists with students who do not plan to major in 
the sciences; we designate these the “non–STEM majors.”

Student Population
Students include individuals enrolled in one of the following

•	 A prematriculation college orientation program (the Nature 
of Life), held off-site at the university’s Itasca Biological Sta-
tion and Laboratories. These students all plan to enter the 
CBS, having expressed the intention of studying biology and 
having gained admission to CBS. This group is hereafter 
referred to as the “biology majors” group.

•	 An introductory biology course designed for students 
enrolled in any of the university’s colleges besides CBS. 
These students are primarily taking introductory biology to 
fulfill a graduation requirement (“natural sciences with lab-
oratory”). Several options exist for those selecting such a 
course and range from a course focused on environmental 
problems and solutions to one emphasizing the evolution 
and biology of sex.
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Data Collection
Biology majors completed surveys in person before the official 
start of the Summer orientation program. Responses from non– 
STEM majors were solicited via an email from a program 
administrator. Before the first day of class, students were intro-
duced to the project and asked to complete an online survey 
developed to address the questions of several instructors and 
biology education researchers. The email assured students that 
survey participation was voluntary, and they were free to omit 
any or all items from consideration.

The survey items used in the described work targeted the 
respondent’s science (as well as artistic, athletic, etc.) identity 
(Cole, 2012); confidence (via items drawn and, in some cases, 
modified from existing instruments; Lopatto, 2004; Seymour 
et al., 2004); and perceptions of science, scientists, and scien-
tific processes (Lopatto, 2004; and some generated in-house); 
these survey items are available in the Supplemental Material. 
Most categories (e.g., “science confidence”) are addressed by 
several items, with the exception of the single-item “science 
identity” metric (Cole, 2012). In this manner, we have narrowly 
defined science identity based on a student’s reported affinity 
for feeling like a “science person, ” a definition consistent with 
that of Gee (2000) and Carlone and Johnson’s (2007) “recogni-
tion” component of identity (i.e., “I see myself as a scientist”). 
All items are part of a larger “core” survey administered to all 
students in introductory biology courses. The survey has been 
administered for several years and is used for both course eval-
uation and improvement and biology education research.

Students were encouraged to respond to the survey by the 
offer of one extra-credit point for survey completion, although 
students were assured that they could omit any of the items 
from the survey and still qualify for the extra credit. The extra-
credit benefit amounted to between 0.1% and 0.33% of one 
percentage point in the course overall, so its impact on a stu-
dent’s grade was negligible; however, we chose to use extra 
credit because of past experience suggesting that response rates 
increased more than fivefold with this small incentive. We also 
collected institutional information on each survey respondent’s 
college, declared major, ACT score (as a measure of academic 
preparation), year in school, international status, gender, and 
ethnicity. Ethnicity data were combined into “white” and “non-
white” to eliminate the possibility of identifying individual stu-
dents. The University of Minnesota’s Institutional Review Board 
evaluated the survey as exempt from review, along with survey 
administration, and the use of institutional data.

Analysis
A total of 1450 students completed the precourse surveys (524 
biology majors and 926 nonmajors—of whom 662 were non–
STEM majors); given that a total of 2260 (538 biology majors 
and 1722 nonmajors) students were asked to complete surveys, 
this figure represents response rates of greater than 97% for 
biology majors and 54% for nonmajors. Biology majors com-
pleted the surveys in person, before a required off-site, precol-
lege orientation session, whereas nonmajors completed their 
surveys online during the first week of their introductory biol-
ogy course. These different delivery methods likely explain the 
dramatically different response rates.

Survey items were all based on Likert-scale (either four-item 
or five-item) responses and were analyzed categorically (to 
compare the spread and strength of the responses). Categorical 
responses were compared via chi-square tests for deviations 
from the comparison group. Standard least-squares multiple 
regression was used to determine which additional characteris-
tics (i.e., ACT, ethnicity, or gender) predicted survey responses; 
complete results of the multiple regression, by item, are included 
in the Supplemental Material. All statistical analyses were con-
ducted using JMP Pro, version 12.0.1.

RESULTS AND INTERPRETATION
Question 1. Are Incoming Biology Majors Different from 
Nonmajors with Respect to Descriptive Characteristics—
Gender, Academic Preparation, Ethnicity, Citizenship?
Institutional data (summarized in Table 1) indicate that non–
STEM majors are, in general, less female-dominated, more 
international, and exhibit greater diversity with respect to eth-
nicity than do biology majors. Also, because only incoming biol-
ogy majors took the survey, the majority (60%) of these stu-
dents were classified as freshmen. Non–STEM majors included 
students from throughout the curriculum, and therefore had 
fewer (11%) freshmen. Biology majors have higher ACT scores, 
on average, than do students from the university community at 
large. Given that CBS has become increasingly more selective 
over the past decade, it is not surprising that the biology majors 
consist of many honors students with high ACT scores. We are 
unsure why differences exist with respect to international sta-
tus, but our observed ethnicity differences echo national trends 
indicating that STEM fields in general are characterized by dis-
proportionately few members from non-white groups (National 
Academy of Science, National Academy of Engineering, and 
Institute of Medicine [NAS], 2011).

TABLE 1.  General characteristics of respondents entering the CBS (biology majors) vs. those intending to major in non–science fields 
(non–STEM majors) with characteristics for the entire student body (excluding CBS students) also included for comparison

Majors Nonmajors Non–science majors
University of Minnesota 

student body

Percent female 64.4 58.5 60.6 50.1
Percent international 1.9 8.6 9.5 10.6
Percent white 75.7 71.2 70.2 69.1
Percent freshman 59.9 10.4 10.7 16.9
Median ACT score 30 27 27 28a

aStudent body ACT average includes CBS students, as it was not possible to disaggregate the institutional data.
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Ethnicity (NAS, 2011; National Science Foundation, 
National Center for Science and Engineering Statistics [NSF, 
NCES], 2015), gender (NSF, NCES, 2015; Nissen and Shemwell, 
2016; Wilson et al., 2016), and ACT (Noble and Sawyer, 2002; 
Alarcon and Edwards, 2012) have all been associated with sci-
ence performance and self-efficacy, and each of these variables 
was associated with several of our reported outcomes, in addi-
tion to whether a student was a biology major or not. Standard 
least-squares multiple regression to detect the effect sizes of 
each of these variables revealed that ACT and gender are signif-
icant predictors of most responses, along with majors classifica-
tion (Supplemental Material). For example, ACT, gender, and 
student classification all predict confidence in a student’s ability 
to “understand and evaluate scientific literature” and “analyze 
a set of observations, tables, or graphs.” For some items, ethnic-
ity was also a significant response predictor: for example, eth-
nicity predicted student agreement with the statement “I can do 
well in science courses.” Year in school was not a significant 
predictor of any of our outcomes. These findings confirm that 
many factors influence our students’ motivation and capacity to 
“do” science—not merely whether one has declared an intent to 
major in science.

Question 2. Do Incoming Biology Majors Exhibit Stron-
ger “Science Identity” Than Their Non–STEM Majors 
Counterparts?
Incoming biology majors are similar to non–STEM majors with 
respect to spiritual, athletic, and creative identities. However, 
biology majors were more likely to describe themselves as “a 
science person” (p < 0.001), and non–STEM majors are 
slightly—but significantly—more likely to report an artistic 
identity (p < 0.001; see distribution of responses in Figure 1). 
In response to the prompt “How much does ‘a science person’ 
describe you?,” 85.7% of biology majors responded with either 

“mostly like me” or “very much like me,” compared with 35.3% 
for non–STEM majors on the same item.

Again, it is not surprising that students pursuing scientific 
studies in college are more likely to claim a science identity. 
These data are encouraging, given the importance of “fit”—
with the institution, discipline, and so on—in increased reten-
tion and success in college (Terenzini and Pascarella, 1980; 
Tinto, 1987; O’Keefe et al., 1993). But this trend also confirms 
any suspicion that, in general, our non–STEM majors do not see 
themselves as “science people.” However, more than a third of 
the students in non–STEM majors did strongly align with a sci-
ence identity, demonstrating a broad range in perspectives 
toward science. Admittedly, it is difficult to interpret single-item 
responses; we do not know how students interpret the phrase “a 
science person,” and our best guide in this case is how students 
identify with other descriptors (creative, athletic, etc.; see the 
Supplemental Material and Figure 1). Future work should 
attempt to clarify what “a science person” means to students—
those intending to major in science and otherwise.

Question 3. Are Non–STEM Majors Less Confident in Their 
Ability to Do Science Than Are Incoming Biology Majors?
Non–STEM majors averaged lower, in their science confidence, 
on every related metric in our survey (Figures 2 and 3). For 
example, on the item, “I can understand and evaluate the sci-
ence related to a current issue, such as climate change,” 83.5% 

FIGURE 1.  Student responses to the “identity” items on the 
precourse survey. Biology majors express stronger “science 
identity” than their non–STEM majors counterparts, whereas non–
STEM majors had a slightly but significantly stronger artistic 
identity. There were no significant differences in any other identify 
grouping.

FIGURE 2.  Percentage of respondents in each category on 
questions of science confidence, on a four-point scale (where  
1 = not confident and 4 = very confident), for biology majors and 
non–STEM majors (all differences significant when analyzed 
categorically via chi-square, p < 0.001).
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of biology majors either agreed or strongly agreed compared 
with 60.2% for non–STEM majors. On some items (e.g., “I can 
do well in science courses” or “I could never be a successful 
scientist”), the differences exceeded 20%. However, the trends 
were similar across the groups; on no single item did biology 
majors completely agree or non–STEM majors completely 
disagree. On no single item were biology majors completely 
confident, while non–STEM majors lacked confidence outright. 
For example, non–STEM majors still tend to disagree with the 
statement “I could never be a successful scientist,” and tend to 
agree with the statement “I can do well in science courses.”

Question 4. Do These Two Groups Differ in Their 
Perceptions of Scientists and Scientific Methods?
Non–STEM majors are more likely to view science as a static, 
stand-alone domain, one that is mostly “an accumulation of 
facts, rules and formulas” (42% of non–STEM students agree 
compared with 20% of biology majors) and “not connected to 
non–science fields such as history, literature, economics, or art” 
(7.6% of non–STEM students agree compared with only 2.3% 
of biology majors; Figure 4). However, as with science confi-
dence, the trends are similar between the groups. For example, 
all groups disagree, on average, with the statement “Science is 
not connected to non–science fields such as history, literature, 
economics, or art.”

Non–STEM majors are also less likely to agree (84.9% vs. 
95.2%) with the statement “Science is a process of gathering 
and interpreting evidence (for example, making observations to 
explain the natural world).” Similarly, non–STEM majors see 
science as less personally relevant (88.4% vs. 98%) than do 
biology majors, as measured by items such as “Science can be 
used in a person’s daily life.”

Finally, it is worth noting that, although the two groups dif-
fer significantly, non–STEM majors still agree on average with 
the statement “A science course is a valuable part of a complete 
undergraduate education, regardless of major.” Non–STEM 
majors also agree with the statements “Science can be used in a 
person’s daily life” and “Science is extremely valuable for 
society.” These findings echo the general public’s views on sci-
ence as being largely valuable (Miller, 2004; Allum et al., 
2008), and further challenge the idea that typical non–STEM 
majors are, in general, science averse.

CONCLUSION
Recent reports, such as the 2011 Vision and Change report, 
encourage reform that results in increased learning for all stu-
dents (AAAS, 2011). However, much of the literature on evi-
dence-based instruction in STEM is focused on developing sci-
entists and fixing the holes in the “leaky STEM pipeline.” We do 
not challenge the importance of this work, rather, our focus is 
on identifying characteristics of another important group of stu-
dents—those who will not necessarily become scientists but 
who will use scientific information in their daily lives.

FIGURE 3.  Percentage of respondents in each category on 
questions of science confidence, on a five-point scale (where  
1 = strongly disagree and 5 = strongly agree), for biology majors 
and non–STEM majors (all differences significant when analyzed 
categorically via chi-square, p < 0.001).

FIGURE 4.  Percentage of respondents in each category on 
questions of perception of science, on a five-point scale (where  
1 = strongly disagree and 5 = strongly agree), for biology majors 
and non–STEM majors (all differences significant when analyzed 
categorically via chi-square, p < 0.001).
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Our findings are restricted to student characteristics at a sin-
gle institution, and this constraint may limit our ability to gen-
eralize. However, it is logical to assume that any group that 
includes individuals pursuing a variety of disciplines is going to 
be more diverse than a group with a common pursuit. In addi-
tion, as we design curricula for specific audiences, we are confi-
dent that we can use information reported here to make some 
cautious assumptions about incoming student populations else-
where. In a nutshell, nonmajors are less confident in their abil-
ity to do science, more likely to hold naïve conceptions about 
scientists and scientific methods, and less likely to see value in 
science. Also, although we report many areas of difference that 
are statistically significant, many of these differences may not be 
practically relevant. For example, non–STEM majors differ sta-
tistically from majors in the extent to which they agree with the 
statement “I think that science is extremely valuable for soci-
ety,” yet this 10% difference (Figure 4) is unlikely to translate 
into any meaningful differences in how we teach. However, the 
large differences in confidence (e.g., only 60.2% of non–STEM 
majors agree that they can “understand and evaluate the sci-
ence related to a current issue,” while 83.5% of biology majors 
agree with this statement; Figure 3) could inform practical 
aspects of our teaching. Knowing non–STEM majors are nota-
bly less confident about “doing” science, an instructor could 
scaffold class exercises into a series of steps—with the intent of 
building a student’s confidence over time (e.g., using guided-in-
quiry techniques such as process-oriented guided-inquiry learn-
ing; Moog et al., 2006).

In sum, our nonmajors still have a tractable level of confi-
dence in their ability to do science, have foundational knowl-
edge of what science is and what scientists do, and see value in 
science. They also see value in taking a science course in col-
lege, regardless of their disciplinary goals. The latter point 
should be encouraging to educators who might reluctantly 
agree to teach science courses to nonmajors. The introductory 
course is likely the only opportunity to convey to nonmajors 
how science actually works, a fact that underscores the impor-
tance of knowing, and reaching these students.

It bears repeating that these incoming differences do not 
necessarily align with performance differences, an interpreta-
tion supported by some (Sundberg and Dini, 1993; Wright and 
Klymkowsky, 2005) and rejected by others (Knight and Smith, 
2010), and one that warrants further study. Specifically, we 
need to tease out the relationship between attitude and knowl-
edge to help us determine our teaching priorities—do we focus 
on attitudes to impact knowledge or vice versa? Finally, we are 
unable to conclude which, if any, of the responses we document 
are associated with salient gains in scientific skills, knowledge, 
or personal decision making.

Regardless of these notable shortcomings, we suggest these 
data as a starting point for crafting a broad understanding of 
our students and differentiating between our majors and non-
majors. In designing our curricula, we would be advised to real-
ize, first, that our non–STEM majors students, like members of 
the general population, are not unilaterally science averse 
(Miller, 2004; Allum et al., 2008). However, certain politically 
polarizing topics (e.g., human evolution, anthropogenic climate 
change) might be viewed differently by nonmajors (Paz-y-Miño 
and Espinosa, 2009) and therefore should be approached with 
care (Miller et al., 2006; Kahan, 2010; McCright and Dunlap, 

2011; Barnes and Brownell, 2016; Barnes et al., 2017). Fortu-
nately, several recent works address the teaching of evolution 
(O’Brien et al., 2009; Abraham et al., 2012; Schauer et al., 
2014; Gibson and Hoefnagels, 2015; Manwaring et al., 2015) 
and climate change (Cordero et al., 2008; McCaffrey and Buhr, 
2009; Svihla and Linn, 2012) and can guide instructors in nav-
igating these socially controversial topics. For example, Barnes 
et al. (2017) found that introducing students to practicing sci-
entists who are themselves openly religious can alleviate stu-
dent concerns about an incompatibility between evolutionary 
biology and religious convictions. Similarly, Manwaring et al. 
(2015) alleviated student concerns by directly addressing reli-
gious doctrine on the subject of evolution. Also, Kahan (2013) 
demonstrates how strategic word choice can serve to minimize 
an individual’s defensiveness about topics such as evolution 
and climate change.

While it is true that our non–STEM majors are more likely 
than our biology majors to hold misconceptions about the 
nature of science, they are not completely ignorant of how sci-
ence works. Thus, meaningful inquiry or even course-based 
research experiences may be as suitable for non–STEM majors 
as for biology majors, although allowances might be necessary 
for small discrepancies in understanding. Biology majors may 
be more likely to have engaged in, and have familiarity with, 
scientific practices (through summer camps, high-school elec-
tives, etc.); if that is the case, non–STEM majors may need addi-
tional assistance in articulating a testable question, designing a 
practical experiment, or any of the many skills that are involved 
in scientific inquiry. In fact, for many non–STEM majors, an 
introductory life sciences course may be their only opportunity 
to experience an authentic scientific experience. Further work is 
needed to determine how inquiry- and course-based research 
experiences influence scientific literacy.

Also, non–STEM majors are less likely than biology majors 
to see science as personally relevant. Whether this perception 
influences learning remains to be seen; however, several inves-
tigators have reported on the value of using personal examples 
in an applied context when teaching for general scientific liter-
acy (Hobson, 2001; Arwood, 2004; Kolb and Kolb, 2005; Cook 
and Mulvihill, 2008; Busch, 2010; Cotner and Gallup, 2011; 
Guang and Bierma, 2013).

Finally, our non–STEM majors population is more diverse 
(with respect to country of origin, ACT scores, and ethnicity) 
than our biology majors population—a distinction that may or 
may not mirror the situation at other institutions. In designing 
curricula for all students from a diversity of backgrounds and 
holding a range of scientific viewpoints, educators can look to the 
literature documenting the value of active learning. Specifically, 
active-learning techniques have been associated with significant 
gains, and these techniques are especially noteworthy for increas-
ing the performance of students from groups traditionally under-
represented in science (Haak et al., 2011; Allen-Ramdial and 
Campbell, 2014; Bangera and Brownell, 2014).

Designing curricula for a student population that is so 
diverse—with respect to incoming knowledge, perceptions, 
backgrounds, and skills—involves opportunities as well as chal-
lenges. However, we know that all of our students are members 
of a society that votes, makes personal health choices, and pur-
chases goods and services. In all these activities, scientific 
knowledge, the ability to evaluate claims scientifically, and trust 



CBE—Life Sciences Education  •  16:ar48, Fall 2017	 16:ar48, 7

Biology Majors versus Nonmajors

in the scientific process can be beneficial—to the individual and 
his or her community. Thus, the role of the science educator—
to develop courses and lessons that optimize our students’ 
knowledge, skills, and trust in the process of science—is clear. 
We hope the work we describe can be useful to our colleagues 
as they develop these courses.
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