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Abstract: The recent decline in the number of graduates in the fields of Science, Technology, Engineering and
Mathematics (STEM) has significant implications for the nation’s economic and societal well-being (PCAST, 2012).
Because university faculty members’ interactions with students—both in and out of the classroom—have a signifi-
cant impact on student recruitment and retention and because faculty beliefs have a significant impact on faculty
practices (Astin & Astin, 1992), we have interviewed university faculty members in order to examine their percep-
tions of successful STEM students. Here, we report faculty members’ perceptions of the characteristics of successful
tertiary STEM students, as well as their perceptions of the major obstacle to student success in STEM courses and
programs of study. While faculty perceptions of the characteristics of successful STEM students generally align with
the research literature, faculty did not mention experiences or instructional strategies they could implement in their
classrooms to help students develop these characteristics. The results of the current study could inform the design
of faculty professional development to ensure that faculty are aware of the various ways they can support student
success in STEM fields.
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The economic and societal progress of the U.S. relies on producing innovative minds to meet the devel-
opmental demands of tomorrow. As such, the more recent decline in graduates in the fields of science, technol-
ogy, engineering, and mathematics (STEM) has significant implications for the nation’s economic and societal
well-being (Ashby, 2006; Commission on Professionals in Science and Technology [CPST], 2007; Hall et al.,
2011; Lowell & Regets, 2006). In his 2012 State of the Union address, President Obama reported that there were
twice as many job openings in STEM fields as there were workers to fill those jobs (State of the Union, 2012).
According to the 2012 report of the President’s Council of Advisors on Science and Technology (PCAST, 2012),
the U.S. must increase STEM degree graduates by 34% annually in order to produce the approximately 1 million
more STEM professionals needed over the next decade. These circumstances call for a national prioritization of
STEM education, as well as a systemic evaluation of the factors impacting recruitment and retention in STEM
education.

Our interest is the recruitment and retention of undergraduate STEM students. Research indicates that
there is significant attrition among STEM majors (Rask, 2010; Seymour & Hewitt, 1994; Tobias, 1990). Studies
have examined the factors that promote student recruitment and retention in STEM courses and programs of
study (Astin & Astin, 1992; Chang et al., 2014; Hall et al., 2011). These studies have found that faculty play an
instrumental role in how students understand and experience STEM fields, especially in the early years of col-
lege (Astin & Astin, 1992; Kuh & Hu, 2001; Newman, 2011; Rask, 2010), the most important for recruitment
and retention of STEM majors (PCAST, 2012).
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Faculty beliefs about their students and their students’ abilities ultimately influence what happens in
STEM classrooms (Fang, 1996; Kember, 1997; Nespor, 1987; Pajares, 1992), and what happens in STEM class-
rooms influences the recruitment and retention of STEM majors (Maltese and Tai, 2011; Watkins & Mazur,
2013). Despite this fact, very little research has examined university STEM faculty perceptions of the character-
istics of successful STEM students or of the roadblocks to STEM students’ success. With the current study, we
attempt to address this gap in the literature.

Review of Relevant Literature

Previous research has examined the correlation between specific student characteristics and experi-
ences and the likelihood that students choose STEM majors and persist in STEM fields. In order to situate
university STEM faculty perceptions of the characteristics of successful tertiary STEM students, we first review
this literature, identifying factors that are known to contribute to recruitment and retention in tertiary STEM
programs of study. We will discuss factors that fall into four major themes: characteristics that are internal to
the student; student interactions with faculty; student interactions with peers; and, finally, classroom environ-
ment.

In addition, because the current study involves an examination of faculty perceptions of their students,
and because these perceptions influence what instructors do in their classrooms, we briefly review the literature
about the connection between teacher beliefs and classroom practice.

Factors Affecting Undergraduate STEM Retention

Characteristics Internal to the Student. Some of the factors that are known to correlate with students’
choice of or persistence in a STEM field are internal or characteristics of the students themselves. The most
common of these is students’ orientation toward math. This orientation has two components. First, mastery of
math content is a predictor of student success in undergraduate STEM courses and programs of study (Astin
& Astin, 1992). Perhaps more significantly, students with high math self-efficacy were more likely to choose a
science major in college (Astin & Astin, 1992; Betz & Hackett, 1983).

In addition to strong abilities and self-efficacy in math, student intention and interest in STEM are
strong predictors of their persistence to graduation in STEM disciplines. Sullins et al.’s 1995 study found that
student interest in biology was directly related to their intention to major in biology. Astin and Astin (1992)
found that student intentions to major in STEM fields as freshmen were the strongest predictor for those who
completed degrees in science and engineering.

Student interactions with faculty. Previous research reports the influence of certain external factors
on student retention in STEM programs of study. A significant factor that is particularly relevant to the current
study is the role that faculty members play in the persistence of undergraduates in STEM fields. Studies have
found that faculty can impact student interest in, performance in, and attitudes about STEM disciplines in a
number of ways, both positive and negative. Sullins et al. (1995) describe general student/faculty contact as
being beneficial to students” persistence in STEM. Other studies go further to address three specific types of
faculty interactions with students that can contribute to student persistence in STEM courses and programs of
study: interactions in the classroom, interactions in which the faculty member acts as a research advisor for the
student, and interactions in which the faculty member acts as a mentor for the student.

At the tertiary level, daily classroom teaching practices can have a significant effect on whether students
persist in STEM courses and programs of study. Watkins and Mazur (2013) suggest that a single positive expe-
rience—even one as simple as an instructor’s demonstrating enthusiasm for teaching the course—could have
a significant long-term impact on a student’s decision to persist in STEM disciplines. Conversely, student-per-
ceived poor classroom teaching is often given as a reason for students leaving science, ranking just behind loss
of interest in science and growing interest in another field (Seymour & Hewitt, 1997).
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Maltese and Tai (2011) described ways in which faculty affected student persistence in science through
their classroom practices. Some important faculty practices inside the classroom were (1) teacher enthusiasm
for the subject matter, (2) contextualizing content in subject matter important to students, (3) stimulating les-
sons, and (4) discussion about careers and issues in science. Active teaching methods such as these afford the
instructor a greater opportunity to listen and interact with students than do more traditional, didactic methods
(Watkins & Mazur, 2013).

Outside of the classroom, faculty members can have direct impact on STEM student retention by en-
gaging students in undergraduate research (Astin & Astin, 1992). Undergraduate research programs foster
positive relationships between students and faculty (Bounous-Hammarth, 2000) that lead students to view fac-
ulty as mentors, rather than simply as instructors (Astin & Astin, 1992). The relationships developed through
undergraduate research retain students in STEM disciplines and, in fact, increase the likelihood that students
will pursue graduate school (Thiry, Laursen, & Hunter, 2011).

Even if STEM faculty do not act in the formal role of research advisors to undergraduate students, they
are still positioned to be meaningful mentors to novice students. These more informal mentoring relationships
can lead to students’ persistence in STEM fields as well. As mentors, faculty can effectively advise students
about their coursework and program of study (Bounous-Hammarth, 2000); they can set high expectations for
students’ success and demonstrate a high level of concern for individual students (Sullins et al., 1995); and they
can exhibit and help students develop an enthusiasm for the field (Walden & Foor, 2008).

Interactions with peers. Interactions between instructor and student are not the only influential rela-
tionships a student experiences during their program of study. Previous research has found peer relationships
to be important to the selection of and persistence in STEM disciplines. Students’ academic interactions, which
might include interactions with their peers, instructors, or academic advisors, help align their academic aspi-
rations with their choices (Wang, 2013). For example, Astin and Astin (1992) found that students were more
likely to graduate in the physical sciences if their peers also chose a physical science major. Graduation was
also more likely for physical science students who tutored or peer-taught other students. Watkins and Mazur
(2013) studied peer-to-peer instruction in the physics classroom. They found that students who were taught in
traditional instruction classrooms, focused on faculty-to-student instruction, were more than twice as likely to
transfer out of a STEM major than students who participated in the peer instruction classrooms.

Classroom environment. The STEM classroom environment has also been shown to have an impact
on students’ likelihood to major in STEM. In the classroom, Maltese and Tai (2011) found that undergradu-
ates who enjoyed an introductory science course were more likely to major in a STEM discipline. Sullins et al.
(1995) described more specific characteristics of a successful STEM classroom environment. These programs
had small class sizes, a low student-to-faculty ratio, a high level of cooperation among students, and an empha-
sis on research.

Relevance to current study. The importance of this discussion of factors influencing persistence of
tertiary students in STEM courses and programs of study is apparent when considering the potential role of
faculty in the experiences of students in STEM disciplines. Engaged faculty members have the ability to di-
rectly impact students through their interactions in and out of the classroom. In the classroom, faculty can
show enthusiasm for their field, demonstrate concern for students both individually and as a group, promote
peer-to-peer interactions through in-class group work, and cultivate interest in the field through the teaching
practices they choose to implement. Outside of the classroom, an undergraduate research program provides the
opportunity for faculty to interact with students as mentors, enable peer-to-peer collaboration, and facilitate
students working as STEM professionals on meaningful research programs.

It is clear from the preceding discussion that faculty have the potential to positively influence students’
persistence in tertiary STEM courses and programs of study, based on how they interact with their students.
Current research suggests that the ways faculty choose to interact with their students are influenced, at least in
part, by their beliefs about teaching, learning, their students, and the context in which they teach.
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The Impact of Faculty Beliefs on Classroom Practice

A number of studies have indicated that the beliefs of K-12 teachers play a major role in their deci-
sion-making about curricula and the instructional strategies they employ in their classrooms (see, for exam-
ple, Fang, 1996; Kember, 1997; Nespor, 1987). In fact, Pajares (1992), who reviewed the literature about K-12
teachers’ beliefs, stated that beliefs are the “best indicators of the decisions that individuals make throughout
their lives” and that “few would argue that the beliefs teachers hold influence their perceptions and judgments,
which, in turn, affect their behavior in the classroom” (p. 307). The research about university academics’ beliefs,
although more limited than that about K-12 teachers, shows a similar trend: beliefs influence practice (see, for
example, Brown et al., 2006; Fang, 1996; Kember, 1997; Sunal et al., 2001).

Teachers’ beliefs about teaching and learning and their perceptions of the abilities of their students
affect what actually happens in the classroom (Brown et al., 2006; Johnson & Hall, 2007; Laplante, 1997). Ac-
cording to Johnson and Hall (2007),

In addition to the beliefs teachers hold about teaching and learning are their perceptions of the stu-
dents they teach. Both teacher beliefs about learning and perceptions about their students translate into
classroom instructional practice. These practices in turn, shape the dynamics of student learning. (p. 1)

These two belief sets are often at odds with each other. For example, an instructor might believe that, in general,
students learn STEM content best as they participate in student-focused, inquiry-based activities that require
them to find and explain patterns in raw data. Despite having this belief, if the instructor also believes that the
particular students in his classroom do not possess the mathematical and critical thinking skills necessary to
make sense of data, he may resort to more teacher-focused, didactic approaches in the classroom. The teaching
strategies employed in a classroom, then, result from a negotiation between an instructors’ idealized beliefs
about teaching and learning and their perceptions of their students” abilities and other context-based factors,
such as a need to cover a large amount of information in a limited amount of time or the culture and expecta-
tions of their schools and departments (Brown et al., 2006; Fang, 1996; Mansour, 2009; Sunal et al., 2001).

Purpose of the Current Study

The purpose of the current study is to examine the perceptions university STEM faculty have of their
students. There are two reasons we considered this an important population for examination. First, university
STEM faculty are the “experts at the end” of a STEM educational experience. As such, STEM faculty should
have a valuable perspective on the characteristics of successful STEM students. An understanding of those
characteristics could inform the development of learning experiences in primary and secondary education.
Second, in many cases, university faculty could be seen as the final “gatekeepers” of STEM pathways (Venville et
al., 2013). In order for students to progress toward STEM-related careers, they often have to successfully negoti-
ate the courses and programs run by these faculty members. Indeed, research shows that faculty can have both
positive and negative influences on students’ recruitment and retention into STEM-related fields and careers.
For example, positive student/faculty interactions are cited as a major factor related to students’ decisions to
remain in STEM-related majors (see the discussion in the previous section). On the other hand, several stud-
ies have indicated that poor teaching in introductory STEM courses may be driving off students who would
otherwise be interested in STEM-related careers (Lichtenstein et al., 2007; Seymour & Hewitt, 1994; Sunal et
al., 2001; Tobias, 1990). Given that faculty beliefs about students influence how they interact with students and
the methods they choose to employ in their courses, it also is important to examine faculty beliefs about the
abilities of their current students.

We developed the following research questions to guide our examination of university faculty mem-
bers’ perceptions of successful STEM students.
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1. What are faculty perceptions of the characteristics of successful STEM students?

2. What are faculty perceptions of the major barriers to students’ success in STEM courses and programs
of study?

Methodology

We chose to use phenomenography as the theoretical framework for this study. Phenomenography is
an empirical research tradition that was designed to answer questions about thinking and learning, especially
in the context of educational research (Marton, 1986; Orgill, 2007). Its objective is to define the different ways
in which people experience, interpret, understand, perceive, or conceptualize a phenomenon or certain aspect
of reality.

In order to determine how university STEM faculty perceive their students and their students’ abilities,
we interviewed 27 STEM faculty, representing multiple disciplinary areas, at a Southwestern research university
(Figure 1). As participation in the current study was voluntary, the distribution of faculty members interviewed
is not representative of the university. All interviews were semi-structured and conversational in style, lasting
approximately 30-45 minutes each. We began each interview by asking faculty to tell us about their educational
background, the type of research they do, and the classes they typically teach. We continued by asking faculty
about the preparedness of students for the classes they teach. Then we asked faculty to define the desirable
characteristics, skills, and knowledge base of students who are successful in their fields and how they thought
students could develop those skills. The major focus of the current manuscript will be on the faculty members’
perceptions of the characteristics of their successful STEM students, although we will comment briefly in the
Discussion section about how faculty members perceive that students can develop these characteristics.

H Biology

B Chemistry
Computer Science

B Engineering

B Geoscience

Health Sciences

Mathematics

Physics

Figure 1. Distribution of faculty participants by STEM-related discipline.

We transcribed each of the interviews verbatim. Based on an initial reading of the transcripts and
their knowledge of the literature, three authors (EG, HS, and MO) identified themes they felt merited further
analysis. They chose to examine transcripts for evidence of faculty members’ perceptions of the following: (1)
the characteristics of successful tertiary STEM students, (2) the desirable knowledge base of successtful tertiary
STEM students, and (3) reasons why students are not always successful in university STEM courses. The three
aforementioned authors independently coded each of the transcripts, making a list of categories—supported
by evidence from the transcript—under each theme (e.g., specific characteristics of successful tertiary STEM
students) while, at the same time, looking for evidence of themes that had not been initially considered. No
additional themes manifested during this analysis. Discussion of the codes led to the grouping of themes 1 and
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2 named above, because faculty did not distinguish between the characteristics and desirable knowledge base
of successful tertiary STEM students in their responses to interview questions. Over multiple meetings, the
same authors met to discuss their combined categories under each theme group. During those meetings, they
developed common language to describe the categories, coming to consensus on each category description. At
this point, they used the category descriptions to code the interview transcripts, making note of the number
of responses that corresponded to each category. As a final level of analysis, they developed two theme-based
assertions describing faculty perceptions of (1) the characteristics of successful tertiary STEM students and
(2) the major obstacle that keeps tertiary STEM students from being successful. In the sections that follow, we
provide supporting evidence for each of these assertions. All faculty members are referred to using assigned
pseudonyms.

Results
Assertion 1

Faculty identified a number of characteristics of successful students in STEM courses and programs. The majority
of the identified characteristics were not discipline-specific, but more general and applicable across disciplines.

As previously mentioned, university STEM faculty function as some of the “experts at the end” of many
STEM educational pathways. Through their interactions with the students in their programs, faculty members
become aware of the characteristics, skills, and knowledge base of their successful students. As researchers
who are interested in promoting STEM education and in encouraging more students to enter STEM-related
fields and careers, we wanted to know the characteristics of successful tertiary STEM students in order to de-
velop programs and curricula that would cultivate these same characteristics in students who were progressing
through their primary and secondary education.

Each of the 27 faculty members we interviewed perceived general traits and skills—like curiosity and
problem solving skills—as being important characteristics of successful tertiary STEM students. Only six fac-
ulty members perceived discipline-specific knowledge and skills—like understanding the functions of the or-
ganelles in a eukaryotic cell—as being critical to the success of STEM students. In fact, five of the faculty we
interviewed indicated that they could help students develop the more discipline-specific skills, characteristics,
and understandings as long as the students possessed certain general skills and characteristics—skills that are
applicable across STEM disciplines.

The skills and characteristics of successful STEM students that faculty described fell into three broad
categories. Overall, faculty members asserted that personality traits such as curiosity, inquisitiveness, and a
strong work ethic are important for successful STEM students. Most faculty also agreed that successful students
have key academic skills, like the ability to synthesize information, good written and oral communication skills,
and good problem-solving abilities. Finally, faculty in this study described successful STEM students’ affective
qualities: that they have positive attitudes toward STEM fields and practices and, more importantly, that they
are keenly interested and engaged in finding STEM in the world around them.

Personality traits of successful tertiary STEM students. Certain personality traits were seen as being
important contributors to the success of tertiary STEM students. Across disciplines, a majority of faculty (20
of the 27 interviewed) perceived that successful tertiary STEM students tend to be innately curious about and
interested in their field of study. Faculty believed that curiosity is a trait that is especially valued in science be-
cause it fosters engagement.

What I want is a curious human-being, who doesn’t take anything for granted, who comes and I teach
her or him something and she immediately questions, starts questioning, “Why? You told me that you
want me to remember this or learn this. Why?” (Dr. Scott, Engineering)
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Faculty felt that curiosity and inquisitiveness are important driving forces for student learning in STEM
disciplines. Faculty in this study perceived that inquisitive students are more interested in STEM content and
more attentive about the concepts being discussed in their courses than students who do not have an inquisitive
nature. Dr. Singh (Biology) suggested that inquisitiveness reflects students’ thirst for knowledge and helps them
excel in challenging STEM disciplines. When we asked him to describe the characteristics of successful STEM
students, he said:

They're inquisitive. They’re asking questions, of everything, all the time; and they’re never satisfied with
the answers they get. Not that they’re dismissing the answers, but they want to know more. And, it’s
not that they’re just asking the questions and then giving up, it’s that theyre asking and then going and
finding the information. And I think in today’s world that’s even easier for students to do because they
can hop on their iPad or their iPhone.

Finally, and equally pertinent for faculty members, was the work ethic that students carry into their
classroom and research practices. According to eleven faculty members, students who are willing to work will
succeed in STEM courses and programs. Moreover, STEM faculty perceive that they are more able to help—and
interested in helping—students who are willing to work than students who are not willing to work. Dr. New-
man (Engineering), for example, indicated that a strong work ethic was essential to success in an engineering
program: “They have to want to work. I can do wonders with that”

Academic skills of successful tertiary STEM students. Twenty-two of the faculty members inter-
viewed named key skills that students who succeed in their fields possess. The most frequently-cited skill was
the ability to independently solve problems. Nine faculty members felt this skill was important. Seven faculty
members named the ability to synthesize information as key to student success. Six faculty members thought
that a student’s ability to communicate was important. For example, Dr. Singh (Biology) explained that suc-
cessful students in his field are able to take information from different sources and synthesize it into a coherent
whole:

They've taken their curiosity and they’ve translated that to, essentially, a scholarly level, where they’re
engaged in trying to, not just understand the world, but to, to define new ways to understand the world.
I think that actually is the transition that a student goes through, sometime between the end of their
sophomore year and graduating, is that they go from learning facts to synthesizing answers.

Many faculty members also identified strong written and oral communication skills as being essential
for success in STEM-related fields and careers and, thus, for success in tertiary STEM courses and programs.
Dr. McGuire (Engineering), for example, said that successful students have “an ability to communicate their
ideas, to express themselves in writing and orally” Despite communication being an important skill, many fac-
ulty members in this study worried that students do not start their tertiary education with this skill.

Good synthesis and communication skills were not seen as sufficient for success in tertiary STEM
fields, however. Of all the academic skills that faculty identified in their successful students, the one that seemed
to be most important was a willingness and an ability to independently identify and solve problems. When we
asked Dr. Peyton (Geoscience) to identify the characteristics of his successful students, he said that they are
better at “identifying that there’s a problem and then...picking at it from different directions.” Dr. Peyton elab-
orated, saying that it was important for students to be willing and able to solve problems independently: “Will-
ingness to do—solve their own problems. [...] A willingness to simply attack a problem and find out whatever
information you need in order to actually do it” Many faculty agreed with Dr. Peyton’s assessment, stating that
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their successful students tend to be eager to solve problems without being given all the information or steps to
do so. This is not to say that students must be able to correctly solve all problems on their own; however, they
must demonstrate a willingness to try. Most faculty we interviewed were willing to help students make addi-
tional progress once the students had invested time and effort into solving problems on their own.

Affective characteristics of successful tertiary STEM students. Affective factors such as attitude and
engagement have received serious attention in the field as indicators of achievement in science and mathemat-
ics (Singh, Granville, & Dika, 2002). Three faculty members said that students who are engaged in the commu-
nity and in their field are more likely to succeed in STEM. Two faculty members described a positive attitude
about work and learning as important to STEM success.

In fact, nine faculty perceived that students with an interest in STEM concepts are easier to teach and
have an easier time learning and progressing in STEM courses and programs. They stated that they can help any
student who is interested and who has a willingness to work to learn STEM concepts. Dr. Delgado (Computer
Science) stated “If you come, and you're interested, and you want to work for it, we'll teach it to you.” Dr. Rogers
(Physics) also emphasized the importance of students having a desire to learn:

They have to have the desire to learn. [...] I tell this to my own students, “I'm creating conditions for

you to learn, but I can’t force you to learn” You can take the horse to water, but you can't force him to
drink.

While faculty perceived and described several traits and skills that contribute to students’ success in
STEM disciplines, they also identified a number of factors that they perceived as being barriers to students’
success. By far, the most common theme among the barriers faculty members described was the novice stu-
dent’s relationship with mathematics. Interviewees’ discussion of this factor is described in greater detail in the
following section.

Assertion 2

All faculty perceived mathematics as being the major obstacle to students’ success in tertiary STEM courses and
programs.

All of the faculty interviewed in the current study identified a lack of mathematical knowledge and
skills as being the major roadblock to student success in tertiary STEM courses and majors. Faculty from all
disciplines represented in this survey, including the life sciences—which might be considered less reliant upon
math as a foundation—agreed that deficiencies in math are barriers to STEM success, particularly in introduc-
tory courses. Dr. Shears (Allied Health Sciences) summarized the perceptions of the faculty when she said that,
“students in the undergraduate class, generally, are not prepared for my class. They’re lacking quantitative math-
ematics skills” Dr. Hart (Life Sciences) concurred: “The vast majority of students that come to any university in
the country are under-prepared in math—and especially in the sciences. I think that we need to work on math
skills early and often.”

Lack of mathematical knowledge and skill was seen as particularly problematic because, as Dr. McGuire
(Engineering) noted, students “need the math skills [...] to be able to understand the coursework that theyre
going to embark on.” Dr. Rogers (Physics) concurred: “The biggest problem with students in the introductory
courses is that they just don’t have the mathematical sophistication that they need. Math is our language, so the
biggest challenge is getting them to overcome their fear of math.” The faculty perceived that when students do
not enter tertiary STEM courses and programs with sufficient mathematical knowledge, a lot of class time that
should have been dedicated to discipline-specific content was focused, instead on “how to solve math prob-
lems”” Dr. Parikh (Physics) described this phenomenon:
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What happens is we'll start talking about physics, and people will get lost in the math; and then I have
to stop and say, “Let’s back up, and let me explain this in a way that we don’t need to worry too much
about the math, or we don’t have to do all the algebra to rearrange equations.” And that’s where things
get held up in the class.

Mathematics faculty also agreed that students enter college with insufficient math skills—or with a
fear of math—that keeps them from succeeding in tertiary math coursework and programs specifically. Dr.
Mico (Mathematics) stated that he has seen a decrease in the mathematical skills of incoming students since he
joined the faculty 25 years ago. When we asked him if he felt like students were prepared for his classes, he said
no, claiming that “what is killing them is the [lack of] algebra background.” Additionally, he said that “the kids,
they cannot tackle word problems. The minute they see a word problem, they get chickened out, and the same
thing with the algebra” Dr. Palmer, another mathematics professor, claimed that, although students might have
previously learned some desirable mathematical skills before entering college, they do not seem aware of when
and where it is appropriate to apply those skills.

They’re lacking connections. They don’t know what to use and when. They misuse a skill in a place
where they shouldn't be using it, and then they neglect to use it in places they should. That probably
comes from a lack of depth, I guess.

It is clear that, to the faculty interviewed in this study, lack of mathematical knowledge and skills was
seen as the major obstacle to success in tertiary STEM courses. But what type and level of mathematical knowl-
edge and skills do faculty perceive to be desirable in an incoming tertiary STEM student? The answers to this
question differed by individual faculty members and, in some cases, by discipline; however, there were some
common themes in the faculty responses. In the sections that follow, we discuss those general themes.

Math skills tertiary STEM students should have to be successful. During their interviews, faculty dis-
cussed both the minimum level of mathematical prowess that they expected in their incoming undergraduates
as well as mathematical skills that they perceived to be vital but currently lacking in undergraduate students.

Although faculty in engineering and physics declared that it would be useful for students to have some
calculus—or at least pre-calculus—knowledge before entering tertiary STEM programs and courses, all of the
faculty members we interviewed agreed that, at a minimum, entering students should have strong algebraic
skills. Algebra is a common prerequisite to many undergraduate STEM courses and an area in which students
in STEM-related programs are expected to be proficient. When asked which mathematical skills he expects in
his incoming students, Dr. Clark (Mathematics) stated:

The skills would be fluency in the algebra. If I do something on the board, some calculus stuff, and then
quickly do the algebra, that quickly doing the algebra shouldn’t lose them. If I skip some algebra, they
should be comfortable doing that.

The key feature of Dr. Clark’s statement, which was expressed by many faculty, was that students not only need
to have received basic training in algebraic skills, but that they must be “fluent” in those skills. We will discuss
this topic further in a section that follows; but, essentially—and according to the faculty we interviewed—being
“fluent” in mathematical skills means being comfortable with using those skills, being able to quickly apply
those skills, and knowing when it is appropriate to apply those skills.
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A particular application of algebra that two faculty participants perceived as lacking in their current
undergraduate students is the ability to interpret word problems and convert them into mathematical language
and equations. Dr. Rios (Chemistry), for example, commented that many students who are capable of manipu-
lating algebraic equations find converting word problems into mathematical equations challenging:

[The problem] isn’t so much the math that’s covered, which is pretty basic algebra, but it’s being able
to look at a description of some sort of a chemical problem and convert that into a math equation that
they can solve. That’s the biggest place where they struggle. I think that if I were to simply give them
the math problem that you have to solve to be able to solve this chemistry problem, most of them could
probably do it, but once you have a sentence you need to convert into an equation, that’s probably the
biggest roadblock for them.

Mathematics coursework and background tertiary STEM students should have to be successful. In
order to develop a comfort level and fluency with algebraic skills, faculty participants said that students should
take as many math courses as possible before entering college. A major point of consensus among faculty was
that all incoming students should complete math coursework that would allow them to take calculus courses
during their first semester in college. “At the very minimum I would expect that the students entering here
would’ve had a solid foundation in pre-calculus, so that they would be ready for calculus” (Dr. Rogers, Physics).

The underlying implication that faculty conveyed is that taking more math courses before entering
college gives aspiring STEM students exposure and practice with mathematical skills, which then—at least
ideally—leads to the development of the comfort level and “fluency” that they see as desirable and essential for
their successful tertiary STEM students. Although simply taking math courses does not guarantee that students
will develop the desired fluency in mathematical skills, faculty did note that those who tend to do better in their
university STEM courses are those who have taken a lot of math courses during their secondary education. For
example, Dr. Rios (Chemistry) agreed with other faculty that students should take at least a pre-calculus course
before entering college. However, he expected that students who had taken calculus courses during high school
would be more likely to succeed in his courses than students who had only taken pre-calculus courses:

I would say that they should have taken at least pre-calculus, but I think that students that have enrolled
in a calculus course are probably likely to do better [in my courses]. I'm not sure if that’s because stu-
dents that are further along in math will have an easier time with chemistry in general or if it's because
the additional math experience has helped them more.

While faculty did not know if additional mathematics coursework would increase students’ mathematical
knowledge or their fluency with mathematics, they all agreed that prospective students should take as many
math courses as they could before entering a STEM major or course of study. Dr. Rogers (Physics) said that this
is a viewpoint he promotes to prospective tertiary STEM students whenever he visits secondary classrooms:

When I visit high schools and middle schools, [...] they’ll ask me, “What does it take to become a
physicist, or scientist?” And the first thing I'll say is, “you’ve got to stick with the math. You've got to
be comfortable with the math. You've got to work with it. It’s a language; it's how we communicate. You
can't do science without the math, and that’s any science, even biology”

Beyond skills and coursework: The mathematical “fluency” of successful tertiary STEM students. As pre-
viously noted, although all faculty believed that students should take as many math courses as they can before
they enter college, faculty did not believe that simply attending courses was sufficient to prepare students for
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university STEM majors and courses. It was more important that students develop a sort of comfort level and
fluency with mathematical concepts and skills. Three faculty members mentioned that students who had taken
fewer mathematics courses in high school but who happened to be very comfortable with approaching math
problems were able to learn STEM content better than students who had taken extensive coursework, a point
made by Dr. Palmer (Mathematics): “I honestly can tell you it’s not the coursework [that makes a student suc-
cessful]. It’s the level of attention paid to the details of that coursework?” He continued by saying that successful
students are “more practiced [in their mathematical skills]; they’re more at ease. They know what to apply
when, usually quicker, without a reminder, context cue”

Several faculty participants (5 out of 27) expressed a concern that students are not able to develop a comfort
level or fluency with math because they have a fear of math. They also stated a belief that students have been
told that math is difficult, which may deter them from finding math approachable. They perceived that many
students develop an aversion to math at an early age, which then impedes their ability to positively approach
math and the STEM topics that depend on mathematical knowledge and skill.

Faculty discussed how the fear of math has become a major obstacle to STEM students’ success. Dr.
Rogers (Physics) discussed how fear of mathematics can become a roadblock for students, particularly in the
introductory courses:

The biggest problem with students in the introductory courses is that they just don’t have the mathe-
matical sophistication that they need. Math is our language, so the biggest challenge is getting them
to overcome their fear of math. The physics, per se, is not that challenging, once they can see it on a
conceptual basis, because, I always tell them, “you’re doing physics every morning of your existence.
I'm just trying to make you aware of it.” Whether it’s using your auditory ears to detect sound waves or
light waves, it’s all physics. Math, the fear of math, I think is the biggest problem for me.

Dr. Parikh (Allied Health Sciences) shared similar sentiments about students in his program who do not under-
stand why they need math to understand the concepts in their field of study:

Math is the root of a lot of what we do; and, unfortunately, a lot of people have this math phobia. Stu-
dents have a hard time making a connection between why they need to understand trigonometry [in a
kinesiology course]. [...] It does make teaching biomechanics a little bit more challenging when they
don’t have the math and the physics background.

Students’ fear of math has been discussed as one of the major obstacles for recruiting students into STEM-relat-
ed fields (Krantz, 1999; Perry, 2004). Many students prefer to avoid math classes and even majors that require
quantitative skills (Bisk, 2013). Dr. Peyton (Geoscience) said that, in order for students to succeed in his cours-
es, they should not be afraid of math. However, he also noted that his students tend to lose interest as soon as
he connects course content to math, even if that math is fairly simple.

Not being afraid of math is pretty important. Not that we do crazy math on any sort of regular basis; but
to not be afraid of putting together a pretty serious calculation, that seems to be a key. Usually I have
five students who are interested in what I'm doing, and then they see that you have to use computers
and a little bit of math. That usually turns them oft. Then they usually don’t continue [in the program].

Overall, it is clear that faculty believe that lack of fluency with mathematical skills is the major obstacle that stu-
dents must overcome to be successful in tertiary STEM courses and programs. Given this finding, it is import-

40 ©i-STEM 2015, j-stem.net



Journal of Research in STEM Education A
$

Gandhi-Lee et al.

ant that future research examine in more detail what it means to be “fluent” in mathematical—and particularly
in algebraic—skills and how such fluency can be developed.

Discussion

Faculty provide an important perspective into issues related to tertiary STEM recruitment and reten-
tion because they are experts who have successfully navigated the STEM educational pipeline. As such, they
understand some of the characteristics of people who have been successful in STEM educational pathways and
fields. Additionally, as instructors, they are in a position of positively impacting the recruitment and retention
of tertiary STEM students.

The results described here provide key insights into faculty perceptions of (1) the characteristics of
successful STEM students and (2) the major barrier to students’ success in STEM courses and programs of
study. Faculty members’ perceptions of student characteristics related to success in STEM fields fall into two
categories. First are skills that they perceive as malleable, that may be fostered, promoted, and developed—skills
like problem-solving ability, mathematics ability, and the ability to communicate effectively via written and oral
means. A second group of characteristics are those that faculty perceive to be innate to the student, over which
faculty members perceive they have limited influence—characteristics like curiosity, inquisitiveness, work eth-
ic, positive attitude, and a sense of engagement. Given the influence faculty beliefs have on their classroom
practices and the influence of classroom practices on STEM recruitment and retention, it is important to indi-
vidually consider the potential implications of both categories of perceived characteristics of successful tertiary
STEM students.

First, faculty identified characteristics that they perceive can be developed in STEM students. These
characteristics generally aligned with the research literature (e.g., mathematics ability is related to success in
STEM fields; see Astin & Astin, 1992); however, when we asked faculty how they thought students should de-
velop these characteristics, the faculty mentioned that students should take particular classes in high school or
participate in clubs like the chess club (to develop problem-solving abilities) or a toastmasters club (to develop
oral communications skills). What we found interesting is that faculty did not mention ways that they could
structure their classroom experiences in order to help students develop these desirable characteristics. Instead,
faculty stated that students should develop these characteristics outside of the classroom. Faculty often have
very little training in pedagogy or learning theories (Brown et al., 2006; Mansour, 2009; Sunal et al., 2001). As a
result, although they may wish to help their students develop these desirable characteristics, they may not know
which instructional strategies they can use to do so (e.g., the use of ill-structured problems in classes can help
students develop problem-solving abilities; see King & Kitchener, 1994). They may also have misconceptions
that would prevent them from implementing such effective strategies in their classrooms. For example, faculty
might not believe their students are capable of using active learning strategies or effectively participating in
group work (Johnson & Hall, 2007). Alternatively, they might believe that they cannot use active learning strat-
egies in large classrooms or that they cannot cover the required course material if they devote class time to the
types of active learning strategies that are known to promote desirable characteristics (Brown et al., 2006; Fang,
1996; Mansour, 2009).

Second, faculty identified what they perceive to be “innate” characteristics of successful tertiary STEM
students. These characteristics also generally correlate with the research literature. For example, research in-
dicates that students who are interested in and curious about STEM concepts are more likely to be successful
in STEM fields (see Astin & Astin, 1992; Sullins et al., 1995). Faculty perceptions of the origins of these char-
acteristics will impact their classroom practices. If faculty believe they cannot influence a student’s sense of
engagement in the classroom or their level of persistence because these characteristics are “innate’, they will
be less likely to change their classroom practices in ways that will support the development of these desirable
characteristics, even though research indicates that certain classroom practices—like contextualizing course
material in real-world events—can positively influence students’ level of persistence in STEM fields (Maltese &
Tai, 2011).
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It should be reiterated that, while faculty perceptions of the characteristics of successtul STEM students
generally align with the research literature, faculty did not mention experiences or instructional strategies they
could implement in their classrooms to help students develop these characteristics. A future study could exam-
ine faculty members’ perceptions of the experiences and strategies that can be used to develop desirable char-
acteristics in their tertiary STEM students. A comparison of the faculty members’ perceptions with the factors
that have been shown in the research literature to support STEM recruitment and retention could then inform
the design of professional development opportunities to help faculty (1) align their understanding with the
current research on what makes students successful in STEM disciplines, (2) implement instructional strategies
that will develop desirable characteristics in their tertiary STEM students, and (3) identify and address ways to
overcome potential barriers to the implementation these instructional strategies.

Limitations of the Current Study

There are two main characteristics of the participant population for the current study that may limit the
study’s results. First, all of the university STEM faculty interviewed for the current project are employed at the
same university. It is reasonable to assume that these faculty work with similar students and, thus, have similar
experiences with and perceptions of the students. Those perceptions, however, may be different than the per-
ceptions of faculty at other—or different types of—institutions. Future studies could build on the results of the
current study by examining the perceptions of university STEM faculty at multiple institutions and at multiple
institution types (i.e., research-intensive, primarily undergraduate, 2-year college, etc.). Second, although all
STEM faculty at the university were invited to participate in the current study, participation was voluntary. As
such, the study population (1) is not representative of the numbers of faculty in different STEM disciplines on
campus and (2) does not include many faculty from particular STEM disciplines. For example, only 2 biology
faculty members agreed to participate in the current study even though the biology department is one of the
largest STEM departments at this particular university. It may be that faculty perceptions of the characteristics
of successful tertiary STEM students differ by discipline. The small numbers of participants from particular dis-
ciplinary backgrounds did not allow us to examine this possibility in the current study; however, an expanded
future study could compare the perceptions of university STEM faculty from different disciplines (for example,
physics faculty perceptions of successful tertiary STEM students could be compared with the perceptions of
health sciences faculty). Despite these limitations, the current study is useful in that it provides initial insight
into the perceptions of university STEM faculty about the characteristics of their successful students, insight
which can be used as the foundation for future studies.

Conclusions

Although much of what has been mentioned may require future study and exploration, it is clear that
STEM faculty members are in a unique position to influence whether or not students persevere in STEM disci-
plines. As experts, faculty have successfully navigated the STEM educational pipeline and understand some of
the characteristics of people who have been successful in STEM educational pathways and fields. As instructors,
they are in a position to positively impact the recruitment and retention of tertiary STEM students. As mentors,
faculty model STEM related skills and behaviors and provide valuable points of entry into the fields. Ultimately,
steps must be taken to ensure that faculty is aware of ways to facilitate positive experiences for students in their
courses, as well as understand what factors have positive impacts on student success in STEM courses and pro-
grams of study. The current study provides initial steps in that direction.
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