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Abstract 

Community colleges play a key role in providing non-traditional and underrepresented minority 

students with access to careers in Science, Technology, Education and Math (STEM) fields, 

which are critical for the economic success of the United States. However, national studies reveal 

that student persistence in STEM majors is alarmingly low, particularly at community colleges. 

Therefore, it is important to conduct more studies that contribute to the understanding of STEM 

course success in college. To that end, this study gathered the following data: 1) instructors’ 

perceptions of essential skills required to succeed in introductory STEM courses at community 

colleges; 2) instructors’ perceptions of existing skills students have prior to STEM course 

instruction at community colleges; and 3) instructors’ perceptions of barriers that may prevent 

community college students from being successful in introductory STEM courses. This 

pragmatic, qualitative inquiry included interviews with STEM course instructors at a community 

college and employed a constant, comparative analysis approach. The study also juxtaposed 

findings against the literature to determine if there was congruence, in terms of critical STEM 

skills and knowledge for STEM occupations. Findings showed a significant overlap between 

essential skills required to succeed in STEM courses and important skills for STEM occupations 

and that essential skill development is critical but lacking. 

Keywords: STEM skills, essential STEM course skills, STEM persistence in community 

colleges, barriers to STEM course success 
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Chapter 1: Problem of Practice 

According to the Bureau of Labor Statistics’(BLS) report by Fayer et al. (2017), Science, 

Technology, Engineering, and Math (STEM) occupations grew by 10.5% from 2009 to 2015. 

Employment in STEM occupations is projected to grow by 8% between 2019 and 2029 as 

compared to a 3.4% growth for employment in non-STEM occupations. However, national 

studies revealed that approximately half of the students who enter college to major in a STEM 

field either switch to a non-STEM major or abandon their studies without earning a degree 

(National Science Board, 2016).  

Occupations in STEM fields are crucial to ensure the prosperity of the United States 

economy by allowing the country to remain globally competitive (National Academy of Science, 

Engineering & Medicine [NASEM], 2018; Olsen, 2014; Vilorio, 2014). Education in STEM 

disciplines has been paramount to the sustainability and growth of critical occupations in the 

United States, particularly since the beginning of the 21st Century. The Progress Report on the 

Federal Implementation of the STEM Education Strategic Plan states that STEM disciplines are 

the foundation for discovery and technological innovation and that STEM skills are crucial for 

occupational success of all Americans (Office of Science and Technology Policy, 2020). In order 

to ensure that all Americans develop these skills, the National Science and Technology Council 

Committee on STEM education (NSTC, 2020) released a 5-year STEM education strategic plan, 

which is being implemented by all federal agencies that engage in STEM education. The 

American Association of Community Colleges (AACC, 2018) asserts that community colleges 

are major providers of alternative pathways to STEM field careers, regardless of a student’s 

academic or socioeconomic background. Based on the above assertions, it is important to engage 
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in research studies that contribute to the understanding of academic success in STEM courses at 

community colleges. 

Definition of Terms 

Academically underprepared students - Students who lack college level skills in at least 

one of the three subject areas of reading, writing, or mathematics. College level skill competency 

is identified by community college assessments in these three areas (ACCUPLACER exams).  

Community College - A two-year public higher education institution that offers associate 

(two-year) degrees or pathways for transferring to a four-year higher education institution that 

offers bachelor’s degrees. 

Dual Enrollment - College level courses offered by high schools, on or off campus, that 

provide college level credit if students receive a passing course grade (A-C). 

STEM Education - Programs of study in science, technology, engineering or 

mathematics.  

STEM Skills – A set of important skills and knowledge students should know to be 

successful in STEM related occupations (Jang, 2016). 

Remedial Education - Courses offered in reading, writing, or mathematics for college 

students lacking the skills necessary to perform college-level work required by the institution 

(Chen & National Center for Education Statistics [NCES], 2016). 

Technical College - A two-year public higher education institution that offers one or two-

year vocational degrees with an emphasis in job training.  

The Community College Setting 

A community college is a two-year higher education institution that provides programs of 

study leading to associate degrees, transfer pathways towards four-year degrees, or curricula in 
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occupational programs that lead to certificates in specific vocational fields (Community College 

Review, 2021). Community colleges enroll more than 12 million students annually, which 

comprise 41% of all undergraduate students in the United States (AACC, 2020). Many students 

rely on the open-door policy of the community college, which accepts all students regardless of 

their socioeconomic status or level of academic preparation.  

This has created an alternative postsecondary STEM pathway for those students who may 

not traditionally have access to STEM careers. For example, community colleges enroll a high 

proportion of students in minority groups that are underrepresented (URM) in STEM fields and 

the workforce. The National Science Foundation (NSF, 2019) defines URM groups as certain 

racial groups, women, and students with disabilities. In the Fall of 2019, the representation of 

URM groups in community college among all undergraduate students included 57% Native 

American, 52% Hispanic, and 42% Black (AACC, 2020). Additionally, the National Center for 

Education Statistics (NCES, 2021) states that 57% of all community college students are female 

and 20% are students with disabilities. Therefore, community colleges are well positioned to 

increase the percentage of URM students that graduate with a STEM degree or transition to a 

STEM career.  

Community Colleges Versus Technical Colleges 

This study took place in a two-year technical college, so it is important to clarify the 

distinctions between a community college and a technical college. Specific differences are 

related to academic program structure, time it takes to complete degrees, and cost (Belli, 2020). 

While both institution types share the mission of educating community members in less than two 

years and at affordable rates, technical colleges typically emphasize vocational training and 

preparation for specific trades and may not require general education courses. In addition to 
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vocational training, community colleges offer two-year associate of science, associate of applied 

science, and associate of art degrees (AS/AAS/AA) in many fields, including STEM and liberal 

art disciplines (AACC, 2020). Community colleges also offer general education coursework that 

is transferable to four-year higher education institutions for the completion of a bachelor’s or 

professional degree.  

It is important to note that the state where the college used for this study is located names 

its public, two-year higher education institutions technical colleges, although their missions 

include the broader scope of a community college mission by offering associate degrees and 

transfer pathways to a four-year degree as described above. For example, for the 2019-2020 

academic year, the percentage of all credentials awarded by the college in this study was 

approximately 65% associate degrees, 27% certificate degrees, and 8% diploma degrees ([Colton 

Community College], 2020). The main difference between these three types of degrees lies in the 

number of semester credit hours required for completion. For example, diploma programs are 

typically organized as the first-year requirements of an associate degree and only credit 100 level 

courses towards its requirements ([State Technical College System [STCS]], 2020). On the other 

hand, certificate programs require a minimum of 8 semester credits and a maximum of 40 

semester credits ([STCS], 2020). For the 2019-2020 academic year, the percent of transferable 

associate degrees for the totality of the technical colleges in the state’s system was approximately 

57% ([STCS], 2020).  

Additionally, the mission statement of this particular college emphasizes its role as a 

public, two-year, comprehensive higher education institution that provides students with the 

skills and knowledge needed to further their education or succeed in the workforce ([Colton 

Community College], 2020). For these reasons, in the context of this study, this college falls 
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under the umbrella of the term ‘community college’. Thus, any references to community colleges 

cited from the literature will be considered to accurately represent the setting of this study. 

Community colleges play a key role in preparing students for careers in STEM fields by 

providing alternative postsecondary STEM pathways (AACC, 2018; Hagedorn & Purnamasari, 

2012; Ragusa, 2019; Rodriguez-Kiino, 2014; Starobin & Laanan, 2008). These pathways prepare 

students for transfer to higher education institutions that offer a bachelor’s degree in a STEM 

field or for STEM careers by completing an associate degree or certificate. However, two-year 

colleges experience an extremely low persistence rate (30%) in STEM majors as compared to the 

persistence rate (52%) in STEM majors at four-year universities (Chen, 2013). More recent 

studies continue to emphasize the critical need to increase the persistence rate of STEM majors 

at higher education institutions (Ragusa, 2019). Despite the important role of the community 

college in widening the access path to education in STEM fields, very few research studies have 

focused on the community college setting (Cohen & Kelly, 2020; Snyder & Cudney, 2017), in 

terms of STEM persistence. Some studies have highlighted the importance of moving away from 

traditional instructional strategies in STEM classrooms, and engaging in a more active, skill 

focused, and inclusive approach (Bernacki, 2020; Dewsbury, 2020; Felder & Brent, 2016). 

Therefore, it is important to conduct additional research that contributes to the understanding of 

essential skills in the preparation of students for introductory STEM courses at community 

colleges.  

High Attrition Rates in STEM Majors at Community Colleges 

Community colleges traditionally serve a diverse student population that may experience 

a myriad of barriers that lead to low persistence rates. This diverse population may include 

students who experience inadequate high school instruction, learning disabilities, lack of 
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motivation, poor English language proficiency, and socioeconomic barriers (Cohen & Kelly, 

2020; Perin, 2013). In general, the high attrition rates of students who do not persist in STEM 

majors at four-year postsecondary institutions have been partially attributed to entering students’ 

lack of academic preparedness (Astin & Astin, 1992; Chen, 2016; Kokkelenberg & Sinha, 2010; 

Ragusa, 2019; Shaw & Barbuti, 2010; Whalen & Shelley, 2010). In community colleges, weak 

academic preparation has also been linked to high attrition rates of students in STEM majors 

(Chen, 2013; Chen, 2016; Perin; 2013). The lack of academic preparation experienced by 

entering freshmen has led to substantial academic remediation efforts by community colleges. In 

fact, community colleges are 59-80% more likely than four-year universities and private colleges 

to offer remedial education in reading, writing, or math (Chen, 2106; Parsad et al, 2003).  

Inadequate math skills of first-year entering students have been linked to poor STEM 

course performance (Chen, 2013; Wang, 2013). Additionally, high school science course content 

is a strong predictor of college science course success (Madigan, 1997; Schwartz et al., 2008; 

Schwartz et al., 2009; Tai et al., 2006). This suggests that in addition to poor math skills, there 

may be specific STEM skills that entering students are lacking for which currently no 

remediation efforts exist. Academic unpreparedness at community colleges is generally 

understood in terms of math and reading deficiencies that need to be remediated. For example, 

colleges have placed a strong emphasis on math remediation efforts, but research has shown that 

placing students in math remediation courses significantly reduces their chances of graduating 

with an associate degree or transferring (Bailey et al., 2010; Calcagno et al., 2007; Fong et al., 

2015). This suggests the need to address specific deficiencies in academic preparation in order to 

increase STEM persistence rates at community colleges.  
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Several studies have been conducted to predict student success in STEM degrees, but 

they have mainly focused on four-year university students rather than community college 

students. For example, low grades obtained in first-year science courses correlate with low 

persistence rates of students in STEM fields at four-year universities (Dika & D’Amico, 2016; 

King, 2015). Tai et al. (2006) examined factors influencing college science success and found 

that differences in pedagogical practices by high school science teachers had a significant impact 

on their students’ college science course performance, but their study also focused on four-year 

university students. 

Duncheon and Muñoz (2019) analyzed perceptions of high-school teachers and 

community college instructors but focused on general college readiness and did not expand on 

instructors’ perceptions of specific knowledge or skills that students should have to be 

academically successful. In addition, Schwartz et al. (2008) studied secondary and postsecondary 

school science instructors’ perceptions of pre-college factors that specifically influence college 

science course success but focused on four-year universities. Finally, Hutchinson-Anderson et al. 

(2015) studied students’ perceptions about their middle and high school preparation for college 

science but focused on their desire to major or not in science. This study aimed to reduce the 

context research gap by gathering instructors’ perceptions of essential skills students need to be 

successful in introductory STEM courses, specifically at community colleges. 

Evidence of the Problem at the Local Community College Level 

This study took place at a public, two-year college in “Colton County,” within the 

Southeastern region of the United States. “Colton Community College” (CCC) has an overall 

six-year graduation rate of 19% (College Factual, n.d.), which is at the lower end of the national 

rate. For example, nationally, fewer than 40% of community college students earn a degree or 
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certificate within six years of enrollment (Bailey et al, 2015). Certain combinations of these 

courses are a requirement for graduation with an Associate in Applied Science degree 

(depending on the concentration), an Associate in Science degree (A.S.), and an Associate in 

Arts degree (A.A.) at CCC. The latter two degrees are part of the university transfer curriculum–

transferable to four-year universities in the state that have articulation agreements with the 

college. CCC typically offers a combination of face-to-face, hybrid, and online course formats 

and it has a Student Success Center that provides students with tutoring support in the areas of 

writing, math, and sciences.  

  Like many other community colleges in the region, CCC practices open admission 

policies–no standardized test score requirements for admission. However, students who do not 

provide SAT or ACT scores must take placement tests for math, reading, and writing skill 

assessment–ACCUPLACER exams. For academic years 2017-2018 and 2018-2019, for 

example, 26-28% of all entering freshmen students at CCC were placed in a reading and writing 

remedial course (RWR 032). Similarly, math remediation may include a 1-3 semester sequence 

consisting of Developmental Mathematics (MAT 032), Beginning Algebra (MAT 101), and 

Intermediate Algebra (MAT 102), which prepares students for College Algebra I (MAT 110). 

For the same academic years indicated above, 30% of all entering freshmen students were placed 

in MAT 032 and MAT 101 and 15-18% in MAT 102. Refer to Appendix A for course 

descriptions. 

Purpose of the Study 

This study explored the perceptions of STEM course instructors regarding the skills that 

are essential to succeed in introductory STEM courses, specifically at community colleges. 

Additionally, this study sought to capture STEM instructors’ perceptions of the skills that 
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students bring into college prior to STEM course instruction. This allowed researchers to 

understand if there was a gap between students’ existing and essential skills for STEM course 

success. This study also gathered instructors’ perceptions of barriers that may prevent students 

from succeeding in introductory STEM courses at community colleges, along with possible 

interventions that may address these barriers. 

Significance of the Study 

Education and career pathways in STEM disciplines are directly connected to 21st 

Century skills in the workforce (Altan et al., 2018). These competencies include cognitive skills 

such as critical thinking, information literacy, reasoning, and argumentation (Community for 

Advancing Discovery Research in Education [CADRE], 2013). They additionally include other 

intrapersonal and interpersonal skills, such as initiative, metacognition, communication, 

collaboration and conflict resolution (CADRE, 2013).  

The findings of this study will contribute to the understanding of the essential skills 

needed to successfully meet the challenging requirements of STEM courses at community 

colleges. The results of this study could potentially aid community college administrators in 

designing a STEM-based college skills course that can be used in partnership programs with 

local high schools to better prepare students for introductory STEM courses. Partnerships across 

educational systems are imperative in order to improve STEM education for all college students 

(Malcom & Feder, 2016). The analysis of instructors’ perceptions may establish a clear 

understanding of essential skills that are needed to prepare high school students for college 

success in STEM courses along with possible interventions. These interventions, in turn, may 

increase student persistence in STEM majors at community colleges. Finally, this study 
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contributes to the collective body of research that informs the problem of low student persistence 

rates in STEM majors, particularly community college students. 

Research Questions 

 This study’s inquiry into the instructors’ perceptions of the essential skills required to be 

successful in introductory STEM courses at community colleges was guided by the following 

research questions: 

RQ1: What essential skills do community college students need to be successful in 

introductory STEM courses?  

RQ2: What skills do students possess prior to instruction in introductory STEM courses 

at community colleges?  

RQ3: What barriers may affect students’ ability to be successful in introductory STEM 

courses at community colleges?    

Conceptual Framework 

This study was grounded in sensemaking theory to explore the perceptions of community 

college instructors of the essential skills that students need to be successful in introductory 

STEM courses in this setting. Weick (1995) developed the theory of sensemaking to explain how 

people interpret problematic situations in an organization in order to find a possible course of 

action to resolve it (Weick et al., 2005). This theory is especially useful in this pragmatic study 

because it is used to address a real-world problem in an educational organization. For example, 

Porac et al. (1989) explained that sensemaking theory is a good approach to understand 

educational classroom contexts because teaching practices are often acquired and implemented 

based on personal interpretations of teaching concepts. When people in organizations become 

aware of current outcomes that are perceived as different from expected outcomes, they may 
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justify them in terms of organizational constraints or prior expectations, or they may try to 

identify a different course of action in order to make sense of the dilemma (Weick et al., 2005). 

Simply stated, people generally try to understand the story behind a problem in order to do 

something about it. According to Weick et al. (2005), sensemaking starts by noticing a problem 

followed by labeling and categorizing experiences in a retrospective manner and connecting the 

abstract to the concrete.   

Summary 

Community colleges play a key role in providing non-traditional and underrepresented 

minority students with access to careers in Science, Technology, Education and Math (STEM) 

fields, which are critical for the economic success of the United States. However, national 

studies reveal that student persistence in STEM majors is alarmingly low, particularly at 

community colleges. Therefore, it is important to conduct more studies that contribute to the 

understanding of STEM course success at community colleges. The following chapter includes 

an overview of STEM’s importance, skills, history, and policies in terms of specific STEM 

education issues such as grades and pre-college preparation. The pre-college preparation section 

provides a summary of K-12 policies in regards to STEM education integration and science 

accountability. The focus of the literature review then switches to the community college 

experience, which includes an overview of the role of access, remediation, career readiness, and 

instructional strategies on the students’ academic experience. Finally, the review concludes with 

a summary of important issues regarding STEM teaching in post-secondary institutions.  
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Chapter 2: Literature Review 

 Data from the U.S. Bureau of Labor Statistics (BLS) show that employment in the fields 

of Science, Technology, Engineering, and Mathematics (STEM) will grow to over 9 million 

between 2012 and 2022 (Vilorio, 2014). With important advances in technology, the 

development of STEM skills will successfully prepare students for unforeseen challenges after 

graduation and for higher education (Heft & Scharff, 2017). A common STEM educational goal 

is to use an integrated approach that attempts to make connections between different STEM 

disciplines and provides relevant contexts, rather than teaching separate concepts and expecting 

students to make the connection. Science, Technology, Engineering, and Math education aims to 

epitomize a significant relationship that naturally occurs between science, technology, 

engineering, and mathematics (Bolds, 2017). Overall, STEM education is an approach by which 

students gain knowledge and practical skills to succeed in career opportunities that encourage 

specializations in the four STEM disciplines (science, technology, engineering and math), once 

they enter the workforce (Dugger, 2010). With this determination, if STEM disciplines are 

successfully taught and learned, they will improve the workforce in the economic market, 

increase production and innovation, and strengthen process development (TUSIAD, 2014). In 

order for the economy to capitalize fully on the possible STEM potential of future students, 

educational institutions must focus on STEM education and refine their instructional pedagogy 

(Margot & Kettler, 2019). A refined instructional pedagogy can have a significant positive effect 

on a student’s attitude and interest towards a subject. For example, a positive STEM identity in a 

student is a good predictor of future career choice in a STEM field and instructors must strive to 

create positive learning experiences (Martin-Hasen, 2018). Conversely, struggling with concepts 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 22 

 

and assignments in a STEM classroom can negatively affect students’ self-efficacy, so it is 

important that instructors guide students to define achievable goals (Martin-Hasen, 2018).  

Brief History of STEM 

The STEM acronym was coined in 2001 by science leaders at the United States National 

Science Foundation (Hallinen, 2021). At that time, the implementation of STEM disciplines in 

the United States quickly increased due to the rise in evidence proving the need for workers 

skilled in these disciplines. Thus, the technological, science, and engineering building blocks are 

crucial to the economic success of the United States. Beginning in the 21st Century, government 

and economic leaders have shown concern over the extreme shortage of an effective and 

qualified workforce in STEM occupations. When observing which workforce fields have 

enormous deficits in STEM workers, Xue and Larson (2015) found that a varying mix of sectors 

in private industries and government entities experience a shortage in employment in multiple 

types of engineering, cyber intelligence, physics, and computer science fields. Also, the 2016 

U.S. News/Raytheon STEM Index, a scale that measures and tracks significant indicators of 

economic and educational changes in STEM fields, reported that STEM jobs increased much 

faster (28%) than overall employment (6%) between 2000 and 2015. Additionally, the most 

recent projections from the Bureau of Labor Statistics discuss a period from 2014 to 2024 and 

expects STEM job growth to increase 6.5 percent over the ten-year window (Noonan, 2017).   

Earning a STEM degree is the most direct pathway to find employment in a STEM field, 

as more than two-thirds (69%) of the six million STEM workers with at least a four-year college 

degree majored in a STEM field (Noonan, 2017). However, the number of students who earned 

STEM degrees only grew by 15% in the last 5 years for White students, and decreased by the 

same amount for Black students, showing that the STEM graduate deficit is an ongoing problem 
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in the success and further development of the American STEM workforce (U.S. News and World 

Report, 2016). For the United States to maintain competitiveness, the number of qualified and 

diverse researchers and scientists need to expand to meet labor force demands (Slovacek et al., 

2019). However, students in the United States did not show substantial academic gains or 

success in the STEM disciplines, as compared to students in other affluent countries. The 2016 

report further highlighted the need for K-12 schools and higher education institutions to 

encourage a robust development of STEM education in order to increase students’ interest and 

better prepare the future American workforce for STEM fields (U.S. News and World Report, 

2016). Heeding the report's advice, a stronger emphasis was placed on policies related to STEM 

education at all educational levels. While there may be interest and contributions to economic 

prosperity from students pursuing a STEM career or job, many students choose not to pursue a 

STEM degree or they drop out prior to completing their STEM degrees (Slovacek et al., 2019). 

Educational Policies Related to STEM 

To support the significance of STEM education, a bipartisan congressional STEM 

Education Caucus was developed (Hallinen, 2021). The caucus argued that the economy of the 

United States is now driven by innovative initiatives that rely upon a well-educated workforce 

endowed with competent STEM skills and abilities (Hallinen, 2021). As a result, a study was 

conducted to assess the best way to teach STEM disciplines at all levels of education. The study 

concluded that educators were uncertain of what STEM education accurately entailed in the 

classroom, and that the skills needed to be successful in STEM fields were unknown (Tsupros et 

al., 2009). Responding to this dilemma, U.S. governors researched methods that would rapidly 

improve critical STEM knowledge and generate successful high school graduates. Some states 

were provided grants to configure and align their K-12 education standards to postsecondary and 
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workforce expectations in an effort to improve STEM instruction and better prepare students for 

STEM careers. For example, the National Research Council (NRC, 2012) published a report: A 

Framework for K-12 Science Education: Practices, Crosscutting Concepts and Core Ideas, which 

emphasizes that students should learn to apply what they learned rather than memorizing 

concepts. Science and engineering students for instance, should know how to “ask questions and 

define problems, develop and use models, plan and carry out investigations, analyze and interpret 

data, use math and computational thinking, construct explanations and design solutions, engage 

in argument from evidence, and obtain, evaluate and communicate information” (NRC, 2012, p. 

42). In conjunction with this framework, a variety of educational programs have been created 

over the years to foster and support students who are interested in pursuing a career in the STEM 

fields (Slovacek et al., 2019). Supporting students’ interest in the college context is important, 

since there is evidence that undergraduate students’ interest in science-related fields declines 

steadily during their collegiate years (Slovacek, et al., 2019).  

The rapid growth rate in STEM professions and careers in the United States caused a 

heightened need as it struggled to prepare STEM certified workers (Hallinen, 2021; NASEM, 

2007; Vilorio, 2014; Xue & Larson, 2015). As a response, the U.S. Department of Commerce 

(DOC) compiled a list of criteria for required and effective STEM specialized knowledge for 

jobs (Hallinen, 2021). Despite small differences, most reports concluded that personnel in STEM 

professions were not only essential but critically valuable, as they drove economic growth and 

innovations that contended with global changes and challenges and created more jobs (Hallinen, 

2021; Vilorio, 2014). Responding to this heightened need, many educational programs and 

pathways were designed to focus on and develop important STEM skills.  
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STEM skills 

The federal STEM strategic plan includes the following goals: build strong foundations 

for STEM literacy; increase diversity, equity and inclusion in STEM disciplines; and prepare the 

STEM workforce for the future (NSTC, 2020). The plan describes several pathways as a means 

to accomplish its objectives, but an important goal is to engage students where STEM disciplines 

converge by encouraging transdisciplinary learning. This effort requires the teaching of specific 

STEM skills that allow effective teaching practices across all STEM disciplines.  

Science, Technology, Engineering, and Math disciplines encompass a variety of skills 

such as basic information-processing skills, advanced cognitive skills, technical job-specific 

skills, and socio-emotional skills.  Cognitive competencies include critical thinking, active 

learning, complex problem-solving skills, mathematics, and the sciences (Siekmann et al., 2016). 

According to the National Science Board (NSB, 2018), the Science and Engineering Indicators 

show that the basic STEM skills of Americans continue to lag behind many other countries, and 

only 20% of high school students are prepared for college STEM courses. In addition to STEM 

skills, there are other skills that are important to be successful in 21st Century occupations and 

labeled as 21st Century skills. Certain 21st Century skills align with STEM skills in reference to 

their connection to STEM employment (Garay & Quintana, 2019). These 21st Century skills 

include interpretation, analysis, evaluation, inference, explanation, and self-regulation (Karatepe 

& Akay, 2020). According to the Community for Advancing Discovery Research in Education 

(CADRE, 2013), 21st Century competencies and skills need to be taught in order to meet the 

demands of 21st Century higher education and the workplace. Some states have adopted the Next 

Generation Science Standards (NGSS) to replace the Common Core State Standards (CSS) in an 

attempt to incorporate the teaching of 21st Century skills and prepare students for 21st Century 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 26 

 

colleges and careers. NGSS are based on the theory that students can achieve college and career 

readiness if they demonstrate evidence of: 1) applying a blend of Science and Engineering 

practices, concepts, and ideas to solve new problems; 2) achieving self-directed planning, 

monitoring, and evaluation skills; 3) applying knowledge across several disciplines; 4) 

employing valid and reliable research strategies; and 5) effectively transferring mathematics and 

literacy skills to science (CADRE, 2013). However, NGSS have yet to be implemented 

successfully as envisioned by the Framework for K-12 Science Education, due to a lack of 

alignment between them and schools’ curricular materials and assessments (Fulmer et al., 2018). 

Additionally, a recent study on secondary teachers’ pedagogical reflections while participating in 

NGSS professional development institutes showed a general teacher discontent with the demands 

required to incorporate these standards in their lessons, both in planning and classroom practices 

(Castronova & Chernobilsky, 2020). 

Additionally, a study by Jang (2016) identified important 21st Century STEM 

competencies by using data from the workplace as a way to understand the skills that students 

need to learn in order to be successful in STEM related occupations. The author compiled and 

categorized a list of 52 important STEM skills, types of knowledge, and work activities and 

classified them into main competencies. Among these skills, and in order of importance, critical 

thinking skills, reading comprehension, active listening, complex problem solving, judgement 

and decision making, writing, monitoring, and active learning ranked higher than mathematics 

(Jang, 2016).   

Similarly, the Partnership for 21st Century Learning (Batelle for Kids, 2019) also 

developed a framework (P21) that describes certain skills, knowledge, and expertise students 

should master to be successful in 21st Century work occupations and life. The framework 
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includes: the learning of creativity, innovation, critical thinking, problem-solving, 

communication, and collaboration skills, as well as mastery of key subjects such as English, 

reading, mathematics, and science.  

Jang (2016) also compared the STEM skills identified in his study against the 

background of 21st Century STEM education frameworks and concluded that these approaches 

inadequately prepare students for future STEM careers. For example, all existing frameworks 

lack many skills and specific knowledge related to work activities in engineering, technology, 

and science, such as those needed to solve unstructured problems among others (Jang, 2016). 

The author also concluded that these skills are necessary to solve complex problems in an 

interdisciplinary and collaborative manner.  

However, integration of STEM disciplines is only beneficial if there is a strategic 

implementation of this approach (Kelley & Knowles, 2016). The authors proposed a framework 

for STEM integration based on the premise that understanding the application of STEM skills is 

just as important as learning them and that STEM content should be situated within authentic 

contexts. Kelley and Knowles’ (2016) framework of STEM integration incorporates several 

elements (pulleys) that help situate STEM learning. For example, engineering design and 

scientific inquiry are the major pulleys that help move the minor pulleys of technological literacy 

and mathematical thinking. The authors acknowledged that more research is needed to 

understand effective teaching methodologies that allow for the implementation of integrated 

STEM frameworks.   

Research shows that STEM education is crucial for student success in both higher 

education and the workforce in that it imparts the important skills and knowledge that are 

essential in STEM courses and occupations. Despite the national initiative to incorporate the 
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teaching of 21st Century STEM skills (NGSS standards), its implementation has not been 

uniformly achieved or even clearly understood by all educators. Additionally, not all high 

schools have the support systems in place needed to teach these skills (LaForce et al., 2016; 

Lynch et al., 2018), which may result in a lack of student preparation for STEM courses. For 

instance, Glennie et al. (2019) found that students who attended inclusive STEM high schools 

were more likely to succeed in math and science classes, earn college credit and graduate than 

those in traditional high school settings. Thus, successful implementation of STEM education is 

also influenced by other structural factors, such as access and pre-college preparation for STEM 

majors and careers. Therefore, an overview of these factors is presented next. 

Important Factors Influencing the STEM Education Pipeline 

 The STEM education pipeline is a metaphorical term used to describe the different 

pathways into STEM careers from preschool through college and occupations in these fields 

(Hill, 2019). The important contribution of STEM education to the success of the economy of the 

United States poses major implications in terms of increasing its access to all Americans, 

regardless of their socioeconomic status (SES), racial background, disability status, or gender. 

Additionally, certain public education (K-12) policies have played a significant role in the 

academic pre-college preparation of all students, particularly for college STEM majors and 

occupations. Therefore, it is important to include a discussion of these factors in this literature 

review. 

Underrepresentation in STEM Fields  

Some studies have shown that underrepresented minorities (URM), students from lower 

socioeconomic status (SES) households, and women leave STEM disciplines at higher rates in 

higher education (Chen, 2013; Xu, 2015). The National Science Foundation (NSF, 2019) defines 
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underrepresented minority (URM) students in STEM as those people belonging to three racial 

and ethnic groups–Blacks or African American, Hispanics or Latinos, and American Indians or 

Alaska Natives, who have disproportionately lower representation in both STEM educational 

attainment and the workforce, as compared to other racial groups. Specifically, Hispanics or 

Latinos earned 13.5% of bachelor’s degrees in science, Black or African Americans earned 9%, 

and American Indians or Alaska Natives earned 0.5% (NSF, 2019). In addition, the current 

literature has reported American students’ declining interest in STEM fields in college, 

particularly among students in traditionally underrepresented groups—such as women, 

underrepresented minority students, and students from low-socioeconomic backgrounds (Smith 

et al., 2018).   

Although many URM students express an interest in STEM fields in high school, 

postsecondary outcomes such as their performance and persistence in STEM courses and their 

graduation rates in STEM fields are declining (Smith et al., 2018). According to the National 

Science Foundation (NSF, 2019) women constitute almost half of the total workforce but their 

representation in science and engineering is over 10% less than their representation in the 

workforce. Similarly, in 2017, only about 11% of the science and engineering occupations were 

occupied by underrepresented minorities despite the fact that they constitute 27% of the total 

workforce (NSF, 2019). In order to diversify the STEM workforce, the first step is ensuring that 

all women and minorities interested in pursuing STEM majors have the academic skills and 

preparation to do so. A large proportion of URM students (46%) utilize two-year community 

colleges as their pathway into STEM careers (Herrera & Hurtado, 2014), which highlights the 

importance of ensuring their academic success. Research shows that racial minority students are 

more susceptible to the pressures of dropping out, transferring, or discontinuing STEM majors 
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due to the lack of co-curricular support systems in place, such as those that take the social and 

relational aspects of learning into account (Malcom & Feder, 2016). Therefore, it is important to 

conduct more research studies that focus on strengthening curricular and co-curricular support 

systems for these students. Underrepresented minority students are also more likely to 

experience inadequate academic preparation in high school (Rodriguez-Kiino, 2014), so it is 

important to discuss pre-college academic preparation in this context. For example, students who 

attend STEM inclusive high schools are more likely to succeed in math and science, and the 

results are even stronger for girls, economically disadvantaged students, and URM students 

(Glennie et al., 2019). 

Student Pre-College Academic Preparation 

Tinto (1993) offers six principles by which higher education institutions can address 

student persistence, one of which is that students must have basic academic skills in order to 

persist in college. Following up on Tinto’s theory, Terenzini and Reason (2005) found that 

college students’ academic preparation, specifically reflected by the quality of their high school 

education as it translates into grades and test scores, is an important pre-college characteristic 

that influences student learning and persistence. More recent studies have also concluded that 

college persistence is partially related to academic preparation in high school. For example, 

Kokkelenberg & Sinha (2010) concluded that STEM persistence in college is partially 

determined by the types of courses students take in high school. Similarly, Shaw and Barbuti 

(2010) determined that high school performance in math and science partially explains STEM 

persistence in college. Additionally, Whalen & Shelley (2010) noted high school class rank as 

one of several factors that influences college STEM persistence. Other factors influencing STEM 

persistence included cumulative GPA, financial need, gender, ethnicity, and ACT composite 
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score. For example, high school GPA and high school math and science course performance 

affect college students’ STEM persistence (Alkhasawneh & Hargraves, 2014; Hall et al., 2015). 

Many students that graduate from high school do not have the necessary skills that are 

needed to be successful in college or technical careers (The Education Trust, 2016). Improving 

the high school to college transition is of national importance, but college and career readiness 

programs are not closing the gap in a meaningful way (Stillisano et al., 2018). Some high schools 

have understood the need for more communication between them and colleges and have formed 

partnerships with local community colleges in the form of dual enrollment or early college 

programs. These programs are designed to give high school students an early start at completing 

college coursework and are often fully funded by states. The college participating in this study, 

CCC, has an early start dual enrollment partnership program with local feeder high schools. 

Among other courses, the program offers a general college skills course (COL-103) that 

emphasizes career planning, study skills, stress management, tutoring, group guidance and other 

topics that facilitate student success. However, the course does not include more specific STEM 

skills that can transfer to introductory STEM courses or careers.   

 Specifically, academic under-preparation experienced by community college students is 

highlighted by the fact that 68% of them must receive academic remediation after enrollment 

(Chen & Simone, 2016). Academic under-preparation may result from factors related to other 

student background characteristics, besides inadequate high school preparation. For example, a 

significant proportion of students (40%) enrolled in community colleges are over the age of 25 

(AACC, 2020), which suggests a significant gap between high school graduation and college 

enrollment. These additional factors will be discussed in The Community College Experience 

section of this review. In relation to STEM persistence, it is important to understand the 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 32 

 

academic preparation related to STEM courses, as high school science content has been shown to 

significantly affect students’ preparation for college science courses. For example, better 

performance in college science courses relates to the rigor and depth of high school science 

course content (Lassila et al., 2009; Madigan, 1997; Schwartz et al., 2009). Shaw and Barbuti 

(2010) also investigated patterns of persistence in STEM majors and found that high school 

performance in math and science had a positive effect on STEM major persistence rates in 

college. This possibly shows that students who are enrolled in community colleges did not 

experience effective preparation in math and science courses in high school.  

Additionally, education may have placed a disproportionate emphasis on math and 

reading remediation at the expense of science instruction, in terms of instructional time, 

teacher preparation, and educational resources (Johnson, 2007). This, in turn, may have left 

certain students, who already experience socioeconomic and cultural barriers, in a much more 

vulnerable position, in terms of academic preparation for college STEM courses (Achat-

Mendez et al., 2019). Community colleges respond to this dilemma by accepting all students 

regardless of academic preparation, so this setting will be examined in more detail in the next 

section. 

The Community College Experience 

Community colleges enroll approximately 12 million students across the country. In the 

Fall of 2018, community colleges awarded approximately 853,000 associate degrees and 

enrolled 41% of all undergraduate students in the United States (AACC, 2020). Many students 

rely on the open-door policy of the community college, which accepts all students regardless of 

their level of academic preparation. This has created an alternative postsecondary STEM 

pathway for those students who may not traditionally have access to STEM careers. As 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 33 

 

mentioned earlier, community colleges enroll a large proportion of URM students (AACC, 2020; 

NSF, 2019). Therefore, community colleges are well positioned to increase the percentage of 

underrepresented students that graduate with a STEM degree or transition to a STEM career.  

Organizational Context: Access and Remediation 

It is important not to undermine the contribution of the community college to the 

preparation of students for careers in STEM fields. Although most research studies regarding 

STEM persistence at community colleges have focused on transfer pathways to STEM degrees, a 

study by Lundy-Wagner and Chan (2016) found that completing certificates and associate 

degrees in allied health and technology fields has a stronger positive impact on short-term 

earnings, as compared to longer STEM programs. Higher earnings in short STEM careers 

offered by community colleges can positively impact students’ decisions to pursue them, which 

also increases the percentage of URM students in the STEM workforce. 

Community colleges are major providers of access to careers in STEM fields, but these 

institutions reflect an inherently different educational context than four-year universities. For 

example, student demographic characteristics often shape the community college mission and 

admission policies in a way that allows them to increase non-traditional students’ access to 

postsecondary education. The National Center for Educational Statistics (NCES, n.d.) defines 

non-traditional students in terms of certain criteria that increase their risk of attrition, such as 

enrollment patterns, financial and family status, and high school graduation status. Enrollment 

patterns describe students who delay postsecondary enrollment by one year or more, or attend 

college part-time (NCES, n.d.). Financial and family status describe students who have 

dependents other than a spouse, are single parents, work full-time while enrolled, or are 

financially independent from their parents (NCES, n.d.). Finally, high school graduation status 
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describes students who earned a GED or similar diploma instead of a standard high school 

diploma (NCES, n.d.).  

Non-traditional students are often characterized by having higher rates of attrition from 

college and weaker academic backgrounds than traditional students (Chen et al., 2020). The open 

admission policies of community colleges, which include the practice of accepting students 

regardless of their academic preparation for college, translate into the need for academic 

remediation. Consequently, a large percentage of students who enroll in community colleges are 

academically under-prepared and must take remedial courses (Morest, 2013). Although students 

may experience weak academic preparation during high school, and even earlier, community 

colleges remain committed to educating any student who enrolls in their programs of study. With 

that mission in mind, community colleges’ main priorities are to remediate weak academic skills 

and provide general education that prepares students for transfer to four-year universities or the 

workforce (Nevarez & Wood, 2010). Unlike other higher education institutions, community 

colleges commonly receive funding to support remedial education programs. National surveys 

indicate that the majority of community colleges provide remedial education in the form of 

reading, writing, or math developmental courses (Parsad et al., 2003). Meanwhile, a statistical 

analysis by Chen (2016) showed that 75% of students with weak academic backgrounds took 

remedial courses at public two-year higher education institutions.  

However, remedial education policies vary by state. For example, only seven states have 

state-mandated college placement exams to determine whether students need to be placed in 

remedial education courses. Of those states that are not mandated to offer remedial education, 

only twenty-one still require students to take remedial courses if they do not meet minimum 

testing requirements (Jenkins et al., 2002). These states require students to take course placement 
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exams in order to place them in certain writing, reading, or math development courses, based on 

their scores. The college in this study offers remediation courses in math, reading, and writing. If 

a student does not submit a college admission test score (SAT or ACT), they must take the 

ACCUPLACER exam to determine which English and math courses they are eligible to take. 

The ACCUPLACER exam is a computerized, adaptive, self-paced, untimed, multiple choice 

format test developed and administered by the College Board (College Board, 2019). The exam 

assesses students in reading comprehension skills, grammar and sentence structure skills, and 

mathematics skills from basic arithmetic skills to college level math concepts. Students are 

allowed to retake the exam once after 48 hours, after which they will be provided with an 

advisement appointment for course placement. 

 Each of the four ACCUPLACER tests–Reading; Writing; Quantitative Reasoning, 

Algebra and Statistics; and Advanced Algebra and Functions–has specific score ranges that must 

be met in order to place in English Composition (ENG 101), or College Algebra (MAT 110). 

The College Board (2019) uses Skills Insight® statements to tie scores to particular skills in the 

classroom. If a student scores below these ranges in one or both of the Reading and Writing tests 

of the ACCUPLACER exam, they will be placed in a developmental Reading/English course 

(RWR 032), which teaches basic reading and writing skills. Scoring below these ranges in the 

math portions of the test will place a student in MAT 032, a Developmental Mathematics course 

that teaches very basic algebra concepts. After passing this course, students will need an 

additional two-semester sequence of Beginning Algebra (MAT 101), and Intermediate Algebra 

(MAT 102), before they can enroll in College Algebra I (MAT 110). Refer to Appendix A for 

specific course descriptions.  
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However, remediating reading and math skills does not necessarily translate into 

improving persistence rates at community colleges. For example, one important obstacle to 

degree completion or transfer is that 76% of institutions that require remedial education courses 

only award institutional credit for them (Shults & AACC, 2000). For instance, RWR 032, MAT 

032, MAT 101, and MAT 102 only provide institutional credit at CCC and the credit is non-

transferable and does not apply towards degree requirements. These remedial courses only serve 

to prepare students for gatekeeper courses, college courses that are characterized by high 

enrollment numbers and high failing rates (Hayward & Willett, 2014). Community college 

students may spend up to a year and a half preparing for gatekeeper college courses, which may 

cause them to abandon their studies before starting degree-conferring coursework. For example, 

a study by Calcagno (2007) revealed that Black, Hispanic and American Indian students were 

less likely to complete a degree or certificate when taking math or writing remediation courses. 

Students who are placed in remedial courses may feel the pressure of additional delays in their 

pathway to graduation and drop out. For example, less than half of these students complete their 

remedial course sequence, and only 20% of the students who must take remedial math 

coursework complete the lowest level college credit math course within 3 years of enrollment 

(Bailey, 2010). Additionally, Crisp et al. (2009) showed that when students enrolled in Algebra I 

along with Biology I during their first semester in college, they were more likely to persist in 

STEM majors. Therefore, if academic remediation in math and reading delays students’ 

placement in credit-bearing STEM courses, they will be less likely to persist in STEM majors.  

Classroom and Curricular Experiences 

The negative effects of remediation discussed earlier highlight the importance of solid 

pre-college academic preparation for the successful completion of a community college degree 
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or transfer pathway. However, it does not relieve community colleges of their responsibility to 

correct weak academic skills in more meaningful ways, such as designing new and more 

innovative remediation alternatives. Thus, it is important to gather community college faculty 

perceptions about their classroom and curricular experiences. For example, four-year university 

professors believe that students should enter college with the ability to integrate non-science 

content to sciences (Daempfle, 2002). Skills that are important in STEM fields can be assessed in 

the classroom, such as collaboration, presentation, and the ability to interpret data or solve 

problems. These classroom and academic skills can also transfer into the workplace and are often 

desired by employers (Jang, 2016). Therefore, instructors should utilize instructional strategies 

that incorporate and evaluate these skills. 

Often, high school teachers utilize teacher-centered instruction in order to prepare 

students for note-taking in college (Lasilla, 2009). However, teacher-centered instruction in high 

school merely prepares students to pass a test based on scattered explanations of concepts but 

does not prepare students for the rigors of college courses (Mackenzie, 2009). In other words, 

when the teacher is the center of the classroom and students are simply taking notes, students are 

passively absorbing knowledge and memorizing facts without the interaction required to develop 

reasoning skills and understand processes (Lasilla, 2009).  

This type of passive instruction may also be perpetuated in introductory STEM courses at 

community colleges. Therefore, evidence-based instructional strategies are needed to move 

instructors away from passive lectures and recipe-like laboratory experiments and closer to open-

ended and student-centered STEM experiences (National Research Council, 2012). Achat-

Mendez et al. (2019) conducted a study at a relatively small four-year college with a high URM 

student enrollment. The authors designed a Peer Supplemental Instruction (PSI) program in order 
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to improve the teaching of introductory STEM courses at this college and consequently improve 

the high failing rates in these courses. Their PSI model was based on two educational strategies 

that positively impact STEM learning: 1) early engagement and exposure to college survival 

skills, such as critical inquiry, frequent writing, and information literacy (Kuh et al., 2008); and 

2) collaborative learning via problem-solving in groups (Tapscott & Williams, 2010). Their 

model emphasized the teaching of STEM skills, such as problem-solving and scientific 

communication; metacognitive skills such as time-management and note-taking; collaborative 

learning in small groups; and professional development and mentoring of STEM faculty. The 

implementation of this model positively affected student performance in these courses, especially 

those students who were academically underprepared; however, low student attendance in this 

program (20%) hindered its college-wide success (Achat-Mendez, 2019). More studies should 

engage in understanding instructional methodologies that can be used in the classroom without 

the need of additional tutoring sessions for students.  

According to the National Science Teaching Association (NSTA, 2020), STEM teachers 

in preK-16 school years should be given the necessary tools and resources to implement high 

quality STEM education teaching in their classrooms. These not only include innovative 

technologies and materials but access to professional development that provides continual 

training in the newest pedagogies, mentoring, and support services (NSTA, 2020). Additionally, 

educational institutions in these contexts should partner with employers and the community to 

help finance training programs in STEM education that better prepare students for the workforce 

(NSTA, 2020). According to Monis (2018), it is critical that community colleges form 

partnerships with local employers to aid in formatting curriculum plans and improve college 

facilities to develop the skills that will transfer to the work place. Aligning STEM teaching to 
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local needs is important for lifting some barriers that exist in the context of STEM learning. For 

example, a report by Malcom and Feder (2016) on barriers and opportunities for two-year and 

four-year STEM degrees concluded that there needs to be a better alignment of STEM programs, 

instructional practices, and instructional supports, among other corrections. This will help 

students overcome crucial barriers that prevent them from earning a STEM degree. Some of 

these alignments may also require the implementation of specific instructional strategies in the 

classroom. For instance, Bernacki et al. (2020) found that it is often too time-consuming to 

implement STEM training programs in undergraduate education but brief, digital training 

modules help students understand the application of the skills they learn, and this strategy 

significantly improved STEM exam scores.   

However, STEM course instructors may not understand the skills that they need to teach, 

how to teach them, or how to evaluate them. In Teaching and Learning STEM: A Practical 

Guide, Felder and Brent (2016) cited that college STEM professors are often concerned that they 

have to teach skills they never were trained for or used themselves. Professors also often state 

that teaching those skills is too time-consuming and takes away from the actual STEM material 

they are supposed to teach (Felder & Brent, 2016). The authors noted that the best way to teach 

any skills is to teach activities and assignments that promote their development, such as 

improving communication (writing and speech skills), reinforcing prior knowledge, motivating 

interest, deepening understanding, and improving metacognitive, critical thinking, and creative 

thinking skills (Felder & Brent, 2016). The authors of the book give examples of all the different 

activities that can be taught to specifically promote learning of STEM skills. For example, in 

order to teach critical thinking, it is important to create real-life scenarios in the form of 

problems that must be solved by students (Felder & Brent, 2016). An effective way to teach 
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creative thinking skills is to assign brainstorming activities, have students explain unexpected 

results, or assign students to create something (Felder & Brent, 2016). The book also contains 

numerous ideas on how to assess these skills, and it highlights the importance of basic 

professional development for instructors who may not necessarily understand how to teach or 

assess these skills.  

Moreover, research shows that conventional instructional approaches in STEM education 

have unintentionally excluded URM students in STEM fields and has contributed to their 

attrition from STEM majors (Dewsbury, 2020). The author emphasizes the need for more 

inclusive higher education STEM classrooms, such as those that expose students to diverse 

experiences. Dewsbury (2020) calls these experiences a form of “deep teaching” that allows 

students to feel comfortable in the STEM classroom via an instructor-student dialogue. “As the 

nation continues to struggle to retain URM students in STEM majors, a systemic overhaul of 

how we think about classroom pedagogy may be necessary” (Dewsbury, 2020, p. 186-187). One 

important way to reduce achievement gaps for URM students in STEM is to use active learning. 

For example, Theobald et al. (2020) found that active learning reduced achievement gaps in 

passing rates of URM students in STEM courses by 45% and that instructors need to replace 

traditional lectures with an evidence-based, active learning, and inclusive educational approach. 

Grades in First-Year STEM Courses and First-Year College GPA Matter 

One of the first and most well-known attempts to understand student persistence was 

made by using the workforce turnover theory (Bean, 1980). With educational substitutions for 

workplace applications, Bean’s (1983) student persistence turnover theory model examined 

multiple variables that educational institutions could take into account as determinants of student 

attrition, such as routinization (repetitiveness of student role), participation (student power in 
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classroom decisions), instrumental communication (information transmitted by the institution to 

its students), integration (friendships among organizational members), and distributive justice 

(rewards and punishments to student role). In addition, Bean’s (1983) model included three pay 

surrogate variables; that is, variables that would be the equivalent of the pay variable in the 

workforce turnover theory. These pay surrogate variables were modified for student attrition 

models and listed as grades, practical value, and self-development. As Bean (1983) and Tinto 

(1975) explained, grades are the extrinsic reward that students expect to use to gain future 

opportunities in both the educational and career pathways. Practical value comes from the idea 

that students expect that their education will lead to future employment and better pay. Finally, 

self-development refers to the students’ expectations that their education will allow them to gain 

academic and interpersonal skills, and therefore, find better employment opportunities and gain 

important life skills. From this theory we could hypothesize that if students do not earn good 

grades, they won’t feel that they are getting the practical value and personal development that 

they are seeking, which will cause them to leave. 

Research shows that academic performance during the first year of college correlates with 

future academic success, and it’s a determining factor in the reduction of students who leave 

higher education (Dorta-Guerra et al., 2019). More specifically, there is evidence that student 

performance in introductory science college courses strongly predicts their persistence in STEM 

field majors (Ehrenberg, 2010). More recently, research has shown that STEM students will 

typically decide whether they will continue their original major within the first two years of 

college, especially after taking introductory STEM courses (Canning, et al., 2018). Academic 

performance is tightly related to STEM persistence; for example, GPA in college is a strong 

predictor of college STEM major persistence (Allen & Robbins, 2008; Gershenfeld et al., 2016; 
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Whalen & Shelley, 2010). In addition, research has shown that lower grades and performance in 

STEM courses and higher grades and better performance in non-STEM-related disciplines have 

led some students to leave STEM courses and ultimately STEM majors (Ehrenberg, 2010; King, 

2015; Ost, 2010; Rask, 2010). All these studies suggest that persisting in STEM courses is 

strongly influenced by academic performance in these courses, which highlights the need to 

identify essential skills needed to be successful in STEM courses. For example, it is common for 

students who drop out of STEM courses to state that they lacked critical STEM skills (Bernacki, 

et al., 2020). Additionally, Zhang (2021) found that students who switch or leave STEM field 

majors were more likely to attempt fewer courses in the first semester, withdraw from one or 

more courses, and earn a lower GPA than students who persist in STEM fields. When students 

underperform in STEM courses, they may get discouraged and abandon their studies or switch to 

non-STEM majors.  

Summary 

 Science, Technology, Engineering and Math education is not only critical for the success 

of the economy of the United States (Vilorio, 2014), but also provides students with greater 

opportunities in higher-paying fields (BLS, 2021). Community colleges have open admission 

policies that accept students regardless of their socioeconomic or academic backgrounds (Chen, 

2016; Nevarez & Wood, 2010), and enroll a high proportion of URM students (AACC, 2020; 

NSF, 2019). Therefore, community colleges play an important role in providing non-traditional 

students with access to careers in STEM fields (AACC, 2018; Hagedorn & Purnamasari, 2012; 

Ragusa, 2019; Rodriguez-Kiino, 2014; Starobin & Laanan, 2008). However, these students are 

less likely to persist in STEM majors for a variety of reasons, such as lack of academic 

preparation in high school (Cohen & Kelley, 2020; Perin, 2013) and other structural factors 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 43 

 

related to the organizational context of community colleges. Research has shown that STEM 

discipline integration is essential to prepare students for college and provide them with the 21st 

Century skills needed to succeed in STEM occupations and in life (Jang, 2016; Stehle & Peters-

Burton, 2019). Additionally, research shows that STEM instructors must move away from 

traditional lectures and engage in a more active, STEM-skill focused approach that incorporates 

inclusiveness for all students (Bernacki, 2020; Dewsbury, 2020; Felder & Brent, 2016). More 

studies are needed to understand specific skills that are needed to succeed in STEM courses at 

community colleges, specific deficiencies students have in in this setting, and the barriers that 

may impede the successful teaching and learning of STEM skills. 
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Chapter 3: Methodology 

This study explored the perceptions of STEM course instructors regarding the skills that 

are essential to succeed in introductory STEM courses, specifically at community colleges.  

Additionally, this research sought to capture STEM instructors’ perceptions of the skills that 

students bring into their courses prior to college STEM course instruction. The study also 

gathered instructors’ perceptions of barriers that may prevent students from succeeding in 

introductory STEM courses at community colleges, along with possible interventions that may 

address these barriers. To that end, a pragmatic, qualitative inquiry approach was used by 

striving to gain practical understanding and wisdom in order to solve a concrete, real-world 

problem (Patton, 2015). This qualitative inquiry was guided by the following three research 

questions: 

RQ1: What essential skills do community college students need to be successful in 

introductory STEM courses?  

RQ2: What skills do students possess prior to instruction in introductory STEM courses 

at community colleges?  

RQ3: What barriers may affect students’ ability to be successful in introductory STEM 

courses at community colleges?    

According to Merriam (1998) the main purpose of qualitative research is to understand 

the knowledge that participants construct from their lived experiences. The knowledge 

constructed by community college instructors about specific skills that are essential to succeed in 

introductory STEM courses can add valuable information to the existing research in this context. 

A qualitative case-study approach was used to analyze the perceptions of several STEM 

instructors at a community college. According to Creswell and Creswell (2018), a case-study 
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qualitative approach examines a case by analyzing rich detailed descriptions of knowledge 

provided by the participants. In this research, the case was the community college used to gather 

the data and it was bounded by the instructor participants’ experiences teaching STEM courses in 

this context from an instructional perspective. This approach allowed the researchers to construct 

meaning by analyzing the STEM instructors’ descriptions of the interactions with their students. 

 Semi-structured interviews with introductory STEM course instructors were used to 

capture the detailed data needed to answer the three research questions. Interview questions were 

designed to gather community college instructors’ perceptions of essential skills needed to 

succeed in introductory STEM courses in order to answer the first research question. 

Additionally, the interviews captured instructors’ perceptions of the skills that students have 

before they receive introductory STEM course instruction. Finally, the researchers gathered 

instructors’ perceptions of possible barriers that may prevent community college students from 

being successful in introductory STEM courses, as well as possible interventions that could be 

used to address these barriers.  

The detailed descriptions and analysis of the experiences of STEM instructors in this 

college will increase the readers’ understanding of this case. Merriam (1998), emphasized the 

importance of asking good questions, using probes, and the interviewer-interviewee relationship 

when conducting interviews. It is also valuable to consolidate, reduce, and interpret the 

statements given by participants to derive meaningful data findings (Merriam, 1998). The 

researchers used a constant comparative analysis to deconstruct the thoughts, actions, and words 

of the participants during the interviews, in order to generate an understanding of the case 

(Mathison, 2015). 
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The researchers also employed collaborative coding, which permitted the consensus-

building needed to resolve slight differences in meaning generated by multiple researchers. 

Team-coding along with analytical memos from multiple researchers added richness to the 

findings and resulted in a deeper, more reflective analysis. Participants offered perspectives 

based on their personal experiences and multiple reviews of the data resulted in the generation of 

themes and patterns (Olson et al., 2016). The first cycle analysis of initial transcripts resulted in 

codes that were later used against other transcripts to identify patterns that were useful in the 

development of themes during the second cycle of the analysis.  

Setting 

This research study took place during the fall semester of 2021 at a public, two-year, 

technical college, whose mission includes the broader education scope of a community college. 

“Colton Community College” (CCC) is situated within the Southeastern region of the United 

States, and enrolls approximately 2,400 students, of which 38% are full-time students and 62% 

are part-time students (Community College Review, n.d.). The student population at CCC is 55% 

White, 33% Black, 8% Hispanic, 1% American Indian, and 3% other races. The College has a 

student gender ratio of 65% female to 35% male and approximately 35% of the students are over 

the age of 25 ([Colton Community College], 2020). Over 90% percent of all students at CCC 

receive financial aid and its overall six-year graduation rate is 19% (College Factual, n.d.). Of 

the 79% of students who started college at CCC in 2015 and did not graduate within six years, 

42% transferred to another educational institution, 1% continued their studies at CCC, and the 

remaining 57% abandoned college studies (College Factual, n.d.).  

The College typically offers a combination of face-to-face, hybrid, and completely online 

course formats and has a student-teacher ratio of 21:1. Its Student Success Center provides 
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tutoring support in the areas of writing, math, and sciences. The College offers courses in 

introductory Biology, Chemistry, Computer Technology, Mathematics, and Physics (Appendix 

A). Certain combinations of these introductory STEM courses are a requirement to graduate with 

an Associate in Applied Science degree (depending on the concentration), an Associate in 

Science degree (A.S.), or an Associate in Arts degree (A.A.). The latter two are part of the 

university transfer curriculum, which allows for the transfer of credit in core courses to four-year 

universities in the state that have articulation agreements with the college. 

Instructor Participant Recruitment 

This study utilized purposive sampling to recruit faculty members who taught 

introductory STEM courses at CCC (n = 6). Demographic and professional background 

information was collected from the instructors, as shown in Table 1. 

Table 1 

Participant Demographics 

Pseudonym STEM Discipline Gender Education  Race Years of Experience 

Rogers Biology Male Doctorate Caucasian More than 20 

Manning Mathematics Male Bachelor’s African American 10-15 

Price Computer Science Female Master’s Caucasian More than 20 

Snyder Chemistry & Physics Female Master’s African American 5-10 

Ruiz Biology Female Master’s Caucasian More than 20 

Gentry Biology Male Professional Caucasian More than 20 

 

 

 

 

 

 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 48 

 

 Instructor participants were recruited directly by researchers by sending a recruitment 

email to the 23 instructors that taught introductory STEM courses at CCC in the Fall of 2021. 

The recruitment email explained the purpose of the study and requested voluntary participation 

(Appendix B). Those instructors who responded to the recruitment email received a follow-up 

email with an invitation to participate in a one-time, recorded, semi-structured interview, 

conducted remotely via Microsoft (MS) Teams. Remote interviewing was used as the preferred 

method due to the Covid-19 pandemic restrictions that remained in place at CCC at the time the 

study was initiated.  

Instructors were offered compensation in the form of a restaurant gift card as incentive 

and gratitude for their participation in the study. The researchers agree with the view that 

omitting to pay participants in some way during a research study is unethical, and paying 

participants equalizes the uneven power of the researcher-participant relationship (Head, 2008; 

Thompson, 1996). Participants were also informed that they could withdraw from the study at 

any time or not complete their interviews without receiving any negative consequences and were 

provided with the researchers’ contact information. Institutional Review Board (IRB) approved 

verbal consent procedures were utilized to ensure the participants understood the study and 

agreed to their voluntary participation (Appendix C). 

Interview Procedure 

 The interviews were audio and video recorded to ensure the accuracy of transcription 

statements and allow later observation of instructors’ gestures, which provided important clues 

during data analysis. The interviewers followed a semi-structured interview protocol, read each 

question as listed, used nondirective follow-up probes to receive a more complete answer 

(Appendix D), and remained impartial throughout and after the interviewing process (Patton, 
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2015). The interview protocol included five introductory demographic and professional 

background questions and seven additional open-ended questions with follow-up probes for each 

item (Appendix E). Each interview question was created to elicit an open-ended, detailed 

response and minimize predetermined responses. This design was utilized to better understand 

the experiences, opinions, and knowledge of the interviewees and accurately answer the research 

questions (Patton, 2015).  

The first interview question was asked to capture STEM instructors’ perceptions of the 

essential skills needed to be successful in their introductory STEM courses. Certain probes were 

used to gather more information regarding definitions of field-specific terms and instructors’ 

perceptions regarding characteristics, categorizations, and examples of assignments when these 

skills were valuable. Interview questions also gathered data regarding instructors’ perceptions of 

skills students have prior to introductory STEM course instruction and whether those skills are 

sufficient to succeed in STEM courses. The remaining questions captured STEM instructors’ 

perceptions of the barriers that may impede students from being successful in introductory 

STEM courses, probed about possible interventions that may address these barriers, and inquired 

about teaching methods and evaluations of the cited skills. Refer to Table 2 for a brief 

representation of the alignment between the research questions, data sources and data analysis 

methods.  
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Table 2 

Alignment between Research Questions, Data Sources, and Analysis Methods 

 
Research Question Data Collection Technique: 

Open-ended interview items 

Qualitative Data Analysis 

1. What essential skills do 

community college students 

need to be successful in 

introductory STEM courses? 

1. Describe essential skills that community college 

students need to have to be successful in introductory 

STEM courses. 

 

2. In your opinion, how and to what extent do 

the essential skills you described contribute to success 

in STEM courses?     

   

First cycle analysis: 

 

 Inductive in vivo 

and concept 

coding 

 Analytic 

memoing 

 Independent and 

collaborative 

coding 

 

Second cycle analysis: 

 

 NVivo QDAS to 

generate patterns 

 Member-checking 

2. What skills do students 

possess prior to instruction in 

introductory STEM courses at 

community colleges?  
 

3. Describe any skills that your students possess prior 

to your instruction in introductory STEM courses. 

 

3. What barriers may  

affect students’ ability to be 

successful in introductory 

STEM courses at community 

colleges?    

4. Discuss any barriers that may affect students’ ability 

to be successful in introductory STEM courses. 

 

5. Discuss or suggest any interventions the 

college could implement to help overcome these 

barriers 

 

6. Discuss how you are teaching the essential skills 

you previously mentioned   

 

Qualitative Data Analysis 

This case-study employed a constructivist approach to data analysis that consisted of 

coding and memo writing by simultaneously collecting and analyzing data and using 

comparative analysis (Charmaz, 2011). The researchers utilized a common six-step approach to 

collaborative analysis (Richards & Hemphill, 2018) to increase the rigor and trustworthiness of 

the analysis process and the results of the study. The approach began immediately before the 

transcription and concluded with a consensus-based development of themes and subthemes. The 

six-step approach included a preliminary meeting to organize the data and plan the analysis, open 

and axial coding to identify patterns, the development of a preliminary codebook, testing the 

codebook against uncoded data, reaching a consensus about the data coding, and a final 

discussion of the codebook and developed themes (Richards & Hemphill, 2018). 
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 During the first-cycle coding, researchers incorporated an inductive, line-by-line, open 

coding analysis of the semi-structured interview transcripts. Inductive analysis involves 

accumulating knowledge and looking for evidence from observations and other data sources in 

order to make generalizations from particular details (Saldaña, 2011). Inductive coding 

uncovered important local factors and showed that the researchers were open to incorporating 

patterns that emerged inductively, rather than merely trying to fit data into predetermined codes 

(Miles et al., 2014). The three researchers manually transcribed and separately coded the 

transcribed statements line by line by constantly comparing and contrasting the data. This 

comparative analysis process generates rich, thematic findings that incorporate the participants’ 

perspectives and field observations and increases the validity of the analysis (Cascio et al., 

2019). Open-coding analysis was initially performed manually on the raw data by searching the 

text and coding recurring phrases or themes in order to reveal what phrases or characteristics 

predominated (Patton, 2015). The researchers employed a combination of in vivo and concept 

coding methods in their first-cycle, open-coding analysis by using phrases or words directly from 

the instructors’ language as codes—in vivo coding—or using words or short phrases that 

represented a symbolic meaning or idea—concept coding (Saldaña, 2009).  

First-cycle coding provided researchers with an index of topics that were used to 

categorize data from the interviews (Miles et al., 2014). After this independent analysis, 

researchers came together to incorporate collaborative coding and increase inter-coder 

agreement. This resolved any difficulties created when two or three different coders use different 

language during the initial open-coding process (Cascio et al., 2019). Subsequently, a list of 

refined codes or preliminary codebook was developed from careful comparisons of the 

independent coding done by the researchers. When multiple researchers consistently apply the 
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same codes to the same texts, it increases the dependability of the analysis by showing that the 

results of a study would be consistently obtained if the study was replicated with similar 

participants in a similar context (Cascio et al., 2019). Team-coding adds clarity to the definitions 

of codes and is a good reliability check that corroborates if researchers who coded separately 

agree on how the data was coded (Miles et al., 2014). After developing a consistent codebook 

with concise definitions of codes, researchers engaged in second-cycle coding by collaboratively 

comparing the codes to develop broader categories or themes—axial coding. The researchers 

also came together several times to refine the data by checking, revising, and refining new 

knowledge, which is a common foundational practice of qualitative analysis (Wertz et al., 2011).  

Qualitative Data Analysis Software (QDAS) 

Initial codes can be used later in the analysis in order to derive patterns, classifications, 

and emergent categories (Saldaña, 2011). The second-cycle coding analysis generated patterns 

that allowed for the thematic classification of skills, barriers, and interventions into a smaller 

number of constructs. In this cycle, researchers utilized NVivo QDAS to assist them with 

classifying coded data into themes and organizing data into cases. NVivo software also helped 

provide a more comprehensive identification of significant patterns that were present in large 

amounts of data. The identification of these patterns during data analysis was needed to build a 

solid framework for the explanation of the findings (Patton, 2015). This approach was used to 

refine the list of skills participants perceived as essential to be successful in introductory STEM 

courses and permitted their classification into broader constructs that more accurately reflected 

the themes they represented. The same strategy was applied to the pre-college skills students 

possess and the barriers to success that emerged during data analysis. The researchers also 

looked for any additional patterns that could identify possible instructional and institutional 
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interventions to address the barriers that previously emerged during the analysis. Although the 

extensive literature review provided the researchers with a general idea of possible emerging 

patterns, engaging in first and second-cycle coding allowed them to find additional themes that 

may not have been previously described. The refined lists that resulted from the second-cycle 

analysis were also sent to the instructors for member checking, so that they could corroborate if 

the generated themes accurately reflected their perspectives (Miles et al., 2014). The final 

discussion of the classification of essentials skills into specific themes permitted a more precise 

categorization that was also needed for the juxtaposition approach of comparing them to the 21st 

Century STEM skills described in the literature 

Analytic Memoing 

Analytic memoing was also used to document the researchers’ reflections and thinking 

processes in brief narrative form, as the interviews unfolded. Memos can quickly capture 

thoughts during data collection, but also during other parts of the qualitative analysis process, 

such as data condensation and display and conclusion drawing, testing, and reporting (Miles et 

al., 2014). The analysis begun with coding but analytical memos started soon after to discuss and 

analyze the codes. In this way, the researchers employed abductive reasoning to consider all 

possible explanations of the findings until the most plausible was found (Charmaz, 2011).  

This constructivist approach allowed the researchers to utilize both their positions and 

those of the participants along with their situated knowledge in order to gain interpretive 

understanding of the findings in a less abstract and more reflective manner (Charmaz, 2011). 

Using analytical memos to supplement the participants’ voices and reflections strengthened the 

data by providing a more detailed analysis (Charmaz, 2011). The researchers also analyzed the 

interview transcripts in narrative form by writing reflections of the entire interview as a whole, to 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 54 

 

supplement the line by line analysis. This approach allowed the researchers to understand the 

themes in relation to one another as a collection of interacting parts that make a whole 

(Josselson, 2011). The combination of axial coding, analytic memoing, and member checking 

permitted a consensus-based interpretation of the data which led to a final discussion of themes 

and findings. Refer to Figure 1 for a summary of the study’s methodology. 

Figure 1 

Methodology Summary 

 

 

 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 55 

 

Data Storage and Management 

 All electronic files were stored in an IRB-approved, human research, cloud-based storage 

box. Data were categorized into distinct case folders for instructors’ interview files, which 

included recordings, transcripts, excerpts, quotes, field notes, memos, codebooks, etc., for each 

case. The instructor cases were identified by pseudonyms to protect the anonymity of the 

respondents. 

Validity and Reliability  

 There are certain threats that may affect the validity and reliability of a research study, 

particularly those studies that may involve more subjective interpretations of the data such as 

qualitative studies (Patton, 2015). For example, one of the researchers in this study is a STEM 

instructor at CCC and knows several of the participants interviewed in the study. Teaching in a 

STEM discipline and knowing some of the instructors could have affected the objectivity of the 

information gathered during the interviews. To control for this threat, this researcher did not 

conduct participants’ interviews. The other two researchers had never met the STEM instructors 

at CCC, thus reducing any personal biases with respect to the instructors participating in this 

study. Additionally, researchers strived to obtained rich descriptions from the participants and 

used their quotes to support all findings. The researchers also obtained a fair degree of saturation 

during data collection, which increased the reliability of the study (Cascio et al., 2019). 

Collaborative coding also reduced personal and research design biases during the first cycle of 

the analysis by ensuring inter-coder agreement among the researchers. Additionally, member 

checking of refined themes by participants decreased possible biases during the second cycle of 

the analysis. The use of a proven, systematic approach to coding also increased the validity and 

reliability of the analysis (Richards & Hemphill, 2018).  
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Positionality  

When performing qualitative research inquiries, it is important to consider “your 

background, experience, training, skills, interpersonal competence, capacity for empathy, cross-

cultural sensitivity, and how you as a person, engage in fieldwork and analysis” (Patton, 2015, p. 

3). As researchers, we must also engage in deep reflection about the role that our positionality 

plays in influencing our interpretation of perceptions of college instructors. Specifically, our 

assumptions about the nature of social reality, knowledge, and human nature may influence the 

positions we take about our research projects (Holmes, 2020). For example, our professional 

roles as community college STEM instructor, high school principal, and elementary school 

teacher call for our awareness of how our voice and positionality are intertwined into this 

research project (Bourke, 2014).   

In order to reduce our biases, we must take our positions and shortcomings into account 

when approaching this study. Amongst us there are those who have intimate experiences with 

STEM course teaching and learning at community colleges, while others lack STEM content 

expertise and professional experience in this context. For instance, Payne’s experience teaching 

STEM courses at community colleges may have caused her to have specific assumptions of the 

skills students should have to be successful in this setting. In addition, our approaches vary from 

a teacher perspective that values student success to viewing it through a leadership lens in terms 

of school accountability. Additionally, two of us identify as belonging to racial and gender 

minority groups, while one of us is a male in a racial majority group, which may have 

implications in reference to our interpretations of socially just practices. 

Regardless of our demographic and professional backgrounds, we must leave any biases 

behind when trying to interpret the perceptions of a racially and academically diverse group of 
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instructors. Nonetheless, researchers must be thorough in acknowledging all the peripheral 

elements that have influenced and continue to influence a particular study population, such as 

social policies and political contexts and all other human and non-human interactions that shaped 

its essence (Patel, 2015). For example, for Perkins, the problem is understood in terms of a lack 

of emphasis in science during the elementary and middle school years, while for Payne and 

Smith a lack of academic preparation in high school seems to more clearly reflect their 

understanding of this problem. Additionally, Payne has taught Chemistry and Biology courses 

for 9 years and has her own perceptions of the essential skills students should have to be 

successful in her courses and the barriers that may prevent students from achieving success. 

Therefore, she must put her perceptions aside and commit to understanding the data in the way 

the participants intended it. According to Patel (2015), educational research must be answerable 

to context, which requires that researchers do not attempt to decontextualize knowledge for their 

own benefit. To this end, it was important for us to reach consensus in our interpretation of the 

data and to reach out to participants to validate it in the form of member checking. Ultimately, 

we believe that our socioeconomic and professional background differences contributed to a fair 

interpretation of the data. 

Summary 

This study consisted of a pragmatic exploration of STEM instructors’ perceptions of the 

skills that are essential to succeed in introductory STEM courses, specifically at community 

colleges. The study employed qualitative methods that focused on gathering rich descriptions of 

the knowledge constructed by the participants Additionally, the study gathered data regarding 

existing skills that community college students bring with to the introductory STEM courses. 

Finally, the study gathered instructors’ perceptions of possible barriers that prevent students at 
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community colleges from succeeding in introductory STEM courses. To that end, the study’s 

methodology incorporated semi-structured interviews with introductory STEM course instructors 

at a community college to capture the rich details needed to answer these three questions. The 

case study analysis was based on a constructivist, constant comparative approach that utilized 

thematic analysis through a combination of inductive line-by-line coding, axial coding, 

collaborative coding, and analytical memo writing to arrive at a consensus-based interpretative 

meaning of the participants’ perspectives. Refer to Appendix F for the study’s timetable. 
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  Chapter 4: Results and Findings 

 In this chapter, the researchers present the findings by organizing the results based on the 

research question that they address. In alignment with the methodology summary presented in 

Table 1, the data collected from the participants’ interviews was subjected to first and second-

cycle qualitative analyses (Saldaña, 2009). Researchers used analytic memos that were written 

during data collection and analysis as important tools for solidifying the findings and reaching 

consensus. Additionally, the researchers utilized member-checking as another tool to corroborate 

the findings. The results of the analyses are summarized in table format for each research 

question as themes, subthemes, operational definitions, and examples. A detailed description of 

the most salient themes follows each table summary. 

Essential Skills for Success 

The first research question sought to capture STEM instructors’ perceptions of the 

essential skills that entering community college students need to be successful in introductory 

STEM courses. During the first-cycle analysis, instructors’ statements were coded into specific 

subthemes that were later categorized into broader themes. Two main themes emerged from the 

analysis of essential skills: a) soft skills such as critical thinking skills, college skills, and 

problem-solving skills; and b) hard skills such as basic math skills, STEM study skills, reading 

comprehension skills, basic science knowledge/skills, and writing skills.   

Soft Skills 

Researchers defined soft skills as non-cognitive, less tangible skills that are harder to 

measure and pertain to personality, attitudes, and behaviors that develop over time. For example, 

Handayani et al. (2020) defined them as 21st Century skills that are connected to interpersonal 
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qualities or personal attributes and are desired by corporate leaders, such as critical thinking 

skills, time-management skills, and organizational skills.  

 Table 3 summarizes the categorization of essential soft skills into defined themes and 

subthemes and a detailed description of each theme follows the summary. It is important to note 

that all themes and subthemes are listed in descending order of coded references from all 

interviews from top to bottom. Refer to Appendix G for a chart that represents the weights of the 

most salient themes and subthemes in terms of the number of coded references. 

Table 3 

Essential soft skills: themes, operational definitions, and examples 

Essential soft skills themes Operational definitions and examples as subthemes 

        Critical thinking  Use analytical reasoning and logical thinking to apply known concepts to understand 

new concepts and deduce conclusions 

 Applying known concepts 

 Deductive reasoning 

 Logical thinking 

 Analytical reasoning 

 Creativity 

College skills Skills and knowledge students need to do well in the college environment 

 Time-management skills 

 Organizational skills 

 Course navigation skills 

 Perseverance  

 Discipline/initiative 

 Online course learning 

        Problem-solving Identifying problems and reviewing related information to implement solutions 

 

 

 

 

 

 

 

 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 61 

 

Critical Thinking Skills. The analysis of instructors’ perceptions showed that 

introductory STEM courses require the use of analytical reasoning and logical thinking in order 

to apply known concepts to understand new concepts and deduce conclusions. Examples of 

critical thinking skills included applying known concepts, deductive reasoning, analytical 

reasoning, logical thinking, and creativity. The most salient example of critical thinking emerged 

as applying known concepts; for example, Professor Gentry noted: 

Again the anatomy part, yeah … there is some memorization there. I mean it’s 

kind of hard to critically think through some of those things. But once you now 

understand the anatomy and you have the basics of the physiology you can start 

putting things together and see how things work (Interview transcript, Professor 

Gentry). 

 

With this statement, Professor Gentry is making reference to the fact that many concepts 

do need to be memorized by students but they need to be able to critically deconstruct 

and apply them to understand more complex problems or use them to solve problems. 

Professor Manning seconded this statement by recounting that prior knowledge translates 

into building blocks for new knowledge: 

… being able to take that [simple knowledge] and then apply it to something that 

doesn't look as simple, but it's essentially the same type of problem…. being able 

to draw connections between things that don't, on the surface, uh … look very 

simple but being able to reason your way through it from prior knowledge …. the 

ability to take the little building blocks that [were] given in class and … being 

able to reason your way through something using those blocks (Interview 

transcript, Professor Manning). 

 

In both of these examples, the instructors describe the importance of applying known knowledge 

analytically in order to decipher more complex patterns of information and understand new 

knowledge. Similarly, Professor Snyder explained critical thinking by mentioning the importance 

of transferring concepts students learned in other disciplines to understand new concepts in other 

disciplines: 
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… be able to think outside the box, we need these new students to be able to 

imagine things they've never seen before and apply other concepts to it. Because 

you know … for chemistry, they come in, and they know concepts from … other 

math courses or other biology courses, but they can't apply [them] to chemistry, 

so, a good skill would be for them … to be able to transfer knowledge from one 

discipline to another … (Interview transcript, Professor Snyder).  

 

This example shows a different application of critical thinking but similarly describes 

students’ use of existing knowledge to understand new knowledge. Generally, the 

analysis showed that all participants perceived that critical thinking is essential to be 

successful in introductory STEM courses. Examples from the transcripts specifically 

revealed that critical thinking is needed to understand complex concepts from known, 

simpler concepts and to use available information to solve a problem in a step-wise, 

logical manner. Most instructors perceived that students are not taught to think critically 

earlier in their educational years and this is essential to be successful in introductory 

STEM courses.  

College Skills. The analysis of instructors’ perceptions revealed that introductory STEM 

courses require the possession of certain skills, knowledge, and personal attributes needed to do 

well in the college environment. The most notable college skills emerged as time-management 

skills, organizational skills, study skills, and course navigation skills. Most instructors defined 

time-management skills as the ability to manage busy schedules in order to complete 

assignments on time or accommodate blocks of study time. For example, Professor Rogers 

mentioned:  

… making time to study … since you’re not necessarily taking this class Monday 

through Friday like a high school class…. pull out your schedule … this is when 

I’m working … this is when I’m maybe at child care or something like that, and 

then fill in the gaps and say …without question I’m going to study Wednesday, 

Sunday … (Interview transcript, Professor Rogers). 
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Professor Rogers is describing that students in high school typically take the same classes 

everyday but they may only have a class twice a week in college, which means they will 

have to actively designate a time to engage with the course material on non-scheduled 

class days. Time-management is an important soft skill that is typically acquired from 

practice and habit and it is often listed as a desired job skill by employers. The 

importance of time-management skills was seconded by Professor Snyder, who 

commented on the ineffective way most students handle their schedules: 

Several times I've had students wait until the very last hour to take their exam or 

do their homework. And of course, they have questions and there’s just not 

enough time to help them because the assignment is due. So great time 

management skills, so they can have enough time to study and work on their 

assignments, um, without waiting to the very last minute (Interview transcript, 

Professor Snyder). 

 

Professor Snyder is explaining that students do not usually account for additional time 

needed to clarify assignments or seek supplementary help when planning their 

schoolwork schedules, which becomes problematic when they need additional resources 

or assistance shortly before the assignment deadline. In a related example, Professor 

Manning expressed the importance of time-management skills to avoid cramming at the 

last minute: 

… that way they're not putting themselves in a situation where they have a lot of 

stuff to do in a short amount of time, and instead of having to spread stuff out, and 

then having to cram…. so I think that's … uh pretty essential [in] their study 

habits (Interview transcript, Professor Manning). 

 

Professor Snyder and Professor Manning are expressing that students typically do not plan their 

time effectively, which leads them to failed attempts to complete work on time. Instructors 

perceived this behavior as problematic because it prevents students from resolving critical 
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questions they may have about the assignment. Relatedly, Professor Price emphasized the 

importance of being organized and persevering to be successful in STEM courses: 

When they begin … they should have these skills at some minimum level, 

particularly the … ability to organize and persevere because if they really do lack 

that, we really can’t do much with them … if they attempt to be successful … 

they’re really going to have to have these skills at a really high level (Interview 

transcript, Professor Price). 

 

The above quote illustrates most of the instructors’ perceptions of the importance of 

having strong organizational skills to be successful in STEM courses. Organizational 

skills and perseverance fit into important soft skills that also develop from past 

experiences and are desired by most employers.  

Understanding the learning management system (LMS) is another important soft skill 

that is crucial to survive in the college environment. Educational institutions usually require the 

use of these systems to ensure that students have central access to important course information 

such as lecture materials, assignments, exams, discussion boards, syllabi, and course policies. 

The LMS can be quite complex and it is important that students feel comfortable with their use 

to avoid significant delays in their academic progress, as Professor Gentry illustrated: 

I want to make sure they know how to navigate the online stuff… we’ll get to the 

content but let’s make sure you’re not spending all your time trying to find stuff 

on Blackboard, you’re not spending all your time … doing research into things 

that are useless … (Interview transcript, Professor Gentry). 

 

In general, all instructors expressed that effective time-management, organizational, and LMS 

navigation skills are essential to succeed in their courses. The analysis also showed that 

discipline, initiative, and perseverance are essential student attributes that impact success in 

STEM courses. For example, instructor participants mentioned that discipline and initiative are 

needed to overcome time obstacles caused by additional family and employment commitments. 

Participants also mentioned that perseverance is also needed in STEM courses in order to 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 65 

 

complete concept and content intensive assignments. For instance, some instructors mentioned 

that STEM course assignments usually require extended practice time and the ability to 

persevere after a few failed attempts.  

Problem-solving skills. The analysis of instructors’ perceptions indicated that problem-

solving skills are essential to succeed in introductory STEM courses. Problem-solving was 

defined by most instructors as the ability to identify a problem and review related information in 

order to implement a solution. For example, Professor Ruiz stated “problem solving is assessing 

a circumstance, is determining what knowledge you have, determining what resources you have, 

and finding a path”. In this case, assessing a circumstance was explained as the ability to 

determine if there is a problem in the first place, followed by gathering the knowledge and 

resources needed to solve it. Relatedly, Professor Gentry defined problem-solving in more detail: 

... it makes you look at a problem and go okay how do I want to set this up, what 

do I want to do… to be able to look at a problem and decide … where is this 

leading… here is the end point that I want, now what steps do I need to go 

through to solve that problem … whether that’s a Physics problem, whether it’s a 

Chemistry problem, whether it’s a Biology problem, whether it’s an Engineering 

problem, or a Math problem (Interview transcript, Professor Gentry). 

 

Professor Gentry is describing how problem-solving, regardless of the STEM discipline, 

requires the use of analytical thinking processes needed to decompose the problem into 

simpler parts that can be solved separately and sequentially. The analysis also revealed 

that some participants believe that problem-solving and critical thinking skills are inter-

related in introductory STEM courses. For instance, some instructors stated that critical 

thinking is less specific and needed to understand if there is a problem to solve in the first 

place, while problem-solving specifically refers to the identification of the elements 

needed to solve it and designing a plan to implement a solution.  
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Hard Skills 

Researchers defined hard skills as cognitive, concrete skills that can be more easily 

quantified and “indicate mastery of subjects and technical knowledge learned at educational 

institutions” (Handayani et al., 2020, p. 377). For instance, knowledge of correct grammar, 

spelling, and punctuation would refer to some examples of concrete cognitive skills needed to 

master the English language.  

 Table 4 summarizes the categorization of essential hard skills into themes and subthemes 

and a detailed description of each theme follows the summary. It is important to note that all 

themes and subthemes are listed in descending order of coded references from all interviews 

from top to bottom. Refer to Appendix G for a chart that represents the weights of the most 

salient themes and subthemes in terms of the number of coded references. 
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Table 4 

Essential hard skills/knowledge: themes, operational definitions, and examples. 

Essential hard skills themes Operational definitions and examples 

STEM study skills Study skills that are universal to STEM disciplines 

   Prioritize large amounts of written information 

 Textbook navigation 

 Memorization skills 

 Attention to detail 

 Summarize main ideas 

 Using video tutorials 

 Research skills 

 Collaborations skills 

 Use different models to learn same material 

 Use study groups 

 Internet-based study skills 

Basic math skills Perform basic algebraic operations in order to solve math problems with or without a 

scientific calculator 

 Addition, subtraction 

 Averages 

 Basic algebra operations 

 Exponents 

 Factoring 

 Metric system unit conversions 

 Multiplication, division 

 Percentages 

 Solve equations with unknown variables 

 Scientific calculator use 

 Fractions 

 Create and interpret graphs 

Reading comprehension 

skills  

Understand written sentences, paragraphs, and technical terminology in written 

textbooks 

 Follow written directions 

 Understand complex concepts 

 Understand complex terms 

Basic science 

knowledge/skills 

Knowledge of basic science concepts and tools 

 Basic cell biology knowledge 

 Metric system knowledge 

 Microscope-use skills 

 Scientific method knowledge 

Writing skills Communicate effectively in writing for a college level audience 

                    Correct use of English language spelling and grammar 

                    Ability to construct complex sentences 

                      Technical writing skills 

 

STEM Study Skills. The analysis of instructors’ perceptions indicated that introductory 

STEM courses require the possession of certain universal STEM study skills; skills that are 

needed to master the substantial and technically complex material found in STEM courses. The 

most representative skills included the ability to summarize main ideas in large amounts of 

written information, paying attention to detail, the initiative to use different models to understand 
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the same material, the possession of basic internet-based research and study skills, and the ability 

to navigate a concept intensive textbook. For example, Professor Gentry stated that students 

struggle remembering important information because they are unable to prioritize information 

and try to retain everything they read:  

… so by the time we get to a second course they’re expected to have that body of 

knowledge from the first course…um and sometimes they’ll struggle to retain that 

just because they couldn’t prioritize material, prioritization is something that they 

struggle with all the time.… (Interview transcript, Professor Gentry). 

 

Professor Gentry is explaining that most STEM courses build heavily from prior course content 

and therefore, it is important that students retain main concepts from prerequisite STEM courses. 

This may not be always true for non-STEM courses; for example, a student may be able to take 

History 201 without having taken History 101. Conversely, STEM programs usually require that 

students master lower level coursework in order to be successful in higher-level courses. To this 

effect, Professor Gentry and other participants emphasized the importance of students’ ability to 

prioritize information from textbooks or PowerPoints without trying to memorize it entirely. 

Thus, the instructors concluded that prioritizing information is essential in order to retain 

knowledge for subsequent higher level courses.   

 In a different interview, Professor Price explained that paying attention to detail in both 

graphical and visual forms of data is an important STEM study skill: 

They need the ability to identify details in both of those settings … very discrete 

details, and to often mimic the details in the graphical design (Interview 

transcript, Professor Price). 

 

Professor Price and other participants agreed that STEM course materials typically include 

essential details that cannot be overlooked. The level of details often involves seeing beyond the 

obvious or interpreting and explaining graphical and visual representations of data beyond what 
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they explicitly show. Professor Rogers also alluded to the fact that most students do not know 

how to study for STEM courses as these are typically concept and content intensive: 

… studying for Biology, Chemistry, Physics, Geology is not necessarily the same 

as studying for Math or English, or Sociology, Art, things like that … so we teach 

a lot of courses that are both content intensive and concept intensive. Students 

have a hard time juggling those two things … they have a hard time knowing how 

to study, just how to navigate through a textbook (Interview transcript, Professor 

Rogers). 

 

Professor Rogers is referring to the fact that the materials in STEM courses are packed with 

technical concepts that students may not have seen or heard of before, which may cause them to 

struggle when studying for multi-chapter exams. Additionally, instructors typically have to cover 

extensive amounts of material in one short semester, which leads to an intensive mode of 

instruction. For example, instructors often have to teach a large amount of material in a single 

lecture or let students master the more basic material on their own.  

Other STEM course study skills that emerged from the analysis included collaboration, 

effective note-taking skills, paying attention during lectures, and using study groups and video 

tutorials as study aids. For instance, some participants mentioned that taking effective notes 

during lectures is important for prioritizing information but students are often distracted by their 

phones and become unengaged from lecture discussions. Some instructors also stated that 

watching video tutorials and using study groups are essential STEM study skills needed to 

understand general ideas. For example, some participants stated that video tutorials benefit 

students by exposing them to a general introduction of a complex topic before they attend detail-

heavy lectures. Participants also stated that studying complex materials with other peers allows 

for a more comprehensive understanding of difficult concepts as students explain them to each 

other. This practice also fosters collaboration skills which are also essential for success in STEM 

courses. 
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Basic Math Skills. The analysis of instructors’ perceptions revealed that introductory 

STEM courses require the ability to perform basic algebraic operations in order to solve math 

problems with or without a calculator. Examples of basic math skills included working with 

fractions and exponents, solving equations with unknown variables, calculating percentages and 

averages, constructing and interpreting graphs, and knowing how to use a scientific calculator, 

among other skills. For example, Professor Snyder stated: 

… basic math skills like basic algebra skills are essential, especially for the 

disciplines that I have taught Chemistry and Physics…. many times, I get 

introductory students, new students … first-year students and their math is just 

not where it needs to be for them to be successful in the class (Interview 

transcript, Professor Snyder). 

 

Professor Snyder is saying that most students do not have the level of algebra skills needed to 

solve the complex mathematical problems assigned in STEM courses. The professor further 

elaborated on the importance of other basic math skills, including the use of a calculator: 

So definitely, um of course, addition, subtraction, multiplying and dividing…. I 

will say how to solve three variable equations, for sure, um, of how to have a 

basic understanding of exponents and how they work, what do they mean … and 

really how to use a calculator.  I get a lot of students who do not know how to use 

a calculator, and I have to teach them…. that will fall under that math umbrella 

(Interview transcript, Professor Snyder). 

 

Professor Snyder expressed some frustration while explaining that students should be taught to 

use a scientific calculator in high school, as college instructors do not have the time to teach this 

essential skill. Meanwhile, Professor Manning talked about the importance of solving 

mathematical problems that include fractions and factoring: 

… their understanding of fractions and being able to deal with fractions, there's a 

lot of students that are weak in that area and also multiplication because 

multiplication is pretty important for a lot of things, so being able to look at a 

number and decomposing it into products…. it'll affect them when they try to deal 

with fractions, it'll affect them when they're trying to do factoring … (Interview 

transcript, Professor Manning). 
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With the above statement, Professor Manning is expressing the importance of these basic but 

essential math skills in building the foundation needed to solve more complex problems. In a 

related example, Professor Price stated: 

They need basic math skills and by basic I mean the ability to do totals, averages, 

percentages.… I’m not talking about sophisticated, geometric math skills … and 

they need the ability to … describe the steps required to solve a problem 

(Interview transcript, Professor Price). 

 

With this statement, Professor Price is similarly emphasizing the basic nature of these math skills 

and their essential role in more complex problem-solving assignments. 

 All the STEM instructors interviewed in this study indicated that certain basic math skills 

are essential for community college students to succeed in introductory STEM courses. 

According to most participants, basic algebra is needed to solve problems in other STEM 

disciplines such as Chemistry, Physics, and Computer Science. Biology instructors also stated 

that certain math skills such as converting between metric system units; working with fractions, 

exponents, and percentages; and the ability to construct and interpret graphs are essential STEM 

skills needed to succeed in their courses.  

Reading Comprehension Skills. The analysis of instructors’ perceptions revealed that 

introductory STEM courses require the ability to understand written sentences, paragraphs, and 

technical terminology in textbooks, academic journals, and other academic materials. The most 

salient examples that emerged from reading comprehension skills included the ability to 

understand written directions, complex terminology, and complex concepts. For example, 

Professor Gentry was emphatic about the importance of understanding difficult concepts to be 

able to apply them: 

… if we start taking about a basic skill, reading comprehension, I mean, I can’t 

emphasize that one enough … that I want my students to be able to think critically 
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about … to make sure that they understand the concepts … (Interview transcript, 

Professor Gentry). 

 

Professor Gentry was alluding to the fact that most students memorize concepts without 

understanding them, which is the reason they are not able to apply them when they see them in a 

slightly different context. Professor Ruiz added that mastering reading and understanding 

fundamental terms is not only important for comprehending academic material but also for 

understanding written directions: 

… you have to have a mastery of the reading, you have to have a mastery of the 

fundamental vocabulary to be successful … they need to be able to read. And that 

comes down to whether it's reading instructions, reading the textbook … reading 

material (Interview transcript, Professor Ruiz). 

 

Professor Ruiz is describing the importance of understanding complex written directions, which 

is typically inhibited when students are provided with recipe-style instructions and are not 

exposed to reading and critically analyzing more elaborate pieces of texts. 

For example, instructors explained that reading comprehension usually develops when students 

read more complex and extensive amounts of information over time, rather than simple 

summaries. Some instructors further mentioned that students know how to read but do not 

typically understand the meaning of what they are reading. These instructors explained that 

reading comprehension is a pre-requisite of critical thinking; students must understand what they 

read before they can apply it. In summary, critical thinking skills, college skills, and problem-

solving skills were perceived as essential soft skills community college students need to succeed 

in introductory STEM courses. 

Basic Science Knowledge/Skills. The analysis of instructors’ perceptions indicated that 

introductory STEM courses require knowledge of certain basic science concepts and tools. The 

most cited examples of basic science knowledge or tools included basic cell biology knowledge, 
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basic knowledge of the metric system, basic microscope-use skills, and knowledge of the 

scientific method. For example, Professor Gentry revealed the importance of cell biology in this 

statement: 

… but I would like to see them have at least a basic knowledge of science … 

something about the cell, know what DNA is … things that seem to be so 

elementary to us but there are some students that struggle with it because they’ve 

never been introduced to it in high school (Interview transcript, Professor Gentry). 

 

Professor Gentry is expressing that students should enroll in college Biology courses with a solid 

foundation of cell biology concepts and processes. For example, students should have a good 

understanding of all cell organelles and their functions and the structure and function of DNA. 

This knowledge ensures that students can apply basic concepts when learning more complex 

cellular functions, such as cellular transport, cellular division, and the cellular genetic concepts 

of transcription and translation. The importance of basic cell biology knowledge was seconded 

by Professor Ruiz as follows: 

The ones that tend to be successful tend to come in with a good attitude and a 

little bit of science knowledge … a little bit of high school biology, a little bit of 

… knowledge of the nucleus of the cell … is valuable (Interview transcript, 

Professor Ruiz). 

 

Professor Ruiz is stating that students who take more rigorous science courses in high school and 

learned foundational cell biology concepts have a much higher chance of success in introductory 

STEM courses. Similarly, Professor Rogers emphasized the importance of understanding the 

scientific method: 

… you start with an observation and then you go through your hypothesis and 

experiments, and data analysis … students haven’t really been exposed to what 

the scientific method is … those foundational things (Interview transcript, 

Professor Rogers). 

 

In this example, Professor Rogers is describing how students are unaware of the component 

elements of the scientific method, which is the foundational basis of all science experiments. The 
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analysis also revealed that the scientific method is crucial understanding how to question science. 

For example, some participants mentioned the importance of questioning scientific information 

provided by STEM instructors or found on the internet and not considering it as an “absolute 

truth”. Some participants also added that questioning scientific information is important for 

learning how to research reputable sources of information found on the internet.  

Writing Skills. The analysis of instructors’ perceptions showed that introductory STEM 

courses require the ability to communicate effectively in writing for a college level audience. 

The participants indicated that the correct use of the English language, the construction of 

complex sentences, and a certain level of technical writing ability are essential skills community 

college students should have in introductory STEM. For example, Professor Gentry illustrated 

the importance of reading and writing skills with this statement: 

It’s one of the reasons that we place students in developmental courses that [they] 

don’t score well in entrance exams … before we would let them take entry level 

courses … because of reading, writing (Interview transcript, Professor Gentry). 

 

Professor Gentry is describing the importance of developing college level writing skills to be 

successful in all STEM courses. For this reason, students are often placed in developmental 

writing courses before taking gateway STEM courses. However, Professor Gentry stated that 

sophisticated writing skills typically develop over long periods of time and a one-semester 

developmental course is not often sufficient to cultivate them. Professor Rogers seconded the 

importance of developing writing skills in high school and also emphasized technical writing 

skills as follows: 

… and students … don’t come to us really with … they just don’t have … content 

related things that may even be out of my area.… having just some basic writing 

skills … students really don’t write any more … they haven’t had 4 years of 

English, so just a little bit of technical writing skill makes a big difference 

(Interview transcript, Professor Rogers). 
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Further analysis revealed that most participants believe that, at minimum, students should be able 

to use correct English language grammar and build complex sentences in order to communicate 

effectively in writing. Some participants believe that this is not only important in formal writing 

assignments but also for the development of effective and professional email communication 

skills. 

Pre-college Skills 

The second research question aimed to capture STEM instructor perceptions of the 

existing skills that entering community college students bring with them from high school or 

other pre-college experiences into introductory STEM courses. The first-cycle analysis revealed 

specific skills that were later categorized into broader themes. 

Limited Skills 

 The analysis revealed that students typically enter the community college with limited 

skills from high school or other experiences. Table 5 summarizes the categorization of pre-

college skills into themes and subthemes, and a detailed description of each theme follows the 

summary. It is important to note that all themes and subthemes are listed in descending order of 

coded references from all interviews from top to bottom. Refer to Appendix H for a chart that 

represents the weights of the most salient themes and subthemes in terms of the number of coded 

references. 
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Table 5 

Pre-college skills: themes, operational definitions, and examples 

Pre-college skills themes Operational definition, and examples 

Limited academic skills Limited academic skills learned in high school 

 Limited pre-algebra and geometry skills 

 Adding and Subtracting 

 Calculating the area 

 Calculating the perimeter 

 Calculating the volume 

 Media, mode, and average – statistics 

 Limited reading comprehension skills 

 Level I & II Bloom's taxonomy skills: recall and understand simple 

facts/concepts  

 Limited science knowledge 

 Limited writing skills 

                                  Simple sentence construction and terminology 
Collaboration skills Ability to collaborate with other students during class projects or laboratory exercises 

Varied backgrounds Various levels of academic preparation and varied learning styles 

Basic technology skills Knowledge of basic technology/internet tools 

 Google search 

 Social media  

 YouTube tutorials 

 

Limited Academic Skills. Limited academic skills were defined in this study as certain 

basic academic skills that students bring into the community college from secondary school. For 

example, the analysis showed that community college students typically have limited math and 

geometry skills, limited reading comprehension skills, limited science knowledge, and limited 

writing skills. The limited math skills included some pre-algebra skills such as adding and 

subtracting and some basic geometry skills such as calculating perimeter, area, and volume. For 

example, Professor Manning summarized these basic skills as: 

So that [basic math skills] would be … adding and subtracting and … certain facts 

… coming in with some knowledge from geometry as far as what a perimeter is, 

what an area is … certain geometry formulas they come in with … finding 

perimeter, area, and volume (Interview transcript, Professor Manning). 

 

Similarly, Professor Rogers explained the need for basic math knowledge as: 

[in] STEM you do have to have some basic knowledge of Math … and students 

… they don’t come to us really with … most they’re ‘mathophobic’… they just 

don’t have … simple things … a simple percentage…stuff like that (Interview 

transcript, Professor Rogers). 
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In this statement, Professor Rogers is explaining that students not only have weak math skills but 

also they seem to dislike and fear any assignments that employ numerical calculations. Other 

instructors also mentioned that this seems to come from the fact that math and science are not 

integrated in high school. For example, the participants stated that students are not exposed to 

relevant examples of math calculations that are applicable to science disciplines. 

 Participants also perceived that students come with a very limited science knowledge and 

it does not include knowledge of the cell, DNA, the metric system, or the scientific method. 

Additionally, instructors mentioned that students typically have very limited reading 

comprehension skills reflective of Level I and II Bloom’s taxonomy levels, such as the ability to 

recall and understand simple facts, terms, or concepts. Moreover, participants perceived that 

students often have limited writing skills, which translates into simple sentence construction and 

the use of simple terminology. 

Collaboration Skills. Most instructors defined collaboration skills as the ability to work 

together with other students during class projects or laboratory exercises, as exemplified by 

Professor Snyder’s statement: 

… yes, regarding collaboration, yes…. they don't mind asking each other 

questions. It's hard to get them to ask me questions, but they will ask each other 

questions all day. So that's actually … a good skill they have (Interview transcript, 

Professor Snyder). 

 

Professor Snyder is describing that students are more comfortable asking each other questions 

and working together to solve problems than they are involving the instructor. However, these 

collaboration skills are limited to working harmoniously together but do not completely conform 

to the definition of teamwork most employers are looking for, as Professor Price illustrated: 

Companies talk a lot about team work…I don’t think it has anywhere the level of 

importance as these other skills … because if you can’t bring these [essential 

skills] into a team, then it doesn’t matter if you work in a team because if you’re 
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not gonna get the work done yourself as a team member then it doesn’t matter if 

you are in a team, you know what I’m saying? Sometimes people say “Oh I can 

work in a team” but what they really mean is “I can get along with people” 

(Interview transcript, Professor Price). 

 

Although collaboration skills are important and participants stated that students are typically 

willing and able to interact well during a project or lab exercise, some instructors perceived that 

collaboration skills need to be backed up by other essential skills in order to be meaningful. For 

example, agreeing to be in a group without active participation due to limited academic or 

critical thinking skills would not prepare a student to be successful in STEM courses or 

occupations.  

Basic Technology Skills. Most participants perceived that students bring a certain level 

of technology skills to the community college, such as the ability to do simple Google searches 

and find video tutorials in YouTube, as well as knowledge of social media applications and their 

use. However, some instructors indicated that students’ technology skills do not include effective 

understanding or use of learning management systems or exam proctoring systems, such as 

Blackboard or Honorlock. For example, Professor Rogers stated:  

so I’ve actually had to take more time to show students how to navigate an online 

course … students log in on the first day and they’ve got to learn the learning 

management system … we use a publisher’s platform as well to do some of the 

assignments, so they’ve got to sign in to that … they’ve got to register … because 

they buy an ebook with a little code so they have to register that … we use 

something called Honorlock which monitors them taking exams and quizzes so 

they’ve got to install Honorlock in their computer, so there’s actually a lot that 

they have to learn…(Interview transcript, Professor Rogers). 

 

Professor Rogers is alluding to the heavy technical preparation students have to experience 

before they are ready to submerge in the course content. For example, with the increased focus 

on online learning, students must be able to use digital tools and LMS features effectively. 

However, students face many challenges that prevent them from being actively involved with the 
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features of these systems (Araka, et al., 2021). Professor Rogers and other instructors also 

mentioned that their students’ technology skills do not generally include the ability to conduct 

effective internet research, find peer-reviewed scientific journals, or look up different online 

models that illustrate the same concept. For example, some instructors stated that most students 

believe that the majority of the information they find online is credible and do not have a 

working knowledge of the American Association of Psychology (APA) writing style and 

standards. This is supported by prior research that utilized a faculty survey to show that faculty 

members rated their undergraduate students’ ability to find information via library resources or 

the internet as below satisfactory (Huddleston et al., 2019). Some participants also pointed out 

that students lack the initiative to find video tutorials or study different models of the same 

material without being prompted. For instance, Professor Rogers stated that students do not often 

appreciate the vast amount of information they have at their fingertips, such as the ability to 

instantly find different diagrams, photos, or illustrations of a particular topic and use them as 

study aids. In fact, most participants believe that although students view themselves as 

technologically skilled, lacking other skills such as critical thinking and research skills may be 

preventing them from effectively using their technological skills. 

Varied Backgrounds. The analysis of instructors’ perceptions revealed that several 

participants believe that students come to the community college with various levels of academic 

preparation and varied learning styles, as Professor Gentry illustrated: 

students all have different abilities that they possess when I first get them and 

some of that depends on what they have done when they first entered college. For 

example, I may be a student’s…one of a students’ first classes … even though it’s 

a 200 level course…. so as a first semester freshman they may have me in class if 

their entry level scores could put them there (Interview transcript, Professor 

Gentry). 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 80 

 

This statement reveals that academic background is important; for example, most instructors 

believe that students that took more rigorous math and science courses in high school are better 

prepared for STEM courses. This is supported by research that found that better performance in 

college science courses relates to the rigor and depth of high school science course content 

(Lassila et al., 2009; Madigan, 1997; Schwartz et al., 2009). Shaw and Barbuti (2010) also 

investigated patterns of persistence in STEM majors and found that high school performance in 

math and science had a positive effect on STEM major persistence rates in college. With the 

above statement, Professor Gentry is also describing that some students may be placed in certain 

STEM courses based on their scores in reading, writing, and math placement exams. However, 

succeeding in STEM courses requires a much broader set of essential skills than a single math or 

English exam score can typically predict. For example, education may have placed a 

disproportionate emphasis on math and reading remediation at the expense of science instruction, 

in terms of instructional time, teacher preparation, and educational resources (Johnson, 2007). 

Barriers that Affect Student Success in STEM courses 

The study’s third research question sought to capture STEM instructor perceptions of 

possible barriers that prevent students from being successful in introductory STEM courses at 

community colleges. During the first cycle analysis, instructors’ statements were coded into 

specific barriers that were later categorized according to the overall themes and subthemes they 

represented. Three main themes emerged during the second cycle analysis: individual barriers, 

instructional barriers, and institutional barriers. The results of these analyses are summarized in 

Tables 6 and 7 as a complete list of themes, subthemes, operational definitions, and examples of 

barriers.  
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Individual Barriers 

 Individual barriers were identified as those barriers that directly affect student success in 

STEM courses. Table 6 summarizes the categorization of barriers into themes and subthemes and 

a detailed description of the themes follows the summary. It is important to note that all themes 

and subthemes are listed in descending order of coded references from all interviews from top to 

bottom. Refer to Appendix I for a chart that represents the weights of individual barriers in terms 

of the number of coded references. 
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Table 6 

Individual student barriers: themes, operational definitions, and examples 

Barrier Themes Operational definition and examples as subthemes 

Attitude Student behaviors that contribute to lack of STEM course success 

 Lack of commitment  

 Misconceptions about college instructors 

 Lack of motivation or interest 

 Place great emphasis on grades 

 Intimidated/afraid to ask questions 

 Unwillingness to take responsibility 

 Lack of confidence 

 Lack of initiative 

 Lack of perseverance 

 Unrealistic expectations from high school experiences 

 Dislike science from high school experiences 

 Inability to focus for long periods 

 Undecided major 

 Immaturity 

 Chronic absenteeism 

College skills College skills weaknesses that contribute to lack of STEM course success 

 Unprepared for college 

 Unprepared for online classes 

 Lack organizational skills 

 Lack STEM study skills 

 Inability to retain and master prior knowledge 

 Lack note-taking skills 

Time Time barriers that contribute to lack of STEM course success 

 Lack of time-management skills 

 Lack of time due to lack of basic skill mastery 

 Jobs, family, and work commitments 

 Registering late 

 Time spent in developmental courses 

          Academic background  Academic background weaknesses in the areas described below 

 Weak science knowledge 

 Weak reading comprehension skills 

 Weak math skills 

 Weak research skills 

Critical thinking Critical thinking deficiencies that contribute to lack of STEM course success 

 Inability to apply knowledge 

 Critical thinking is harder to develop later  

 Critical thinking decline due to not being taught 

Financial Financial difficulties that contribute to lack of success in STEM courses 

 Inability to pay for textbooks 

 Inability to pay for courses 

 Inability to pay for textbooks 

 Lack of transportation 

Resources Institutional resources that are not offered, not used, or not communicated to students 

 Students do not utilize or are unaware of resources 

 Lack of transitional science courses 

Reading Reading deficiencies that contribute to lack of success in STEM courses 

 Inability to prioritize information 

 Inability to navigate a textbook 

 Reading comprehension develops over time 

Personal Personal problems that contribute to lack of success in STEM courses 

Special needs Learning disabilities, unknown to the student, the instructor, or the college 
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Attitude. All instructors identified certain student behaviors as contributing factors to 

low student success rates in introductory STEM courses at community colleges. The most 

notable behaviors included lack of commitment, misconceptions about college instructors, lack 

of motivation, and placing a strong emphasis on grades rather than learning. For example, 

Professor Price believes that students do not commit the time or effort needed to be successful: 

… they come out of high school with a different thought about learning, they 

think they just choose an area that they’re interested in and they’ll be naturally 

gifted at it and it’ll just be easy, and it’s not.… they’re happy enough to give you 

half-completed assignments or want to give them to you late because they just 

didn’t feel like spending more time (Interview transcript, Professor Price).  

 

In this quote, Professor Price is referring to the fact that in high school courses typically lack the 

level of rigor that would prepare students for the more demanding STEM courses in college. This 

creates the illusion that the same level of effort students applied in high school courses will allow 

them to be equally successful in college courses. 

In addition, Professor Gentry perceives that students enter college believing that 

instructors are not interested in helping students, a belief that possibly arises from their high 

school experiences: 

… he'll never talk to you; he'll never do that. He's just a college teacher. He 

doesn't do stuff. Yes, he does, and I do think some of the things they hear about 

college come from high school teachers.... it’s just not true and we want to 

communicate with students. And I think that that’s one barrier to students [that 

impedes their] ability to succeed in the course (Interview transcript, Professor 

Gentry). 

 

With this statement, Professor Gentry is describing that the role of college instructors is often 

incorrectly perceived by students when they enter college, possibly due to high school teachers’ 

own misconceptions about college instructors. In another interview Professor Ruiz expressed that 

community college students often place more emphasis on obtaining passing grades and 

graduating than in learning the material: 
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… they don't necessarily want to take the course, they don't necessarily want to 

know the material, they just want to get the score, get the degree, get the job…. 

they [see it as a] need to take it, it's just a list of classes to get their nursing degree 

or whatever thereafter (Interview transcript, Professor Ruiz). 

 

With this statement, Professor Ruiz is saying that students often think about their classes as 

obstacles in their path to graduation, rather than as sources of knowledge that will permit them to 

be successful in higher level courses and future occupations. Professor Gentry also mentioned 

that students may not often succeed because they are not always motivated to use their maximum 

academic potential: 

… not all students are going to make it into med school, not all students are going 

to make it into nursing school but everyone, I believe, has a higher level they can 

achieve as long as they have the right motivation (Interview transcript, Professor 

Gentry).  

 

This statement shows that Professor Gentry is similarly alluding to the importance of being 

motivated to learn rather than being simply motivated to pass a course or gain admission to a 

program of study.  

 Other student behaviors that emerged from the analysis of instructors’ perceptions 

included students’ unwillingness to take responsibility for their behaviors, having unrealistic 

expectations of college courses, lacking initiative, lacking perseverance to complete assignments, 

immaturity, chronic absenteeism from classes, dislike of science from high school experiences, 

and being undecided about career goals. For example, Professor Price stated that students have 

unrealistic expectations about college from certain “accommodations” they are provided with 

during high school: 

… there’s a barrier that has resulted in problems for our students that comes from 

before college.… when they’re given so many opportunities to be successful … 

like open-book tests … taking this test over again because you just didn’t do well 

the first time … taking the test later so you can have more time to study… all that 

has created a barrier in the sense that they think that’s all reasonable and so it’s a 
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pretty shocking thing to them when they get into college and those particular … 

accommodations are no longer available (Interview transcript, Professor Price). 

 

Professor Price is describing that high schools are not effectively preparing students for the more 

rigorous demands of college. For example, lax deadline policies and numerous assignment make-

up opportunities have promoted passive student work attitudes and negatively impacted the 

development of crucial college skills, which are discussed in the following section.  

College Skills Deficiencies. Other barriers to student success in STEM courses at 

community colleges emerged as deficiencies in certain skills that are essential in the college 

environment. The most cited deficiencies included lack of college preparation, lack of 

preparation for online courses, and lack of organizational skills. For example, Professor Price 

stated that students are not prepared for the college environment because they are not taught 

these skills in high school. In particular, the professor perceived that students are allowed to 

submit late assignments without consequences and they are not expected to turn in high quality 

work. 

… we are told by the students that there are no deadlines that are firm, beginning 

in middle school … they can take it anytime later, they can use all the books, they 

can have all the internet resources they want. They're not required to memorize … 

they're not required to do homework very much…. I don't know what's going on 

in high school … but … if you're doing a study on what it takes to be successful, 

you're going to have to acknowledge that that happens at the high school level and 

below. And it's not happening for most of the students coming out of the high 

schools (Interview transcript, Professor Price). 

 

Professor Price’s perceptions further revealed that the lack of high-level academic expectations 

from high school teachers has translated into serious deficiencies in time-management, 

organizational, and study skills by the time students arrive in college. 

Professor Ruiz further illustrated the lack of organizational skills with this example: 

… just today, I ran into a student who sent me an email … basically to the effect 

of how was I [the student] possibly supposed to know that that [the assignment] 
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was due on Monday. This was an online student in an anatomy class. And the 

irony was … the student was emailing me back from the reminder I sent to the 

class over the weekend.… but the idea of how was I [the student] supposed to 

know … this is an online student. So, they have … a weekly checklist, which … 

gives them an opportunity to see what's due.… things are always due on Monday 

... there's a pattern. And just the idea that a student in week five would ask me 

how would I [the student] possibly know…. did you [the student] even look? 

(Interview transcript, Professor Ruiz). 

 

With this statement, Professor Ruiz is describing a general lax disposition that characterizes 

students who have not been previously held accountable for submitting late work or for being 

unaware of course requirements. Further analysis of the transcripts revealed that a lack of study 

skills, ineffective note-taking skills, and the inability to retain and master prior knowledge are 

other deficiencies in college skills that negatively affect student success in STEM courses. For 

example, Professor Snyder illustrated ineffective note-taking skills with this statement: 

I've seen students take notes and there's things written all over the place, it's not 

really cohesive, it doesn't really flow…. so just being able to … take neat 

cohesive notes that summarize everything (Interview transcript, Professor 

Snyder). 

 

Professor Snyder is describing students’ general inability to make sense of what is relevant in 

large amounts of written information or to connect loose concepts together in a meaningful way. 

Professor Gentry seconded the importance of effective note-taking skills but also added that 

taking good notes contributes to the retention of important knowledge for subsequent courses: 

… a textbook prioritizes everything for you … sometimes they don’t see it … 

they get hung up on obscure details and just completely overlook the main 

concept … I think that sort of can apply to just about all content, but the students 

who always do well in subsequent courses master or at least somewhat master the 

previous content (Interview transcript, Professor Gentry). 

 

In this quote, Professor Gentry is explaining that when students take concise notes of the main 

ideas in large and complex texts, they are more likely to retain it in the form of basic knowledge 

that must carry forward to more advanced STEM courses.  
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Being unprepared for taking online classes also emerged as a particular college skill 

deficiency. For example, Professor Rogers stated that many students quickly register for online 

courses, even when they don’t feel particularly comfortable with the online environment. 

However, online classes are not designed to teach online learning skills such as initiative, 

organization, perseverance, and time-management skills, among other important skills. Online 

instructors usually expect these basic skills; thus, students who do not already have them are 

typically not successful in online courses.  

Academic Background Weaknesses. The instructors’ perceptions revealed that students 

come to the community college with certain academic background weaknesses that may impede 

student success in introductory STEM courses. These weaknesses include weak math skills, 

weak reading comprehension skills, weak research skills, weak science knowledge, and weak 

writing skills. For example, Professor Rogers stated that students do not have adequate writing 

skills because they do not write as much in high school, possibly because they have not taken 

sufficient writing courses: 

… content related things that may even be out of my area … having just some 

basic writing skills … students really don’t write any more … and just some basic 

math skills. A lot of my students, they haven’t had Biology since ninth grade … 

some of them may have had another life science course in high school, I don’t 

know … but I know they haven’t had four years of Math, I know they haven’t had 

four years of English, so just a little bit of technical writing skills and math makes 

a big difference (Interview transcript, Professor Rogers). 

 

Professor Rogers is revealing that community college students typically take less than the 

recommended number of math, science, and English courses in high school, which translates into 

a general deficiency of basic skills in these academic areas. Professor Gentry, for example, stated 

that he is often surprised at students’ lack of technical vocabulary, which he attributed to the 

absence of complex reading assignments in high school: 
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… first of all understanding it first … and I think that is a problem with some of 

them [students]. I’m going to try to think of a word … ‘turbulent’. I use that word 

in a lecture several times about blood being turbulent so it doesn’t sit in a clot. 

And I had a student [who] asked me because she didn’t know what that word 

meant. And again that doesn’t mean she doesn’t have any intelligence level, she 

just never heard of that word before. I was a little taken aback … (Interview 

transcript, Professor Gentry). 

 

With this statement Professor Gentry is suggesting that high school teachers should assign more 

technical readings so that students can learn more complex terminology they will encounter in 

college introductory STEM courses. Meanwhile, Professor Price emphasized the lack of 

attention to detail that students exhibit in STEM courses, which often contributes to the 

unsuccessful completion of technical reading assignments: 

I’ll say … “do you see that this is purple and bold up here on this web page?” … 

and they’ll say “yeah” and I say “but you didn’t make it purple and bold” and they 

say “well … I don’t know that I thought that was important”, or, “I didn’t really 

notice it was purple and bold until you pointed it out”.… so there’s some kind of 

disconnect between the technical reading and understanding and valuing it … it’s 

a really big problem. They can read … and they read it back to you but they miss 

the words somehow… (Interview transcript, Professor Price). 

 

Professor Price is perceiving that students are able to read but they generally disregard the 

importance of certain details in technical assignment instructions, which negatively impacts the 

outcome of the assignment. In addition, Professor Rogers alluded to students’ science 

background weaknesses which affect their success in STEM courses: 

when they get to us and they really haven’t heard of photosynthesis, or they don’t 

know where the liver is located in the abdomen, or they’ve never heard of an 

ecosystem … (Interview transcript, Professor Rogers). 

 

With these examples, Professor Rogers is pointing out the general lack of basic science 

knowledge and terminology that students should have obtained in high school. All STEM 

instructors in this study indicated that academic background weaknesses related to math, 

science, reading, writing, and research pose a significant barrier to community college 
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student success in STEM courses. The analysis of instructors’ perceptions revealed that 

academic background weaknesses may be due to the lack of breath and depth of the high 

school STEM curricula.  

Critical Thinking Deficiencies. The analysis of instructor perceptions indicated that the 

absence of critical thinking skills negatively impacts student success in introductory STEM 

courses at community colleges. Particularly, students’ inability to apply known concepts to solve 

new problems was identified as the most salient deficiency. For example, Professor Gentry stated 

that critical thinking has declined over the years in students: 

… if you can’t do that [reading] you’re just not going to be very successful, and 

that also leads to critical thinking skills and I think that those two go hand in hand 

… it’s those two things that I’ve seen, over the years, seen to really decline in 

students, their ability to comprehend what they read … without reading it many 

times … and their lack of ability to do critical thinking…. it seems like what 

students really want is that you give them a list of things that they can memorize 

(Interview transcript, Professor Gentry). 

 

Professor Gentry is again emphasizing that a lack of extensive or complex reading assignments 

has contributed to a marked decline in reading comprehension skills. This deficiency often leads 

into memorization of the material by students, which inhibits the development of critical thinking 

skills. Professor Snyder added that students are often unable to apply known concepts they 

learned in other STEM disciplines to solve problems in a different discipline. For example, the 

professor mentioned students’ inability to apply known algebra concepts to solve a Chemistry 

problem: 

… my biggest goal with that skill is for students to be able to think critically and 

apply what they already know to chemistry. So for example … I will do a practice 

problem with the speed of light equation, C equals lambda times mu, three 

variables, right? And students will say, I don't know how to solve this…. so I 

want them to transfer that knowledge from what they already know to chemistry 

… they already know it, they just don't know they know it because they see 

chemistry. And they see math in this lane and they see biology in this lane, and 

they don't, they don't [merge] them together through critical thinking, if you can 
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solve 3x equals 15, you can solve any speed of light equation (Interview 

transcript, Professor Snyder). 

 

Professor Snyder is describing how students often know the basic material but are unable to 

make the connection when other STEM disciplines call for that specific knowledge. For 

example, many physical science problems are solved by applying basic algebra principles that 

students already know, yet they often struggle with understanding the wording of the problem. 

This struggle suggests a lack of reading comprehension and critical thinking skills, which results 

in the students’ inability to solve the problem. 

 The analysis also showed that participants perceived that critical thinking is easier to 

develop earlier rather than later in the educational process and should be taught prior to college. 

For instance, if students are not exposed to assignments that develop critical thinking skills prior 

to college, they will likely struggle in college STEM courses because these skills do not develop 

overnight and require practice and experience. The participants also revealed that many students 

lack a healthy balance between memorizing and learning concepts. For example, students tend to 

prioritize the memorization of loose concepts over their understanding, which prevents them 

from making important connections between related concepts.   

Time. Time-related barriers also emerged from the analysis of instructors’ perceptions as 

having a negative impact on student success in STEM courses. Some participants indicated that 

STEM courses are often ‘concept and content intensive’ and require longer preparation time than 

students are able to or willing to commit to for various reasons. Some of the more cited reasons 

emerged as a lack of time-management skills, family and work commitments, and time spent 

learning basic skills. For example, Professor Manning stated the importance of good time-

management skills: 
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… one of them would be time … depending on what their life is outside of 

school, sometimes they don't have the adequate amount of time to put into their 

classes to be successful. Sometimes from poor time management, sometimes they 

just have a lot going on. And they may be trying to do too much between taking 

too many classes, and … all the stuff they have outside of school…. (Interview 

transcript, Professor Manning). 

 

Professor Manning is stating that community college students typically experience busy 

schedules due to family and work commitments. Students seem unable to manage their time 

effectively in order to accommodate required class and study time and often take heavier class 

loads than they are able to manage. Professor Price seconded the perception that community 

college students often have family and work commitments that interfere with school work 

activities: 

They [students] will certainly list all the family… burdens that they have … and 

commitments … their employment as well, so time … the availability of time… 

time management…. they say that we expect them to learn too much too quickly 

… that we should slowed down the pace of the instruction and then they would be 

more successful (Interview transcript, Professor Price). 

 

Professor Price is also stating that although students often place blame on the fast pace of 

instruction, it is likely their lack of time management skills that prevents them from completing 

school work on time. The analysis further revealed that registering late for classes and time spent 

in developmental courses are also perceived as time barriers that negatively impact student 

success. According to some participants, many students often wait until the first or second week 

of classes to register, which may hinder their ability to do well in these courses. Additionally, 

some instructors mentioned that students enrolled in developmental courses lose valuable time 

acquiring the skills needed to be successful in core requirement courses. Enrollment in 

developmental courses may also affect their ability to receive financial aid and these students are 

less likely to graduate (Calcagno, 2007).  
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In summary, all participants indicated that community college students typically lack the 

critical thinking skills, college skills, STEM study skills, and reading comprehension skills that 

were described earlier as essential skills for STEM course success. Additionally, all participants 

perceived that students enroll in community college with limited academic skills, which 

negatively impacts their success in introductory STEM courses. Finally, all instructors perceived 

that certain student behaviors such as lack of commitment, misconceptions about college 

instructors, and lack of motivation also negatively affect student success in introductory STEM 

courses. Other important individual barriers included barriers related to time, finances, and 

special needs, as well as personal problems and a lack of use or awareness of available college 

resources.  

Instructional Barriers 

 Instructional barriers were defined in the analysis as those instructional or classroom 

barriers that indirectly affect student success in STEM courses. The instructional barriers were 

classified into a) communication barriers, such as instructors’ difficulties recognizing student 

barriers, engaging students, and communicating available resources; and b) teaching barriers, 

such as having students with varied skill levels and lacking the time to teach basic skills. Refer to 

Table 7 for a complete list of all the themes and subthemes that emerged from the analysis of 

instructor perceptions of instructional barriers.  

Difficulty Engaging Students. Instructors indicated that engaging students with the 

course material is crucial to enhance student success in STEM courses but this can often be 

difficult, especially in online courses. For example, Professor Gentry mentioned that many 

students are hesitant to ask questions because they have misconceptions about online instructors’ 

roles, as this statement illustrates: 
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There are some students that they want to take everything online … but engaging 

them online is more difficult. And if the student doesn't want to engage, it's 

difficult for the instructor to engage as well, but I think there are some students 

that have that preconceived notions that college professors don't want to talk to 

you [them]. They don't want to do anything they just want to come in and give 

you [students] information. It's up to you [students] to learn it all.  And I've never 

found that to be true, especially in the community college setting (Interview 

transcript, Professor Gentry). 

 

Professor Gentry is describing that the general lack of communication between students and 

instructors may stem from students’ inaccurate perceptions of college instructors, which causes 

them to refrain from asking important questions and actively engaging with the course.  

Professor Manning similarly added some online class barriers that affect student success: 

 

… but a lot of the time [learning] is remote and what I've noticed a lot of time in 

remote classes is that students tend to not talk … they don’t even turn the cameras 

on (Interview transcript, Professor Manning). 

 

Professor Manning is referring to the common online student practice of leaving their cameras 

off, which creates a more challenging engaging environment for the instructor. Participants 

stated that when students are not showing their faces, they become just a name tag among many 

and are less likely to participate in class discussions, ask questions, and be noticed by instructors.   

Difficulty Recognizing Student Barriers. Participants mentioned that recognizing 

student barriers in the classroom is important for adjusting their instructional strategies and pace 

of instruction and referring students to obtain tutoring or other services. However, instructors 

may encounter difficulties recognizing student barriers in the classroom and they rely on 

students’ initiative to request help during office hours, yet many students may not take advantage 

of this, as Professor Manning mentioned:  

… a lot of times we just sit in there … answering emails … waiting for someone 

to take advantage of that time…. so knowing … the instructor has time set aside 

for the students … and has tutors available for the students, when they get stuck, 

when they're not able to … when the time that their instructor is available doesn't 

fit the same time that they're available (Interview transcript, Professor Manning). 
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With this statement, Professor Manning is illustrating a common challenge faced by community 

college students; work and family commitments that often prevent them from taking advantage 

of tutoring and other student services. Additionally, their busy schedules may prevent them from 

reaching instructors during posted office hours. 

Difficulty Communicating Available Resources. The analysis revealed another barrier 

that instructors’ experience in the classroom; communicating available resources to students. 

Often, students are not aware of available resources and some instructors perceived that the 

college may not be effectively promoting student services, which causes a difficult situation for 

instructors. For example, Professor Snyder stated that privacy concerns may affect instructor-

student communication in terms of referrals to obtain certain student services: 

At the bare minimum, they could send an email…. because we know students 

don't always check emails, but at least they [the college] can say they tried with 

email communication…. we mentioned orientation, there might need to be some 

kind of … round table setting. That will be kind of hard though, because you 

[instructors] still want to respect the students’ privacy, you don't want to have … 

a disability table … that kind of takes away the privacy of it. But you [instructors] 

want to have some place where students can go and feel comfortable and ask 

questions… (Interview Transcript, Professor Snyder).  

 

As mentioned before, students are sometimes hesitant or unable to reach out to instructors for 

help. In these cases, students are limited to receiving the information about available resources in 

the form of a brief syllabus statement. However, many students do not know that they need or 

qualify to receive certain services or accommodations.  

Other instructional barriers that emerged from the analysis included instructors’ 

difficulties teaching organizational skills and logical thinking to adult learners. For example, 

some instructors emphasized that these skills should be taught prior to college because these 

habits are more difficult to change when students are adults.  
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Institutional Barriers  

 Finally, institutional barriers that emerged from the analysis were defined as college-wide 

barriers that indirectly affect student success in STEM courses. Institutional barriers were 

classified into: a) communication barriers between the college and its students, such as unclear 

attendance policies and ineffective college resource communication; and b) financial and logistic 

barriers related to college budget size and the organization and implementation of academic 

programs. Refer to Table 7 for a complete list of institutional barrier themes and subthemes that 

emerged from the analysis of instructors’ perceptions.  

Unclear Resource Communication. The analysis of instructors’ perceptions revealed 

that the college may not be effectively communicating available resources to students. For 

example, Professor Snyder stated that instructors often have to remind students about available 

college resources: 

I get an email saying … these students get these accommodations and we go from 

there, but if the students don't go to that office, I cannot give them any 

accommodations. So it's on the students to go and get that ball rolling…. I always 

tell my students it's in my syllabus. It should be in everyone's syllabus, but I tell 

my students, if you have a disability, get it on file immediately, so that we can 

give you the accommodations you need because some students don't know that 

(Interview transcript, Professor Snyder). 

 

Professor Snyder is alluding to the fact that in high school, students are tested for learning 

disabilities and provided with resources and accommodations without the need for their consent. 

Conversely, adult students must initiate the process of visiting the student services office and 

request testing or provide medical evidence before they are granted accommodations. However, 

students are often unaware that they have a disability or that the college offers these 

accommodations, which hinders their ability to receive these services. 
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Unclear Attendance Policies. The college in this setting has a mandatory 80% 

attendance policy for most programs and some departments have stricter 90% attendance 

requirements. However, most of the participants perceived that the college is not communicating 

these policies effectively. Additionally, some participants perceived that the lack of clear 

attendance policies puts the burden of clarifying these policies on the instructors, as Professor 

Snyder illustrated: 

… to make sure the students are aware of the attendance policy, because we do 

have one and once they miss a certain amount of classes, we [instructors] are 

supposed to drop them. Sometimes we're a little nice about it, because we know 

life happens, but we're supposed to drop them once they missed 20% of the 

course. And I don't think a lot of students know that (Interview transcript, 

Professor Snyder). 

 

Professor Snyder is describing how students are typically unaware of these policies and miss 

class regularly, which puts them at greater risk of being withdrawn from the course, often 

without their knowledge.  

Smaller Budget. Some participants indicated that the smaller budget of the community 

college, as compared to four-year higher education institutions, does not permit the 

implementation of certain resources that would assist instructors in the classroom. This was 

exemplified by Professor Gentry as follows: 

We [the college] do provide a lot of services for students. I think that there are 

more we could probably provide if we had some financing to do it. I'd love to 

have a teaching assistant in my class … to give another perspective. We just don't 

have the budget for that (Interview transcript, Professor Gentry).  

 

Professor Gentry is referring to the fact that a classroom with students of varied academic and 

socio-economic backgrounds and different learning styles would highly benefit from having 

additional help to teach the same material in different modalities. Students also typically feel 

more comfortable asking questions to and engaging with younger teaching assistants.  
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Additionally, certain logistical factors were also identified as college barriers, such as the 

inability to require students to take transitional science courses due to programmatic credit hour 

limitations. For example, the college in this study offers lower level Biology courses that prepare 

students for more rigorous science courses. Unfortunately, certain programs of study require 

students to complete pre-requisite courses in 2-3 semesters at 15 credit hours per semester. Thus, 

requiring additional support courses would disrupt their timely admission into these programs. 

Many instructors expressed frustration about their inability to require completion of these 

courses, as they perceived them as highly beneficial for academically underprepared students. 

 In summary, this study found additional instructional and institutional barriers that may 

affect student success in STEM courses at community colleges. Instructional barriers included 

communication barriers that lead to instructors’ difficulties recognizing student barriers, 

engaging students, and communicating available college resources. In addition, classroom 

barriers included difficulties teaching certain soft skills and lack of time to teach basic skills. 

Meanwhile, institutional barriers included communication barriers such as unclear 

communication of college resources and attendance policies. Additionally, certain financial and 

logistic barriers were also identified in the form of a smaller college budget and certain academic 

program limitations.    

 Table 7 presents the complete list of the instructional and institutional barriers that may 

be preventing STEM course success at community colleges, their operational definitions, and 

examples. It is important to note that all themes and subthemes are listed in descending order of 

coded references from all interviews from top to bottom. Refer to Appendix J for a chart that 

represents the weights of institutional and instructional barriers in terms of the number of coded 

references. 
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Table 7 

Instructional and institutional barriers: themes, operational definitions, and examples 

Barriers themes/ 

subthemes 

Operational definitions and examples 

Instructional Barriers Instructional barriers that indirectly affect student success in STEM courses 

Communication Communication barriers between students and instructors 

         Difficulty recognizing student barriers 

         Difficulty engaging students 

         Difficulty communicating resources 

         Student unwillingness to receive or ask for help 

Teaching Teaching barriers  

         Lack of time to teach basic skills 

         Students with varied skill levels 

         Difficulty teaching organizational skills 

         Difficulty teaching logical thinking 

Institutional Barriers College-wide barriers that indirectly affect student success in STEM courses 

Communication Communication barriers between the college and students 

        Unclear resource communication 

        Unclear attendance policies 

Financial/logistics Program budget, organization, and implementation barriers. 

        Smaller college budget 

        Transitional course logistics 

 

Summary  

 The analysis of instructor-participants’ perceptions revealed that the following skills are 

essential to be successful in introductory STEM courses at community colleges: soft skills such 

as critical thinking, college skills, and problem-solving skills; and hard skills such as STEM 

study skills, basic math skills, reading comprehension skills, basic science knowledge/skills, and 

writing skills. The analysis also revealed that entering community college students enroll in 

introductory STEM courses with limited academic skills, basic internet skills, basic 

collaborations skills, and various academic backgrounds and learning styles. Conversely, 

community college students typically lack critical thinking skills, college skills, STEM study 

skills, and reading comprehension skills. Additionally, the findings revealed certain individual, 

instructional, and institutional barriers that hinder student success in STEM courses at 

community colleges.  
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Chapter 5: Conclusions and Implications 

 In this chapter, researchers present the conclusions thematically, as derived from the 

previously discussed findings. A reexamination of the conceptual framework is first discussed to 

understand how it helped researchers elucidate the findings and derive conclusions and 

implications. The results were also juxtaposed to the current literature in terms of the skills and 

knowledge that are critical in STEM occupations (Jang, 2016). Other implications and 

recommendations for community college and high school STEM educators follow the 

conclusions.  

Sensemaking Theory Framework  

This study was framed within Sensemaking (Weick et al., 2005), a theory that is situated 

in the field of organizational studies. Sensemaking theory accounts for the socio-cultural context 

of different organizations and how context and experiences impact the construction of meaning-

making among the individuals involved (Weick et al., 2005). Thus, this theory can provide a 

pathway to the background and substance of a problem in order to better understand the next 

course of action. In preparation for this study, the literature revealed that college students 

generally experience low persistence rates in STEM majors. However, there was insufficient 

research on why this issue is more prevalent among community college students. In this study, 

the participants related detailed descriptions of their experiences teaching STEM courses at 

community colleges, which provided more opportunities to understand this issue. Porac et al. 

(1989) describe that sensemaking is a process of interpretation and production of meaning during 

which individuals reflect on phenomena and experiences that are relevant to them in their own 

context. Specifically, in this study, the relevant experiences of introductory STEM course 
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instructors allowed them to verbalize their interpretation of the essential skills and barriers that 

affect student success in their courses.  

Using Sensemaking theory as the framework for the study gave researchers an 

opportunity to analyze the perceptions of community college instructors in a way that focused on 

understanding how they constructed their knowledge. To that end, every statement was analyzed 

with the deliberate intent to find a direct connection to specific skills and barriers to success that 

were relevant in this specific context. This framework permitted researchers to maximize the 

perceptions of a small sample size, as they were able to gather the rich detail needed to 

understand the problem from a different perspective. The participants’ perceptions served as the 

gateway of understanding of the problem and the factors that may contribute to its existence, in 

order to develop a clear course of action. The researchers also analyzed the findings in a way that 

permitted the generation of possible interventions and clear recommendations.  

Essential Skill Development is Critical but Lacking 

The results of this study showed that the pre-college development of certain essential 

skills is critical for the academic success of students in introductory STEM courses at community 

colleges. These skills can be categorized as soft skills or hard skills, based on current literature 

definitions of what these terms mean. For example, soft skills refer to 21st Century skills that are 

connected to interpersonal qualities or personal attributes, go beyond the mastery of academic 

material, and are needed to compete in the workplace (Handayani et al., 2020). Researchers 

concluded that among these skills, critical thinking, college skills, problem-solving, and 

collaboration are essential soft skills needed to succeed in introductory STEM courses at 

community colleges. These skills transcend the mastery of content material in STEM disciplines 

but typically develop from certain educational practices and experiences. For instance, critical 
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thinking emerged in this study as the students’ ability to apply known concepts to understand 

new concepts by using a combination of analytical reasoning, logical thinking, and deductive 

reasoning. This suggests that students should have the ability to use information they already 

know from other subjects to evaluate and decipher more complex information. Additionally, 

thinking logically involves the ability to observe and analyze facts to draw meaningful 

conclusions that were reasoned out from existing evidence. Thus, learning critical thinking 

requires that students are given ample opportunities to practice these skills in secondary school, 

in order to apply them effectively in college. According to Felder and Brent (2016), critical 

thinking can be effectively taught by creating real-life scenarios in the form of problems that 

must be solved by students.  

Meanwhile, problem-solving emerged from this study as the ability to identify a problem 

and gathering the resources to solve it in a methodical way. Thus, problem-solving requires 

creative thinking, which can be taught by assigning brainstorming activities, having students 

explain unexpected results, or assigning students to create something (Felder & Brent, 2016). 

Although the teaching of structured problem-solving is a common practice in schools, Jang 

(2016) states that most problems that arise in STEM fields are unstructured in nature. Hence, 

STEM educators should assign more unstructured problem-solving scenarios from real-world 

situations in their fields.  

Critical thinking and problem-solving are listed by several frameworks that describe the 

21st Century skills that should be mastered by K-12 students to be successful in work 

occupations and life. These frameworks include the 21st Century Skills described by the National 

Research Council; the assessment and teaching of 21st Century Skills (ATC21S) described by the 

collaboration of Cisco, Intel, Microsoft, et al.; the 21st century student outcomes and support 
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systems described by the Partnership for 21st century skills (P21) of several states and 

companies; and the 21st century competencies compiled by Finegold and Notabartolo (Jang, 

2016). Although these frameworks explicitly describe the skills and knowledge students need to 

be successful in 21st Century occupations and in life, STEM educators are responsible for 

incorporating academic assignments that support the early development of these skills. 

Other important soft skills that are essential to succeed in introductory STEM courses at 

community colleges emerged as certain student attributes or behaviors, such as time-

management skills, organizational skills, course navigation skills, and perseverance. Researchers 

categorized these as college skills that are needed to succeed in the college environment. These 

skills are more difficult to teach when students are adults because they typically develop from 

habit and should be practiced prior to college. However, this study revealed that high school 

students may be receiving extensive accommodations in the form of very relaxed deadlines and 

numerous opportunities to make-up missed assignments. This, in turn, may result in students 

who lack time-management and organizational skills and have unrealistic expectations in 

college. For example, students may believe that these unstructured practices will be perpetuated 

in college, which is typically uncommon. Thus, it is important that pre-college STEM educators 

set explicit and stricter course policies to expose students to more structured academic habits that 

will prepare them to enter the less flexible college environment. Researchers in this study also 

determined that instructors perceived a general lack of commitment and perseverance from 

students is reflected in the quality of their students’ academic work. Therefore, it would be 

important to encourage high school students to commit more time and effort to their academic 

assignments. This can be accomplished by requiring a certain level of quality that can typically 

be achieved through the submission of several practice drafts. Additionally, participants 
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perceived that students consider introductory STEM courses as obstacles in their pathway to 

obtaining a degree and do not invest the effort required to master the material long-term. Overall, 

this study showed that entering community college students usually lack essential soft skills and 

exhibit behaviors that hinder academic success in STEM courses. 

The literature shows that the previously described essential soft skills are also critical for 

STEM occupations; for example, Jang (2016) concluded that critical thinking, complex problem-

solving, and time-management are critically important skills that should be acquired or 

developed for careers in STEM disciplines. Additionally, Jang (2016) found that organizing and 

planning work and analyzing information are highly important work activities for STEM 

occupations. Thus, this study concludes that there is a significant overlap between the skills that 

are critically important to succeed in STEM occupations and the skills that are essential to 

succeed in introductory STEM courses at community colleges. Figure 2 shows that all of the 

skills found in this study as essential for success in introductory STEM courses were also found 

to be critical for STEM occupations in Jang’s (2016) study.  

 

 

 

 

 

 

 

 

 



SUCCEDING IN STEM COURSES AT COMMUNITY COLLEGES 104 

 

Figure 2 

Essential skills in introductory STEM courses compared to critical skills for STEM occupations 

 

 In addition to soft skills, the findings showed that certain cognitive skills and technical 

knowledge are also essential to succeed in STEM courses. These “hard skills indicate the 

mastery of subjects and technical knowledge learned at educational institutions” (Handayani et 

al., 2020, p. 377). Among these skills, prioritizing large amounts of written information, textbook 

navigation skills, effective memorization skills, basic algebra skills, reading comprehension 

skills, writing skills, and basic science knowledge and skills emerged as critically important to 

succeed in introductory STEM courses at community colleges.  

Additionally, when students master these hard skills, they are more prepared to apply 

them in the workforce. For example, the P21 framework includes the mastery of these skills and 

knowledge as important to be successful in 21st Century occupations and in life (Batelle for Kids, 

2019). Similarly, Jang (2016) found that writing skills, math skills, and science skills are also 

critically important skills for STEM occupations. However, this study revealed that students 
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typically enter the community college with very limited math, reading comprehension, and 

writing skills and very limited science knowledge from high school. Knowledge of English 

language and Mathematics are also highly important for careers in STEM disciplines (Jang, 

2016), and yet this study found that entering community college students have very limited 

knowledge in these subjects. Participants perceived that this limited knowledge may stem from 

the lack of breath and depth of the high school course curriculum. This is supported by research 

findings that better performance in college science courses has been related to the rigor and 

depth of high school science course content (Lassila et al., 2009; Madigan, 1997; Schwartz et al., 

2009). 

This study also found that entering community college students may lack the ability to 

prioritize written information from textbooks and PowerPoints, the ability to navigate a textbook, 

and effective memorization skills. In particular, students often attempt to memorize everything 

due to their inability to prioritize main ideas during lectures or textbook readings, which causes 

them to take ineffective notes. However, this study revealed that memorizing everything is an 

ineffective strategy in STEM courses because they are both content and concept heavy. This 

suggests that most students will be unable to recall substantial amounts of difficult information 

and most importantly, they will be unable to retain it for future applications. Thus, in-depth high 

school assignments should incorporate the teaching of effective note-taking skills that do not 

involve heavy memorization. For example, students can be taught to summarize the main points 

of a journal article or textbook chapter into a PowerPoint they can present in simpler terms. This 

type of assignment also exposes students to varied technical terminology and more complex 

sentence structure. Most importantly, it allows them to gain an understanding of complex 

material without the need to memorize it.  
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In summary, the pre-college development of soft skills such as critical thinking, problem 

solving, and certain college skills such as time-management and organizational skills appear to 

be essential for the effective preparation of community college students for introductory STEM 

courses. Similarly, the development of technical knowledge and skills in the areas of 

Mathematics, English language, science, writing, and reading comprehension, along with 

effective textbook navigation, summarization, and memorization skills emerged as essential for 

academic success in introductory STEM courses. Yet, this study revealed that entering 

community college students typically lack these essential skills.  

Connection Between Reading Comprehension and Critical Thinking 

This research also uncovered an important connection between reading comprehension 

and critical thinking. For example, participants mentioned that it is difficult to think critically 

without having strong reading comprehension skills. Additionally, participants perceived that 

there seems to be a yearly decline in students’ critical thinking skills due to a lack of extensive 

reading prior to college. The STEM instructors also perceived that students have a difficult time 

evaluating and applying knowledge when they have weak reading comprehension skills. This 

suggests that strong reading comprehension skills positively affect students’ ability to think 

critically. As previously stated, critical thinking was defined in this study as the ability to apply 

known concepts to understand more complex concepts by using a combination of analytical 

reasoning, logical thinking, and deductive reasoning. Since reading comprehension may affect 

critical thinking and critical thinking involves logical thinking, there is an implied relationship 

between logical thinking and reading comprehension. This connection supports quantitative 

research studies that have found a mediator effect of reading comprehension in the relationship 

between logical thinking and problem-solving. For example, Can (2020) found that students’ 
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problem solving skills are highly dependent on their logical thinking skills’ effect on reading 

comprehension skills. Additionally, this study revealed that students often request summarized 

information they can easily memorize and do not appear interested in the critical analysis of the 

material they read. Thus, entering community college students would likely benefit from pre-

college exposure to more rigorous reading materials while being taught to make connections 

between the readings and their practical applications in the classroom or laboratory.  

Lacking Essential Skills Results in Barriers 

In general, this study showed that entering community college students typically lack 

essential soft and hard skills, which translates into barriers to introductory STEM course success. 

When students in STEM fields master these essential skills, they have a greater opportunity to be 

successful in introductory STEM courses. For example, lacking essential English subject 

knowledge translates into weak reading comprehension skills. Meanwhile, lacking reading 

comprehension skills prevents students from understanding the academic material at a level that 

they can apply it to understand more complex concepts and solve unstructured problems. 

Simultaneously, lacking critical thinking skills prevents students from transferring knowledge to 

higher level STEM courses and STEM occupations. The previously described essential skills 

appear to have a direct impact on student success in introductory STEM courses and therefore, 

the absence of these skills translates into defined barriers. 

Education and career pathways in STEM disciplines are also directly connected to 21st 

Century skills in the workforce (Altan et al., 2018); therefore, success in introductory STEM 

courses carries forward to success in most occupations. Additionally, students who are successful 

in STEM courses are more likely to incorporate learning experiences that give them an 

advantage in securing a higher paid profession after graduation (BLS, 2020). For instance, 
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successful learning experiences include the acquisition of important skills that transfer to the 

workforce. Among these skills, and in order of importance, critical thinking skills, reading 

comprehension, active listening, complex problem solving, judgement and decision making, 

writing, monitoring, and active learning rank as the most essential to success in the STEM 

workforce (Jang, 2016). Many of these skills overlap with the essential skills found in this study 

and lacking these skills poses barriers to STEM course success and a successful transition to 

STEM careers. 

Among these barriers, this study found individual barriers that directly impact academic 

success in introductory STEM courses at community colleges. Many of these barriers relate to 

the absence of essential skills, such as time-management and organization skills, critical thinking 

skills, and reading comprehension skills, along with academic background weaknesses in 

science, math, reading, research, and writing. For instance, limited math skills become a barrier 

because algebra skills are essential in all other STEM courses, particularly the physical sciences 

of Chemistry and Physics. Additionally, certain math skills, such as converting between 

measurement units, calculating percentages, working with fractions, and interpreting graphs are 

also essential for success in Biology courses. Lastly, lacking time-management and 

organizational skills appears to significantly affect STEM course success, partly due to the 

substantial amount of complex material that inherently characterizes STEM disciplines. These 

findings suggest that students should enter the community college with stronger time 

management and organizational skills to avoid spending valuable time adapting to the college 

environment.  

The combination of weak academic backgrounds and ineffective study skills also 

translates into barriers that hinder student success in STEM courses because instructors typically 
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lack the time to teach basic skills. For example, a college chemistry instructor likely lacks the 

time to teach algebra skills when teaching a chemistry unit. Bernacki et al. (2020) found that it is 

often too time-consuming to implement STEM training programs in undergraduate education but 

brief, digital training modules help students understand the application of the skills they learn, 

and this strategy significantly improved STEM exam scores. Perhaps, these training modules 

should be implemented in high school STEM courses to adequately prepare entering community 

college students for college level STEM courses.  

Compounding the lack of time problem, the lack of critical thinking skills prevents 

students from applying the math knowledge they have to solve chemistry or physics problems 

and results in ineffective study skills. For instance, students attempt to memorize formulas 

instead of understanding the mathematical relationships between the variables. This finding 

suggests that students are not taught important STEM course connections prior to college. The 

federal STEM strategic plan describes the importance of engaging students where STEM 

disciplines converge by encouraging transdisciplinary learning (NSTC, 2020). This effort 

requires the teaching of specific skills across all STEM disciplines, which emphasizes the 

importance of teaching students to transfer and apply knowledge from other disciplines prior to 

college. For example, high school math teachers should incorporate more concrete examples of 

numerical problem-solving from other disciplines to teach students to make these connections 

before college. Additionally, Felder and Brent (2016) note that the best way to teach skills is to 

teach activities and assignments that promote their development, such as improving 

communication, reinforcing prior knowledge, motivating interest, deepening understanding, and 

improving metacognitive, critical thinking, and creative thinking skills. Thus, it is important that 
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secondary school STEM educators utilize a variety of assignments that promote the development 

of these skills.  

This study also revealed other individual barriers to STEM course success in the form of 

problematic student behaviors such as lack of commitment, misconceptions about college 

instructors, lack of motivation, and placing a greater emphasis on grades than on learning, among 

others. Thus, it is imperative that STEM educators emphasize the value of learning essential 

skills to increase students’ motivation beyond the acquisition of a degree. For example, students 

should be exposed to meaningful academic experiences that are relevant and related to their 

career aspirations, which highlights the importance of early career counseling in high school.  

These problematic student behaviors may be compounded by certain instruction-based or 

classroom barriers that emerged from this study, such as difficulties instructors have engaging 

and motivating students, recognizing student barriers, and communicating available resources. 

For instance, it is difficult for instructors to motivate learning when students are too focused on 

making the grade and earning their degrees rather than learning. However, motivating student 

learning may involve taking a more active and inclusive instructional approach in the classroom. 

For example, STEM instructors must move away from traditional lectures and engage in a more 

active, STEM-skill focused approach that incorporates inclusiveness for all students (Bernacki, 

2020; Dewsbury, 2020; Felder & Brent, 2016). Dewsbury (2020) emphasizes the need for more 

inclusive higher education STEM classrooms, such as those that expose students to diverse 

experiences that allow them to feel comfortable in the STEM classroom via an instructor-student 

dialogue. Although all the participants in this study agreed on the essential skills required to 

succeed in STEM courses, the racial minority participants were more inclined to recognize that 

some barriers to student success may point out to instructional and institutional factors that are 
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not inherently controlled by students. Thus, it is important that colleges invest in professional 

development programs that aim at providing STEM instructors with training in inclusive 

teaching practices that promote student success.  

Additionally, this study found that many students prefer taking online classes to 

accommodate their work and family commitments. However, the distant nature of online class 

formats hinders instructors’ ability to recognize and address student barriers. This, in turn, makes 

them less likely to adapt their instructional strategies or to make student referrals to college 

support services. Participants also revealed that student privacy policies may interfere with an 

instructor’s ability to communicate available college resources. For instance, when students are 

adults, it is not possible to offer or provide needed accommodations unless students specifically 

request them. Yet, students may be unaware of available resources or unaware they need them, 

which indicates the presence of certain institutional barriers. Thus, it would be important for 

colleges to design a specific online student support system that focuses on improving student 

engagement and communications channels.  

Specifically, institutional barriers emerged from this study as certain college-wide 

barriers that indirectly affect student success in STEM courses. For instance, barriers related to 

unclear resource communication and attendance policies and those related to the unavailability of 

certain resources based on the smaller college budget of community colleges compared to larger 

universities. Due to the inherent differences in full-time enrollment (FTE) and allocation 

practices between public, two-year and four-year higher education institutions, as well as 

differences in tuition and fees revenue, there is significant disparity of per-student revenue 

amounts between these institution types (Zhao, 2018). For example, on average, community 

colleges receive approximately $8,800 less per FTE student than public, four-year institutions 
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(Yuen, 2020). This indicates that community colleges receive less money to spend per student, 

which naturally results in a decrease of resources. Thus, it is important that colleges implement 

support programs that maximize the effective use of funding per student. Examples of possible 

internal interventions are presented in a later section of this chapter. 

Summary 

This research study showed several trends regarding community college STEM 

instructors’ perceptions of the essential skills needed to be successful in introductory STEM 

courses, the skills students possess prior to taking these courses, and the barriers that may 

prevent success in these courses. While multiple skills were identified as essential, thematically, 

the most essential soft skills emerged as critical thinking skills, college skills, and problem 

solving skills. Meanwhile, the most essential hard skills were found to include STEM study 

skills, basic math skills, reading comprehension skills, basic science knowledge/skills, and 

writing skills. The findings also indicate that the pre-college development of these essential skills 

is critical, yet many students are lacking them when enrolling in introductory STEM courses at 

community colleges. Thus, there is a dire need to ensure the pre-college acquisition of essential 

hard and soft skills that will foster academic success in this setting. Developing these skills in 

high school may also positively affect students’ attitudes, interest, and motivation in these 

courses, which will likely contribute to their academic success. 

This study also found individual, instructional, and institutional barriers that may hinder 

student success in introductory STEM courses. The most important individual barriers were 

identified as those that result from lacking the previously described essential skills. This study 

also identified instructional barriers arising from communication issues between instructors and 

students and from difficulties instructors have recognizing and addressing student barriers and 
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teaching basic skills. Finally, some institutional barriers in the form of ineffective 

communication about student resources and policies, as well as remedial course logistical 

obstacles were also found to negatively impact student success in STEM courses at community 

colleges.  

Table 8 lists the essential skills entering community college students need to be 

successful in introductory STEM courses, whether they have them, their importance for STEM 

occupations, and whether they become a barrier for student success if they are absent. 

Table 8 

Conclusion summary 

Skill or Knowledge Essential Existing Critical for STEM 

occupations 

Barrier if absent 

Critical thinking Yes No Yes Yes 

College skills Yes No Some Yes 

STEM study skills Yes No Some Yes 

Problem-solving Yes No Yes Yes 

Basic math skills Yes Limited Yes Yes 

Reading comprehension Yes No Yes Yes 

Basic science knowledge/skills Yes Limited Yes Yes 

Writing skills Yes Limited Yes Yes 

Collaboration skills Yes Limited Yes Yes 

 

Implications 

 The conclusions of this study suggest that there should be a more actionable and 

concerted effort to ensure that students who enter community college STEM pathways are 

effectively prepared to succeed in these courses. The problem of insufficient numbers of 

qualified workers in STEM fields certainly runs counter to the perception of a rapidly growing 

field, but this study uncovered some important underlying social justice implications that 

accompany this problem. 
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Social Justice Implications 

When discussing the skills entering community college students possess prior to STEM 

course instruction, it is important to examine why these skills are different than those of students 

at other higher education institutions. Research shows that students who have learned essential 

hard skills in elementary and secondary schools are more likely to exhibit these skills later in 

their educational careers (Achat-Mendez et al., 2019). Similarly, soft skills which are typically 

referred to as “people skills” should also be taught in the form of educational activities that 

reinforce them. Soft skills should not be overlooked in the preparation of students for college or 

the workforce and students should not enter these environments without solid soft skill 

competencies (Green-Weir et al., 2021). This suggests that certain groups of students may not be 

receiving the appropriate preparation to be academically successful in college. 

Inclusive STEM education refers to the use of educational policies and practices that 

promote the participation of diverse students in STEM programs. These practices include the 

teaching of essential STEM and 21st Century skills that prepare all students for STEM majors 

and careers. However, not all students who attend K-12 schools receive an inclusive STEM 

education. In fact, students from lower socioeconomic backgrounds and belonging to 

underrepresented minorities (URM) are less likely to experience inclusive STEM education 

because they attend schools that may not have the necessary support systems in place to offer it 

(Smith et.al, 2018). A study by Means et al. (2018) also found that students who attended 

inclusive STEM high schools were significantly more likely to be in a bachelor’s degree program 

in a STEM field two years after high school graduation than students who did not attend STEM 

inclusive schools. These students also displayed a higher aptitude and higher self-efficacy in 

STEM courses. For instance, receiving inclusive STEM instruction in elementary and secondary 
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schools helps eliminate barriers such as lack of confidence, motivation, and understanding. The 

study also showed that students who did not attend inclusive STEM high schools and entered 

two-year colleges were not associated with STEM majors (Means et al., 2018). A significant 

proportion of these students belonged to underrepresented minority groups, which may have 

additional implications. For example, other privileges that derive from demographic factors such 

as race and class and beneficial social connections can influence success, skill development, and 

persistence in STEM fields (Kerr et al., 2012). 

When further exploring these inequities under a lens of race, gender, and class, research 

showed that underrepresented minorities and women were both more likely to enroll in STEM 

courses if they received inclusive STEM instruction in secondary school. These inequities 

reinforce prior research (Huang et al., 2000; Maltese & Tai, 2011; Russell & Atwater, 2005) 

suggesting that high-school experiences play a role in fostering continued STEM education 

among underrepresented groups such as persons of color and women. Thus, inequitable STEM 

education practices prior to college contribute to the lack of diversity in STEM programs and 

careers. For example, women constitute almost half of the total workforce but their 

representation in science and engineering is over 10% less than their representation in the 

workforce. Similarly, in 2017, only about 11% of the science and engineering occupations were 

occupied by underrepresented minorities despite the fact that they constitute 27% of the total 

workforce (NSF, 2019). Closing the gap between available STEM positions and the number of 

qualified workers is only attainable if underrepresented groups such as females, minorities, and 

first-generation students become more proportionally represented in STEM fields (Smith et al., 

2018). Statistics also show that a large proportion of URM students (46%) attend two-year 

community colleges as their pathway into STEM careers (Herrera & Hurtado, 2014). Thus, it is 
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imperative that more concerted efforts are directed towards the equitable implementation of 

inclusive STEM education programs in all K-12 schools. 

Recommendations for High School STEM Educators and Leaders  

The Next Generation Science Standards (NGSS) are based on the theory that students can 

achieve college and career readiness if they demonstrate evidence of: 1) applying a blend of 

Science and Engineering practices, concepts, and ideas to solve new problems; 2) implementing 

self-directed planning, monitoring, and evaluation; 3) applying knowledge across several 

disciplines; 4) employing valid and reliable research strategies; and 5) effectively transferring 

mathematics and literacy skills to science (CADRE, 2013). However, NGSS have yet to be 

implemented successfully as envisioned by the Framework for K-12 Science Education, due to a 

lack of alignment between them and schools’ curricular materials and assessments (Fulmer et al., 

2018). The results of this study indicate that entering community college students do not 

demonstrate the college and career readiness envisioned by this framework. 

The American Association of Community Colleges (AACC, 2018) has published a report 

that introduces some strategies that K-12 partners can employ to increase community college 

student success and completion. Among these, there are certain pre-college academic 

interventions that can accelerate academic transitions through college readiness. For example, 

high school leaders in conjunction with postsecondary faculty can develop transition courses that 

place students directly into credit-bearing courses (AACC, 2018), without the need to take 

developmental courses at community colleges. High school leaders can also identify gaps in dual 

enrollment participation or success outcomes and ensure that students are placed in appropriate 

gateway courses (AACC, 2018). Finally, high school leaders can host community conversations 
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with K-12 school districts to develop a common understanding of college readiness and success, 

and rethink 9-14 course sequences and pathways (AACC, 2018).  

Specifically, in terms of STEM college readiness, these strategies call for the ability of 

high school leaders and educators to understand the skills and knowledge that entering 

community college students need to be successful in introductory STEM courses. The results of 

this study offer the opportunity to develop transition courses with knowledge that comes directly 

from community college instructors. Additionally, the American Association of Community 

Colleges (2018) recommends that high schools partner with STEM employers to support 

curriculum development and work-based learning experiences. Many students graduate from 

high school without the skills that are needed to be successful in college or technical careers (The 

Education Trust, 2016). Thus, the findings in this study may be used to gain a better 

understanding of the STEM skills that need to be taught in high school and the work-based 

experiences that would support the development of these skills. This is supported by research 

studies that propose a model that emphasizes the teaching of STEM skills, such as problem-

solving and scientific communication, metacognitive skills, collaborative learning in small 

groups, and professional development and mentoring of STEM faculty (Achat-Mendes, 2019). 

However, this study revealed an apparent disconnection between STEM education teaching and 

learning in the K-12 context, which results in ineffective preparation of students for STEM 

courses, particularly at community colleges. Thus, the information on essential skills gained 

from this study can be used by community colleges and high school leaders to design a more 

effective STEM transition from high school to college, while simultaneously ensuring the 

students’ future success in STEM occupations. 
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Community College Interventions 

The findings in this study have direct implications for STEM instructors at the 

community college level and for the community college as an institution. The study results 

revealed that there are certain internal interventions that can be implemented to address some of 

the barriers that impede student success in STEM courses at community colleges. These 

interventions were categorized into: a) instructional interventions that reflect classroom and 

pedagogical strategies to address individual and instructional or classroom barriers and b) 

institutional interventions that reflect feasible college-wide efforts to address certain barriers. 

The most salient instructional interventions emerged as taking the time to recognize student 

barriers, taking the time to develop critical thinking in students, taking the time to guide students, 

encouraging student-instructor communication, and teaching students to navigate STEM courses. 

Meanwhile, the most cited institutional interventions emerged as offering general and STEM-

specific college readiness, tutoring, open labs, and remedial science courses.  

The lack of academic preparation experienced by entering freshmen has led to substantial 

academic remediation efforts by community colleges (Chen, 2016; Morest, 2013; Nevarez & 

Wood, 2010; Parsad et al., 2003). Given the dire need for more graduates that are prepared to 

enter the STEM workforce, institutions of higher education and intervention programs should do 

more to improve college readiness and persistence among students in STEM majors. A report by 

Malcom and Feder (2016) on barriers and opportunities for two-year and four-year STEM 

degrees concluded that there needs to be a better alignment between STEM programs, 

instructional practices, and instructional supports, among other corrections. These alignments 

will help students overcome crucial barriers that prevent them from earning a STEM degree. 

Additionally, the current literature has reported American students’ declining interest in STEM 
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fields in college, particularly among students in traditionally underrepresented groups—such as 

women, underrepresented minority students, and students from low-socioeconomic backgrounds 

(Smith et al., 2018). This decline may be due to the lack of co-curricular support systems in 

place, such as those that take the social and relational aspects of learning into account (Malcom 

& Felder, 2016). This study revealed some of these aspects in the form of barriers that prevent 

student success in STEM courses and possible viable interventions to address them, which are 

listed in Table 9. It is important to note that all intervention themes and subthemes are listed in 

descending order of coded references from all interviews from top to bottom. Refer to Appendix 

K for a chart that represents the weights of individual interventions in terms of the number of 

coded references. 

Table 9 

Interventions to address STEM course barriers: themes, operational definitions, and examples 

Intervention Themes Operational definition and examples 

Institutional Interventions Feasible college-wide interventions 

 General college readiness 

 Tutoring 

 STEM specific college readiness 

 Open labs 

 Remedial science courses 

 Financial aid and scholarships 

 Accommodations 

 Student coaching 

 Orientations with STEM instructors 

 Make students feel valued and comfortable 

 Resource promotion events 

 ESL resources 

 Later start courses 

 Technology assistance 

 Dual enrollment and early start programs 

Instructional Interventions Viable instructional/pedagogical/classroom interventions 

 Take time to recognize student barriers 

 Take time to develop critical thinking 

 Take time to guide students 

 Teach students to navigate the course 

 Encourage communication 

 Post recorded lectures and video tutorials 

 Take time to communicate resources 

 Increase practice opportunities 

 Model expected behaviors 

 Use cheaper or free textbooks 

 Use real-world teaching examples 
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Strengths and Limitations  

While the recruitment method targeted all instructors who taught introductory courses at 

CCC, the strong initial interest did not translate into a large number of interview participants. Of 

the multiple instructors the email reached, only six confirmed interviews and participated in the 

study. While the six participants provided detail descriptions and were generous with their time, 

six remained a small sample size. Additionally, it is important to note that the majority of the 

participants in this study belonged to the racial majority, which may have influenced their 

perceptions of URM students and the barriers that may affect their success in STEM courses. 

Perhaps more critical as a limitation of the study was the representation of the disciplines 

of the interviewees: Biology, Math, Computer Science, Chemistry, and Physics. It should be 

noted that three instructors taught Biology, one instructor taught Developmental Math and 

Beginning Algebra, one instructor taught Computer Science, and one instructor taught Chemistry 

and Physics. The interviewees may each have different experiences within the classroom, but the 

lack of STEM course representation may have resulted in limited perceptions and missing 

essential skills needed to be successful in introductory STEM courses. For example, engineering 

courses were not properly represented; therefore, essential skills needed to be specifically 

successful in engineering courses may not have been identified. 

Despite these limitations, this study provides a solid foundation for understanding 

essential STEM skills needed to be successful in introductory STEM courses through the 

collection of detailed descriptions, collaborative coding of the interview transcripts, analytical 

reflections of the researchers, member checking of the results, and consensus-based 

interpretation of the findings. Although the sample size was small, the researchers were able to 

achieve a high degree of data saturation by the end of the analysis. As a research study using a 
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sensemaking conceptual framework, the groundwork established here can provide STEM 

educators and policymakers with the information needed to develop a more specific course of 

action to diminish the barriers that prevent entering community college students from succeeding 

in STEM courses. It also provides a basis for additional research that examines the utility of 

preparation of students for STEM majors and the inclusive educational practices that can 

strengthen their preparation.  

Future Research Opportunities 

While sensemaking theory gave this study a practical application for promoting the 

understanding of essential skills for success in STEM courses, there is still much to understand 

regarding this issue. The notion of essential skills needed to be successful requires not only an 

analysis of instructor perceptions, but student perceptions as well. Although there has been 

research on students’ individual experiences in relation to STEM persistence at four-year 

universities, there is still very little research on students' perceptions of this topic at the 

community college level. New research can focus on how students perceive the knowledge they 

have prior to introductory STEM courses, the knowledge they need to be successful in these 

STEM courses, as well as the perceived barriers that prevent them from being successful in 

STEM courses. This information may be useful in bridging the gap between instructor, student, 

and institution when informing the issue of low academic success rates in STEM courses at 

community colleges. Furthermore, the addition of this information infused with instructor 

perceptions would strengthen the development of a potential STEM-based college skills course 

and other interventions that promote the success of entering community college students.  

In addition, this study found the generalized essential skills and barriers that affect the 

success of students in introductory STEM courses. However, some studies have shown that 
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underrepresented minority (URM) students from lower socioeconomic status (SES) households, 

and women leave STEM disciplines at higher rates in higher education (Chen, 2013; Xu, 2015). 

Thus, more information is needed on the skills and barriers helping or impeding success in 

introductory STEM courses in relation to any potential variations of these effects among 

demographic groups within the community college setting. For example, researchers can explore 

how the experiences of different student demographic groups vary in comparison to the general 

population and how these differences can be addressed to support the success of all students. 

Finally, this study showed a possible disconnection between instructional STEM 

practices in the K-12 context and how community college instructors envision it. Therefore, 

future research studies could engage in understanding this disconnection at a deeper level by 

interviewing high school science teachers and gathering data related to the teaching and learning 

of STEM courses in this context. Ultimately, it is hoped that the information gathered in this 

study motivates governmental and educational institutions to move beyond the rote preparation 

for college STEM courses and to transform it in a way that increases STEM major persistence 

rates at community colleges and promotes the success of all students in STEM occupations. 
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Appendix A 

Course Descriptions 

BIO-101 Biological Science I CREDITS: 4 This course is a study of the scientific method, basic 

biochemistry, cell structure and function, cell physiology, cell reproduction and 

development, Mendelian genetics, population genetics, natural selection, evolution, and 

ecology. Laboratory exercises supplement lectures. 3.0-3.0-4.0 Prerequisite(s): RWR-032 

with a “C” or better or acceptable placement scores. 

BIO-102 Biological Science II CREDITS: 4 This course is a study of the classification of 

organisms and structural and functional considerations of all kingdoms (particularly 

major phyla as well as viruses). Vertebrate animals and vascular plants are emphasized. 

Laboratory exercises supplement lectures. 3.0-3.0-4.0 Prerequisite(s): BIO-101 

BIO-112 Basic Anatomy and Physiology CREDITS: 4 This course is a basic integrated study of 

the structure and function of the human body. Laboratory sessions relate closely to lecture 

material. 3.0-3.0-4.0 Prerequisite (s): RWR-032 with a “C” or better or acceptable 

placement scores.  

BIO-210 Anatomy and Physiology I CREDITS: 4 This is the first in a sequence of courses, 

including an intensive coverage of the body as an integrated whole. All body systems are 

studied. Laboratory sessions emphasize microscopic studies and dissections. 3.0-3.0-4.0 

 Prerequisite (s): RWR-032 with a “C” or better or acceptable placement scores.  

BIO-211 Anatomy and Physiology II CREDITS: 4 This is a continuation of a sequence of 

courses, including intensive coverage of the body as an integrated whole. All body 

systems are studied. Laboratory sessions emphasize microscopic studies and dissections. 

3.0-3.0-4.0 Prerequisite (s): BIO 210 

CHM-105 General Organic and Biochemistry CREDITS: 4 This course is a study of 

fundamental principles of chemistry, including atomic and molecular structure, common 

substances and reactions, introduction to organic chemistry and biochemistry. 3.0-3.0-4.0 

Prerequisite(s): MAT-102 

 CHM-110 College Chemistry I CREDITS: 4 This is the first course in a sequence which 

includes the following topics: atomic and molecular structure, nomenclature and 

equations, properties, reactions and states of matter, stoichiometry, gas laws, solutions 

and equilibria. 3.0-3.0-4.0 Prerequisite(s): MAT-102 

 CHM-111 College Chemistry II CREDITS: 4 This is a continuation of the study of atomic and 

molecular structure, nomenclature and equations, properties, reactions, and state of 

matter, stoichiometry, gas laws, solutions, and equilibria. Other topics included are 

kinetics, thermodynamics, and electrochemistry. 3.0-3.0-4.0 Prerequisite(s): CHM-110 

COL-103 College Skills CREDITS: 3 This course may include selected topics such as career 

planning, study skills, stress management, tutoring, group guidance, and other subjects to 

facilitate student success. It is designed to help students gain confidence in their ability to 

learn and succeed in college. 3.0-0.0-3.0 

CPT-101 Introduction to Computers CREDITS: 3 This course covers basic computer history, 

theory and applications, including word processing, spreadsheets, data bases, and the 

operating system. Applications covered include MS Word, MS Access, MS Excel, email 

and the Windows operating system. 3.0-0.0-3.0 Prerequisite(s): RWR-032 with a “C” or 

better or acceptable placement scores 
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CPT-162 Introduction to Web Page Publishing CREDITS: 3 This course is a study of the 

fundamentals of web page design and implementation. This course teaches the foundation 

concepts of the HTML language. The use of styles for formatting web page appearance, 

both within the HTML page and in Cascading Style Sheets, are covered in depth. 2.0-3.0-

3.0 Prerequisite(s): RWR-032 with a “C” or better or acceptable placement scores 

CPT-209 Computer Systems Management CREDITS: 3 This course examines the methods and 

procedures used in maintaining microcomputer systems. Topics include hardware and 

software installation, configuration, operations, and troubleshooting. This course is 

applicable to the Associate in Applied Science: Major in Computer Technology and the 

Associate in Applied Science: Major in Telecommunications Systems Management 

degree: it is equivalent to A+ Certification. 2.0-3.0-3.0 Prerequisite(s): RWR-032 with a 

“C” or better or acceptable placement scores 

CPT-232 C++ Programming I CREDITS: 3 This introductory course in C++ Programming I 

emphasizes the designing, coding, testing, and debugging of C++ programs involving 

input/output operations, data types, storage classes, decision structures, looping, 

functions, arrays, simple pointers, and strings. The focus of instruction is the use of C++ 

for advanced game programming. 2.0-3.0-3.0 Prerequisite(s): MAT-101 

MAT-032 Developmental Mathematics CREDITS: 3 This course includes the study of integers, 

rational numbers, percents, basic statistics, measurement, geometry and basic algebra 

concepts. Application skills are emphasized. 3.0-0.0-3.0 

MAT-101 Beginning Algebra CREDITS: 3 This course includes the study of rational numbers 

and their applications, operations with algebraic expression, linear equations and 

applications, linear inequalities, graphs of linear equations, operations with exponents and 

polynomials, and factoring. 2.0-3.0-3.0 

MAT-102 Intermediate Algebra CREDITS: 3 This course includes the study of linear systems 

and applications; quadratic expressions, equations, functions and graphs; and rational and 

radical expressions and functions. 2.0-3.0-3.0 

MAT-110 College Algebra CREDITS: 3 This course includes the following topics: polynomial, 

rational, logarithmic, and exponential functions; inequalities; systems of equations and 

inequalities; matrices; determinants; and solutions of higher degree polynomials. A 

graphing calculator is required for this course. 3.0-0.0-3.0 

PHY-201 Physics I CREDITS: 4 This is the first in a sequence of physics courses. Topics 

include mechanics, wave motion, sound, heat, electromagnetism, optics, and modern 

physics. Laboratory exercises are used to emphasize these topics. 3.0-3.0-4.0 

Prerequisite(s): MAT-110 and MAT-111 

 PHY-202 Physics II CREDITS: 4 This course covers physics topics, including mechanics, wave 

motion, sound, heat, electromagnetism, optics, and modern physics. Laboratory exercises 

are used to emphasize these topics. 3.0-3.0-4.0 Prerequisite(s): MAT-110, MAT-111 and 

PHY-201 

RWR-032 Integrated Dev Reading/English CREDITS: 3 This course offers a review of academic 

reading and writing skills necessary for success in transitional and college-level courses. 

Students will apply strategies learned to the enhancement of reading comprehension skills 

and to writing activities for a variety of rhetorical situations. It also covers the application 

of basic reading skills to improve critical comprehension and higher order thinking skills. 

3.0-0.0-3.0 
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Appendix B 

Instructor Recruitment Email 

Dear professor,  

You are being invited to participate in a research project to study STEM instructors’ 

perceptions of essential skills that are needed to be successful in introductory STEM courses at 

community colleges because you were identified as an instructor who teaches an introductory 

STEM course at a community college. If you agree to participate, you will receive a Microsoft 

Teams meeting invitation via email. This semi-structured interview will ask you 7 open-ended 

questions about the above topic. It should last approximately 60 minutes depending on the length 

of your responses. Additionally, we will send you 1-2 follow-up emails to corroborate some of 

the data that emerges from the interview data analysis in what is referred to as “member 

checking”.  

  There are no known risks to you if you decide to participate in this interview and your 

responses will not be identified with you personally. There is no direct benefit to you for 

participating in this study. You will be compensated for your participation in this research study 

with a restaurant gift card valued at $30 (thirty dollars). The alternative would be not 

participating in the study. I will not share any information that identifies you with anyone outside 

my research group which consists of me, Ashley Perkins and William Smith.  

  I hope you will take the time to participate in this interview; however, if you agree to 

complete the interview you are not required to answer all the questions or complete it. Your 

participation is voluntary and there is no penalty if you do not participate.  If you have any 

questions or concerns about participating in this interview or about being in this study, you may 

contact me at dpayne@augusta.edu or (XXX) XXX-XXXX.   

  

Sincerely,  

  

Daniela Payne  

Department of Advanced Studies and Innovation 

Augusta University 
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Appendix C 

Consent Procedures 

Augusta University 

Dear professor, 

 You are being invited to participate in a research project to study STEM instructors’ perceptions 

of essential skills that are needed to be successful in introductory STEM courses at community colleges 

because you were identified as an instructor who teaches an introductory STEM course at a community 

college. This semi-structured interview will ask you 7 open-ended questions. It should last approximately 

60 minutes depending on the length of your responses. If we have your permission, the interview will be 

recorded, but the recording file will be permanently deleted after it is transcribed.  

The results of this project will be used for general knowledge purposes. Through your 

participation I hope to understand the skills that are needed to succeed in introductory STEM courses at 

community colleges. I hope that the results of the interview will be useful for this understanding, and I 

hope to share my results by publishing them in a scientific journal and/or presenting them at conferences. 

There are no known risks to you if you decide to participate in this interview and your responses 

will not be identified with you personally.  There is no direct benefit to you for participating in this study. 

You will be compensated for your participation in this research study with a restaurant gift card valued at 

$30 (thirty dollars). The alternative would be not participating in the study. I will not share any 

information that identifies you with anyone outside my research group which consists of me, Ashley 

Perkins and William Smith. 

I will do my best to keep your information confidential. The data you provide will be stored in a 

password protected electronic format. To help protect your confidentiality, the interview will not contain 

information that will personally identify you. The results of this study will be used for scholarly purposes 

only and may be shared with Augusta University and or Aiken Technical College representatives. The 

data will not be available to other researchers for other studies following the completion of this research 

study and will not contain information that could identify you. 

I hope you will take the time to participate in this interview; however, if you agree to complete 

the interview you are not required to answer all the questions or complete it. Your participation is 

voluntary and there is no penalty if you do not participate.  If you have any questions or concerns about 

participating in this interview, about being in this study, or to receive a summary of my findings you may 

contact me at dpayne@augusta.edu.  

If you have any questions or concerns about the “rights of research subjects”, you may contact the 

Augusta University IRB Office at (706) XXX-XXXX. Do you consent to participate in this research 

study? Do you consent to this interview being audio and video recorded? 

 

Protective Measures 

 

      Instructors who participate in this study will provide identifying demographic data 

including gender, race, and some professional background information such as highest degree 

earned, discipline taught, and years of experience. The participants’ interview transcripts will be 

used to accurately transcribe statements, and destroyed with in one-year of the completion of the 

study. 

(a) Identification of Risk:  There are only minimal risks associated with participation in this 

research. There are no psychological or physical risks anticipated. The researchers will work 
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closely with the participants ensuring that they feel comfortable with the questions, thereby 

avoiding psychological risk.  

(b) Management of Risk:  Participants who have volunteered for the study will be told that if 

they feel uncomfortable, they may stop participating at any time with no negative 

consequences.  

(c) Confidentiality:  The records of this study will be kept confidential. The researchers will not 

include the names of any participants involved in the research in their report.  

(d) Data Storage: Research records will be kept in an Augusta University, IRB-approved, 

electronic human research box. The researchers will be the only persons who will have 

access to these records.  

(e) Assessment of Risk:  Only minimal risk to subjects is anticipated. 

(f) Costs: The subjects of this study will not incur any costs as a result of their participation 

(g) Compensation: There will be a small compensation offered to those instructors who 

participate in the study in the form of a restaurant gift card valued at $30 (thirty dollars). 
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Appendix D 

Interview Protocol 

Script prior to interview: 

Read verbal consent (Appendix C) to instructor. 

Are you giving me permission to audio/video record our conversation today? ___Yes ___No 

If yes: Thank you! Please let me know if at any point you want me to turn off the recorder or 

keep something you said off the record. 

If no: Thank you for letting me know. I will only take notes of our conversation. 

Before we begin the interview, do you have any questions? [Discuss questions] 

If any questions (or other questions) arise at any point in this study, you can feel free to ask them 

at any time. I would be more than happy to answer your questions. 

Obtain information regarding race and gender instructor identifies with, highest academic degree 

obtained, STEM discipline(s) taught, and years of experience teaching STEM courses. 
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Appendix E  

Interview Questionnaire 

# Question RQ # 

1 Describe essential skills that community college students need to have to be successful in 

introductory STEM courses. 

What exactly does _____________ (term/s) mean?  

In your opinion: 

-Do these skills need to be explicitly taught or do they develop with experience? 

-Are you responsible for teaching these skills? 

-At what level should students have these skills? 

-If you had to categorize these skills what categories would you list them under? 

-Are there any skills or skill categories that you consider of utmost importance? 

-Can you give me an example of specific assignments or activities when this skill or skills 

are valuable? 

RQ:1 

2 In your opinion, how and to what extent do the essential skills you described contribute to 

success in STEM courses?     

 Follow Up    

-Does this apply to all STEM courses?   

-Please give me an example of how these skills contribute to further success? 

RQ:1 

3 Describe any skills that your students possess prior to your instruction in introductory 

STEM courses. 

 Follow Up    

In your opinion:     

-Are these skills adequately preparing students to be successful in your STEM courses? 

Why or why not?   

RQ: 2 

4 Discuss any barriers that may affect students’ ability to be successful in introductory STEM 

courses. 

 Follow Up    

-What about from the instructor point of view? Student point of view?   

RQ: 3 

5 Discuss or suggest any interventions the college could implement to help overcome these 

barriers. 

RQ: 3 

 

 

6 Discuss how you are teaching the essential skills you previously mentioned   

Follow Up 

-Can you give me a specific example of how you have taught X skill/s? 

-How did the students respond? Were they prepared to apply these skills? 

-Do students perform better when they have these skills? 

-How do you know? 

- What methods do you use to evaluate essential skills taught or developed in your courses?  

RQ: 3 

7 Is there anything else you would like to share to contribute to the findings of this study?  
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Appendix F 

Study Timetable 

Date Action 

September, 2021 Sent recruitment emails to participants 

September, 2021 MS Teams interview invitations sent to participants 

September, 2021 Conducted MS Teams interviews with STEM instructors 

September, 2021 Transcribed participants’ interviews 

October, 2021 Conducted first-cycle and second cycle analysis 

October, 2021 Developed final codebook and initiated member checking 

November, 2021 Discussed data results and developed data displays 

December, 2021 Derived conclusions, implications, and recommendations 
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Appendix G 

Essential Skills 
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Appendix H 

Pre-college Skills 
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Appendix I 

Individual Student Barriers 
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Appendix J 

Instructional and Institutional Barriers 
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Appendix K 

Interventions 

 

 

 


