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Professional Development for High School Guidance Counselors to Facilitate
Precollege STEM Preparation (RTP)

Abstract

Research has shown that successful post-secondary study in engineering often depends upon pre-
college coursetaking in advanced mathematics and physics. Many high school students rely upon
the guidance of their school counselors to select appropriate coursework to prepare them for their
intended careers. School counselors are uniquely positioned to provide a realistic alignment of
aspirations and prerequisite courses needed to succeed in a particular field. However, school
counseling for science, technology, engineering, and mathematics (STEM) career pathways has
often been limited, particularly for students in high needs schools. This study reports the results
of a university-based professional development intervention for school counselors, where
participants engaged in training in academic preparation for engineering study, outreach
opportunities, bridge programs, as well as the variety of engineering disciplines accessible to
students. University faculty in engineering and science education designed and implemented the
workshop. Preliminary data from select counselor participants (N=11) indicated that few had
teaching experience before becoming a counselor, they advised an average of 251 students/year,
they had little knowledge of the Next Generation Science Standards, and they could not
differentiate among engineering disciplines. Most spent the majority of their professional time
performing college counseling. They reported that women and minorities experience barriers to
participation because of lack of knowledge of engineering pathways. Participants in the
workshop improved their knowledge of engineering bridge programs and admissions, knowledge
of the importance of specific high school coursework to improve success in post-secondary
engineering, and knowledge of the importance of outreach participation to promote student
interest in engineering. Qualitative data were analyzed to provide insights on improving the
accessibility of post-secondary engineering for high school students, particularly those in high
needs schools. Findings to date indicate professional development for school counselors is a
promising intervention for recruiting and preparing students for engineering careers, an essential
goal for maintaining technological innovation and economic vitality in the region and beyond.

Introduction

Recent reports have documented the persistent shortage of engineers in the U.S. [1], [2]. While
high unemployment is not currently a major challenge across the country, the engineering sector
continues to experience an ongoing inability to produce a sufficient quantity of skilled engineers,
leading companies to seek talent offshore [3], partly due to a lack of engineering education in K-
12 schools [4], [5]. In addition, the graduation rate of engineering majors in higher education is
60% over six years [6]. Women and students of color have even higher attrition [7]. In 2014,
there were 1,554,800 engineers in the U.S., of whom 1,382,500 were men, fewer than 60,000
were African American, and fewer than 80,000 were Hispanic [8]. American Indian and Alaska
Natives comprise just 0.4% of the U.S. engineering workforce, totaling fewer than 10,000
individuals [9] among a population of 2.9 million nationally [10]. Students in pre-college settings
need to be better prepared to study engineering and it is essential that greater efforts are made to
strengthen pathways for diverse populations to enter the field [11], [12]. Plugging the leaks in the
pipeline, while important, fails to address there are many non-linear pathways to STEM careers.



Engineering students are attracted to the field from an array of entry points and careers diverge
contingent upon subspecialties and education [13].

Role of school counseling in STEM preparation. Guidance counselors are often directly
engaged in the career development process. Pre-college science and mathematics coursetaking
has been shown to increase choice of STEM major and success in introductory college STEM
courses [14], [15], suggesting the need for effective guidance early in the high school years [16].
However, the strength of counselor influence on career choice is low and this may be attributed
to limited resources for performing a challenging job [17]. Student caseload has been cited as a
key indicator of student success in transitioning from high school to college, with counselors
advising less than 250 students more likely to speak to students about planning for college and
taking college entrance requirements [18]. Effective training of school counselors is necessary to
educate students about STEM majors and occupational choices [16]. Research has shown that
this 1s particularly important for counselors serving low income populations, since these
counselors often exhibit low expectations which may affect students’ science and mathematics
coursetaking and achievement [19], [20]. Counselors must be better positioned to assist students
in aligning their career aspirations with the coursework necessary to achieve them [21]. This is
essential for STEM fields where precollege coursetaking and performance in science and
mathematics often predicts success in engineering undergraduate study [15].

A complicating matter for high school counselors is that students may be grouped into ability
tracks when they arrive in high school. Ability groupings are not strictly academic but have
social and political implications, as well [22]. Research has noted that tracking develops in
middle and high schools as some students take more advanced courses that other students; for
example, eighth grade algebra enrollment is a significant predictor of advanced science and
mathematics coursetaking in high school [14]. Early pipeline STEM experiences have
implications for future science and mathematics achievement and STEM career choice [12], [23].

Pre-college initiatives in STEM education. In an effort to encourage participation in pre-
college STEM coursework and expose students to engineering and design, school districts have
adopted a variety of standards and curricular offerings. The ASEE K-12 STEM Guidelines for All
Americans provides engineering knowledge and performance objectives for improving
engineering literacy among pre-college students [24]. The recent adoption of the Next
Generation Science Standards in 19 states and the District of Columbia has resulted in an
increased emphasis on engineering and design experiences in K-12 science curricula [25]. Some
school districts have adopted packaged programs that provide engineering curricular materials
and training for teachers. Project Lead the Way, for example, allows schools to offer engineering
experiences through design courses in a variety of disciplines [26]. University-based K-12
outreach programs have also shown promise in promoting engineering knowledge, self-efficacy,
and interest [27]-[30]. It must be understood that, by necessity, knowledge of these standards and
programs must be communicated to school counselors to increase student awareness and
accessibility. Schools advocating for these programs have indicated their commitment to student
preparation for STEM careers and school personnel should understand the mechanisms by which
these programs do so.



Research questions. This pilot, ongoing research explores the following overarching questions:
How are school counselors prepared to offer advisement for engineering career preparation? In
what ways and to what extent do school counselors interact with students to impact pre-college
preparation for post-secondary engineering study and careers? In an effort to establish baseline
data to answer these research questions, a professional development for school counselors was
offered at Stony Brook University to provide preliminary training in STEM preparation for post-
secondary academic success. Data were collected from a group of participants to understanding
current counseling practices and how university-based training might improve their knowledge
base to impact student participation and preparation for STEM in higher education.

Study Design and Context

Research design. This pilot study employed a convergent parallel mixed methods approach [31]
to analyze counselors’ reactions and ongoing professional development needs with regard to
preparing and informing students about science and engineering career pathways. Pilot
qualitative and quantitative data were collected simultaneously to determine school counselor
practices and constraints related to STEM advisement.

Conceptual framework. The theoretical basis for the professional development design is
derived from two psychosocial theories that explain academic and career choices. The theory of
planned behavior suggests that students make academic decisions based upon their self-efficacy
and sense of controllability [32]. That is, career intentions may be driven by a student’s sense of
how capable she is of achieving certain goals. Confidence in STEM-related academic tasks may
be influenced by how school counselors view student STEM potential and how their practices
may encourage or dissuade students from pursuing such tasks. The expectancy-value theory of
motivation suggests that self-perception of ability and the extent to which students value certain
academic outcomes are highly influential in career choice, persistence, and performance [33].
Students must be aware of STEM pathways and the variety of career opportunities in order to be
motivated to set appropriate goals and select behaviors to meet these objectives [34]. These
theories were incorporated in the professional development design.

Professional development structure. The intent of the university-based event was to provide
school counselors with important information related to the preparation of pre-college students
for success in post-secondary engineering study. The six-hour professional development
workshop consisted of lectures by expert speakers, roundtable discussions, and interactive
panels. Seventy school counselors were welcomed by the Dean of the College of Engineering
and Applied Sciences (CEAS), who discussed the mission of CEAS and the growth of
engineering disciplines in the regional economy and beyond. The Director of the Institute for
STEM Education discussed the status of pre-college science education in New York State,
particularly as it relates to student preparation in the physical sciences. He also discussed state
adoption of the Next Generation Science Standards [25] and how this would affect K-12 science
instruction. The Dean of Admissions and the Associate Provost for Enrollment and Retention
Management provided information on university initiatives to diversify enrollment and
application procedures. School counselors also learned about New York State’s recently adopted
Excelsior Scholarship Program — this program provides $5500 in tuition per year to state



residents attending a SUNY college provided household income is $100,000 or less [35]. This
information was particularly useful for counselors working with high needs students.

Roundtable discussion groups allowed participants to rotate through three different informative
sessions. First, university administrators provided information on bridging programs to higher
education, targeted for traditionally underserved students to increase early success in science and
engineering coursework. Second, science education and physics faculty discussed pre-college
preparation for STEM undergraduate majors, and how to inform students of the diversity of
careers in engineering fields. Third, engineering and biology faculty discussed university
outreach opportunities in engineering and science while leading counselors through tours of
laboratories where high school students were performing engineering activities during daylong
field trips to the university.

The last set of activities included two panel interactive discussions where school counselors
could participate and ask questions. The first panel consisted of engineering faculty from
biomedical engineering, computer science, electrical and computer engineering, and materials
science. These faculty discussed student preparation, common student difficulties in introductory
coursework, and engineering opportunities at CEAS. The second panel consisted of
undergraduate and graduate engineering students, who discussed their academic experiences and
challenges in CEAS.

Mixed methods research approach. This ongoing, pilot research study lays the foundation for a
more comprehensive view of the role of guidance counselors in STEM career advising. The
initial phase of the research included the results of a survey given to counselors at the end of the
professional development workshop. Both quantitative and qualitative data were collected.
Descriptive statistics were generated from the quantitative data. For the qualitative data, an
iterative analysis process provided for the emergence and consolidation of common themes in
counselor responses in engineering career advisement, particularly as related to underrepresented
groups, with an eye toward analyzing how student-counselor interactions fit within the research
team’s conceptual framework — specifically, the synthesis of the theory of planned behavior with
the expectancy-value model. The research team sought to uncover robust mechanisms that
impeded or encouraged individual engineering career paths, wider STEM initiatives, and larger
education opportunities, beginning in secondary schools and continuing to higher education [36].

Survey data were collected by recording the individual responses using an online survey
platform, Qualtrics. The research team categorized qualitative survey data usingprovisional
coding with elements of grounded theory by evaluating and classifying data based on its own
characteristics and linking it to a conceptual framework [37]. The classification criteria were
determined as the study unfolded. Different fragments of qualitative survey data were grouped
by codes or phrases that captured the meaning [38]. Once data were coded, they were placed into
various categories and it was possible to draw theoretically relevant conclusions [37].

Participants. Eleven counselors volunteered to complete the survey. These volunteers self-
selected from a pool of 70 counselors who participated in the workshop. Survey data were
collected from the school counselors towards the end of the professional development workshop
to assess perceptions of the workshop and counselors’ needs for future university-based training



initiatives. The survey data from eleven volunteers including ten guidance counselors and one
administrator representing eight suburban K-12 Long Island school districts ranging in
enrollment from 2,752 to 6,480 students with per pupil spending ranging from $22,971 to
$30,676. Five of the 11 counselors worked in high needs school districts.

Validity and reliability. Several strategies were employed for validating the initial findings.
Triangulation of data through multiple data sources, namely surveys and open-ended questions
as well as use of multiple researchers to acquire and analyze the data from the research subjects,
served to bolster validity. Because of the strong desire to scale the professional development
program, the researchers will work to increase the pool of research subjects to make comparisons
in both similar and dissimilar program settings. Longitudinal data collection using follow-up
interviews and surveys with research subjects will help determine if the ideas held by the
research subjects persist over time.

Results

Data analysis revealed several interesting trends in school counselors’ knowledge base and
advisement practices. The results are summarized in terms of counselor workload, STEM
advisement practices, desired professional development topics, and perceptions of the needs of
traditionally underrepresented students in STEM.

Counselor workload. Counselors reported student caseloads ranging from a minimum of 200
students to maximum 300 students with a mean/median of 254/250 among the group. Counselor
experience ranged from a low of two years to a high of 20 years with a mean/median of 11.5/14
years. The respondents had little teaching experience with only three of the eleven reporting
classroom experience. These counselors had three, four, or six years in the classroom before
going into guidance counseling. When asked whether students in their schools were matched or
groomed for a career or major, respondents overwhelmingly (10 of 11) noted that students were
neither matched nor groomed for a career or major. One respondent stated that students were
matched to a career. No one indicated that students were groomed for a career.

Counseling students who need to build STEM credentials and performance. Respondents
were asked how they might counsel students who want to be engineers but do not seem to have
the skills and potential to be successful. The research team elicited three main thematic codes for
counselor responses:

1. Building skills/competency/confidence in high school. These responses were generally
interpreted to mean that counselors were willing to work with students within the school
structure to help students build their STEM qualifications, improve their competence, and
increase their confidence. They encouraged students to take high school courses that would
help bolster their potential and post-graduation STEM-related options. Six of the 11
responses had elements of this category. A counselor might “advise them to take high level
math and science courses,” or “work with them on building those [STEM] skills.” Three
counselors indicated their districts offered Project Lead the Way programs, which was a
resource for students interested in learning more about engineering and design.



2. Seeking post-secondary remediation at a junior or community college. Many of the
counselors suggested a post-high school solution. These responses indicated that students
could improve their skills after high school and then have a greater potential for success in
STEM at a four-year school. In this hypothetical scenario, counselors put themselves in the
frame of advising a student who was close to the college application process rather than in
the frame of helping a student in the beginning of her high school career. This finding
corroborated other data that indicated career advising does not come to the fore until the
students begin speaking with their counselor about colleges and universities in the 11% or 12t
grade. For example, three counselors recommended future remediation at a community
college. One counselor stated he would help students choose schools that would help them
“...work their way up to having the potential to be successful in an engineering program at a
later date.”

3. Encouraging the student to go into a different field or finding a major more compatible with
the student strength and abilities. Rather than finding ways to facilitate STEM career
preparation, these responses indicated that counselors would help students find more
compatible career choices based upon their skills and potential. Four counselors indicated
they directly encouraged students to pursue options other than engineering with statements
such as, “help them explore other career options,” or “provide them with college major
recommendations that are in line with their strengths/skill sets.” Three responses indirectly
recommended that students seek other career options by asking to students compare their
skills to admission requirements with students left to draw their own conclusions about their
readiness for an engineering program. The comparison was typically done at the end of the
student’s high school career when there were enough data points make relevant comparisons.
Some counselors stated they encouraged students to explore engineering career options
through an internship or job shadowing, encouraging students to “see for themselves”
whether STEM careers were desirable and whether they wished to pursue them further.

Desire for professional development. In the opinion of the counselors, the most impactful part
of the conference day was the keynote address. The presentation provided a general overview of
STEM education in New York State and identified some of the gateway courses in STEM,
particularly, identifying the “missing” engineering and technology course requirements in the
graduation requirements. The presentation also highlighted the precipitous drop-off of physics
course takers in NYS high schools, noting that 78% of STEM majors have taken physics in high
school yet only 39% of U.S. high school students have taken physics [39], with much lower
numbers in high needs schools [40]. This information was useful for counselors, many of whom
were not aware of the importance of pre-college physics coursetaking for STEM achievement in
higher education.

Counselors expressed a desire for additional professional development related to STEM
education. Four counselors indicated they needed more information about engineering
disciplines. In particular, they desired education on the variety of engineering disciplines and
how they are differentiated from one another. Five of the respondents asked for more
information on how a career might develop for a student if they should follow a particular STEM
path. One respondent thought this might be best accomplished with a forum of STEM
professionals that could talk about careers in STEM disciplines. Another respondent wanted to



learn more about incorporating lessons in science classes showing how particular STEM
pathways lead to various careers. Interestingly, no respondents expressed interest in how schools
might provide better STEM education, which may be consequential since many guidance offices
drive course offerings and scheduling. These responses suggest future interventions since
counselors cannot provide early guidance for students if they do not understand the logistics of
appropriate STEM career pathways.

Issues facing traditionally underrepresented students. When asked about the most significant
issues facing underrepresented students who wish to pursue engineering (ethnic minorities and
women), the counselors identified a variety of challenges. These fell into four categories: 1)
personal financial issues, 2) lack of information about STEM opportunities and career
requirements, 3) fields dominated by men, and 4) various cultural differences. Four of the
respondents indicated that lack of information about STEM opportunities is a significant problem
for underrepresented groups. Deficiencies in STEM career requirements were also cited
frequently by counselors. Cultural differences were also cited, including social stigma, lack of
interest and personal financial issues.

Study limitations. There are several limitations to the research. The sample size was small, yet
future research will involve more comprehensive data collection from additional subjects. Also,
counselors are not the only influence on student career choice. The process of choosing a career
involves an extremely complex set of conscious and unconscious information gathering,
evaluation, and decisions that occur over years [41], with the process starting as early as middle
school [42]. Parents too have a significant influence in the STEM self-efficacy of their children
and their subsequent career choices [43]. However, some students have expressed dismay that
they were underserved by school staff and they would be better positioned for post-secondary
success by more comprehensive high school preparation in STEM coursework and career
counseling. Therefore, academically motivated students may instead seek career advice from
family, peers, and teachers [44], consequently diminishing the effectiveness of counselor
professional development.

Discussion

Preliminary data from the counselors confirmed existing research in the field and revealed some
areas that could benefit from additional exploration. The research team found the counselor
caseload averaged 251 students. While this average is in line with the American School
Counselor Association recommendation of 1:250 [45], it is important to note that this
recommendation is not based on research. However, students in schools with high counselor
caseloads are less likely to speak to their counselors, less likely to initiate plans to attend college,
and therefore less likely to attend a four-year school [18]. Four schools in the study exceeded the
recommended ratio with numbers of 270, 280, 285, and 300. Consequently, if students are less
likely to talk to a “busy” counselor, then their choices of college prerequisites may also be
affected. Student post-secondary success in engineering hinges upon rigorous course taking in
high school [15], [46]. These findings suggest that counselors will recommend rigorous, upper
level science and mathematics courses for students that express an interest in engineering as a
career. However, because counselors by and large neither groom nor match students for a career,
their advice often comes too late in the 11th or 12" grade when students are preparing to engage



the college entrance process. For underrepresented groups, inadvertent tracking may occur
because of separation from their classmates for ability groupings, remedial work, or English
language learning. This exacerbates the problem. It is often difficult for some of these students to
find their way to the highest-level courses because they do not meet the prerequisites due to
decisions made by school staff early in the student’s education [47]. Our preliminary data
revealed that many counselors were advising students in a reactive mode by offering
remediation, alternative career choices, or community colleges for students who aspired to
engineering careers but were not perceived as qualified for admission.

Counselor advice in many instances was indirect. As a result, many students may not have
received strong advice to pursue a particular career direction of interest. The literature has shown
that in some contexts, counselors have not given science learning high priority, and they
discouraged students from taking science because it is “hard” or “not for everyone,” portraying
science as a subject some people can do and others cannot [20], [48]. As result, students advised
in this way often do not find out they need mathematics or science college prerequisites until late
in the college application process. Counselors in many instances are not aware that there are
many faces and abilities in STEM students.

Counselors were aware of significant issues facing underrepresented groups. Responses ranged
from personal financial issues, lack of information about STEM opportunities and career
requirements, social stigma, and other cultural differences. Lack of information about STEM
opportunities and career requirements might be linked to less frequent college meetings of
underrepresented groups with counselors. This may be, in part, due to inadvertent tracking as
these students might be on a different course taking path that does not “trigger” the counselor to
discuss STEM possibilities with them. It is known that counselors provide students with social
capital or relationships that lead to taking action [49]. There is also some indication that students
of counselors with smaller caseloads gain more social capital because counselors may meet with
these students more often and therefore expose them to college information more frequently [18].
As a result, because underrepresented ethnic minorities often cannot take higher-level
coursework, they are not being invited to discuss STEM or other career options with their
counselors as early as other students. We would like to expand this area of research.

Because many counselors themselves are unclear about the opportunities in STEM fields as well
as the various disciplines and their career paths, the lack of information counselors have at their
disposal may result in lack of recognition of promising STEM candidates. The data revealed that
counselors need additional information about STEM careers. Counselors typically do not have a
personal background in STEM, therefore, many are in need of substantial career background,
information particularly in specialized science and engineering fields. Many also asked for
information on what students can expect in engineering careers. This also informs future research
in that counselors cannot provide early guidance for students if they themselves cannot articulate
STEM career pathways.

Future research. The data from this research will be utilized to design effective interventions
for school counselors to address their professional needs. These will include information about
STEM disciplines, early engineering opportunities for students, and STEM career expectations.
Longitudinal data collection will be employed to follow the counselors and assess changes in



their guidance practices. Using university admissions and enrollment data, the research team
hopes to correlate positive changes in student enrollment and STEM career choice with
improved counselor practices initiated by the professional development intervention. These
outcomes will be compared with schools whose counselors did not participate in the intervention.
Counseling practices in both low and high needs schools will be measured and compared.

As a work in progress, the research team is looking to address some weaknesses in the survey.
Some questions will be broadened while others will be more focused. Additional questions
suitable for factor analysis will be added. Follow-up interviews using a semi-structured approach
will be used to clarify and expand counselor responses. Student focus-group interviews will be
employed to study counselor practices from their perspectives.

Conclusions. It is essential that educators look for new and innovative ways to encourage the
growth of STEM participation. Students who enter the STEM pipeline at the earliest ages stand
the best chance of continuing on career paths that will bring them greater economic prosperity.
By increasing the opportunities for a greater and more diverse population of students to have
accessibility to these subjects, the greater the number of curious, scientifically literate students
will be prepared to learn and pursue engineering careers.
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