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Preparing Counselors to Advocate STEM Careers:
A Professional Development model for K-12 Counselors

U.S. Department of Labor workforce projections for 2018 highlight that nine of the 10
fastest-growing occupations requiring at least a bachelor’s degree will necessitate significant
scientific or mathematical training[1]. The United States’ science, technology, engineering, and
math (STEM) workforce is aging while jobs requiring specialized training are growing at five
times the rate of other occupations[1, 2]. STEM workers, who use science and math to solve
problems, are needed to replace the many highly skilled workers who will retire over the next
decade. A heterogeneous and culturally diverse workforce creates competitive advantage through
greater creativity and innovation, and increased quality of team problem solving based on
multiple perspectives[3-5]. Therefore, in order to sustain US capacity and increase global
competitiveness for technological innovations, it is essential for people from a diverse
representation of cultures, ages, and gender to enter STEM occupations.

Since 2000, women have earned approximately half of all science and engineering
bachelor’s degrees[6]. However, further examination reveals that there is a significant gender
gap in the number of women earning engineering degrees. Remaining nearly stagnant over the
last fifteen years, women today represent only 18.6% of bachelor’s degrees awarded in
engineering, and a diminutive 11% of the engineering workforce[6]. In order to effectively
compete in the global marketplace, it is imperative that we advance the full and equitable
participation of all Americans in science, engineering, and technology fields. The diverse
viewpoints, approaches, and skills of women will benefit these high-tech industries, and in turn,
positively affect our economy[3].

Aggressive and focused intervention efforts targeting women is recommended to address
the gender gap in engineering[3]. While girls take more science and math classes and make
better grades than boys, they are not readily choosing engineering as a college major and career
path. Areas where consistent gender differences have emerged are children’s and adolescents’
interest in math and science, their beliefs about their abilities in math and science, and their
perceptions of the importance of math and science for their futures[7]. Acknowledging and
addressing these areas can increase girls’ awareness, interest, and confidence to pursue a career
in engineering. Through an integrated approach to learning, engineering education has the
potential to not only be a catalyst for improving K-12 STEM education[8], but to enable girls in
their development towards a career choice in engineering. This increased investment in STEM
education will boost U.S. global competitiveness by increasing productivity[3].

The 2010-11 U.S. Bureau of Labor Statistics Report describes educational counselors as
responsible for, among many things, operating career information centers and career education
programs in order to promote the career development of children and youth[9]. The American
School Counselor Association’s National Standards (standard A in the area of career
development) explicitly states: “Students will acquire the skills to investigate the world of work
in relation to knowledge of self and to make informed career decisions[9].”

Education research shows that K-12 educators and students generally have a poor
understanding of what engineers look like and do[10, 11]. Not only are there numerous
misconceptions of engineering as a discipline, but educators tend to be very anxious to the
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barriers they identify between themselves and engineering. With no background to know how to
converse with students about who designs technology and how they do it, educators can feel very
strong barriers that limit their contribution to the development of future technical talent[12].

Workshop Model on Engineering for K-12 Counselors & Educators

This paper presents a model for a professional development (PD) workshop for K-12
counselors on careers in STEM related fields. The purpose of this counselor PD is to inform
counselors about specifically engineering careers and how they can help prepare students for
such occupations. Additionally, an overview of major issues involved with gender stereotypes,
bias, and disparities in STEM are introduced along with tools and resources to address such
concerns in the K-12 environment. Interactive activities seek to reduce counselors’ anxiety and
build their self-efficacy with respect to STEM. The model is developed from a series of six
counselor professional development workshops (PK-12) presented in urban and suburban areas
in 2010 and 2011 in the southern region. This work was sponsored by and developed in
conjunction with The Women of Tl Fund High Tech High Heels program.

The purpose of developing this model was to enable the wide distribution of these
messages. Since it is impractical for Engineering Education Consultants, or the like, to be able
to reach the masses, this model seeks to enable any facilitator to create a professional
development presentation targeted to their specific audience. The model consists of 6 modules
outlined to provide a clear and relevant message about engineering, designed for counselors to
become active advocates of careers in engineering. All related files and presentation slides are
available free for download on the web [13]. Please refer to this companion site for a complete
list of tools and resources.

Module 0 — Overview

The overview of the workshop modules enables facilitators to read up on the literature
and prepare themselves for the messages they will deliver to their K-12 counselor audience. A
synthesis of relevant literature [14] is the primary suggested reading. Other encouraged readings
include [15-20].

Module 1 - Introduce Engineering

This workshop kick-off module suggests fun activities and examples for introducing
engineering to workshop participants in order to capture their attention and engage them for the
presentation. These activities seek to show how important engineering is to the fabric of our
society and for our health, happiness and safety.

Module 2 - Why Engineering?

Why do we care about engineering? What is the point of this message? Gender disparity
issues in STEM areas are introduced, along with much of the literature already reviewed in this
paper. This module introduces some of the statistics that the facilitator may choose to use to
frame their presentation, and provide the motivation for counselors to become advocates of
engineering to their students.
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Module 3 - What is Engineering?

After introducing engineering and discussing why engineering is important, it is
imperative to portray an accurate and positive image of engineering for participants. Educational
research shows that K-12 teachers and students generally have a poor understanding of what
engineering is and what engineers do [10, 11]. Thus, if educators have a better understanding of
engineering, they should be able to encourage students to take higher level math and science
courses in middle school, enabling them to pursue engineering education in the future. This is
especially important for girls and underrepresented minorities, who have not historically been
attracted to technical careers in large numbers. There are three primary messages of engineering
that appeal to students[17].

1. Engineers make a world of difference and help shape the future
2. Engineering is essential to our health, happiness & safety
3. Engineers are creative & collaborative problem-solvers

The second message is most appealing to females. If workshop participants take anything
home, these should be the key enduring understandings, and it’s especially important for
participants to know which message is most appealing to females. There is an activity, with
included worksheet, that helps the facilitator drive home this message.

Module 4 - Talk about Engineering

Students need to know and understand careers in STEM, specifically engineering. Since
it is unlikely that students will find the correct messages in their environment or in the media, the
responsibility falls on parents and educators. This module introduces strategies for talking to
students about engineering. Activities are suggested for allowing workshop participants to
practice, and prepare an implementation plan.

Module 5 — Bias

In a study engaging in the debate of biological versus environmental factors instigating the
underrepresentation of women in STEM, it was found that men have higher mean TIMSS scores in all of
the countries examined, but the size of these differences between men and women varies considerably,
evincing the importance of environmental factors, whether parental, sociocultural, or educational[21, 22].
Strong implicit biases associated with gender and science influence early socialization and perpetuate
gender stereotypes. These attitudes and messages skew girls’ academic pathways early, placing them on a
trajectory which may limit future career options due to insufficient course foundations.

A recent comprehensive review of the research on sex differences in math showed evidence that
children conceptualize mathematics and science as a “masculine” activities[23, 24]. This is not hard to
imagine when 70% of more than half a million Implicit Association Tests completed by citizens of 34
countries revealed implicit stereotypes associating science with males more than with females[25]. In a
study by Sadker and Sadker examining stereotyped perceptions, the most strongly endorsed gender-biased
statement (for boys, girls, mothers, fathers, coaches, and teachers) was, "Men are naturally better at
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mathematics than women." In contrast, the most strongly endorsed non-biased statement was, "It is just as
appropriate for women to study mathematics as for men”’[26]. Herein lies the social conflict: “women and
men should have equal opportunities for success in math, even though men have more natural talent than
women” [27] (p. 289). Implicit stereotypes and sex differences in science participation and performance
are mutually reinforcing[25].

Unsupportive, biased classroom environments and outdated pedagogy inhibit women’s
participation in STEM subjects[28]. Leedy found that even girls who are particularly motivated and
talented in mathematics are not immune to the ill effects of gender bias, as they too experienced decreased
confidence in math[27]. Schools disrupt female math trajectories by institutionalizing gendered
expectations that work to discourage girls’ pursuit of math-related skills[26]. Consequently, popular
literature that emphasizes gender differences may in fact reinforce stereotypes that girls lack
mathematical and scientific aptitude[29]. Environmental factors are at work, and gender equity in
education is important not only for girls’ math achievement but also for girls’ self-confidence and valuing
of mathematics[30, 31].

The referenced slides introduce some historical (and comical) forms of bias, and ways to discuss
with the participants. The facilitator should make care to frame the importance of addressing gender bias
to reduce influence on children’s career options. Gender bias is a deeply rooted issue that will
continue to permeate our society until we train up our children to not perpetuate stereotypes.

Future Work

This model is being used by the Women of TI Fund High Tech High Heels program in
the Greater Dallas area schools. VVolunteer engineers will use this model to craft presentations
and workshops to educate K-12 counselors about engineering. This model has been posted
online, with the intention that others will be able to craft appropriate workshops, disseminating
this message to K-12 counselors all over the nation. The author is currently developing an
assessment tool for counselors, but is not yet validated and ready for publication.

Conclusion

In order to meet the forecasted demands[32] for U.S. Labor in technical areas that require
scientific and mathematical training, it is imperative that educators and students begin to
understand STEM professions and the role of engineers. For students to make informed career
decisions, it is essential for counselors to provide accurate STEM career information and be
equipped to provide guidance on how students can prepare for such careers. This professional
development workshop model provides a means for any facilitator to create a presentation
specifically for their chosen audience, thus enabling counselors and educators to better advocate
engineering professions.

References

1. National Science Board, Science and engineering indicators 2010 (NSB 10-01). 2010, National
Science Foundation: Arlington, VA.

2. American Association of University Women, Improve Girls' and Women's Opportunities in

Science, Technology, Engineering, and Math. 2010, American Association of University Women.

G'T.TT 22 abed



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Congressional Commission on the Advancement of Women and Minorities in Science
Engineering and Technology Development. Land of Plenty: Diversity as America’s Competitive
Edge in Science, Engineering and Technology. 2000 12 November 2010; Available from:
http://www.nsf.gov/pubs/2000/cawmset0409/cawmset 0409.pdf.

Robinson, G. and K. Dechant, Building a Business Case for Diversity. Academy of Management
Executive, 1997. 11: p. 21-31.

American Management Association (AMA), Senior Management Teams: Profiles and
Performance. 1998, New York, NY: American Management Association.

NSF. NSF Women, Minorities, and Persons with Disabilities in Science and Engineering Report.
2007; Available from: http://www.nsf.gov/statistics/wmpd/start.htm.

Halpern, D., et al., Encouraging Girls in Math and Science. IES Practice Guide. NCER 2007-2003.
National Center for Education Research, 2007: p. 55.

Committee on Standards for K-12 Engineering Education, Standards for K-12 Engineering
Education? 2010, National Academy of Sciences: Washington, DC.

Bureau of Labor Statistics. Occupational Outlook Handbook: Counselors. 10/8/2010]; 2010-
11:[Available from: http://www.bls.gov/oco/ocos067.htm

Cunningham, C., C. Lachapelle, and A. Lindgren-Streicher, Assessing elementary school students'
conceptions of engineering and technology. American Society of Engineering Education,
Portland, OR, 2005.

Knight, M. and C. Cunningham. Draw an engineer test (DAET): Development of a tool to
investigate students’ ideas about engineers and engineering. in American Society for Engineering
Education. 2004. Salt Lake City, UT.

Akerson, V.L. and D.L. Hanuscin, Teaching the nature of science through inquiry: Results of a 3-
year professional development program. Journal of Research in Science Teaching 2007. 44(5): p.
653-80.

Ross, M. Workshop Model on Engineering for K-12 Counselors & Educators. 2011; Available
from: http://meaganross.com/mr/?page id=101.

Ross, M. The Case for Engineering in K-12. 2010; Available from:
http://meaganross.com/mr/wp-content/uploads/2011/01/MRoss Case 2010.pdf.

Katehi, L., G. Pearson, and M. Feder, Engineering in K-12 education: Understanding the status
and improving the prospects. 2009: National Academies Press.

Terrell, N., STEM occupations: High-tech jobs for a high-tech economy. Occupational Outlook
Quarterly, 2007. 51(1): p. 26.

Committee on Public Understanding of Engineering Messages, Changing the Conversation:
Improving Public Understanding of Engineering. 2008, Washington D.C.: National Academy
Press.

Pearson, G. and A. Young, Technically speaking: Why all Americans need to know more about
technology. 2002: National Academies Press.

Hill, C., C. Corbett, and A. St Rose, Why So Few? Women in Science, Technology, Engineering,
and Mathematics. American Association of University Women, 2010: p. 134.

Tang, M., W. Pan, and M. Newmeyer, Factors influencing high school students' career
aspirations. Professional School Counseling, 2008. 11(5): p. 285-295.

Penner, Andrew M., Gender Differences in Extreme Mathematical Achievement: An International
Perspective on Biological and Social Factors. American Journal of Sociology, 2008. 114(S1): p.
$138-5170.

Andreescu, T., et al., Cross-cultural analysis of students with exceptional talent in mathematical
problem solving. Notices of the American Mathematical Society, 2008. 55(10): p. 1248-60.

9'T.TT ¢z abed



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jones, M., A. Howe, and M. Rua, Gender differences in students' experiences, interests, and
attitudes toward science and scientists. Science Education, 2000. 84(2): p. 180-192.

Shettle, C., et al., The nation’s report card: America’s high school graduates, in Washington, DC:
US Government Printing Office. 2007.

Nosek, B., et al., National differences in gender—science stereotypes predict national sex
differences in science and math achievement. Proceedings of the National Academy of Sciences,
2009. 106(26): p. 10593.

Sadker, M. and D. Sadker, Failing at fairness: How America's schools cheat girls. 1994, New York:

Touchstone.

Leedy, M., D. LaLonde, and K. Runk, Gender equity in mathematics: Beliefs of students, parents,
and teachers. School Science and Mathematics, 2003. 103(6): p. 285-292.

Fancsali, C. What We Know About Girls, STEM and Afterschool Programs. 2002 12 November
2010]; Available from: www.jhuapl.edu/mesa/resources/docs/whatweknow.pdf.

Hyde, J. and M. Linn, Gender similarities in mathematics and science. SCIENCE, 2006. 314(5799):
p. 599.

Else-Quest, N.M., J.S. Hyde, and M.C. Linn, Cross-national patterns of gender differences in
mathematics: A meta-analysis. Psychological Bulletin, 2010. 136(1): p. 103-127.

Pajares, F., Self-Efficacy Beliefs and Mathematical Problem-Solving of Gifted Students.
Contemporary Educational Psychology, 1996. 21(4): p. 325-344.

Bureau of Labor Statistics Employment Projections by Occupation.

L'T/TT 22 obed



