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Abstract

Using social-cognitive career theory as a framework, this article synthesizes pertinent research of 
career counseling intervention programs on middle school students STEM engagement. It mentions 
school counseling techniques and activities that have been shown to bring about positive outcomes in 
promoting STEM self-efficacy, outcome expectations/intentions and goals in career decision making on 
mathematics/science. Other implications for career and school counselors and counseling practice are 
also discussed. 
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Introduction

Several Western countries are faced with lack of students and workers in the so-called 
STEM fields, i.e. the field of science, technology, engineering and mathematics. Especially 
the underrepresentation of women, disadvantaged youngsters and ethnic minorities in this 
field is cause for concern [1,2]. Although the STEM-field is broad, and not all disciplines in 
the STEM-field are confronted with low enrollment to the same extent, there is cause for 
concern in engineering, physics and mathematics studies, especially in OECD countries 
[3] and, therefore, an urgent need to improve the educational and career development of 
individuals to work in science, technology, engineering and mathematics (STEM) fields. STEM 
fields are vital to the social and economic condition of all European Countries, contributing to 
innovations that improve living conditions (e.g. health care, clean energy) and accounting for 
every country’s sustained economic growth [4]. 

Much of the emphasis and hope to motivating individuals toward STEM has been focused 
on K-12 and postsecondary formal and informal educators, including out-of-school programs 
to increase STEM participation [4]. Adolescence is a critical time during development when 
students are exploring and acquiring academic and career-related interests as well as 
attitudes and self-beliefs related to their competence in difference domains. Studies on career 
choice have traditionally focused on youngsters, typically age 16 and older. However, research 
shows that already at an early age child may develop awareness and (stereotypical) images of 
and attitudes towards work environments [5-8]. These images and attitudes may have a clear 
impact on their career choice: they may narrow their options and especially STEM related 
fields might get excluded. In addition, educational aspirations and achievements before age of 
14 are viewed as important precursors of educational choices and occupational aspirations 
and attainment in adolescence [9]. Students’ pathways into and out of STEM careers begin as 
early as middle school [10]. 

Impact on students beginning making choices about future coursework in math, science 
and technology will have long-term implications for their academic and career achievements 
[11,12]. These impacts are more critical considering that during last decade, there are many 
theoretical approaches in counseling and guidance literature (life-span, career development 
and psychological approaches) that have underscored that career development is a lifelong 
process, so the view of researchers and career counselors should broaden from career choice 
(something that is typically done at an older age, usually middle to late adolescence) to career 
development (which happens at both younger and older ages) [7,13,14]. Career development 
refers to a longer lasting, a more comprehensive and more dynamic view on how career 
exploration, awareness, interests, aspirations and expectations develop, and they are affected 
by societal, socio-economic, educational and family influences [7]. 
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Increasing recruitment and retention in the STEM pipeline 
for young people early, in K-12 schooling, can create a stronger 
workforce by bringing a range of ideas, experiences, and strengths 
that are essential for future innovation and excellence. Diversifying 
the workforce will also provide greater economic opportunities and 
potential for social mobility to a broader range of E.U. population. 
In our literature review, we focus in young children of middle 
school age mostly because career decisions made by young adults 
have their roots in earlier in childhood. Additionally, in because 
before late adolescence lies the possibility to broaden the career 
development process occurring this period. Under this scope, we 
present the social-cognitive career theory (SCCT) [15], a widely 
supported model based on Bandura’s general social cognitive 
theory, self-efficacy beliefs and their four sources of information 
[16] as frameworks and prompts of contemporary researchers 
to influence study and career choice processes of youngsters. 
Youngsters need to be exposed to interventions with access to 
mentoring [17], interventions offering a range of activities and 
environments under a growth mindset model of three interrelated 
factors: knowledge, affective value, ability beliefs and self-efficacy 
building [18]. Such kind of interventions can promote math and 
science course selection and achievement middle school students, 
as well as their consideration of math and science careers through 
raising their self-efficacy in math and science and in career decision 
making. 

Self-efficacy, social cognitive career theory

Self-efficacy refers to individuals’ perceptions about their 
capabilities for learning or performing tasks within specific domains. 
Since Bandura [19,20] introduced and construct of self-efficacy, 
researchers have explored its role in various contexts including 
career development. In social cognitive theory, self-efficacy is said to 
influence behaviors and environments and, in turn, is influenced by 
them [16,21]. Two components, personal self-efficacy and outcome 
expectancy constitute the efficacy beliefs system. Personal self-
efficacy is the result of past experiences and can be used to predict 
future behavior. Outcome expectancies are the anticipated results 
of a particular behavior, also based on previous life experiences, 
and may be used to predict future behavior [16]. Students with 
strong self-efficacy are more likely to set goals and create adaptive 
learning environments for themselves. Likewise, self-efficacy can 
be influenced by the outcomes of such behaviors (goal progress, 
achievement) and by input from environment (e.g. feedback from 
teachers, social comparisons with peers). Bandura [21] theorized 
that people acquire their self-efficacy beliefs from sources: 
interpretations of actual performances, vicarious (modeled) 
experiences, social (verbal) persuasion, and physiological indexes 
(emotional arousal). Self-efficacy can influence the choices people 
make and the courses of action to pursue. Since then, self-efficacy 
tenets [16] have also been used to understand, more broadly, 
individuals’ vocational behaviors. SCCT [15] is a widely supported 
model, based on Bandura’s general social cognitive theory, and 
posits that career choice behavior is influenced by outcome 
expectancies, interests and career self-efficacy. 

The theory proposes an interactional influence of external/
environmental factors and individual/cognitive variables on 
individuals’ career development. Within this model, one’s 
background influences one’s learning experiences which influence 
self-efficacy. Self-efficacy shapes one’s interest and outcome 
expectations, which, ultimately, influence career choice [15,22]. 
Overall, SCCT provides a mechanism of understanding individuals’ 
career-related choices through its focus on self-efficacy ant the 
ways in which self-efficacy influences behavior. SCCT is particularly 
useful for understanding the beliefs and career-related choices 
to pursue or avoid STEM coursework and careers, because of the 
interplay between the self-efficacy beliefs of students, outcome 
expectations and their interests or goals. 

Stem career self-efficacy

Within the social-cognitive framework, self-efficacy is 
believed to be a critical factor for predicting engagement and 
persistence in the STEM pipeline, especially for female and other 
underrepresented minority students [10,23,24]. Moreover, the 
fit of the overall SCCT model has been evaluated with racially-
ethnic middle and high school boys and girls [25-29]. Hackett & 
Betz [30] first used self-efficacy theory in the vocational realm 
to understand women’s avoidance of math and science careers. 
Recently there is a robust literature related to career self-efficacy 
expectations, and the findings from exemplary studies help guide 
and understanding of student STEM career development. There are 
significant gender differences regarding interest, confidence and 
beliefs about competence related to math and science learning that 
emerge during middle school. For example, studies have found that 
middle school boys tend to have higher self-efficacy and outcome 
expectations for math and science than do girls [24,31,32]. 

For females also, the difference in high school course taking is 
less pronounced, although girls are less likely to take physics than 
boys [33] and although on the surface this may not seem important, 
but recent studies have drawn attention to the association 
between high school physics enrollment and subsequent STEM 
career engagement [33,34,35]. Performance accomplishments 
(prior achievements) have been shown to be one of the strongest 
predictors of self-efficacy and outcome expectations for math 
and science, especially among African-American and other ethnic 
minority students [27,36,37]. Another important factor in the loss 
in the STEM pipeline especially for females and ethnic minority 
students involves differing socialization processes including 
external sources that may implicitly or explicitly support or 
discourage STEM engagement [38,39]. For example, from an early 
age, girls may be influenced by expectations and stereotypes about 
gender roles that place mathematics-related tasks in a male domain 
[13,23,40]. Additionally, contemporary research findings in high 
school students within the SCCT framework, provide evidence that 
background and proximal factors (e.g. familism- loyalty, solidarity, 
reciprocity and proximal family supports for the decision to pursue 
a career domain) play a significant role in certain minority students’ 
career development in math and science (Mexican American) [17]. 
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Promoting stem career self-efficacy through career 
counseling interventions

Research shows that career decision self-efficacy is a malleable 
construct [41]. As mentioned above, SCCT provides a mechanism 
for understanding individuals’ career related choices through its 
focus on self-efficacy and the ways in which self-efficacy influences 
behavior. Additionally, one of the most useful features of SCCT is 
that the sources of information based to self-efficacy theory that 
are postulated to lead the development of self-efficacy beliefs can 
be readily used to guide the development of interventions [42,43]. 
There are four sources of information: Mastery experiences (past 
performance accomplishments), vicarious learning experiences, 
physiological states/emotional arousal and verbal persuasions 
lead to domain-specific beliefs within individuals (which are 
closely related to behavioral outcomes, e.g. career choices). Many 
researchers have sought to incorporate one or more of these 
sources of information in their interventions in order to increase 
career decision making self-efficacy with some degree of success 
[44-48]. 

As mentioned before, adolescence is a critical time during 
development when students are exploring and acquiring academic 
and career-related interests as well as attitudes and self-beliefs 
related to their competence in different domains. Students’ 
pathways into and out of STEM careers begin as early as middle 
school [32]. As students enter the middle school years, important 
changes occur in their motivation, self-concept, self-efficacy and 
achievement [49]. Adolescence is time when students begin making 
choices about future coursework in math, science and technology 
that will have long-term implications for their academic and 
career achievements [12,48]. There are findings from exemplary 
studies that help guide our understanding of student STEM career 
development, provide evidence about important issues influence 
the development of student’s STEM career self-efficacy and also 
suggestions for interventions intend to be utilitarian in that they 
can. 

Career counseling interventions 

Early researchers in math & science self-efficacy beliefs 
[50,51] have pointed out that successful intervention programs 
are characterized by their centrality to the mission of the 
institution (rather than by being an add-on program), by having 
faculty integrally involved in a program that links a school with a 
university, and by being primarily oriented to younger children (i.e., 
elementary or middle school). Fouad [52] first took the initiative to 
aim at middle school and elementary students, introduced a career 
intervention program “Career Linking” and reported moderate 
success but did not document improvements in student attitudes 
and career decision making. Later on, Fouad & Smith [50], modified 
the program, applied it target middle school students and also 
designed and obtained validity evidence for the middle school self-
efficacy scale, a measure of self-efficacy, outcome-expectancy and 
intentions and goals in career decision making or mathematics/
science. 

“Career Linking”, 6-week modules, tried to provide students 
with sources of self-efficacy in career awareness and math and 
science performance. Students were intensively exposed to a 
variety of career areas. Each module focuses on a specific career 
field, in which students are given information about careers, are 
taken on tours, attend a session with speakers from the career area, 
and are given opportunities to shadow workers in that career field 
and to all curricular areas (e.g., history, math, science, and English). 
Sources of self-efficacy that are explicitly provided include verbal 
persuasion, vicarious learning, and role models (most of whom are 
minorities, as are the students). The final source of self-efficacy 
(performance accomplishments) is not explicitly provided in the 
intervention. Successful models also is mentioned that focused 
not only on students’ attitudes toward themselves and math and 
science, but also on teacher and counselor methods and attitudes, 
on parental and societal expectations [53], make an effort to 
incorporate culturally relevant material, have a variety of activities, 
make use of computers, and have high expectations of parental 
involvement [51]. 

Outcomes in career awareness intervention programs have 
included changing students’ negative attitudes about math and 
science, increasing performance levels, increasing exposure to 
math and science activities, and selecting and delivering good 
career information [54]. These interventions have been based 
on Bandura’s [16] theory of social cognitions. In a review of K-12 
STEM interventions, Valla & Williams [55] stated that high school 
interventions target skill development, which provides a gateway 
into entering advanced studies in math studies in math and 
science coursework. Contemporary suggestions for interventions 
[23], rather than providing a list for practice that requires school 
counselors to provide additional programming or services, intend 
to be utilitarian in that they can be readily incorporated into 
career development services already in place in many schools. All 
intervention suggestions are proposed to be scheduled to target 
four sources of information of self-efficacy and aim at having a 
positive impact on important student outcomes (e.g. ultimately, 
increasing flow of students into the STEM pipeline). They also point 
out three interrelated factors that, according to literature overview, 
are crucial in study choice and career development in STEM field 
and should be considered in designing interventions for students 
from 8 to 16: knowledge of the STEM field, positive affective value 
of STEM field and ability and self-efficacy building of STEM related 
study paths or career options [18]. In the same time, they propose 
that parents and teachers, with the appropriate training, may play 
a crucial role in self-efficacy building, by exposing children to a 
wide range of activities and environments, providing opportunities 
for task and role model exposure, using growth mindset as model, 
helping to build knowledge and competence in both boys and 
girls and by questioning and discussing stereotypical notions 
surrounding the STEM field [18,23]. Most important, females 
and students from racial and ethnic minority groups [23] and 
from low socio-economic status and high-risk populations [18] 
are underrepresented in STEM fields, so interventions need to 
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be targeted primarily towards these specific populations. Most 
important, once the fit of the overall SCCT model was established as 
far as math and math and science self-efficacy, interests, intentions 
and goals, especially for diverse groups of students, attention 
turned to critical junctures in which to intervene [56]. 

Career counseling interventions based on four sources 
of efficacy information

As far as the four sources of efficacy information and research 
findings is concerned, the first and most powerful source of 
information that leads to the development of self-efficacy beliefs, 
supporting math and science achievement, seems relatively easy 
to solve. There is considerable evidence that encouraging middle 
and high students to take rigorous math and science courses and 
supporting academic achievements in these areas is critical for 
sustaining STEM engagement [57,58]. Programs and interventions 
that provide opportunities for success in STEM subjects in and out 
school might be paramount to supporting students’ interest and 
pursuit to STEM career-related interests and goals [24,27,36,37]. In 
a review of K-12 STEM interventions, Valla & Williams [55] stated 
that high school interventions target skill development, which 
provides a gateway into entering advanced studies in math and 
science course work. 

In fact, it appears to be the optimal way to build self-efficacy. 
Lopez & Andrews [37] demonstrated the importance of helping 
students to have successful experiences in math and sciences, as 
performance accomplishments were found to be the most powerful 
sources of self-efficacy. For example, design-based learning, such as 
designing a solar panel to learn about electricity and environmental 
science, has proved to be effective for enhancing achievement for low-
achieving African American girls [59]. In general, math and science 
course taking ban be seen as the foundation or set of educational 
and occupational pathways that lead to STEM careers as in enhances 
math and science performance [60] because achievement in math 
and science, will likely foster interest and persistence in pursuing 
STEM-related goals and aspirations [24,43,61]. In sum, research 
has shown that math and science coursework is critical for future 
STEM engagement [23,55]. As far as vicarious learning experiences 
is concerned, exposure to adult mentors who –if possible- are 
similar to them (e.g. an early adult male but particularly female 
or male engineer) enhances students’ abilities to envision a future 
identity for themselves, improves STEM confidence and enhances 
feeling of belonging and engagement. The presence of mentors, role 
models and social support of learning can be done during career 
days when guest speakers are invited to attend. Additionally, job 
shadowing activities and implementation of internship programs 
at schools or during training in math or science educational course 
might improve self-efficacy beliefs of students involved [18,19,62] 
Vicarious learning and activities suggested, can also tackle affective 
value (perceived barriers) that is adhered to STEM study paths 
or careers. According to researchers, STEM field suffers from a 
negative affective value derived from the (false) idea that studies 
and occupations in STEM fields are predominantly “things and male 
oriented” and form a threat to more feminine lifestyles or to a good 
family-work balance [18]. Physiological states/emotional arousal 

and verbal persuasions are the other two important sources of 
self-efficacy that can be critical for student STEM engagement and 
success. In these sources, we should include activities to advance 
student’s awareness of the broad range of vocations, activities and 
opportunities that the STEM field offers. 

This can be done with the presence of mentors or career 
guidance counselors that can provide information regarding these 
points and also emphasizing the ways in which STEM careers 
help people, communities and society. Praise and support from 
influential adults (mostly parents, especially mothers for the 
middle school ages and also teachers of an educational course, 
teachers in school or career counselors) can have a profound 
effect on students’ motivation and outcome expectations for STEM 
coursework and career development [29,63,64]. These can be 
powerful motivators for students who are interested in helping 
professions but who may not view STEM jobs in this light. Finally, 
another strategy that can be included in verbal persuasion source 
(as far in improving student’s performance in math and science), 
is to promote “incremental theories” of intelligence [65,66]. 
Incremental theories are associated with a growth mind-set that 
emphasizes the malleability of intelligence and the notion that 
academic skills can be acquired through effort and practice (rather 
than existing as innate or “fixed” intelligence). According to these 
assumptions, we expect that especially those students who regard 
STEM subjects as not complex and something you need not to put 
a lot of effort into and also have an implicit theory of intelligence 
be broadened with aspirations and expectations of STEM pipeline. 

In addition to four sources of information, specific techniques 
that have been shown to bring about positive outcomes should also 
be incorporated into career interventions. Brown & Krane [67] in a 
meta-analysis of career interventions identifying the components 
that are most influential on participant outcomes, regardless of 
how the study was conducted, who participated in the intervention 
and whether it was conducted in individual, group, class or self-
directed formats, mentioned: a) Workbooks and written exercises, 
b) Individualized interpretations and feedback, c) World of work 
information, d) Modeling and e) Attention to building support. 

Several studies provided support for the effectiveness of career 
interventions incorporating these five critical ingredients on career 
decision making [41,46,68,69]. Finally, there are also many types 
of career courses with varying designs, for example, classroom-
based and computer-assisted and functions, which are effective in 
enhancing career decision making self-efficacy [46,68,70,71]. 

Conclusion

Early adolescent years are an especially critical time in 
development when students are forming beliefs about themselves 
as learners along with academic and career related goals. Early 
perceptions and experiences can impact students’ specific areas 
and academic choices. Intervention programs in the area of STEM 
career development are important chances to convey information 
and attitudes and can also help them to improve their academic 
achievement and self-efficacy, to develop positive outcome 
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expectations for STEM coursework and careers. Findings and 
critical components of interventions and suggestions mentioned 
provide evidence about the outcomes of interventions sought to 
incorporate one or more of sources of information. They are also 
important because to our knowledge there is need for intervention 
studies incorporate the four sources of information to measure the 
outcomes of STEM career self-efficacy with emphasis in mastery 
experiences with math and science achievement [23,72-74]. 

There is also a need to extend prior efforts by examining a 
career intervention that incorporates the five critical components 
mentioned by meta-analysis researchers of interventions 
[67,75,76] and activities help three critical factors crucial in study 
choice and career development in STEM field for students enter the 
middle school years [18]. From the SCCT perspective, the present 
study of literature demonstrates, that, the SCCT framework is stable 
and the sources of information based to self-efficacy theory that are 
postulated to lead the development of self-efficacy beliefs can be 
used to guide the development of other interventions. The most 
critical early intervention is to ensure success in math and science 
classes, or other activities promote math and science (like robotics), 
that can then serve a gateway into advanced classes and prepare 
students to entry into University in STEM fields. Longitudinal and 
experimental research can help identify which interventions are 
most successful. 

Recommendations for Career Counselors and Teachers 

Career counselors should also point to key interventions to help 
parents, teachers and school counselors to be supportive [4,23,56]. 
This means that they should consider the role of primary school 
teachers and their crucial role in determining the attitudes and 
images of students towards science. In doing so, they should design 
and apply professional development to improve the attitudes of 
pre-services teachers towards science and technology. They should 
also consider the role of school counselors, educators and teachers 
during middle age and their participation in additional intervention 
programs or their role in services and activities incorporated into 
their teaching or other career development services already in 
place in school. Counselors will need to work closely with teachers 
to promote the integration of the information of the present study 
into their curricula. The intervention is time consuming because 
of the time it takes to plan, organize, and coordinate activities of 
vicarious learning experiences, e.g. tours or speakers. Building 
a library of printed and audiovisual material helps to have those 
materials available as teachers need them. 

They should also consider that school counselors and teachers 
also explicit and implicit messages that can have powerful effects 
on students’ dispositions and behaviors, especially in the area of 
STEM career development. With their messages can also help to 
counteract possible stereotypical gender, low socioeconomic status 
or racial/ethnic expectations by encouraging STEM pursuits and 
by helping students also to improve their academic achievement 
and self-efficacy beliefs. In the scope of a total framework for 
multicultural STEM-focused career interventions [4], career 

counselors, teachers, administrators, and other high school 
personnel, should consider working with local STEM industries or 
non-profit groups, such as unions and professional associations, 
to develop case studies or career biographies of STEM workers, 
can provide concrete, relatable examples of STEM organizations 
and diverse STEM pathways to share with middle or high school 
students [77-80]. They should also provide opportunities to 
students by partnering with industry, professional societies, 
foundations, education and training institutions that offer career 
awareness programs or coordinating STEM career activities and 
events or local initiatives like the one in the present study that 
expand STEM learning opportunities. 

Finally, educational studies have provided evidence about 
the importance of curriculum-innovative studies as a promising 
avenue with regard to STEM related subjects. On career education, 
guidance and counseling domain, teachers, parents and school 
counselors should be informed to related STEM career areas 
and be educated about the impact of their praise and support on 
motivation and outcome expectations for STEM coursework and 
career development and informed with regard to opportunities 
and chances that further education in the STEM-field may offer 
[17,18]. Least but not last, since research provides strong evidence 
that parents influence outcome expectations and goal intentions of 
middle school students, especially mothers [23,56], interventions 
trying to promote math and science career interests should attempt 
to build parental supports.
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