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Abstract.
The first part of this paper discusses that STEM education does not have clearly defined
fields, unlike discipline-based educational programs such as science education, which
do have clearly defined areas. In order to overcome the complexity and ambiguity
of different STEM and STEM education perspectives, it is necessary to understand
the status and trajectory of STEM education research. Also, the authors suggest
that stereotypes about STEM professionals can be minimized by using several faces
associated with learners, as role models in presenting information about the career
options available to STEM professionals in order to reduce stereotypes. As learners
learn STEM, they can recognize their potential and their sense of self as well as their
STEM connections. Additionally, by exposing students to various professions through
multimedia learning, the distance between role models and learners may be closed,
thus appealing to their interests and encouraging them to pursue careers that they are
interested in the future.
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1. INTRODUCTION

Gender disparity in Indonesia still exists, and the example of the gender gap has wider
appeared at the institutional career level. In [1], the number of females enrolled and
graduated from primary through diploma, bachelor, professional, and the specialists’
levels were more than males. In contrast, men have outperformed women in the number
of master’s, doctoral, and university careers. The representation of female lecturers was
significantly less and lesser when it came to leadership positions and STEM-related
majors’ jobs in the university. Women face challenges when it comes to sustaining
careers in STEM fields [2], including negative stereotypes, threats, and implicit bias
holding a fixed mindset. The connection between the lack of STEM role models to the
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reinforcement of stereotypes in STEM subjects, which, in turn, have adverse psycho-
logical and academic effects on students, including lower performance, lower interest
in STEM, as well as feelings of not belonging to STEM fields [3]. Minorities (i.e., women
and non-white men) experience more negative outcomes in STEM, which can negatively
impact their interest in pursuing STEM careers in the future.

This study aims to have STEM professional exposure as a local career role model
that may influence middle school female students’ efficacy and engagement in science,
technology, engineering, and mathematics (STEM) at Kisaran, North Sumatra. Students
at middle and high schools will be surveyed using the Student Attitude Toward STEM
Survey, the Student Engagement Instrument (SEI), and semi-structured interviews to
understand how the career role model learning design impacts students’ retention in
STEM and engagement in STEM learning. The following questions are explored in this
study:

1. can STEM professionals help boost middle school female students’ perceptions of
self-efficacy in STEM?

2. In middle school, can STEM professionals empower female students to become
more engaged in STEM activities by developing the cognitive skills required for
sustainability, such as teamwork, perseverance, resilience, creativity, and motiva-
tion to learn?

1.1. What is STEM, STEMist -- Overview of STEM Education

In the U.S., two historical events have contributed to the development of a reform-
driven education system. Firstly, the arrival of the post- Russian satellite Sputnik (1957)
revolutionized educational curriculum research. The satellite Sputnik proved that the
U.S workforce of scientists, technology experts, engineers, and mathematicians (called
STEMist) to compete in the global market was lagging. For a country to maintain and
upgrade its economic, social, and political power, the reform highlighted the importance
of scientific disciplines as structures and understanding of how scientific inquiry works
to produce STEM-capable workers who are well-trained in STEM literacy and skills [4].

Since then, the K-12 science education curriculum introduced ‘science for all’ to pro-
mote understanding natural, social, economic, and psychological phenomena through
observation and scientific explanation as STEM skills and literacy. Secondly, to encour-
age students’ interest in the STEM field as their profession of choice, it must monitor
the quality assurance of educational innovations. Low-quality assured would pass the
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political and economic power to more competitive and well-prepared countries. The
Trends in International Mathematics and Science Study [5] indicates that Japanese
students fared better than Americans, and ‘STEM for all’ refers to engineers being less
likely to graduate from universities in the United States than in China [6]. Considering
these two situations, the importance of global competition in ensuring reasonable
quality assurance in producing well-trained graduates of STEM or related fields is
evident.

In the late 1990s, the National Science Foundation (NSF) merged engineering and
technology with Science and Mathematics, forming SMET (Science, Mathematics, Engi-
neering, and Technology) for K-12 and undergraduate students [7] and replacing it in
the early 2000s with STEM due to acronym choice [8]. According to NSF, scientific and
technological literacy in STEMeducation is the primary pathway in producing ‘STEMist’—
categorizing STEM occupations. Its definitions of STEM are broader, including core
sciences like physics, chemistry, and mathematics, and behavior and social sciences
such as political sciences and economics. However, some U.S. agencies (e.g., the
Department of Homeland Security and U.S. Immigration and Customs Enforcement)
have narrowed STEM definition by excluding social sciences and focusing on the core
sciences [9].

The career opportunities in STEM occupations seem to increase from 2012-to 2022
and predicted they will grow faster than any other career choices in 2030 in the
United States [10]. In the United Kingdom, the demand for high- level STEM skills
have increased. Nevertheless, STEM education challenges are fewer young adults who
were degree holders of ’core STEM’ (chemical sciences, biological sciences, physi-
cal/environmental sciences, engineering, mathematical sciences and computing, and
technology and architecture) are willing to pursue core STEM occupations. The U.K.
Commission for Employment and Skills [11] suggested the new definition of STEM
role as emerging sectors and technologies is mostly missing from the list. This new
STEM employment is different from traditional employment in manufacturing. The gap
between supply and demand of STEM workforce even widens under other groups
of ages, gender, and social and cultural backgrounds of the students. Lack of repre-
sentation amongst groups for a particular profession will affect the interest in those
professions. Promoting role models is one of the powerful strategies to fight against
negative stereotypes and attitudes among groups or even toward STEM topics, fields,
and disciplines [12, 13].
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It would bemore beneficial to form a comprehensive epistemic definition that incorpo-
rates sources, strategies, and practices from across fields, rather than having content-
specific meanings that are too static [14]. The new definition of STEM is knowledge-
building practices in STEM professionals investigating, modeling, communicating, and
explaining the nature and designed world. Research in STEM education can be as
discipline-based education of STEM combinations such as Science education, technol-
ogy education, engineering education, and technology education, or the combinations
of disciplines as multidisciplinary, interdisciplinary, or transdisciplinary. It is essential to
introduce STEM as the integration of discipline lines where it cannot be separated from
social studies, art, and humanities as assembles of practices built frommany knowledge
concepts are shared [8].

Based on the Social Cognitive Theory introduced by [15], the indication of having a
solid self-efficacy appears when someone believes they can perform a specific task.
Self-efficacy will determine how confident someone is in completing their goal or task.
A person’s level of motivation to accomplish a goal or task is determined by their level
of self-efficacy [16]. Individuals’ sense of self-efficacy contributes to their resilience to
adversity [17]. The ability to develop strength for rigorous learning is perseverance, the
ability to try again after a failure. [18] call this grit. Self-efficacy enables a learner to
challenge STEM challenges in a confident manner. Instead of viewing the experience
as a failure and a signal to retreat from the unfamiliar or uncomfortable, they will see
learning setbacks as an opportunity to learn and press on a new path.

According to [15], self-efficacy can be built by four factors: 1) mastery experiences,
2) physical and emotional states, 3) social modeling, and 4) social persuasion. Success
can lead to increased self-efficacy or in reverse. Still, it is critical to note that achieving
success through low effort (compared to high action) can lead to rapid results, making
failure more discouraging [19]. This argument relates to the importance of having a
growth mindset rather than a fixed one. In addition, one’s emotional and physical states
may bias what would otherwise be an accurate judgment. For example, if someone
is anxious or unwell on the examination, they may fail. Despite the high level of skill,
their self-efficacy may decrease. This study will see if presenting role models will help
students see their challenges in a STEM subject as part of the learning process with a
growth mindset.
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1.2. The rationale: The importance of role model building through
multimedia instruction

Connected to the trend of science teaching research mentioned above, many efforts
to reboot the interest in STEM learning led to an interest in those careers. It enabled
students to have more positive attitudes toward entering those professions directly or
indirectly in studies. Some studies introduced different teaching approaches for improv-
ing students’ abilities and conceptual understanding mastery and concepts (Bloom,
1968), problem-based solving (Schmidt, 1983), scientific literacy (American Association
for the Advancement of Science, 1993), critical thinking (Dewey, 1910; Aikin, 1942; Ennis,
1962), even comparative studies of different teaching methods. Other studies focused
on textbook analysis to innovate the interactive textbook and classroom interaction
analysis.

However, adequate role models brought into the classroom interaction are rarely
explored [3]. Science, mathematics, and technology teachers are STEM educators
working in STEM education and, at the same time, the closer role model as the image
of STEMist occupation that students see in the classroom.

Most common stereotypes about STEMist or related experts often characterized as
male-dominated, western people, white skin, has independent and robust personalities,
masculine, and willing to work as a researcher in laboratories or universities, which
sometimes a student simply tricky to identify themselves as STEM learners and STEM
fields as their professional choices. Gladstone and Chimpian (2021) state that effective
role models will differ for various learners. In other words, which role model to which
students need to be considered. There are three key features that are dependent. Firstly,
perceived competency; if a performer model can succeed on a particular task, learners
may also believe they can grow on a similar or related job, affecting students’ efficacy—
secondly, the perceived similarity between the models and learners in characteristic or
background in status. The last is perceived attainability, regardless of similarity with the
models, but if the task seems unattainable for learners to succeed. The learners will be
demotivated. The idea of motivating student by presenting the models need to consider
perceiving the role model to be “like learners” as more profound on a psychological
level. [20] describes a survey in 2004 of over 1,000 scientists and engineers found that
nearly half (52%) had been influenced by a visit to the work of a scientist or engineer,
and almost a quarter (23%) had been influenced by a scientist or an engineer visiting
their school (p.14). This study believes that providing students with the opportunity to
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have ten to fifteen STEMist in their classroomwould impact the students’ career choices.
Through STEM role model encounters, some barriers can be eliminated, as follows:

1. Positive role models can reduce negative stereotypes, threats, and implicit bias by
allowing students to see themselves in the profession.

2. Having a role model will help students see their challenges as part of the learning
process with a growth mindset.

The study is planned to share ideas with the school in Kisaran, North Sumatera,
about creating an opportunity to meet the STEMist role models in the classroom. The
target audience will be students and teachers in the school. Ten to fifteen different
faces of local STEM professionals will be at the planned STEM meeting and given a
chance to share for 5 minutes. Hope from the literature study is that this role model of
presentation to students and teachers would help to minimize the challenge of STEM
education. Students will see if this plan will affect their attitude toward science and
students’ perceptions of self-efficacy in STEM. For teachers as a mediator to introduce
this direct access to role models in the classroom and at the same time recognition of
themselves be one of the students’ roles models. Based on the reflection on how to
engage ten to fifteen local STEM role models to give their time to speak to the students,
it would be essential to convince them of the Indonesian STEM career trajectory and
STEM education situation, along with my personal experiences about why they are
needed for middle-level students. Several examples of the negative impact of poor role
models that students need to be seen daily in the media, television, and the internet.
Shared personal narratives about lack of STEM role model exposure also take some
percentage of individual decision making.

Nevertheless, role model interaction through mediated video will represent their
different images and faces. Thus, this study acknowledges the importance of bridg-
ing high school learners to the STEMist and related workers. Furthermore, providing
young students with practical experiences with professionals in specific careers may
strengthen interest in those careers and enable students to have more positive atti-
tudes toward entering those professions. During the Coronavirus period, the number
of face-to-face teachers and student interactions reduces and lowers student learning
effectiveness. The condition has been forced quickly into an online classroom. This
situation would benefit if the teacher upgraded the teaching into a multimedia mediated
classroom, bringing new online strategies. Furthermore, considering that preparation of
professional interview experts needed more behind the class, which somehow helped
in time-matching between the class schedule and convenience of experts’ availability.
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Multimedia learning is necessary to foster the learners’ cognitive process in instructional
design as more attractive and emotional to learners’ enjoyment and connected to
the experts as the interviewee [21]. The research participant will be filling out the S-
STEM and ESI survey on a five-point Likert scale (Strongly Disagree to Agree Strongly).
The constructs will be developed as a survey for middle school students. They will
be intended to measure the students’ attitudes toward science, changes in students’
efficacy in STEM subjects, learning skills, and booster interest in STEM careers job.
Aside, semi-structured interviews will be conducted to understand how the career role
model learning design impacts students’ retention in STEM and engagement in STEM
learning.

The [22] explored that, generally speaking, students would want to interact with
STEM professions that they can relate to effectively. The similarity gives a sense of
being connected to a STEM role model and attaining a STEM career. For example, the
engineer shares that they came from a farm family or local indigenous would give more
confidence to the similar background status of the student by saying, “If this role model
can do it to be an engineer, I shall be the one too.”
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