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The importance of human resources in science, technology, engineering, and mathematics (STEM) is
increasingly recognized in Japan and other countries worldwide. This study considers the STEM human
resources community as a cultural sphere and examines the factors that influence STEM competency
elements in a sample of Japanese university students as a preliminary study for an international survey.
The study results revealed that out of the 21 competency elements, four —leadership, initiative, ability to
control stress, and ethics—were affected by gender, while the other 17 were not affected by gender.
Conversely, differences in major field of study were less likely to affect the results. Furthermore, it was
confirmed that students” motivation for growth in the 21 competency elements was positively correlated
with the 21 competency elements, suggesting that many students in STEM want to improve these
competency elements. Future research in this area should include conducting surveys in new countries
and regions, as well as in other age groups, such as among high school students and working adults,
including examining the concept of the competency model’s elements itself.
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1. Introduction

Several universities in Japan have been sowing seeds of innovation in areas moving beyond the
traditional disciplinary approach for teaching science, technology, engineering, and mathematics
[STEM], in addition, science, technology, engineering, art, and mathematics [STEAM] education is
also being promoted at the research level in higher education. The importance of building
interdisciplinary understanding has been gaining recognition worldwide (e.g., Kumano, 2013).
Beyond Japan, many countries have been pursuing higher education transformation. For example,
the United States government has been promoting STEM competencies as an important means of
developing the economy. To this end, they have endeavored to decrease the dropout rate among
students in STEM majors (President’s Council of Advisors on Science and Technology, 2012), with

Address of Corresponding Author

Tomotaka Kuroda, PhD, Shizuoka University, 836 Oya, Suruga-ku, Shizuoka, Shizuoka, 422-8529 Japan.
b< kuroda.tomotaka.l7@shizuoka.ac.jp

How to cite: Kuroda, T. (2022). Extraction and recognition of competency components of the STEM human resources community:
Focusing on the cultural impacts of Japanese university students. Journal of Pedagogical Research, 6(2), 186-206.
https://dx.doi.org/10.33902/JPR.202213452


https://dx.doi.org/10.33902/JPR.202213542
https://orcid.org/0000-0002-8313-1529
mailto:kuroda.tomotaka.17@shizuoka.ac.jp
https://dx.doi.org/10.33902/JPR.202213452

T. Kuroda / Journal of Pedagogical Research, 6(2), 186-206 187

the goal of increasing the number of degrees granted in STEM over the next 10 years by one
million. These policies recommend expanding the First-Year Experience Program (a program for
incoming undergraduate students), recognizing that fundamental skills are important for
developing human resources in STEM.

In Japan, this type of approach is being followed under the “zest for living (ikiruchikara),”
which has guided the Japanese government’s revised competency model for the course of study
(National Curriculum Standards [NCS]) since 2002. The concept of zest for living was first
proposed in a report by Japan’s Central Council for Education [CCE] (1996), and it includes a wide
range of elements. It has remained important in the subsequent revision of NCS, and its cultivation
is still emphasized to this day. The definition of zest for living has some nuances depending on the
cultural background of the council members and the ministry under which it is being applied, but
in this study, I use the CCE’s (1996) explanation of the concept:

It was clear to us that what our children will need in future, regardless of the way in which society
changes, are the qualities and the ability to identify problem areas for themselves, to learn, think,
make judgments and act independently and to be more adept at problem-solving. We also felt that
they need to be imbued with a rich sense of humanity in the sense that while exercising self-control,
they must be able to cooperate with others, have consideration for their needs and have a spirit that
feels emotion. It also goes without saying that if they are to lead vigorous lives, a healthy body is an
indispensable requirement. We decided to use the term zest for living to describe the qualities and
abilities needed to live in a period of turbulent change and felt it is important to encourage the right
balance between the separate factors underlying this term.

Zest for living comprises the following elements: (1) richness in humanity, (2) health and
physical fitness, and (3) academic ability (CCE, 2008). Academic ability is in turn assessed in terms
of three categories: (1) knowledge and skills; (2) thinking ability, judgment, and expression; and (3)
initiative and collaboration (Japan's Ministry of Education, Culture, Sports, Science and
Technology [MEXT], 2007).

In undergraduate education, MEXT has been promoting changes to education methods, such as
instituting active learning, interactive lectures, and experimentation through which students can
explore problems and find solutions themselves (CCE, 2012). The CCE (2014) asserted that the
cultivation of competencies currently included in primary and secondary education, including
fostering a zest for living and the three elements of academic abilities should continue in higher
education, and this was the reason behind changes to basic education policies in Japanese higher
education. In this report (CCE, 2014), for the first time, the Japanese government required
universities and other institutions to develop ideal resources to extend those cultivated in primary
and secondary education. The educational competency model that had been followed in primary
and secondary education was now required to be implemented in higher education as well.

1.1. Competencies

In Japan, the concept of competency has been used in corporate recruitment and human resource
management, and presently, it is being used in higher education. MEXT used the term in the
summary of deliberations for the CCE’s (2008b) report, although it was not included in the final
report. Yachi (2001) cites three reasons for the popularity of the competency concept in Japan: (1) a
paradigm shift from functional to strategic human resources [HR], (2) institutional and operational
deficiencies in the evaluation system based on the job qualification system, and (3) the global
standardization of HR systems.

Based on the history of Japan’s HR management system after World War II, Iwawaki (2007)
argued that the collapse of the bubble economy in the early 1990s led to a paradigm shift from a
focus on potential to manifest ability (results). This notion was imported from the United States to
compensate for the shortcomings of the qualification system, which ranked employees according
to their specific qualifications by promoting a performance-based system instead. Consistent with
these changes in the industrial world, research on vocational relevance (the usefulness of school
education for the skills required for jobs) in school education began to develop (e.g., Japan Institute
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for Labour Policy and Training, 2005). Iwawaki (2007) described that in education the concept
referred to minimum standards, unlike in industry, because the social background of Japanese
society, where new graduates are hired en masse, requires developing HR who do not have
expertise in a specific field. Therefore, the CCE (2008b) defined competency as follows: “ A concept
that focuses on the ability to carry out and solve work-related problems by making full use of
knowledge and skills, rather than on the knowledge and skills themselves.”

One of the quality assurance measures for Japanese universities is the accreditation system,
which requires an external evaluation of the management system, curriculum, and quality of
faculty members once every seven years. Several organizations conduct these external evaluations,
and one of them, the Japan University Accreditation Association [JUAA], compiled a glossary of
terms that included the following definition of competency:

Behavioral characteristics that lead to high performance and results. Behavioral characteristics are
characteristics that are expressed through the combination of “thinking” and “action”. It is a way of
thinking that aims to improve organizational performance and results by finding the behavioral
characteristics that lead to results for a specific goal and utilizing them in the evaluation standards in
the field. In recent years, some universities have positioned these skills as “abilities expected to be
acquired upon graduation”, and some use their own indicators such as “communication skills” and
“problem-solving skills”. (JUAA, 2020)

The Japan’s Cabinet Office (2016) promoted the idea of Society 5.0, a human-centered society
that balances economic advancement with the attempt to resolve social problems through a system
that deeply integrates cyberspace with physical spaces. As part of Society 5.0, the Minister’s
Meeting on Human Resource Development for Society (2018) defined STEM and citizen common
competences as the “ability to accurately interpret and respond to writing and information, ability
to engage in and apply scientific thinking and inquiry, and sensitivity and ability to discover and
create value, curiosity, and inquisitiveness.”

The Japan’s Ministry of Economy, Trade and Industry [METI] (METI, 2006) has promoted the
idea of “fundamental competencies for working persons”. Society (especially Japanese society) has
long demanded HR with the basic skills necessary to work in organizations and communities.
These skills largely comprise 12 competencies in the following three categories: (1) ability to step
forward (action) —composed of initiative, ability to influence, and execution; (2) ability to think
through (thinking) —composed of ability to detect issues, planning skills, and creativity; and (3)
ability to work on a team (teamwork) —composed of ability to deliver messages, ability to listen
closely and carefully, flexibility, ability to understand situations, ability to apply rules and
regulations, and ability to control stress. Many skill sets, competency models, and frameworks are
available, for example, 21st-century skills (Partnership for 21st Century Skills, 2009) and key
competencies (Rychen & Salganik, 2003). These competency models share many keywords and
include similar constructs. However, the definition of competency itself exists as multiple
concepts, likely because the concept encompasses not only behavior but also thinking and is
deeply connected to the educational system, social system, and cultural background.

Research dealing with such concepts note that it is difficult to conduct surveys that involve
comparisons between individuals because their individual backgrounds have great impact,
particularly their cultural backgrounds (Aikawa, 2007). This is because it can be difficult to identify
which individual or group factors influenced the results. However, recent studies have shown that
socio-emotional skills, such as perseverance, sociability, and self-esteem, can be effectively
compared among people who have the same cultural background (Organization for Economic Co-
operation and Development [OECD], 2015). Thus, in this study, I compare university students’
importance of STEM HR competency components (ability elements) and motivation for learning in
Japan, who can be presumed to have the same cultural background, in accordance with Aikawa
(2007).
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1.2. Influence of Cultural Backgrounds

To meet the growing global demand for STEM professionals, it is necessary to clarify the required
competencies, incorporate them into training curricula, and develop evaluation indicators. In
STEM workforce development, researchers have actively focused on the roles of learners” cultural
backgrounds (e.g., Santiago, 2017). United Nations Educational, Scientific and Cultural
Organization [UNESCO] (2019) classified STEM competencies into three categories: (1) knowledge,
(2) skills, and (3) attitudes and values. Additionally, the Global STEM Alliance (2016) identified
core competencies that comprise seven essential skills as students must develop to thrive in the
modern workplace (Critical Thinking, Problem Solving, Creativity, Communication,
Collaboration, Data Literacy, Digital Literacy & Computer Science) and five supporting attributes
as facilitate the development of and enhance these essential skills (STEM Mindset, Agency &
Persistence, Social & Cultural Awareness, Leadership, Ethics). However, these previous
researchers did not fully address any of the characteristics, attitudes, and perceptions of STEM
students. Also important is research that considers factors that influence the importance and
development of these STEM competencies, such as gender and learning history (e.g., Aikawa,
2007; OECD, 2015). Developing competency skills in students requires considering their
motivations for pursuing competency (Kato, 2011), which will be important for building and
contributing to the STEM HR community. Also, STEM consists of multiple disciplines, this it is
necessary to consider whether STEM fields can be grouped or if there are different understandings
of STEM competencies by discipline.

Previous studies have focused on students' attitudes toward STEM and their achievement in
various fields, from early childhood education to higher education and working adults. For
example, Libertas Consulting (2018), a study commissioned by the Cabinet Office that focused on
attitudes toward STEM fields, found that 58.2% of all students in junior high school were
uncomfortable with learning STEM fields while 38.4% of female students and 28.1% of male
students seeing STEM careers as "cool". Dasgupta and Stout (2014) mention that cultural factors
created by gender differences affect learning motivation and that it varies greatly depending on
parental support, peer approval, and the interests of same-sex friends. In addition, the
development of educational programs that focus on gender differences has been popular in
primary and secondary education. It has been shown that learning motivation can be maintained
by teachers devising teaching methods that are responsive to gender differences (e.g., Wieselmann
et al., 2020).

Creating a competency model requires identifying and analyzing the characteristics of STEM
HR and then building the model by focusing on these specific characteristics, including behaviors
(Ogata, 2001). Conversely, it is also possible to derive competency elements through discussions
among experts who examine these elements from the perspectives of systems and other factors
(e.g., Makino, 2013). Because this study aimed to create a competency model for the STEM HR
community based on Japan's education policy and industry policies for education, I adopted the
latter method of examining and deriving elements for the different competency models discussed
above. One aim of this study is that by identifying the relevant competencies for the STEM HR
community, students who are the future STEM workforce can play an active role in the
contemporary era of volatility, uncertainty, complexity, and ambiguity. Thus, I identified
competency elements that would be relevant to the STEM students. In this study, to derive a
competency model that would be less susceptible to cultural influences that differ from STEM
expertise, I conducted a survey of Japanese university students’ perceptions of the relevant
components of STEM competency. The following research questions guided the study:

RQ 1) Do gender and the major field of study impact self-assessment of the importance of STEM
HR competencies ability elements?

RQ 2) Are students in a situation of awareness that enables them to develop ability elements
effectively?
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2. Method

In this study, I conducted a survey of Japanese university students majoring in STEM fields to
determine their perceptions of the components that comprise relevant STEM HR competencies.
These competencies were based on Japan’'s education policy, NCS, and the unique HR
development policies of several Japanese government agencies. Following the methodology of
Makino (2013), I investigated the students’ perceptions of the ability elements of the STEM
competency model.

2.1. Influence of Cultural Backgrounds

First, I created a list of ability elements based on the competency model and keywords proposed in
policy documents of government agencies, such as MEXT and METI, as well as in NCS. The list
was created based on the ability elements and keywords proposed in the literature on STEM and
STEM fields. For that reason, the list does not focus on specific STEM fields but on a list of
competencies that are independent of the field.

2.2. Extracting a List of Ability Elements

The curriculum for primary and secondary education in Japan is revised about once every 10 years
to update the skills to be cultivated, establish new subjects, and provide detailed information on
teaching and evaluation methods. In contrast, in higher education, universities develop their own
curricula, and quality is regularly confirmed when faculty are newly hired or reorganized, as well
as through accreditation evaluation every seven years. Furthermore, university leaders determine
the abilities to be cultivated and the direction of these abilities using the Central Council for
Education reports and the requirements for subsidies for university management.

Based on this background, I constructed the initial ability elements of STEM HR competencies
list based on not only the primary and secondary NCS but also on (1) six reports by the MEXT and
CCE (A: for primary and secondary education, B: for higher education, and C: for graduate
education), (2) two METI industry skill sets and reports, one of which is “fundamental
competencies for working persons” (METI, 2006), and (3) five reports and policies compiled by the
Cabinet Office and the Prime Minister’s Office. From these sources, I identified 37 ability elements.
Table 1 provides a summary of these 37 competency factors extracted from the 13 documents and
the number of cases in each category. The number of cases indicates the number of materials that
corresponded to each category.

In order to examine the competency model from the perspective of Japan's education system
and various policies, I decided to extract elements common to these three categories (1) education
policy, (2) industry, and (3) the government as a whole, such as the Cabinet, as the ability elements
that make up the STEM HR competency model. For this purpose, 37 ability elements were
extracted from 13 documents in the three categories, and the 21 ability elements common to the
three categories were set as items to be used in the questionnaire survey of this study. Many of
these items have much in common with the "fundamental competencies for working persons" (11
of the 12 competency elements apply) used in (2) those related to industry. The referenced
documents, etc.,, do not include competencies specific to STEM human resources, but rather
competencies that do not depend on the field. However, rather than constructing a role model of a
highly competent STEM workforce, this study focuses on what students in the STEM community
think about the ability elements that make up discipline-independent competencies, in order to
identify the ability elements required of the next generation of STEM workers. This extraction
method is consistent with the purpose of this study and is based on Makino's (2013) methodology.
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Table 1
Initial List of 37 Ability Elements and Classification

1) Education policy 2) Industry 3) Others
(MEXT) (METI) (such as the Cabinet)

Expertise (general) 1 1 2
Leadership

Management

Information, media, and technology literacy
Initiative

Ability to influence others
Executing plans

Ability to detect issues

Creativity

Critical thinking

Collaboration

Communication

Innovation

Ability to deliver messages

Ability to listen closely and carefully
Flexibility

Ability to grasp situations

Ability to apply rules and regulations
Ability to control stress

Ethics

Career development and planning
Planning skills

Knowledge

Ability to think

Ability to make decisions

Ability to express oneself

Skills

Diversity

Self-management

Sense of responsibility

Sense of mission

Japanese identity

Publicness

Design skills

Design philosophy
Entrepreneurship

Facilitation

O OCOO0OOCOORNNRFNRNWORNRRRERNNREBRBRONBNNDNDNDND RS
R R R R ORO0OO0O0CO0OO0COO0O0CORRRPRREPERERERLRLRFLRFRFMERFPERONNRNR R P§
OCROORRRERPRPRWROORRRPRRRERPAERNNNNNRBERRNDONNRR WS

The 21 ability elements common to the three extracted categories are (1) Expertise (general), (2)
Leadership, (3) Management, (4) Information, Media, and Technology Literacy, (5) Initiative, (6)
Ability to Influence Others, (7) Executing Plans, (8) Ability to Detect Issues, (9) Creativity, (10)
Critical Thinking, (11) Collaboration, (12) Communication, (13) Innovation, (14) Ability to Deliver
Messages, (15) Ability to Listen Closely and Carefully, (16) Flexibility, 17) Ability to Grasp
Situations, (18) Ability to Apply Rules and Regulations, (19) Ability to Control Stress, (20) Ethics,
(21) Career Development and Planning. Table 2 provides a summary of 21 ability elements and
each definition.
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Table 2

Lists and Definitions of 21 Ability Elements

Definitions of Ability Elements

References

Expertise (general)

Leadership

Management

Information, media,
and technology
literacy

Initiative

Ability to influence
others

Executing plans
Ability to detect
issues

Creativity

Critical thinking

Collaboration

Communication

Innovation

Ability to deliver
messages

Advanced knowledge, experience, and skills in
the fields of STEM.

A mindset that is willing to take risks, start
something new, and take the initiative to change
the status quo.

Ability to plan, organize, lead, and control using
knowledge of STEM expertise in the context of
projects, activities, operations, maintenance,
quality, risk, change, and business and more.
Ability to effectively use ICT to collect and
analyze a variety of information based on moral
and rules.

Ability to initiate things proactively.

Ability to influence and involve others.

Ability to clarify procedures to solve issues,
prepare and execute with conviction.
Ability to analyze status quo and clarify issues.

Ability to create new values.

Ability to think with a carefully perspective
rather than unconditionally accepting
assumptions and contexts.

Ability to interact with people from diverse
backgrounds with different cultures, ways of
thinking, and values, and deal with them
effectively and respectfully to achieve common
goals and work together.

Ability to form human relationships and
teamwork while deepening mutual
relationships and empathy in a group of people
with various values and backgrounds, to share
information through dialogue about issues that
have no correct answers and problems that have
never been experienced, to think deeply on one's
own, and to build consensus and solve problems
while mutually communicating and deepening
one's thoughts.

Ability to generate new value through scientific
discovery or invention, development of new
products or services, or other creative activities,
and through the dissemination thereof, create
great change in the economic society.

Ability to delivery own opinions clearly.

Created by the author based on
Council on Promotion of
Human Resource for
Globalization Development
(2011), CCE (2018), and METI
(2019).

Author's translation of the
definition of METI (2018).

Created by the author based on
International Engineering
Alliance (2013) and MEXT
(2014).

Author's translation of the
definition of CCE (2008c).

The definition of METI (2006)
translated by METL

The definition of METI (2006)
translated by METL

Created by the author based on
METI (2006) and METI (2019).
The definition of METI (2006)
translated by METL

The definition of METI (2006)
translated by METL

Created by the author based on
METI (2019).

Created by the author based on
METI (2019).

Author's translation of the
definition of MEXT (2011).

The definition of The Basic Act
on Science, Technology and
Innovation (2021) translated by
Cabinet Office (2021).

The definition of METI (2006)
translated by METL
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Table 2 continued
Definitions of Ability Elements References
Ability to Listen Ability to listen to other peoples” opinions The definition of METI (2006)
Closely and Carefully  carefully. translated by METL
Flexibility Ability to appreciate different opinions and The definition of METI (2006)
perspectives. translated by METL
Ability to Grasp Ability to comprehend relationship between The definition of METI (2006)
Situations yourself and other people as well as things translated by METL
surrounding you.
Ability to Apply Ability to comply with social rules and keep The definition of METI (2006)
Rules and Regulations promises with others. translated by METL
Ability to Control Ability to deal with the original cause of stress. ~ The definition of METT (2006)
Stress translated by METL
Ethics Ability to judge and act on required actions, Created by the author based on

Council on Promotion of
Human Resource for
Globalization Development
(2011), Japan Society for the
Promotion of Science (2015,
CCE (2018), and METI (2019).
Author's translation of the
definition of CCE (2011).

words, and behaviors through knowledge and
skills essential to the performance of responsible
activities.

Career Development
and Planning

Ability to make independent judgments and
formulate careers while appropriately
discerning and utilizing a variety of information
about various.

2.3. Survey: Perceptions of Ability Elements
2.3.1. Data collection

This study aimed to examine the influence of cultural background, such as gender and major, in
Japan, on students’ perceptions of the importance of difference STEM competencies. To address
my two study aims, identifying how the competency elements the students identified differed by
gender and course of study and the importance to the students of pursuing competency in these
elements, I conducted a survey of Japanese university students majoring in STEM fields.
Specifically, I asked two questions: Q1, “How important are these skills and abilities for people
with STEM careers?” and Q2, “How much would you like to improve your skills/abilities in the
future?” Students were asked to answer both questions about each of the 21 ability elements on 5-
point Likert scales. The options for Q1 were as follows: “5: very important,” “4: important,” “3:
somewhat important,” “2: not very important,” and “1: not at all important”; the choices for Q2
were as follows: “5: very much,” “4: much,” “3: some,” “2: a little,” and “1: not at all.”

The respondents were first-year students in the science department of a national university. The
university in question operates on a quarter system, and the survey took place at the end of the
second quarter. The number of respondents was 228, of whom 172 were men and 56 were women.
By subject, the students were majoring in mathematics: 49, physics: 51, chemistry: 46, biology: 45,
and geology: 37. Approximately 30% of the undergraduates from this university enter industry,
about 30% become educators, and the remaining 30% go on to graduate school.

2.3.2. Data analysis

Based on the results of university students' responses to Q1 and Q2, this study examined the
ability elements required by the STEM HR community that university students majoring in STEM
fields have. In order to do so, I summarized and discussed the results in four stages: (1)
comparison of the effects of gender, (2) comparison of the effects of major field of study, (3)
comparison of learning motivation toward ability elements, and (4) examination of the importance
and motivation toward ability elements.
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In (1), a t-test was used to check for significant differences in the gender comparison, and in (2),
an analysis of variance was used because there were five fields of study (mathematics, physics,
chemistry, biology, and geology). In both cases, if a significant difference is confirmed, it means
that there is a difference in the perception of the importance of ability elements depending on the
comparison factors, and this leads to the identification of important factors that should be taken
into consideration when considering curricula and programs. This is equivalent to confirming
what Tominaga (2018a, 2018b) mentioned, that gender affects the perception of competency and
that it is important to devise educational methods according to the characteristics of that
perception.

For (3), I examined the learning motivation for the ability elements and for (4), I analyzed the
correlation between the perception of importance for ability elements and learning motivation. Of
course, respondents' self-perception of their proficiency in ability elements may significantly affect
learning motivation. However, since the university students in this study are in the middle of the
academic entry-level of Japanese universities, they are representative of the characteristics of
students studying STEM fields in Japan. The importance of this motivation for learning has been
mentioned by Horie et al. (2007) and others, and it is a factor that needs to be considered to
support innovation in STEM HR for the future.

3. Results and Discussion

To address the initial study aims, I compiled and analyzed the students’ responses to Q1 and Q2 to
examine Japanese students’” views on elements of competency for the STEM HR community. I first
discuss the Q1 results for the influence of gender and major course of study and then address how
the students rated the importance to them of mastering the individual components.

3.1. Gender Effects on Ability Elements Ratings

Figure 1-3 summarizes the Q1 results for all respondents according to gender. In each figure, the
items are listed in the order of the number of positive responses (very important or important). In
order to analyze the characteristics of each item, Table 3 summarizes the results of the comparison
by the number of respondents who responded positively (rating the item as very important or
important).

For all respondents in Ql, five items (Executing Plans, Ability to Detect Issues, Creativity,
Expertise (general) and Flexibility) were above 90%, and 11 items (Executing Plans, Ability to
Detect Issues, Creativity, Expertise (general), Flexibility, Ability to Grasp Situations, Critical
Thinking, Initiative, Ability to Influence Others, Communication and Ability to Listen Closely and
Carefully) were above 80%. For males, there was an additional item above 90%, Ability to Grasp
Situations, and also an additional item for above 80%, leadership. In contrast, while females
included the 5 items above 90% and only 10 items above 80%, unlike their male peers females did
not include initiative and leadership.

When comparing the top five items in terms of the number of positive responses, four items
were common among male and female (Ability to Detect Issues, Creativity, Executing Plans,
Expertise (general)), but the only item that was ranked the same was "Executing Plans," which was
ranked first. This result suggests that there may be a differences between male and female, so a ¢-
test was conducted for more detailed analysis.

For a more detailed analysis, Table 4 shares differences by gender related to the perceived
importance of each specific competency. Four items (Leadership, Initiative, Ability to Control
Stress and Ethics) were found to be significantly different by gender. As all students experienced
Japan’s NCS for secondary education, differences in these four items are most likely influenced by
aspects of Japanese culture other than the education system. For example, ethics is deeply
connected to not only learning but also to life and society, suggesting cultural influences beyond
school.
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For the 21 items, many of the items were higher for females, while for the four items where a
significant difference was confirmed, three of the things were higher for males, and one was higher
for females. Males are statistically more likely to believe that it is crucial for STEM HR to take
leadership and initiative toward others and to control stress. Leadership and initiative are vital in
encouraging others to take action, which can be highly stressful when the situation differs from
one's intentions. It is also possible that research in STEM fields is stressful in itself and that because
they believe that initiative is essential, they are also focusing on its counterpart, stress. On the other
hand, females emphasize communication skills to cooperate with others and believe that a high
sense of ethics is necessary to achieve this. The finding of gender differences was consistent with
findings from previous studies, such as Tominaga (2018a, 2018b), that gender affects perception of
STEM competencies.

Figure 1
Results of importance perceptions (Q1: All respondents)

Executing Plans(N=227)

Ability to Detect Issues (N=227)

Creativity (N=227)

Expertise (general)(N=226)

Flexibility (N=227)

Ability to Grasp Situations (N=227)

Critical Thinking(N=227)

Initiative(N=227)

Ability to Influence Others(N=227)
Communication (N=226)

Ability to Listen Closely and Carefully (N=227)
Leadership(IN=226)

Ability to Deliver Messages (N=227)
Information, Media, and Technology Literacy(N=227)
Innovation(IN=227)

Ability to Apply Rules and Regulations (N=227)
Ability to Control Stress(N=227)

Management (N=227)

Ethics (N=227)

Career Development and Planning (N=227)
Collaboration (N=227)

0

=
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m very important ® important = somewhat important not very important not at all important
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Figure 2
Results of importance perceptions (Q1: Male)
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Figure 3
Results of importance perceptions (Q1: Female)
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Table 3
Comparison of positive responses to Q1 by gender
All Respondents Male Female
Positive % Positive % Positive %
Response Response Response
N N N
Executing plans 218 96.0 Executing plans 163 95.3 Executing plans 55 98.2
Ability to detect 217 95.6  Ability to detect 163 95.3 Expertise (general) 54 96.4
issues issues
Creativity 215 94.7 Creativity 161 94.2 Ability to detect 54 96.4
issues
Expertise 212 93.8 Expertise (general) 158 92.9 Creativity 54 96.4
(general)
Flexibility 207 91.2 Ability to grasp 157 91.8 Flexibility 51 91.1
situations
Ability to grasp 204 89.9 Flexibility 156 91.2 Critical thinking 48 85.7
situations
Critical thinking 197 86.8 Critical thinking 149 87.1 Ability to deliver 48 85.7
messages
Initiative 190 83.7 Initiative 146 85.4 Communication 47 83.9
Ability to 190 83.7 Ability to influence 146 85.4 Ability to listen 47 83.9
influence others others closely and
carefully
Communication 190 841 Communication 143 84.1 Ability to grasp 47 83.9
situations
Ability to listen 184 81.1 Leadership 140 82.4 initiative 44 78.6
closely and
carefully
Leadership 179 79.2  Ability to listen 137 80.1 Ability to influence 44 78.6
closely and carefully others
Ability to Deliver 179 78.9 Information. Media. 133 77.8 Ethics 44 78.6
Messages and Technology
Literacy
Information, 173 76.2  Ability to deliver 131 76.6 Innovation 43 76.8
media, and messages
technology

literacy
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Table 3 continued

All Respondents Male Female
Positive % Positive % Positive %
Response Response Response
N N N
Innovation 172 75.8 Innovation 129 754 Career 41 73.2
development and
planning
Ability to apply 163 71.8 Ability to control 125 73.1 Information, media, 40 714
rules and stress and technology
regulations literacy
Ability to control 161 70.9 Ability to apply 124 72.5 Leadership 39 69.6
stress rules and
regulations
Management 156 68.7 Management 121 70.8 Ability to apply 39 69.6
rules and
regulations
Ethics 156 68.7 Ethics 112 65.5 Ability to control 36 64.3
stress
Career 150 66.1 Career development 109 63.7 Management 35 62.5
development and and planning
planning
Collaboration 138 60.8 Collaboration 105 61.4 Collaboration 33 58.9
Table 4
T-Test Results for Students” Ratings of STEM Competency Elements by Gender
Male Female ; df
Mean (SD) Mean (SD)
Expertise (general) 4.49(0.690) 4.66(0.695) -1.56 224
Leadership * 4.12(0.841) > 3.91(0.815) 1.61 224
Management 3.96(0.839) 3.86(0.923) 0.813 225
Information, Media, and Technology Literacy 4.11(0.778) 3.93(0.871) 1.48 225
Initiative * 4.33(0.719) > 4.14(0.903) 1.61 225
Ability to Influence Others 4.26(0.697) 4.18(0.876) 0.686 225
Executing Plans 4.61(0.577) 4.66(0.668) —0.505 225
Ability to Detect Issues 4.63(0.573) 4.66(0.695) —0.313 225
Creativity 4.58(0.602) 4.59(0.708) —0.0464 225
Critical Thinking 4.33(0.695) 4.30(0.829) 0.265 225
Collaboration 3.75(0.951) 3.68(0.855) 0.530 225
Communication 4.21(0.786) 4.27(0.842) —0.455 224
Innovation 4.07(0.816) 4.04(0.830) 0.273 225
Ability to Deliver Messages 4.16(0.863) 4.34(0.837) -1.37 225
Ability to Listen Closely and Carefully 4.22(0.786) 4.32(0.855) —0.849 225
Flexibility 4.51(0.689) 4.52(0.831) —0.0812 225
Ability to Grasp Situations 4.42(0.701) 4.48(0.874) —-0.582 225
Ability to Apply Rules and Regulations 4.00(0.927) 4.04(0.953) —0.249 225
Ability to Control Stress** 4.07(0.905) >  3.79(0.889) 2.05 225
Ethics ** 3.80(1.07) < 4.14(0.903) -2.19 225
Career Development and Planning 3.78(0.957) 3.86(0.749) —0.640 119

Note. * :p < .1; #*:p < .05
3.2. Course of Study Effects on Ability Elements Ratings

Figure 4-8 present the students’ responses to Q1 by major course of study. Table 5 summarizes the
results of the comparison by the number of respondents who responded positively to an item,
rating it as important or very important.

Although there were variations in the number of items that received 90% or more positive
responses in each major fields (mathematics: 5, physics: 4, chemistry: 7, biology: 6, geology: 8) and
the number of items that received 80% or more positive responses (mathematics: 8, physics: 10,
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chemistry: 15, biology: 10, geology: 17), when the top five items were compared, three items
(Expertise (general), Executing Plans and Ability to Detect Issues) were common to all major
course of studies, and Creativity was common to four major course of studies (mathematics,
physics, chemistry, and geology). No significant differences were found among the respondents
according to their majors, which is consistent with Aikawa’s (2007) finding that the fields of study
that make up the STEM HR community are part of the same cultural sphere. Thus, it is possible to
examine competency elements as part of the cultural sphere of the STEM HR community because
the different disciplines appear to give similar emphasis to each ability elements of STEM

competency.

Figure 4

Results of importance perceptions (Q1: Mathematics)
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Figure 6
Results of importance perceptions (Q1: Chemistry)
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Figure 7
Results of importance perceptions (Q1: Biology)
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Figure 8
Results of importance perceptions (Q1: Geology)
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Table 5
Comparison of positive responses to Q1 by major
All Respondents Mathematics Physics Chemistry Biology Geology
Positive Positive Positive Positive Positive Positive
Response % Response %  Response % Response %  Response % Response %
N N N N N N
Expertise (general) 212 93.8 46 93.9 46 92.0 45 97.8 41 91.1 34 94.4
Leadership 179 79.2 34 69.4 38 77.6 43 93.5 31 68.9 33 89.2
Management 156 68.7 31 63.3 33 66.0 33 71.7 29 64.4 30 81.1
Information, media, 173 76.2 37 755 34 68.0 35 76.1 35 77.8 32 86.5
and technology
literacy
Initiative 190 83.7 42 85.7 41 82.0 41 89.1 35 77.8 31 83.8
Ability to influence 190 83.7 41 83.7 41 82.0 39 84.8 39 86.7 30 81.1
others
Executing plans 218 96.0 47 95.9 45 90.0 46 100.0 44 97.8 36 97.3
Ability to detect 217 95.6 48 98.0 46 92.0 43 93.5 44 97.8 36 97.3
issues
Creativity 215 94.7 49 100.0 47 94.0 45 97.8 39 86.7 35 94.6
Critical thinking 197 86.8 39 79.6 42 84.0 40 87.0 42 93.3 34 91.9
Collaboration 138 60.8 28 57.1 31 62.0 29 63.0 25 55.6 25 67.6
Communication 190 84.1 38 77.6 39 78.0 43 95.6 35 77.8 35 94.6
Innovation 172 75.8 35 714 33 66.0 39 84.8 34 75.6 31 83.8
Ability to deliver 179 78.9 36 73.5 36 72.0 39 84.8 36 80.0 32 86.5
messages
Ability to listen 184 81.1 35 714 41 82.0 38 82.6 39 86.7 31 83.8
closely and carefully
Flexibility 207 91.2 45 91.8 43 86.0 43 93.5 42 93.3 34 91.9
Ability to grasp 204 89.9 44 89.8 44 88.0 41 89.1 41 91.1 34 91.9
situations
Ability to apply 163 71.8 36 73.5 31 62.0 35 76.1 30 66.7 31 83.8
rules and
regulations
Ability to control 161 70.9 33 67.3 36 72.0 36 78.3 28 62.2 23 62.2
stress
ethics 156 68.7 33 67.3 36 72.0 36 78.3 28 62.2 23 62.2
Career development 150 66.1 30 61.2 30 60.0 40 87.0 24 53.3 26 70.3

and planning
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3.3. Effects of Students’ Learning Motivation for Competency in Each Ability Elements

Figure 9 summarizes the results of the Q2 responses with the items listed in order starting with
item with the highest number of positive responses related to the degree to which they would like
to improve their ability in a given skill (much or very much). Only four items received more than
80% positive responses, suggesting that the respondents rated their desire to grow in ability
elements as low since about half of the items in Q1 received more than 80% of positive responses.
It is possible that the low rating is due to a lack of motivation to improve on ability elements or
that they already rated themselves as having a sufficiently high level of competence in ability
elements.

This study targeted first-year university students who are building up their learning at
university, including their professional studies. The results of this study are consistent with the
results of METI (2010), which reported that while learners have low awareness of social skills, such
as those listed as ability elements, companies and other social organizations recognize that they are
lacking in college students. Thus, increasing students’” STEM competencies is essential for future
success in STEM HR, and it is critical to address their development in curricula and educational
programs. As mentioned in Horie et al. (2007), it is crucial to be aware of the importance of ability
elements and high motivation to learn to enhance the ability. For this reason, correlation analysis
was conducted based on the responses to Q1 and Q2 to confirm the perception of learning about
ability elements in the first year of university.

Figure 9
Results of learning motivation perceptions (Q2: All respondents)
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Table 6 presents the correlation analysis findings. In the correlation analysis of the importance
of mastering the STEM competencies, all items showed a positive correlation (7 items positive, 14
items weakly positive). In the data on Japanese students, there is a positive correlation between
competency elements and motivation for growth, indicating that students themselves want to
improve these competency elements in the future.
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Table 6
Correlation analysis between perception of importance and learning motivation

N T N r
Expertise (general) 226 .269 ** Communication 226 386 **
Leadership 226 434 ** Innovation 227 403 ***
Management 227 414 **  Ability to Deliver Messages 227 359 ***
?j:;;‘;?:;;‘ﬁfgf;‘y and 227 388 **  Ability to Listen Closely and Carefully 227 .398
Initiative 227 326 ***  Flexibility 227 273
Ability to Influence Others 227 .383 ***  Ability to Grasp Situations 227 309 **
Executing Plans 227 350 ***  Ability to Apply Rules and Regulations 227 486 ***
Ability to Detect Issues 227 298 ***  Ability to Control Stress 227 360 ***
Creativity 227 296 ***  Ethics 227 485 ***
Critical Thinking 227 374 ***  Career Development and Planning 227 553 ***
Collaboration 227 463 ***

Note. #xx:p < .001

This result differs from METI (2010) finding of low motivation to learn social skills and low
importance ratings for both. Students in STEM fields are less motivated to grow in social skills but
positively correlate with perceived importance. Although students in STEM fields are less
motivated to succeed in social skills, they are positively correlated with their perception of the
importance of these skills, suggesting that they have less motivation to learn to increase their
ability elements. Horie et al. (2007) states that learning motivation is the foundation of innovation.
To increase the ability elements examined in this study, it is crucial to start by changing the
students' self-evaluation of ability elements, since they rated the importance of ability elements
very high.

4. Conclusions

This study summarized the perceptions of first-year university students studying STEM fields in
Japan regarding ability elements as relevant components of STEM competency. The results
showed that awareness of importance was very high, with five of the 21 items scoring over 90%
and 11 items scoring over 80%. On the other hand, only four things out of 21 had positive
responses of 80% or more for learning motivation. In the gender comparison of the perceived
importance of ability elements ratings, significant differences were found for four items, and only
"Executing Plans" matched the rankings for positive responses. Males believe that it is crucial for
STEM HR to take leadership and initiative toward others and control stress well. On the other
hand, females emphasize communication skills to cooperate with others and believe that a high
sense of ethics is necessary to achieve this. On the other hand, comparisons by major fields of
study showed no significant differences among the respondents according to their majors. In other
words, although the academic disciplines are different, they can be grouped as STEM fields and
can be considered the same cultural sphere. Based on the results of this study, it is possible that
developing curricula and educational programs for STEM competencies, including ability
elements, with a focus on gender differences, will have a higher educational effect than developing
curricula and educational programs based on consideration of each STEM major.

As for learning motivation, although growth motivation was low, as in previous studies (e.g.,
MET], 2010), it was positively correlated with perceived importance, suggesting that students have
low motivation to learn to increase their ability elements. It is possible that these students were a
lack of motivation to improve on ability elements or that they already rated themselves as having a
sufficiently high level of competence in ability elements; however, all of them are related to the
student's self-evaluation, awareness, and perception. Developing of learning motivation of STEM
competency is important. Therefore, since they recognize the importance of STEM competency
itself, it is possible to create programs that encourage students to change their self-assessment and
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increase their motivation to learn; it will lead to an increase in the STEM competency of STEM HR
community students to a higher level.

4.1. Limitations and Future Research

This study was conducted with a relatively small sample of Japanese university students; a survey
with a more significant number of students is needed. Furthermore, it would be valuable to
compare these findings with those from other countries to assess whether there are, in fact,
cultural impacts on perceptions of STEM and its importance. Because I aimed to construct a
competency model applicable across the international STEM HR community, such cross-national
comparisons will broaden the model’s applicability. In the future, I believe that a competency
model that is tailored to the characteristics of the STEM HR community will be eventually
extracted.

Note. This study is based on international conference post-proceedings (Kuroda, 2020a; Kuroda,
2021) as well as partly on Kuroda (2020b), which my doctoral thesis, with additions and
corrections.

Funding: No funding source is reported for this study.

Declaration of interest: No conflict of interest is declared by author.
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