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Abstract

A collaborative effort between the Micro Nano Technology Student Scholars Research Program at
Pasadena City College and the Network for Computational Nanotechnology at Purdue University
created an undergraduate research program that invited students in STEM fields to partake in a unique
remote undergraduate research experience. In this remote environment, interaction among students and
faculty was conducted completely through online tools such as email, text messaging, and Zoom
meetings. This model requires minimal funding and eliminates geographical barriers, allowing students
throughout the United States to participate in undergraduate research opportunities without a need to
relocate.

In the 2020-21 academic year, this innovative research opportunity focused on creating distance
education STEM modules on statistical analysis and graphing, two pivotal skills needed for success in
engineering and science courses that are often neglected in STEM laboratory curricula at this level.
Remote research, coupled with outreach and mentoring of high school students, has never before been
conducted by community college students on the national scale and is a step forward in working to
promote engineering and other STEM fields collectively, while also bridging the gap between the
undergraduate research opportunities provided to community college and university students. Data will
be shared on the effectiveness of and increased student engagement created through the remote
undergraduate research experience.

Introduction

Community colleges are cost-effective and positioned to provide personalized academic experiences in
comparison to established baccalaureate universities. However, community college students are at an
acute disadvantage in terms of attaining undergraduate research experiences, which are often reserved
for elite students at baccalaureate universities [1, 2]. This disadvantage can be attributed to a lack of
funding, proper equipment, lab space, and dedicated research faculty [3-5]. In addition, research is not a
key component of community college educational master plans. Rather, the ultimate goal of community
colleges is to prepare students for transfer or employment through certified technical education
programs [6-8].

Undergraduate research has proven to be a high impact practice that helps students increase their
academic performance, build confidence, and develop critical thinking skills and STEM identity [9-11].
These traits are necessary to become a successful scientist, engineer, or educator in these fields— thus it
is imperative that research experiences are provided in the early stages of STEM students’ educational
journeys [12, 13]. Undergraduate research has also been a driving force in the pursuit of STEM equity.
Underrepresented students experience an increased success rate in STEM when participating in research
opportunities [14-17]. The lack of research opportunities in community college STEM programs inhibits
students from applying to highly competitive programs [1]. A community college student surveyed in
this work reported that they had “never even considered pursuing [undergraduate research] at this stage
in [their] education” (Student Testimonial). Students who apply but who are not selected due to their



minimal previous research experience are further discouraged. This reduces their likelihood of pursuing
other undergraduate research opportunities, which in turn diminishes their preparation when eventual
transfer occurs [18], resulting in transfer students being considerably less competitive in comparison to
their peers when seeking coveted upper-division research opportunities [19].

In recent years there has been a push to provide community college students with opportunities to
develop research skills through course-based undergraduate research experiences (CURES) or by
conducting independent research projects [20, 21]. Due to the unexpected circumstances created by the
COVID-19 pandemic, however, the education system transitioned to a remote format that could not
support many of these research opportunities. With fewer opportunities for community college STEM
students to engage in undergraduate research, an open discussion about methodologies to improve this
concerning situation is imperative.

The Micro Nano Technology Student Scholars Research Program

The Micro Nano Technology Student Scholars Research Program (MNT-SSRP) is a remote,
interdisciplinary, multi-component project, with the overall goal of increasing the number of
underrepresented students, such as African Americans, Latinx, women, and veterans, that enter the
STEM workforce. The program stemmed from Pasadena City College’s Early Career Undergraduate
Research Experience (eCURe) program and is a component of the Micro Nano Technology Education
Center (MNT-EC), which is located at Pasadena

City College and has both community college

and research university partners [22]. MNT-EC ~ Table 1: Student Demographics

is an NSF Advanced Technological Education Gender

(ATE) center dedicated to increasing Male 2

community college micro nanotechnology Female 12

programs and providing students with pathways

. ) o Other 0
to professional workforce jobs in micro ,
nanotechnology. Prefer not to specify 0

Race/ethnicity

Utilizing a remote research format provides an Hispanic/Latino 4
avenue to serve not only students at Pasadena Black/African American 1
City College, but also students at community Asian/Pacific Islander 3
colleges and high schools across the nation by White/C : 5
providing opportunities to conduct research in ] 1te_: aucasian
both the educational and the micro nano Biracial 4
technology fields. The expansion of this Other 0
program to include students located outside the Prefer not to specify 0

greater Los Angeles area allowed more

collaboration and exposed students to different

cultures and perspectives seen in different parts of the nation. This program successfully attracted a
diverse group of students in 2020-21, as shown by the Student Demographics reported in Table 1.

Students in this program believe that remote undergraduate research programs “give opportunities to
students all over the country to participate in research projects .... without having to live in the same
location”; “[collaborating] with people from different backgrounds .... enhance[s] the research process”;
and “[Diversity] is important to gain an extrinsic understanding of how our work can impact others, so

by promoting diverse collaboration, it also improves the work itself” (Student Testimonials).



The active outreach to high school students allows undergraduate community college researchers to take
on high school mentees. This serves to lessen the gap between undergraduate researchers and high
school students, who have even fewer opportunities for research. Additionally, by not requiring a
minimum GPA to join this program, the research opportunities become open to students who may have
been detrimentally impacted by their personal and socioeconomic backgrounds yet are still driven to
learn and to succeed.

This first of its kind community college research opportunity allows students to collaborate from a
number of different states, representing various ethnicities and backgrounds on projects ranging from
understanding coloration of Blue Morpho butterfly wings through natural selection, chemistry, physics,
and nanotechnology to the Student Engagement and Statistical Analysis Project, which employs at-home
labs in combination with graphing and statistical analysis using DataClassroom [23] and Python coding
in Jupyter Notebooks in nanoHUB [24] and Google Colab [25] to not only increase student engagement
in remote classes but also increase statistical analysis skills in undergraduate students, which is essential
for many STEM disciplines and technical workforce needs, yet undervalued in teaching pedagogies.

The MNT-SSRP is a community college student-led experience, providing seasoned student peer-to-
peer mentoring. In essence, community college students act as mentors, allowing the STEM faculty to
act as facilitators within the program design. In this manner, the community college mentors are
afforded the ability to practice and improve their leadership and communication skills, which are
essential for success in future education or employment endeavors after transfer. Students are granted
independence to choose when and how they conduct their research, which strengthens the critical
thinking and analysis skills necessary for them to be
competitive applicants for both future undergraduate
research opportunities at a baccalaureate-granting
institution as well as future job opportunities in the

Table 2: Program Inputs & Outcomes
Student count * 14

Primary faculty mentors " 3 STEM workforce [26]. Additionally, the MNT-SSRP

Secondary mentors 2 allows “students with multiple commitments (school,

Student mentors ) work, children, etc.)” tg condu.ct. researlel“that they

Students with Publications © 6 wou}d not have otherwise participated in” (Student
Testimonial).

Students with Presentations 7

Student Leadership Roles 7 The MNT-SSRP provides its participants with ample

*Includes only active members— does not include  opportunities to present their findings to their peers

student auxiliary members. as well as to respected experts in various fields.

® Includes program principal investigator, Purdue Students appreciate “how everyone is given an

University Educational Content Creation Manager,  opportunity to contribute their ideas and have active

and Pasadena City College statistics professor. discussions” (Student Testimonial). These

“Includes accepted and in-progress manuscripts opportunities range from oral presentations at

authored or co-authored by MNT-SSP scholars. national conferences [27-29], to posters exhibited on

a number of online platforms [30,31], to publications
that would allow them to be listed as authors in peer-reviewed journals. This extremely difficult and
distinguishable feat at the undergraduate level further sets them apart as applicants for future
opportunities. Table 2 lists the number of students in 2020-21 with publications and presentations, along
with other program inputs and outcomes.

Outreach
The MNT-SSRP places a strong emphasis on student outreach to all applicable grade levels. Although
the current circumstances caused by the COVID-19 pandemic placed obstacles to promote such a



program to students at the community college level, the faculty, staff, and program participants have
successfully recruited students from around the country to join the MNT-SSRP via online interactions.
Prior to the transition to a remote format, several program participants were invited to join the program
in person by faculty mentors— specifically, those who teach courses in chemistry, mathematics, and
computer science. Others were made aware of the program’s existence through other organizations on
their community college campuses such as the Honors Transfer Program at Pasadena City College
which advertises the MNT-SSRP as a means by which students can conduct research during their time at
Pasadena City College, for which they can earn honors credit. This credit could ultimately lead to
gaining priority admission to a number of University of California and California State University
campuses [32].

The MNT-SSRP has also been promoted by students and faculty at various local and national
conferences ranging from the Pasadena City College Pi Day Student conference to the National Science
Foundation Advanced Technological Education (NSF ATE) Principal Investigators Conference. Both
made an impact on the interest of prospective program participants. There have also been informational
meetings to which students and educators from across the country were invited. These meetings allow
the program’s faculty to share the program’s missions and they enable student scholars to share their
experiences as well as information about the projects they are currently working on. These meetings
have been vital to the program’s overall outreach efforts and have been effective in recruiting high
school students as well as students from other geographic regions such as Texas and Mississippi.
Surveyed high school students find the MNT-SSRP valuable because it allows them to “learn how to
[conduct] undergraduate research before even entering college” (Student Testimonial).

These collective outreach efforts have built an online MNT-SSRP community of 60 auxiliary members
and 20 active student and faculty members from across the country. The continuation of these outreach
efforts aims to expand this community to an international scale. This expansion would provide the
program participants with the opportunity to interact with students and faculty from different
backgrounds, cultures, and educational systems around the world, which would not only call for a
greater emphasis on collaboration in research efforts across international borders but would also allow
students to ultimately adopt a greater worldview.

Program Initiatives

The MNT-SSRP places a great emphasis on students using their voices to convey what opportunities
they would like to receive during their involvement in the program. On a survey with a 5-point rating
scale, students were asked what activities they would like to see incorporated into program meetings and
workshops sponsored by the MNT-SSRP, and their responses are shown in Figure 1.

Literature Review

Industry Talks

Student Presentations

University Research Presentations

Research Activities

1 2 3 4 5
Average Ranking out of 5

Figure 1. Programs Student Preferred in MNT-SSRP. Sample size=14. Mean rankings shown with =1 Standard
Error of the Mean..



The program prioritizes providing community college students with research opportunities, which
introduce students to novel disciplines and knowledge that facilitate their prospective journeys into
STEM fields. Thus, it was expected that research activities would be the most highly requested activity
for the MNT-SSRP, followed by university research presentations. Surprisingly, student presentations,
rather than industry talks or literature review skill development, were the next most requested. Student
presentations would allow the scholars’ peers and student mentors to share both their previous and
current work with the group, and also share their own experiences as well as advice they may impart to
their fellow students.

Developing literature review and presentation skills are both vital [33]. These results may indicate
students misunderstanding and inexperience of the research process, demonstrating the need for early
research opportunities to increase students’ familiarity with research while simultaneously building
student confidence in their ability to review literature and present research talks [34, 35]. The ability to
efficiently review literature is important for advancing students into the STEM workforce [36, 37].
Therefore, although literature reviews landed fairly low on students’ priority ratings, the program will
continue to place a strong emphasis on this topic, in addition to creating more meetings and workshops
with the three most requested activities as their main focus.

Discussion

Active members of the MNT-SSRP were asked in a survey to rank their determination of how this
program has impacted their research skills (Figure 2). This determination was prompted by questions
asking how likely they are to agree with a given statement on a rating scale of one to five.

Ability to give an effective presentation

Ability to write a proper scientific research paper

Self-confidence in the field of research

Established/strengthened a career direction

Ability to overcome obstacles during the research process

Increased preparation for success in your chosen field of study
Ability to analyze data

Readiness for higher-level research in the future

Ability to work and be a part of a collaborative effort

Understanding the scientific research process as it applies to real life
Research accessibility

Leaming to work independently on tasks and meet deadlines when needed

0 1 2 3 4
Average Ranking out of 5

Figure 2: Ranked MNT-SSP Impacts. Sample size=14. Mean rankings shown with =1 Standard
Error of the Mean..

Responses ranked the skills that surveyed students have gained throughout their participation in the
MNT-SSRP during their community college and high school experiences. The surveyed students felt
that time management skills and efficiency improved, as well as reporting having a more in-depth
understanding of the scientific research process as it applies to real life applications. From the start of
the program, an emphasis was placed on the objective of improving students’ collaborative and data
analysis skills. The students’ responses not only acknowledged this emphasis, but also affirmed the
overall effectiveness of the program’s effort.



An additional emphasis was placed on strengthening students’ abilities to construct a scientific paper
and successfully execute oral presentations, two important skills for students aiming to enter the STEM
workforce [38-40]. Many of the surveyed students have refined their writing and presenting skills,
improvements which can be attributed to the numerous local and national conferences as well as
publication opportunities they had. Students wholeheartedly agree that it is “the meticulous
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organization,” “inclusiveness,” and “flexibility,” that are core to this program (Student Testimonial).

Finally, students also reported both a notable increase in their readiness to partake in higher level
research in the future and an increase in their problem-solving skills, which are necessary throughout the
research process [41-43]. A student’s time at a community college is extremely valuable but relatively
short. During their two years at a community college, students endure the transfer process in addition to
juggling their coursework and extracurricular activities. It is a challenge for them to also take on
undergraduate research experiences.

At the end of a student’s time in community college, and with the program, if they can say that their
self-confidence in their research abilities has grown through their involvement, then the program has
served its purpose. Students self-reported an increase in their self-confidence within a few months of
participation in the MNT-SSRP. All the students active in the MNT-SSRP were awarded a summer
internship. The continuous participation in undergraduate research will further increase their
understanding of research and prepare students for graduate school or entrance into the STEM
professional workforce.

Active student scholars were also surveyed on how likely they would be to recommend the MNT-SSRP
to other STEM students looking for undergraduate research opportunities, how likely they would be to
participate in another remote undergraduate research program after their involvement in this program,
how beneficial the MNT-SSRP has been for them, and how much the MNT-SSRP increased their
engagement in STEM (Figure 3).

How likely are you to recommend this program to other
STEM students looking for undergraduate research opportunities?

How likely would you be to participate in another remote
undergraduate research program after your involvement in this one?

How beneficial has this experience been for you?

How much has the Micro Nano Technology Student Scholars program
increased your engagement in STEM?

0 1 2 3 4 5

Average Ranking out of 5

Figure 3: MNT-SSP Outcomes. Sample size=14. Mean rankings shown with 1 Standard Error of the Mean..

These questions yielded a 97.2% average likelihood that students would recommend this program to
other STEM students looking for undergraduate research opportunities, a 95.2% average likelihood that
MNT Student Scholars would participate in another remote research program after their involvement in
this one, and an 80% increase in their engagement in STEM. Additionally, the mean rank for how
beneficial the MNT Student Scholars found this program to be was 4.36 on a 5-point scale. These results
emphasize and affirm the assertions above, stressing the positive impact of remote undergraduate



research for the development of a well-rounded STEM student and highlighting the promise and
continued demand for remote undergraduate research in the future.

The Micro Nano Technology Collaborative Undergraduate Research Network (MNT-CURN)
Growing on the foundation laid by the MNT-SSRP, Pasadena City College and the MNT-EC were
recently awarded an NSF ATE grant for an academic-year remote undergraduate experience that
includes a two-week summer capstone research experience. This online research experience will involve
community college students and faculty mentors in partnership with baccalaureate research universities
and industry partners from across the nation. MNT-CURN will focus on developing micro
nanotechnology technical education skills and work with industry to support certification pathways.
Students will gain hands-on experience in conducting experiments on a weekly basis, as well as
participate in remote research group meetings, presenting their work and learning from faculty mentors
in micro nano technology. Interested students and community college faculty can contact the MNT-EC
or visit our website (micronanoeducation.org) for more information on joining this program.

Acknowledgements
This project was supported by the Micro Nano Technology Education Center (MNT-EC), NSF ATE

DUE 200028, and by the Network for Computational Nanotechnology (NCN), NSF EEC 1227110. The
opinions, findings, and conclusions or recommendations expressed are those of the author(s) and do not
necessarily reflect the views of the National Science Foundation.

References:

1. J. A. Hewlett, “Broadening Participation in Undergraduate Research Experiences (UREs): The
Expanding Role of the Community College,” CBE-Life Sciences Education, Aug. 2018.

2. G. Bangera, S. E. Brownell, “Course-Based Undergraduate Research Experiences Can Make
Scientific Research More Inclusive,” CBE—Life Sciences Education, vol. 13, no. 4, Oct. 2017.

3. V. Liu, S. Mishra, E. Kopko, “Major Decision: The Impact of Major Switching on Academic
Outcomes in Community Colleges,” Res High Educ, Sep. 2020.

4. N. Mclntyre, C. T. Amelink; J. Boker, “Positive Effects of Summer Research Program on
Diverse Community College Students,” in Institute of Electrical and Electronics Engineers
Global Engineering Education Conference, Porto, Portugal, Apr. 2020.

5. J. Gentile, K. Brenner, A. Stephens, "Undergraduate Research Experiences for STEM Students:
Successes, Challenges, and Opportunities," National Academies Press, 2017.

6. J. Roksa, “Does the Vocational Focus of Community Colleges Hinder Students' Educational
Attainment?” The Review of Higher Education, vol. 29, no. 4, 2006.

7. H. P. Johnson, “Higher education in California,” Public Policy Institute of CA, 2016.

8. J. Wyner, K. C. Deane, D. Jenkins, J. Fink. "The Transfer Playbook: Essential Practices for
Two-and Four-Year Colleges." Aspen Institute, 2016.

9. Z.Qiang, A. G. Obando, Y. Chen, C. Ye, “Revisiting Distance Learning Resources for
Undergraduate Research and Lab Activities during COVID-19 Pandemic,” Journal of Chemical
Education, vol. 97, no. 9, Aug. 2020.

10. J. Fuchs, A. Kouyate, L. Kroboth, W. Mcfarland, “Growing the Pipeline of Diverse HIV
Investigators: The Impact of Mentored Research Experiences to Engage Underrepresented
Minority Students,” AIDS and Behavior, Sep. 2016.

11. M. C. Linn, E. Palmer, A. Baranger, E. Gerard, E. Stone, “Undergraduate research experiences:
Impacts and opportunities,” Science, vol. 347, issue 6222, Fe. 2015.


https://ieeexplore.ieee.org/author/37088429769
https://ieeexplore.ieee.org/author/37992043300
https://ieeexplore.ieee.org/author/37265308100

12

13.

14.

15.

16.

17.

18.

19.
20.
21.
22.
23.
24.

25.
26.

27.

28.

29.

30.

. T.J. Wenzel, C. K. Larive, K. A. Frederick, “Role of Undergraduate Research in an Excellent
and Rigorous Undergraduate Chemistry Curriculum,” Journal of Chemical Education, vol. 89,
no. 1, 2012.

H. Walkington, “Students as Researchers: Supporting Undergraduate Research in the
Disciplines in Higher Education,” York: The Higher Education Academy, 2015.

S. Hurtado, K. M. Eagan, T. Figueora, B. E. Hughes, “Reversing Underrepresentation: The
Impact of Undergraduate Research Programs on Enrollment in STEM Graduate Programs”,
National Institute of General Medical, 2014

A. Carpi, D. M. Ronan, H. M. Falconer, N. H. Lents, “Cultivating Minority Scientists:
Undergraduate Research Increases Self-efficacy and Career Ambitions for Underrepresented
Students in STEM,” Journal of Research in Science Teaching, vol. 54, no. 2, Aug. 2016.

P. R. Hernandez, A. Woodcock, M. Estrada, P. W. Schultz "Undergraduate Research
Experiences Broaden Diversity in the Scientific Workforce," BioScience, vol. 68, no. 3, Mar.
2018.

S. E. Rodenbusch, P. R. Hernandez, S. L. Simmons, E. L. Dolan, J. Knight, “Early Engagement
in Course-Based Research Increases Graduation Rates and Completion of Science, Engineering,
and Mathematics Degrees,” CBE-Life Sciences Education, vol. 15, no. 2, Oct. 2017..

R. Youmans, 1.J. Figueora, J. T. Ramsburg, O. Kramarova, “Promoting Transfer Students’
Success via Faculty-Student Research Collaborations,” California State University, Northridge,
2013.

R. J. Frohardt, “Engaging Community College Students in Publishable Research. Frontiers in
psychology,” Frontiers in Psychology, vol. 23, Apr. 2019.

E. J. Bell, J. Bell, E. Dolan, T. T. Eckdahl, D. Hecht, P. J. Killion, “A Practical Guide to Course-
based Undergraduate Research Experiences,” University of San Diego, 2015.

J. A. Hewlett, "Undergraduate Research at the Community College: Barriers and Opportunities,"
American Chemical Society, Nov. 2016.

J. Ashcroft, J. Blatti, V. Jaramillo, “Early Career Undergraduate Research as a Meaningful
Academic Experience in which Students Develop Professional Workforce Skills: A Community
College Perspective,” American Chemical Society, 2020.

“DataClassroom,” DataClassroom. https://about.dataclassroom.com (accessed May 23, 2021).
Jupyter Notebook. nanoHUB, 2020. doi: 10.21981/W6TE-1750.
“Google Colaboratory.” https://colab.research.google.com/notebooks/ (accessed May 23, 2021).

Schmitz, H. Johnson, K. Havholm, "Undergraduate Research and Alumni: Perspectives on
Learning Gains and Post-graduation Benefits," Council on Undergraduate Research Quarterly,
vol. 35, no. 3, 2015.

S. Barber, S. Ibargiien, R. Lam, R. Luu, K. Cheung, M. Achterman, A. Leong, “Converting a
General Chemistry Class to a Remote Format: The Analysis of a Simulated Integration Using
DataClassroom, Jupyter Notebook, nanoHUB, and Canvas, in Micro Nanotechnology Education
Special Interest Group ( MNTeSIG) 2020 Live! Virtual Conference, July 2020.

S. Barber, “Remote Undergraduate Research to Increase Participation in ATE,” in Advanced
Technological Education Principal Investigators Conference (student panel), Washington, D.C,
October 2020.

S. Ibargiien, “Student Spotlight Session: Resilience and New Frontiers,” in ATE Principal
Investigators Conference (student panel), Washington, D.C., October 2020.

S. Barber, “Statistical Analysis: Building A Strong Foundation Through the Use of
DataClassroom, Excel, nanoHUB, and Canvas,” in ATE Principal Investigators Conference,
Washington, D.C., October 2020.



31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

. S. Ibargiien, “Student Engagement: Curbing the Adverse Effects of Transitioning STEM Classes
to a Remote Format,” in ATE Principal Investigators Conference,” [location = city, State],
October 2020, [Session #].

C. Carrasquillo, “In Their Own Words: High-Achieving, Low-Income Community College
Students Talk about Supports and Obstacles to their Success,” University of California, San
Diego, 2013.

Booth, Andrew, Anthea Sutton, and Diana Papaioannou. Systematic approaches to a successful

literature review. Sage, 2016
29. C. Pickering, J. Grignon, R. Steven, D. Guitart, J. Byrne, "Publishing Not Perishing: How
Research Students Transition From Novice to Knowledgeable Using Systematic Quantitative
Literature Reviews," Studies in Higher Education, vol. 40, no. 10, 2015.

A. Gaffar, A. Deshpande, W. Bandara, P. Mathiesen, "Importance of Literature Profiling: An
Archival Analysis with Illustrative Examples for IS Researchers," PACIS 2015 Proceedings:
Pacific Asia Conference on Information Systems, 2015.

W. Bandara, E. Furtmueller, E. Gorbacheva, S. Miskon, J. Beekhuyzen, “Achieving Rigour in
Literature Reviews: Insights from Qualitative Data Analysis and Tool-support,”
Communications of the Association for Information Systems, vol. 37, article 8, Aug. 2015.
N.H. Marcus, “STEM Graduate Students: Learning How to be Effective Storytellers,”
Oceanography, vol. 29, no. 1, Mar.2016 29.

V. Grech, “The Application of the Mayer Multimedia Learning Theory to Medical PowerPoint
Slide Show Presentations,” Journal of Visual Communication in Medicine, vol. 41, no. 1, Jan.
2018.

D. M. Morales, S. E. Grineski, T. W. Collins. "Increasing Research Productivity in
Undergraduate Research Experiences: Exploring Predictors of Collaborative Faculty—Student
Publications." CBE—Life Sciences Education, vol. 16, no. 3, Oct. 2017.

K. H. Yeoman, B. Zamorski, “Investigating the Impact on Skill Development of an
Undergraduate Scientific Research Skills Course,” Bioscience Education, vol. 11, issue 1, Dec.
2015.

J. Hyewon, "Identifying 21st Century STEM Competencies Using Workplace Data," Journal of
science education and technology, vol. 25 no. 2, Apr. 2016.

J. A. Phillips, J. E, McCallum, K. W. Clemmer, T. M. Zachariah, “A Problem-Solving
Framework to Assist Students and Teachers in STEM Courses,” Cornell University, Jul. 2016.
N. H. Astuti, A. Rusilowati, B. Subali, “STEM-Based Learning Analysis to Improve
Students’ Problem Solving Abilities in ScienceSubject: a Literature Review,” Journal of
Innovative Education, vol. 10, no. 1, May 2020.



