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Enhancing Teachers’ Intercultural Awareness and Understanding 

of Human Centered Design through a Unique Research 

Experience for Teachers 

 

Introduction 

In 2019, the University of Dayton (UD) and Central State University (CSU) received a three-

year collaborative National Science Foundation Research Experience for Teachers (NSF RET) 

grant entitled Global STEM - Appropriate Technology for Developing Communities (Global 

STEM).  The overarching objective of this grant was to provide a transformative community 

engaged engineering research and design experience for current and future teachers that 

increased their intercultural awareness and exposed them to the integrative nature of engineering 

and the social impact that engineering has on our world.  The community engaged engineering 

and research experiences were thematically centered on human-centered design and appropriate 

technology for emerging economies.  

This professional learning experience for teachers was intended to provide the teachers with the 

tools and knowledge to foster more inclusive STEM classrooms where all students have 

equitable access to STEM education and inspiration. The rationale for the focus of this project 

stems from two key needs: (1) the well-documented necessity for increased diversity and 

participation in STEM fields, especially engineering, and (2) the imperative for teachers to 

develop intercultural competence to effectively educate an increasingly diverse K-12 student 

body.   

A community engaged learning (CEL) approach was taken in this project based on the work of 

Farinde, Tempest and Merriweather (2014) who report that careers with perceived high levels of 

community engagement may be more attractive to African American, Latino/Latina, Native 

American and females. CEL in STEM has been found to be highly effective at helping 

participants understand how STEM careers, particularly engineering, can have a high level of 

community engagement, can be used to help humanity, require creativity and can be a highly 

personally rewarding career (Ferinde, Tempest & Merriwether, 2014, Zarske, Schnee, Bielefeldt 

& Reamon, 2013, Committee on Public Understanding of Engineering Messages, National 

Academy of Engineering, 2008, Swan, Peterson & Bielefeldt, 2014).  Furthermore, Zarske, et al. 

(2013) found that project-based service-learning design experiences significantly impact the 

identity and self-efficacy of women and minority students when compared to Caucasian males. 

In addition to these educational benefits, CEL is also effective in developing the intercultural 



 

 

competence of the participants (Campus Compact, 2017 Palpacuer-Lee & Curtis, 2017, Walters 

&Nwagwu, 2019). 

Creating Equitable and Inclusive STEM Classrooms 

It is well established that a strong and diverse Science, Technology, Engineering and 

Mathematics (STEM) workforce is critical to the United States (US) economy, national security 

and the health and well-being of our nation and world.  STEM professionals drive innovation and 

technological advancements that fuel economic growth and global competitiveness and address 

critical issues such as climate change, prevention and treatment of disease, and access to clean 

drinking water, among others. (Brahm, 2021, Cummings, Wells & Trump, 2024, National 

Science Board (NSB), National Science Foundation (NSF), 2021, Sorensen, 2021).  For 

example, STEM jobs support approximately 70% of the US Gross Domestic Product (GDP), 

contribute approximately $2.3 trillion in annual federal tax revenue and generate high-earning 

potential (Cogent Infotech, 2024; Consortium of Social Science Associations, 2023). STEM 

professionals are essential to advancing technological and defense system superiority and 

addressing complex global challenges that threaten national safety and security (Brahm, 2021).  

Further, they play a crucial role in developing innovative solutions to public health challenges as 

exemplified during the COVID-19 pandemic where STEM professionals designed and 

distributed personal protective equipment and vaccines and made significant advancements in 

telemedicine, predictive models and diagnostic tests (Braund, 2021, Fork & Koningstein, 2021).  

Unfortunately, the US is falling behind in STEM fields, a trend exacerbated by equity gaps in K-

12 and higher education. The US no longer leads in science and engineering research 

publications or patents, and it graduates fewer STEM Ph.D.’s compared to countries like China 

(National Science Board, National Science Foundation, 2021, Zwetsloot, et al, 2021). These gaps 

begin early, with significant disparities in STEM education outcomes among students of 

different races and socioeconomic backgrounds. For instance, only 81% of African American, 

and 83% Hispanic students graduate high school on time, compared to 90% of white students 

(National Center for Education Statistics, 2024). These disparities continue into higher 

education, affecting the diversity and talent pool in STEM fields. The implications of this are 

profound as diversity in the STEM workforce is essential for fostering innovation and driving 

economic growth. A diverse workforce brings a wide range of perspectives, ideas, and problem-

solving approaches, which can lead to more creative and effective solutions to complex problems 

(Jones, Chirino & Wright, 2020, Madhi & Hudin, 2020, Solheim, 2022, NSF, 2024). According 

to the National Science Foundation, diversity is America's unique advantage in science and 

technology, as it leverages different backgrounds, experiences, and viewpoints to enhance 

problem-solving and discovery (National Center for Science and Engineering Statistics, 2023). 

Additionally, STEM jobs are associated with higher wages and lower unemployment rates, 

making equal access to these opportunities crucial for economic equity. Therefore, addressing 

these equity gaps is crucial for ensuring the U.S. remains a global leader in STEM and maintains 



 

 

its economic and security advantages (Brahm, 2021, Madhi & Salleh, 2021, National Science 

Board, National Science Foundation, 2021). 

Increasing the number of students interested in and academically prepared for STEM, 

particularly those from underrepresented or underserved groups, is a complex and multifaceted 

challenge. This challenge encompasses external factors such as access to educational 

opportunities, quality instruction, and advanced coursework, as well as intrinsic psychological 

factors such as identity, self-efficacy, sense of belonging, and value perception (Allen, 2022; 

Anderson & Ward, 2014; Collins, 2018; Kricorian, Seu, Lopez, Ureta & Equils, 2020; Jackson, 

Mohr-Schroeder, Bush, Maiorca, Roberts, Yost & Fowler, 2021). The interconnected external 

and intrinsic factors shaping a student’s interest in and preparedness for STEM careers are 

influenced by multiple aspects of the student’s identity and life, as well as entrenched cultural, 

racial, and gender stereotypes related to STEM and perceptions of who can succeed in these 

fields (Allen, 2022; Bryan & Allexsaht-Snider, 2008; Farinde & Lewis, 2012; Killpack & Melon, 

2016; Tytler, 2014). Educational inequities further complicate this issue, as disparities in school 

funding, quality of instruction, and availability of advanced coursework disproportionately affect 

students from marginalized communities (Coley, et al, 2024). Addressing these inequities is 

essential to fostering a more inclusive and diverse STEM workforce.  

In addition to providing the academic preparation students need to be successful in STEM, 

teachers play a significant role in helping students develop an awareness of and interest in 

different STEM career opportunities (Maltese, Melki & Wiebke, 2014; Vedder-Weiss & Fortus, 

2012). Further teachers impact student’s self-efficacy, STEM identity, sense of belonging, and 

outcome expectations which can influence the student’s choice to pursue STEM courses and 

careers (Allen, 2022; Bryan & Guzey, 2020; deBrey, Musu, McFarland, Wilkinson-Flicker, 

Diliberti, Zhang, Branstetter & Want, 2018; Tytler, 2014). However, integrating STEM into 

classrooms poses significant challenges for many teachers. These challenges range from the 

necessity of adapting pedagogical approaches to fit STEM instruction, to facing curricular 

limitations and structural obstacles within schools, such as rigid class schedules and insufficient 

administrative and financial backing. Some teachers have low self-efficacy related to STEM 

content or career knowledge, making them hesitant to integrate STEM into their classrooms. 

Teachers also encounter student-related hurdles, such as a lack of interest or confidence in 

STEM subjects (Bryan & Guzey, 2020; Margot & Kettler, 2019). These barriers collectively 

hinder teachers’ ability to effectively introduce and engage students in STEM, ultimately 

impacting the students' exposure, interest, and preparation in these vital fields. 

These barriers and challenges are compounded by the fact that teachers have biases and 

stereotypes at the same level as the rest of the American population. These biases can 

significantly impact student engagement and career choices. Research has shown that biases and 

stereotypes held by teachers can influence their recommendations for students' career tracks. For 

example, teachers may unconsciously view certain occupations as "more masculine" or "more 



 

 

feminine," which can steer students toward or away from specific fields. This can lead to gender 

imbalances in fields like STEM, where female students are often underrepresented. Additionally, 

teacher biases can affect students' academic performance and self-esteem, further influencing 

their career aspirations. Therefore, addressing these biases through awareness and training is 

crucial for creating a more equitable educational environment (Allen, 2022; Carlana, 2022, de 

Brey, Musu, McFarland, Wilkinson-Flicker, Diliberti, Zhang, Branstetter & Wang, 2019; Starck, 

Riddle, Sinclair & Warikoo, 2020, Varthana, 2023). 

Classroom bias is particularly concerning considering the changing demographics of the US 

which will lead to even more diverse classrooms in our schools (Passel & Cohn, 2008). If the US 

is to reestablish itself as a leader in STEM and meet future workforce needs, it needs to ensure 

that all students are inspired in STEM, that equity gaps are closed with regard to students’ access 

to high-quality STEM experiences, and that the nation taps into the innovation, creativity, and 

brilliance that can only be realized through diversity of thought and perspectives (Allen, 2022; 

Jones, 2020; National Center for Science and Engineering Statistics [NCSES], 2023). This can 

only be achieved if teachers are provided with opportunities to increase their cultural competence 

allowing them to address implicit bias and stereotypes in their classrooms (Howard, Overstreet, 

& Ticknor, 2020; DeJaeghere & Cao, 2009). 

Increasing cultural competence in teachers is crucial to fostering an inclusive and effective 

learning environment. When teachers understand and appreciate the diverse cultural backgrounds 

of their students, they can create a classroom atmosphere where all students feel valued and 

respected. This not only enhances student engagement and academic outcomes but also promotes 

social cohesion and prepares students for a globalized world. According to Hammer (2015), 

intercultural competence is defined as “the capability to shift one’s cultural perspective and 

appropriately adapt behavior to cultural differences and commonalities” (p. 483). Teachers who 

possess a high level of intercultural competence adopt an asset-based approach towards cultural 

differences (Pierre, Rathee, & Rathee, 2021). Okken et al. (2015) identify three key 

competencies of intercultural competence for teachers: foundational, facilitation, and curriculum 

design. These competencies encompass behaviors such as openness, social initiative, 

differentiation, communication skills, student-centered learning, creativity, and classroom 

management (Okken, Jansen, Hofman, & Coelen, 2022). If teachers are provided the opportunity 

to enhance their cultural competence and STEM knowledge and awareness, they can more 

equitably teach and inspire a more diverse student body to consider STEM as a viable career path 

(Jackson, Mohr-Schroeder, Bush, Maiorca, Roberts, Yost, & Fowler, 2021, Tehee, Isaacs, & 

Domenech Rodríguez, 2020). 

Professional Learning for Teachers 

As discussed above, in order to grow a diverse STEM workforce, teachers need to develop a 

better understanding of STEM careers, concepts and pedagogical strategies as well as develop 



 

 

their cultural competence to create more inclusive classrooms. There have been concentrated 

efforts over the past several decades to improve teachers’ skills and confidence in teaching 

STEM subjects. One longstanding effort is the National Science Foundation’s Research 

Experience for Teacher’s program which started in the 1990’s.  This program provides grant 

funding to colleges, universities and other organizations that expose the teachers to authentic, 

hands-on research and engineering experiences under the mentorship and guidance of a faculty 

member or researcher. The goals of the NSF RET program are to provide teachers with STEM 

insights and practical knowledge that they can bring back to their classrooms, enriching their 

teaching and inspiring their students. The RET program also aims to foster long-term 

collaborations among universities, community colleges, school districts, and industry partners, 

creating mutually beneficial partnerships to help the teachers develop a deeper understanding of 

STEM content and pedagogy (NSF, 2024b). Teachers who participate in RET programs report 

increased confidence in their teaching abilities, a better understanding of the engineering design 

process, and an enhanced ability to integrate real-world applications into their lessons. 

Additionally, these programs often lead to the development of professional networks and support 

systems that are invaluable for ongoing professional growth. As a result, RET programs not only 

improve teachers' content knowledge but also their pedagogical skills, ultimately benefiting their 

students' learning experiences and outcomes (Bowen, Shume & Kellmeyer, 2021, Margot, & 

Kettler, 2019, Sungur, Saylan, Ates & Garzon, 2023, Klein-Gardner, Johnston & Benson, 2012, 

Pop, Dixon & Hogue, 2020, Nichol, Crawford, Barr & Cerda, 2021). 

Several strategies have been employed to help current and future teachers develop their 

intercultural competence, with mixed results. These strategies include professional development 

workshops based on multicultural education theories and culturally supportive teaching, as well 

as short-term (2-3 weeks) and long-term (4 months to 1 year) teacher exchange or study abroad 

programs (Cushner & Chang, 2015; Okken, Jansen, Hoffman, & Coelen, 2022; He, Lundgren, & 

Pynes, 2017; Charity Hudley & Mallinson, 2017). Cushner and Chang (2015) utilized the 

Intercultural Development Inventory (IDI) to study the effectiveness of eight to fifteen-week 

international student teaching programs. Although they observed some growth in intercultural 

competence, the change was not significant. He, Lundgren, and Pynes (2017) described a 

program for experienced teachers that included a pre-departure course, a four-week program in 

China, and a follow-up curriculum design activity. While they also noted only modest growth on 

the IDI, participants showed positive changes in beliefs, insights, and teaching practices. In 

contrast, Okken, Jansen, Hoffman, and Coelen (2022) found that international experiences 

significantly enhanced teachers' intercultural competence using different assessment strategies. 

Similarly, Charity Hudley and Mallinson (2017) reported that their professional development 

workshops effectively improved teachers' intercultural competence. 

 

 



 

 

Community Engaged Learning to Promote Intercultural Competence and STEM Interest 

Community Engaged Learning (CEL) is a powerful pedagogical tool that has been found to have 

numerous educational benefits (Campus Compact, 2017 Palpacuer-Lee & Curtis, 2017, Walters 

& Nwagwu, 2019). Natarajarathinam, Qiu, and Lu (2021) conducted a systematic review that 

analyzed studies on CEL programs in engineering education from 1980-2019. Their findings 

highlight the positive impact of CEL on participants' understanding of engineering's societal 

impact, increased interest in engineering careers, and enhanced cultural competence. Similarly, 

in a study conducted by Goggins and Hajdukiewicz (2022) on the impact of 300 CEL 

engineering projects, they found that engagement in these projects helped participants recognize 

the long-term value of engaging with community partners, understand their future role as 

engineers, and develop cultural competence. In a book chapter by Swan and Bielefeldt (2015), 

the authors discuss the rapid increase in local and global CEL experiences in engineering 

education. This chapter highlights the positive impacts on student attitudes and identity, as well 

as the development of cultural competence through engagement with diverse communities. 

Mathais & Madhavan (2023) discuss how CEL in engineering can deepen understanding 

between engineers and communities and improve the impacts of engineering projects. It also 

emphasizes the need for engineers to engage with communities in human-centered design to 

avoid unintended negative consequences. 

Program Description 

The objectives of the Global STEM project were that over a three-year period, 36 current and 

future teachers would: 

(1) Transfer applied engineering design and research activities to their classrooms and 

develop and disseminate new curricular or learning modules associated with these 

activities. 

(2) Attain new knowledge of engineering disciplines and careers, have a deeper 

understanding of how engineering can be used to serve the local and global community, 

and gain a new appreciation for the value of diverse team-based learning environments. 

(3) Develop greater intercultural self-awareness and an understanding of how cultural norms 

affect engineering design and the adoption of engineering innovations. 

(4) Along with university research mentors, benefit professionally through development 

activities integrated in the RET programming.   

The Global STEM program welcomed its first cohort in 2019, pausing for two years because of 

travel and other restrictions due to the COVID-19 pandemic.  The first cohort completed their 

immersion in 2022, and the second and third cohorts completed theirs in 2023 and 2024, 

respectively.  The Global STEM program had five distinct components: (1) Intercultural 

competence and travel preparation; (2) Appropriate technology related research and/or human-

centered design that supports the work of an international community partner under the 



 

 

mentorship of a faculty member at one of two regional universities; (3) On-site work at the 

international community partner’s facility; (4) Two-week intensive curriculum development with 

the participant cohort under the guidance of a curriculum coach; and (5) Follow-on programming 

that includes continued research with a faculty member as well as piloting, revising, and final 

submission of curriculum to TeachEngineering. In the final year, an intensive research week was 

added to the program to enhance the participant’s exposure to human-centered design. 

Although the specific schedule varied with each cohort, participants were recruited in the fall and 

engaged in monthly half- to full-day orientation and professional learning sessions January 

through May. In order to ensure that this program employed research based best practices related 

to international immersions and fair-trade learning, it partnered with Greene County Career 

Center to develop and facilitate participant pre-departure sessions that included cultural 

orientation, intercultural competence development sessions, health, safety and travel information 

and technical preparation (Hargman, Paris, & Blache-Cohen, 2014; Lough & Toms, 2018). 

Additionally, Cohorts 2 and 3 participants and program facilitators engaged in the Global Up 

Global Competence Certificate (GCC) online learning opportunity offered through AFS 

Intercultural Programs (https://afs.org/Certificate) before, during and after the participants’ two 

to three-week international or domestic immersion. All the technical preparation was centered 

around concepts of human-centered design and appropriate technology. Cohorts 1 and 2 engaged 

with their faculty mentors on engineering design and research experiences related to the United 

Nations Sustainable Development Goals (https://sdgs.un.org/goals) that aligned with the work of 

their community partner placements before and after their immersion. Based on feedback 

provided by the participants, an adjustment was made for Cohort 3 where the participants were 

exposed to multiple different human-centered design and research experiences with faculty 

mentors through activities facilitated during the pre-departure and follow-on professional 

learning sessions. Further, an intensive Research Week was added for Cohort 3 where the 

participants were engaged in additional human-centered engineering design and research 

experiences hosted at both university campuses as well as at the Greene County Career Center.   

In late June to early July, the Global STEM participants engaged in their international or 

domestic immersion with their community partner for two to three weeks. For Cohorts 1 and 2, 

the participants traveled internationally or domestically individually or in small groups to their 

assigned community partner sites for two to three weeks, where they engaged in engineering 

research and design activities. Cohort 3 participants travelled as a large group to a single site 

where they engaged with their community partner for three weeks.   

Upon their return, the participants engaged in an intensive, two-week curriculum development 

workshop under the guidance of a curriculum coach. During the school year, the in-service 

teachers piloted their curriculum in their classroom and worked with the curriculum coach to 

revise, edit and submit their curriculum for publication to TeachEngineering. Further, Cohorts 1 

and 2 participants continued to engage with their faculty mentors, and Cohort 3 engaged in 

https://afs.org/Certificate
https://sdgs.un.org/goals


 

 

facilitated human-centered engineering design and research experiences and activities. The 

program concluded with participants providing oral and poster presentations to summarize their 

engineering and intercultural experiences as well as how they brought these experiences back to 

the classroom through the development of curriculum and activities.    

 Participants: 

Over the course of the three-year program a total of 31 teachers and pre-service teachers engaged 

in the program as shown in Table 1.   

 

Table 1 - PROGRAM NAME Participant Placements 

Partner 

Organization Location Engineering Project

Number of 

Participants Year(s)

Etta Projects Bolivia

Engineering design of dry, 

ecological bathrooms, and use 

of medicinal plants, and 

aquaponics. 2 2023

United Rehabilitation 

Services Dayton (US)

Analysis and use assessment of 

assistive and educational 

devices. 1 2023

Alhassan Foundation Egypt

Design of personalized 

wheelchairs for differently abled 

persons. 2 2023

Academic City Ghana

Sustainable engineering design 

for waste management using 

laser printing and 3D printing 4 2023

SELCO Foundation India

Engineering solutions for 

energy independence to 

improve health and livelihood in 

marginalized communities. 4

2022 and 

2023

Vision Empower India

Engineering a prototype for 

visually impaired students to 

understand shapes and line 

changes. 2 2022

Commission to Every 

Nation Guatemala

Engineering sustainable 

robotics for enhancing 

agriculture 1 2022

Burn Design Lab Washington (US)

Manufacturing efficient 

cookstoves for use in Africa 1 2023

Tandana Foundation Ecuador

Designing agricultural and 

hydraulic projects alongside 

facilitating STEM lessons in 

community schools 14 2024  

 



 

 

Methods:  

A convergent parallel mixed method (Creswell & Plano, 2007) was the research design of choice 

for the evaluation as it meets the Joint Committee on Standards for Educational Evaluation 

(Yarbrough, Shula, Hopson, & Caruthers, 2010). Quantitative and qualitative data were collected 

during each year and weighted equally. The two data types collected documented and assessed 

successes and challenges for each cohort.  

Quantitative assessment data from the Intercultural Development Inventory (IDI) and 

Intercultural Effectiveness Scale (IES) were analyzed as matched pair t-tests to determine if there 

were any significant differences in pre- and post-data. Cohort 1 had a two-year gap between the 

pre and post assessments due to the pause from COVID-19 from March 2020 to 2022. Cohorts 2 

and 3 participants completed both the IDI and the IES at the start of the program in January and 

then again in July after returning from their immersion. 

The IDI is a statistically reliable and cross-culturally valid measure of intercultural competence. 

It is a 50-item questionnaire with responses to statements made on a five-point agree-disagree 

scale. It has been psychometrically tested and determined to be a robust cross-culturally 

generalizable, valid and reliable assessment of an individual’s or group’s core orientations 

toward cultural difference (Hammer, 1999, 2007, 2009; Hammer et al., 2003; Paige, Jacobs-

Cassuto, Yershova, & DeJaeghere, 2003). Validation of the IDI is based on confirmatory factor 

analysis, reliability analysis, and construct validity tests. The IDI offers three measures. The first 

is the Perceived Orientation (PO), or where an individual believes they fall on the continuum.  

The second is the Developmental Orientation (DO), or where the individual’s answers on the IDI 

indicate where they actually are on the developmental continuum, Figure 1.  The difference 

between these two numbers is called the Orientation Gap (OG).  

 

Figure 1.  IDI developmental continuum. 

The IES was developed and validated to measure an individual’s behavioral ability or 

intercultural effectiveness in intercultural interaction.  Based on a review of global leadership 

competencies, the IES is used in contexts such as those found in many educational settings, 

where economy and ease of administration are critical program elements.  The IES (Mendenhall, 



 

 

Stevens, Bird, Oddou & Osland, 2011) consists of three domains: Continuous Learning, 

Interpersonal Engagement, and Hardiness. Each of these competencies can be broken down into 

sub-competencies, which are important aspects of intercultural competency.  Factor analysis for 

each subscore grouping resulted in a coefficient alpha reliability of between 0.79 to 0.84 

(Mendenhall, Stevens, Bird, Oddou & Osland, 2008).    

Qualitative audio data from surveys and interviews were collected throughout the year. 

Participant interviews were transcribed and coded using a constant comparative analysis (Guba 

& Lincoln, 1994) based on themes predetermined according to project objectives as well as 

themes that emerged during the analyses, such as online resources, content usefulness, time 

commitment, and activities in class. Similar analyses were implemented for the participant online 

surveys. Trustworthiness methods (Shenton, 2004) were included in the analyses such as 

member checks, literature reviews, research journal entries, and triangulation to limit any aspects 

of biases during the analyses.  Questions for surveys and the interview were developed 

collaboratively with the RET program team. 

Results and Discussion: 

The Global STEM project was successful in providing 27 teachers with a transformative 

summer experience(s) centered on human-centered design and appropriate technology for 

economically developing countries. Four teachers participated in the program multiple years, 

taking leadership roles later in the program.  Thirteen lessons were successfully co-designed, 

piloted, and submitted to TeachEngineering, adding to the body engineering lessons available for 

other educators. All the lessons focused on human-centered design related activities, and many 

of these lessons included an international component. Further, most of the participants had not 

heard of the United Nations’ Sustainable Development Goals (SDG) prior to participating in this 

RET. After learning of the SDGs, many participants incorporated one or more of the SDGs in 

their lesson development. Similarly, upon returning from the immersion experience, many 

participants reported a new understanding of the social impact of engineering. For example, 

participants commented: 

 

Because, I mean, if I can take what I've learned, and what I've gathered, not just about 

culture, but how engineering, you know, it can be practical and not just, you know, the latest and 

greatest, but how we can take simple stuff and have a huge impact on the lives of people.  

 

The main focus of the engineering we saw was making it accessible… Materials needed 

to be fairly cheap and little impact on the environment.  

 

I think seeing how the projects [the community partner] are involved with changed 

people’s lives for the better, gave me a better understanding of how beneficial the engineering 

process is. Electricity is something we don't really think about, you flip the switch and the lights 

are on, but that is not the case everywhere so seeing how community's [sic] do without or how 



 

 

community's [sic] use the solar to enhance their livelihoods is what the [community partnership] 

was about.  

 

A total of 635 students were part of the pilot lessons in participants' classrooms from 18 different 

schools. Two-thirds of the schools where RET participants worked and/or piloted the lessons had 

more than 50% of the student population eligible for free or reduced lunch. One-third of the 

schools had populations of underrepresented students of 50% or more. Classrooms ranged from 

4th grade to 12th grade and included STEM fields, like science, biotechnology, and robotics, as 

well as English and Spanish.  RET participants noted high student engagement in the classrooms 

where lessons were piloted.  One participant commented: 

 

“They really enjoyed it. The kids love the cultural component of lessons like that, 

because then they can learn about different groups of people. So if you have kids 

that really aren't interested in science, but they're interested in more of the 

humanities, then you can kind of grab more of your population and get them 

interested and hooked”. 

 

Although a direct correlation can not be made at this time, the observed high level of student 

engagement with the STEM lessons developed and piloted during this RET align with the 

findings in the literature that activities with a high level of community engagement that show 

how engineering can be used to help humanity are more appealing to a diverse group of students 

(Ferinde, Tempest & Merriwether, 2014, Zarske, Schnee, Bielefeldt & Reamon, 2013, 

Committee on Public Understanding of Engineering Messages, National Academy of 

Engineering, 2008, Swan, Peterson & Bielefeldt, 2014).   

 

As described above, the IDI provides three quantitative measures to assess an individual’s or 

groups’ core orientation towards cultural difference. Outcomes from the IDI varied among the 

cohorts.  Given the unique make-up of each cohort combined with significant changes made to 

the programming and implementation of the experience, this difference is not surprising. The 

overall average PO and DO scores increased and the OG decreased, as expected. However, the 

average scores were found to fall within the same developmental orientation of Acceptance and 

Minimization, respectively. As shown in Table 2, the p-value for changes in pre to post IDI 

scores for Cohorts 1 and 2 do not represent a significant difference (p < 0.05: statistically 

significant). However, the changes in the PO and DO scores for Cohort 2 represent a significant 

difference. 

 

 

 

 

 



 

 

Table 2 – P-Value for changes in Pre/Post IDI scores 

 

 PO DO OG 

Cohort 1 0.258 0.400 0.592 

Cohort 2 0.034 0.006 0.091 

Cohort 3 0.734 0.561 0.848 

Individually, some shifts occurred in the IDI scores in each cohort. For Cohort 1, of the five 

individuals who completed the program after the pause due to COVID-19, the IDI scores for 

three participants did shift developmental levels. One participant went from a PO in Acceptance 

and DO in Minimization to a PO in Adaptation and a DO in Acceptance. This represents an 

important intercultural developmental advance. Another participant experienced a shift in their 

PO from Acceptance to Adaptation indicating a stronger desire or goal toward intercultural 

competence. A third participant experienced a DO from minimization to polarization, indicating 

a developmental regression.  Of the eleven individuals who completed the program for Cohort 2, 

the IDI scores for four participants shifted developmental levels. Three of those increased from 

polarization to minimization, denial to polarization, and minimization to acceptance, 

respectively. One participant’s developmental level decreased from acceptance to minimization. 

This same participant’s perceived orientation also decreased one level from adaptation to 

acceptance. It is not uncommon for individuals who experience a developing economic 

environment for the first time, to look more critically at their culture and experience polarization 

as reversal. Of the twelve individuals from Cohort 3 who completed the program and took both 

the pre- and post-assessment, the IDI scores for four participants shifted Developmental 

Orientations.  Three participants moved forward to a developmental level with one participant 

each moving from denial to polarization, from polarization to minimization, and from 

minimization to acceptance. One participant’s developmental level decreased from acceptance to 

minimization.   

Table 3 – Percentage of participants in each cohort that experienced developmental 

regression, advancement of whose developmental level was unchanged.    

 

 Decreased IDI Level Remained the Same Increased IDI Level 

Cohort 1 20% 40% 40% 

Cohort 2 9% 64% 27% 

Cohort 3 8% 67% 25% 

 



 

 

Results from the IES also varied across cohorts, Tables 4 and 5.  For Cohort 1, the matched-pairs 

analysis indicates there were significant differences (p < 0.05: statistically significant) in overall 

intercultural effectiveness, and on each of the three domains.  The only sub-competency that did 

now show significant difference between pre and post was in World Orientation, or the degree to 

which one is interested in other cultures and the people who live in them.  World orientation was 

the lowest sub-competency in the pre-test results.  However, the overall domain of Interpersonal 

Engagement reflected significant growth due to strong gains in Relationship Development.   

 

For Cohort 2, there were increases in each of the domains and sub-competencies, however, the 

only domain that indicates a significant difference between pre and post was in Continuous 

Learning, or how we learn about people and the accuracy of that learning.  Continuous Learning 

has two sub-competencies.  For Cohort 3, there were no significant difference between pre and 

post for any domain or sub-competency.  

 

Table 4 – P-Value for changes in Pre/Post IES results.  

 

 Cohort 1 Cohort 2 Cohort 3 

Continuous Learning 0.020 0.031 0.971 

Self-Awareness 0.024 0.057 0.219 

Exploration 0.019 0.056 0.525 

Interpersonal Engagement 0.029 0.300 0.813 

World Orientation 0.119 0.549 0.406 

Relationship Development 0.015 0.140 0.337 

Hardiness 0.013 0.144 0.488 

Positive Regard 0.005 0.096 0.994 

Emotional Resilience 0.044 0.434 0.533 

Overall IES 0.016 0.071 0.859 

 

As shown in Table 5, the pre- program IES scores for cohort 3 were the highest among the 

cohorts indicating that the Cohort 3 participants came into the program with a strong ability to 

navigate and adapt to different cultural contexts.  Cohort 1 had the lowest pre-program IES result 

and experienced the greatest amount of growth.  

 



 

 

Table 5 – RET Participant Pre/Post IES results.  

 

 Pre Post Change P-Value 

Cohort 1 3.74 5.20 1.45 0.016 

Cohort 2 5.14 5.51 0.37 0.071 

Cohort 3 5.35 5.38 0.03 0.859 

  

Participant comments regarding personal development included: 

I always felt like you know, I'm a minority, I didn't have that much room to grow. But I do. That's 

what those skills taught me. 

The most impactful thing about completing the GCC modules and the discussions is realizing 

how I have never been in a situation where I am the minority. It has given me a greater drive to 

understand what others go through. It has also made me realize that I will be put in those 

situations during my travel and I am feeling better equipped to deal with that. 

The experience and my mindset has changed and, just, open to trying new things, because I’m 

that person that if I go to a restaurant and I've never ate there before, I'm getting, like, a 

hamburger French fries. But now I'm open to actually trying different things. It was my first time 

out of the country. 

As mentioned, significant programmatic changes were made for each cohort based on feedback 

from the evaluator, facilitator and participants.  For example, the GCC was added for Cohorts 2 

and 3, but was not part of the experience for Cohort 1.  Cohort 3 travelled as a large group to a 

single immersion site, whereas Cohorts 1 and 2 travelled in small groups of two to four 

participants to multiple immersion sites.  Finally, Cohort 1 was impacted by COVID 19 which 

created a two year pause in their experience.  Similarly, the make-up of each cohort was 

impacted by individual personalities, prior experiences, varying levels of intercultural 

competence coming into the program (Table 5), and group dynamics.  These confounding factors 

make it challenging to develop conclusions regarding the impact of the RET experience on the 

cultural competence of the participants.   This observation aligns with the mixed results reported 

in the literature on the efficacy of various strategies to develop the cultural competence of 

teachers. For example, Cushner and Chang (2015) utilized the Intercultural Development 

Inventory (IDI) to study the effectiveness of eight to fifteen-week international student teaching 

programs. Similar to what was found in this study, Cushner and Chang observed some growth in 

intercultural competence, but the change was not significant. He, Lundgren, and Pynes (2017) 

report similar findings for a four-week teacher immersion program in China.  Conversely, 

Okken, Jansen, Hoffman, and Coelen (2022) found that international experiences significantly 

enhanced teachers' intercultural competence, however these authors used a different assessment 

strategy.  



 

 

Conclusions: 

The Global STEM project successfully provided 27 teachers with a transformative 

summer experience focused on human-centered design and appropriate technology for 

economically developing countries. With four teachers participating multiple years and assuming 

leadership roles, the program saw the creation and submission of thirteen co-designed lessons to 

TeachEngineering. These lessons, which emphasized human-centered design and often included 

an international aspect, significantly enriched the engineering lesson resources for other 

educators. 

 

A noteworthy outcome was that many participants, unfamiliar with the United Nations' 

Sustainable Development Goals (SDGs) before the program, incorporated these goals into their 

lesson development after the immersion experience. This immersion also led to a deeper 

understanding of the social impact of engineering among participants. High student engagement 

was reported in the 635 students who participated in pilot lessons, with one teacher highlighting 

that the cultural components of the lessons particularly captivated students with varied interests. 

 

The IDI results showed an overall increase in both Perceived Orientation (PO) and 

Developmental Orientation (DO) scores, with a decrease in the Orientation Gap (OG) across all 

cohorts, indicating growth in intercultural competence. However, due to the unique makeup and 

significant programmatic changes for each cohort, these outcomes varied. Cohort 2 showed 

significant improvements, while Cohorts 1 and 3 did not exhibit statistically significant changes. 

Individual shifts in developmental levels were observed, including advancements and 

regressions, reflecting the complex dynamics of intercultural competence development.  The IES 

results increased for each cohort. However, only cohort 1 showed significant changes from pre- 

to post across multiple dimensions.  Cohort 1 also started with a significantly lower pre IES 

score than the other two cohorts.   

 

Significant programmatic adjustments, such as the addition of the GCC for Cohorts 2 and 3 and 

varying immersion site arrangements, along with the impacts of COVID-19 on Cohort 1, 

contributed to the difficulty in drawing definitive conclusions about the RET program's overall 

impact on the participants. This aligns with mixed findings in the literature, where some studies 

report modest growth in intercultural competence, while others, using different assessment 

methods, show significant enhancements. These findings underscore the complex and 

multifaceted nature of developing intercultural competence among educators. 

 

Limitations and Future Work: 

 

In addition to significant programmatic adjustments and project delays that impacted the data 

and made it difficult to draw definitive conclusions regarding program outcomes, a small sample 



 

 

size, and significant differences in participant experiences coming into the program were also 

limitations of this study.  

 

The primary goal of this work was to provide the teachers with the tools and knowledge to foster 

more inclusive STEM classrooms.  The study focused on the impact this program had on the 

participants.   A follow-on study could be conducted to assess if  this program also impacted the 

STEM interest of the students in the participants’ classrooms.  
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