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dry leaves, trash, and food wastes in each pot rest, how high would a pot rest need to be for a 
radius of one meter?  The formula is as follows: 
 
Volume ! " #$! %#h), where 

¥! “r” is denoted for radius in meters 
¥! “h” is denoted for height in meters 

Thus, for the required volume of 3.5 cubic meters, the height of a pot rest would be around 
1.11 meters.  This was based on: 3.5 = 3.14(1)" (h).  
!
 It is important to point out that different scenarios and soil sensitivity studies were 
conducted to analyze the impacts from the amount of water used and the temperature. 
Ensuring the students’ awareness of various parameters for fertilizer was critical. See Figure 5 
for the experiment that led to the production of fertilizer and its extension in later years. An 
extension from fertilizer production was made to grow contamination-free vegetables for 
nearby shops and hotels, which generated a considerable income to the students. Through 
JFCCT’s partnership with “Spouses of Head of Mission,” the Embassy of Luxembourg donated a 
facility to the school for this purpose.   
 

Figure 5 
 

Science Experiment and Product Development for Underprivileged Students 
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 A series of workshops (sponsored and organized by JFCCT) on improving the students’ 
products (including fertilizer) was conducted in an active participatory manner with students 
and teachers. The focus of these workshops was on basic business and entrepreneurship skills, 
which included packaging, labelling, and storytelling. Involving foreign business communities 
was constructive and creative due to the sense of belonging and the high level of excitement 
for the students. Commercialization of students’ products from the science experiment was 
necessary since the students need extra income to support their daily living.  See Figure 6. 
 
Figure 6 
 

Demonstration of Product Improvement from JFCCT’s Workshops 

 

 

In general, the responses and comments from the students have been largely positive.  
They felt that they could relate the experiment with their context and situation. They could 
connect to this experiment because it would help lessen the impacts from air pollution on their 
school and surrounding communities (i.e., their parents and family members). A sense of 
problem ownership was significant to them. An opportunity to conduct an experiment was also 
crucial. The students appreciated an opportunity to take part in a hands-on experiment. Use of 
their mobile phones was not an issue for the underprivileged students. The follow-up meeting 
also revealed that they clearly welcomed an opportunity to learn and engage with foreign 
businesspeople. The responses highlight the significant impacts of a combination of hands-on 
experimentation and commercial development of a product (from an experiment).  See 
Appendix C for the summary of the students’ comments.  

 
Discussion and Implications 

 
The study illustrates the positive impacts of STEM education on learning and skill 

development of the underprivileged students. Despite the lack of readiness for conducting 
more advanced science experiments, this difficulty should not hinder an opportunity to gain 



Southeast Asian Journal of STEM Education 
Vol. 2 No. 1 Jan-Apr 2021 

 

A. Intha & K. Phusavat   120 

science knowledge and more importantly science skills for these students. Although not all 
underprivileged students are able to pursue a university-level education, science education 
should train and prepare them for their future careers and employment. Essentially, STEM 
education should not only provide the students the needed knowledge (i.e., science subjects 
and content for higher education), but also prepare them (for those who cannot afford to 
continue their education) the skills for employability. 

 

During the experiments, the students experienced a lot of opportunities to interact 
among themselves, which improves their communication and teamwork skills. Presentations of 
their findings to their peers and to foreign business communities helped motivate learning and 
personal development. The positive impacts on the students can be attributed to many factors.   

The use of team teaching needs to be recognized. A lesson plan, which is integrative 
depends on the willingness among the teachers to work together (Chanmugam & Gerlach, 
2013). To make fertilizer as part of a science experiment requires extensive planning and good 
teamwork from the teachers specialized in STEM subjects. It is important to point out that it is 
easier to encourage teamwork and communication to the students when they can observe it 
from their teachers. This is one of many unexpected comments made by the students (Hartnett 
et al., 2013).  

The empathy of the teachers on assessment and evaluation is critical (Guerriero, 2017).  
Instead of conducting an experiment, which would result in a report on their discovery, it is also 
possible to assess and evaluate the understanding on the subject matters on product 
development. To be able to develop a product (i.e., producing fertilizer), the students need to 
apply and demonstrate science knowledge. This paradigm shift is important since many 
underprivileged students do not possess excellent writing proficiency. A lack of writing 
proficiency often restrains the students from expressing their understanding of the subject 
matter.   

It is also important to recognize the importance of integrating an environmental 
problem and a local context into a science lesson. For the underprivileged students, a 
meaningful change from a traditional lesson is that they can work on what they perceive to be 
tangible and helpful to their livelihood. Ensuring that the students can relate science study to 
their context is critical for maintaining their interests and attention (Chan and Yung, 2015). For 
this study, outdoor experiments are more effective for science learning for the underprivileged 
students. 

JFCCT has played a complementary role to the entire study. It recognizes that the active 
engagement with teachers and students and the responses to their needs through consultation 
and participation are essential. Design of the workshops needs to be based on the students’ 
needs (i.e., something that they cannot learn from classrooms). Commercializing their 
experimental output as part of financial motivation is important for the group of the 
underprivileged students. This factor highlights the importance of feedback from an external 
source for learning and development of the students.  

Motivation affects learning and development. In this case study, financial motivation 
was proven to be the necessity and needs to be considered for the underprivileged students 
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when designing a science experiment. As previously mentioned, a product development should 
be allowed as part of a science experiment. Instead of a report (on proving the correctness of 
theories and concepts), which is subject to a numerical score or a grade, judging and evaluating 
students’ learning can be more accommodating. This flexible mindset is crucial for the future 
development and implementation of STEM education, especially for the underprivileged 
students who mainly reside in densely populated or isolated rural areas.   

It has been a challenge to motivate students’ learning and development through an 
extensive report, a vigorous exam, and a numerical score when a student does not plan to 
continue his/her study. By blending constructive feedback from foreign business communities 
(e.g., feedback on product and possible improvements) and becoming more amendable to 
assessment and evaluation, the students have apparently reacted more positively. Less 
tardiness or absence reflect this positive reaction and attitude of the students.   

In fact, this study underlines the significance of the feedback concept in teaching and 
learning. Feedback is fundamental for science education (Soraya & Moustaghfir, 2019). In 
addition, the feedback represents a mechanism for ensuring that a student completes a 
required task correctly during an experiment. From the observation, the underprivileged 
students appear to seek and appreciate constructive feedback, which can benefit their future 
careers, especially from someone outside a school. Furthermore, the feedback helps students 
improve their life skills on the need to seek input, the ability to listen and analyze, and the 
capability for self-improvement.   

Finally, adapting science education to help the underprivileged students prepare their 
future careers represents an important step for future STEM development in a certain segment 
of the student population. Instead of focusing on the students who will continue their 
education at a university, science education can provide needed skills for future careers. 

 
Conclusion 

 
This study demonstrates the practices of STEM education for underprivileged students. 

In Thailand, despite the gap in education readiness (which is reflected on achievement scores), 
science knowledge and skills should not be restricted primarily to the students whose schools 
belong in the country’s upper echelon. To make science education more attainable, a group of 
teachers from one BMA school, Kaenthong Upathum School, decided to apply environment as 
the foundation for the design and development of a science experiment. This was to ensure 
that an experiment is consistent with the students’ life context. Motivation was also integrated 
into this study through financial incentive and constructive feedback from an external entity 
(namely JFCCT). The positive impacts from the students are illustrated and described. 
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Appendix A: Guideline for Blending Environment into Science Education in Thailand 

 

English translation from the original Thai (in box below): 

“Topic 8: Nature, Science and Technology 

Criterion 8.1: Using science-oriented processes to gain more knowledge and to develop 
problem- solving skill through the fundamental understanding of natural phenomenon.  Need 
to observe and identify the pattern of the cause-and-effect relationships through an 
experiment based on the information and instruments.  Need to recognize the 
interrelationships among science, technology, society, and environment.”   

 

 

  



Southeast Asian Journal of STEM Education 
Vol. 2 No. 1 Jan-Apr 2021 

 

A. Intha & K. Phusavat   125 

 

Appendix B: Fact Finding and Lesson Plan Development for Pot Rest Experiment 

1. Initial Surveys (from the teachers and the students): Ecology of the area to be studied 
• The marsh pond has decent soil condition, clay, loamy and sandy soil. The water 

system has a large pond in an area of 600 rai (or 237 acres) to be used for 
Bangkok’s water storage. There are many different types of plants and small 
animals. And aquatic and local plants along the shore of the Nong Bon pond.  
Large amounts of dry leaves are visible during the dry season (about 7 months). 
 

2. Use and benefits: local communities and students 
• Dense use of space is noticeable. It is a popular place to enjoy the city’s nature, 

exercise, and practice a handful of water sports. The place is part of the storage 
during the rainy season for the city. It is also a place to study the ecosystem of 
living organisms.  
 

3. Impacts and effects: local communities and students 
• Due to the inability to handle large piles of dry leaves, burning has been adapted 

extensively. This has resulted in the intense smoke by this incineration, which 
affects the air quality. The air pollution is a source of health concerns for people 
in the local communities and the students alike. In addition, water intake from 
different areas of Bangkok (both residential and industrial areas) has contributed 
to water pollution.   
 

4. Situation analysis: air pollution 
• Situation: Removal of dry leaf and trash by incineration 
• Change: Intense burning has continuously resulted in an unacceptable level of 

air quality. 
• Phenomenon: Poor air quality affects outdoor activities of the students and the 

daily routine of people’s livelihoods in the communities. 
 

5. Experimental learning: focus of the study 
• Managing dry leaves and related trash to help reduce air pollution 
• Fertilizer can be an output of an experiment. Local communities and nearby 

residents are interested in using contamination-free fertilizer to grow fresh 
produce for their consumption. 
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Appendix C: Summary of Student Comments 

 The preliminary gathering of students’ comments was made to provide the students an 
opportunity to express their sentiments about, and perceptions of, a new pedagogy. This data 
gathering exercise reflects the next phase which would involve a preparation for a more 
comprehensive survey study. It would deal with the student’s perceptions of the usefulness and 
impacts on employability from science education. In general, students’ initial opinions point to 
the strong possibility for effective STEM education despite the shortcomings of a laboratory’s 
readiness.     

 Three simple questions were part of this data-gathering effort: challenges facing science 
education (for underprivileged students), preferred pedagogy to help strengthen science skills 
and knowledge, and use of daily digital devices such as mobile phones to support the science 
experiments for local-context problems (due to inadequate laboratory equipment and 
instruments). This is part of an attempt to improve quality of learning and development through 
more understanding of (or empathy for) the students.    

 The common responses from the students (about 40 students who are still studying and 
have recently graduated) can be summarized as follows:   

• Students’ comments point to the challenges that they had to overcome, which included a 
lack of opportunity to conduct hand-on experiments and feeling of being under pressure 
to work on irrelevant experiments to their contexts. Vigorous examination and complex 
experiments are not perceived as useful. It appears that the underprivileged students 
need an alternative to motivate their learning and development.  
 

• An outdoor experiment which integrates environmental problem can improve soft skills 
(such as communication and teamwork) while injecting enjoyment and fun for the 
students. Finding a science problem that the students can relate to or identify with is a 
very important step for a successful science experiment.   
 

• Instead of not being able to conduct any experiments, apparently the students are more 
receptive to using their personal devices for science-related activities. They appear to be 
more willing to use their mobile phones to help with their experiments as they recognized 
the shortcomings in a school’s laboratory. This could imply that, despite their 
underprivileged background, the students viewed science as an important subject for 
skill development. 
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Abstract 

In this paper, we report on a successful U.S. university–school partnership to prepare science, 
technology, engineering, arts, and mathematics (STEAM) teachers and build STEAM leadership 
capacity based on the qualitative and quantitative data collected over two years. Our 
framework for a STEAM-integrated school and teachers was based on integrated learning 
theory supported by socio-constructivist, inquiry learning and context-based pedagogy. The 
university–school partnership for STEAM education supports the idea that the partnership to 
prepare STEAM teachers and school leaders should incorporate the issues and views of the 
stakeholders with a continuous feedback loop for better and effective professional 
development (PD). The university-school partnership for STEAM school teachers and leaders 
showed that despite initial challenges, success is achievable if the partnership is built of equal 
opportunities to learn and guide the outcomes. Our data analysis produced four key lessons of 
a successful partnership for an effective and sustainable STEAM teacher PD program. 

Keywords: university-school partnership, STEAM education, STEAM teacher development, 
leadership, noncognitive skills 

          We argue that science, technology, engineering, and mathematics (STEM) disciplines 
provide significant and growing opportunities for students in building 21st century skills (Bryan 
et al., 2015). Furthermore, STEM education, if done well, builds critical pedagogical skills and 
practices in students. We assert that critical thinking, combined with critical pedagogy, would 
add value to STEM education because critical pedagogy would enhance students’ ability to 
reflect and evaluate social and cultural issues supported by STEM knowledge. Students need to 
be well developed and educated in effectively and efficiently managing tasks that require 
complexity in thinking, ability to work in linguistically and culturally diverse communities, 
problem-solving, and systems thinking approaches (National Research Council, 2011). We also 
contend that STEM education means integrating curricular approaches through inter-and 
transdisciplinary interactions and grand challenges such as energy, environment, health, and 
food security. For our students to become well-rounded citizens of the globe, they also need to 
understand the values of language and arts within STEM education. Therefore, in this paper, we 
focus on science, technology, engineering, arts, and mathematics (STEAM) education. The  
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addition of the arts disciplines allows for students to understand that art, which brings social, 
cultural, and political issues during STEM engagement, is an integral part of doing and engaging 
in STEM disciplines. In our conceptualization of STEAM, we firmly believe that the STEM 
disciplines are influenced by the social, cultural, and linguistic values and beliefs of a 
community and nation. Thus, STEAM presents greater possibilities for students and teachers to 
integrate grand challenges in the school curriculum and find connections between the STEM 
disciplines and the arts, which include language, social studies, and performing and other arts. 
Furthermore, if the goal of STEM education is to celebrate diversity of ideas and cultures, 
inclusion and equity are central parts of any university-school partnership that prepares 
teachers for teaching in a STEAM school (Eisenhart et al., 2015; Means et al., 2016). 

          Our goal in this paper is to report (a) the lessons learned in a university-school partnership 
and (b) the nature of university-school collaboration during the STEAM teacher PD program. 
We present our findings from a two-year teacher and leadership development partnership 
between the University of Minnesota and the Austin (Minnesota) Public Schools. The goal was 
to help prepare teachers for a fifth- and sixth-grade STEAM school (188 students) that the 
school district was preparing to open. Since conceptualization of STEM has been both varied 
and contested, we first present a brief review of current STEM conceptualization, followed by a 
university-school partnership for STEM/STEAM schools. Second, we present our model of the 
partnership for a STEAM school. Third, we present the methods of data collection and analysis. 
Fourth, we present four lessons of this partnership, and finally we discuss what this means to 
other university-school partnerships for STEM/STEAM. 

Conceptualizing STEM/STEAM for Partnership 

          We have conceptualized STEM/STEAM through three lenses. The first is from the learning 
theory of integration (Frick, 2018; Martín-Páez et al., 2018; Pearson, 2017). Integrating multiple 
disciplines for better and more complete learning is rooted in the belief that everyday problems 
need knowledge and ideas from varied fields (Satchwell & Loepp, 2002; Thibaut et al., 2018). 
Therefore, our solutions are codependent on varied disciplinary and experiential knowledge 
(Upadhyay et al., 2017). Many supporters of integrated learning assert that student learning is 
better and more meaningful when students find varied disciplinary ideas and practices helpful 
in solving complex social challenges (Frick, 2018; Huber & Hutchings, 2004). 

          The second reason for integrated STEAM education relies on the value of inquiry learning. 
Inquiry learning supports students in developing both the kinds of questions they want to 
explore and how they want to explore them (National Research Council, 2000). Inquiry learning 
is best accomplished when students can integrate different disciplines and their sociocultural 
experiences, which allows students to make better sense of content as well as its connections 
to their sociocultural and local issues (Satchwell & Loepp, 2002). Therefore, integrated STEAM 
has potential to improve learning as well as engagement in STEM disciplines. The third 
argument for integrated STEM education is that learning takes place in a collaborative social  
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and cultural environment, thus the sociocultural theory of learning, specifically social 
constructivism, asserts that learning is a collaborative, social process where ideas and 
discourses from different spaces and disciplines allow learners to generate new meanings or 
knowledge (Vygotsky, 1978). In this regard, STEAM disciplines provide remarkably conducive 
learning environments where students can draw from different disciplines and 
sociocultural experiences to engage in learning and doing STEAM activities (Brooks & Brooks, 
1993). We specifically argue that without deeply rooted commitment in the sociocultural 
nature of learning, integrated STEAM education would not support student learning where local 
contexts and issues are essential. Therefore, place-based STEAM teaching and learning allows 
for culturally relevant learning among diverse students. Place-based STEAM teaching also 
provides better opportunities to engage in learning through local social, cultural, and 
socioscientific issues (Zeidler et al., 2013). Local social and cultural issues tend to tie to the 
STEM fields intricately, such as pollution (e.g., from coal-fired power plants), food-processing 
factories, urban infrastructures, health care, water management, flood management, and many 
others. Therefore, the third part of our conceptualization of STEM was based on how to bring 
these fields in direct contact with sociocultural, economic, health, and other socially important 
issues and make STEM more relevant to students and their communities. The social and 
personal nature of learning in a context provided us a compelling rationale to think about 
STEAM education rather than STEM education for our teachers and students. 

          Yet, studies in integrating different disciplines, specifically the efforts to integrate 
mathematics and science in the 1990s, showed mixed results (Czerniak et al., 1999). Some 
studies showed better learning (Beane, 1996; Berlin, 1994; Carnegie Council on Adolescent 
Development, Task Force on Education of Young Adolescents, 1989; McComas & Wang, 2010; 
Stevenson & Carr, 1993), and others showed challenges where integration was more forced and 
perfunctory rather than seamless and deep (Berlin & White, 1992; George, 1996; Lederman & 
Niess, 1997; Lehman, 1994). In the context of STEM/STEAM integration, until now, the results 
have been mixed as well (Eisenhart et al., 2015; Means et al., 2016). However, in our 
professional development (PD) of STEAM teachers, we focused on integrating different content 
areas more deliberately. So, in our PD we focused on integration from a socio-constructivist 
learning perspective, because it allowed us to incorporate STEM fields with English language 
arts areas more organically. We also recognized the value of socio-constructivist learning 
environments for support for inquiry-oriented, engaged, hands-on, and minds-on STEM/STEAM 
learning. 

 
STEM/STEAM University-School Partnership 

          University–school partnerships are complex and challenging hybrid spaces (Zeichner, 
2010). Many partnerships start with a considerable gap between the partners based on their 
goals and aspirations and expertise, knowledge, reach, and funding capabilities. Yet, we 
envisioned a partnership where we had possibilities to come together and marry our diverse  
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thinking, ideas, resources, and experiences through collaborative negotiations and open 
dialogues (Darling-Hammond, 2006; Davies et al., 2007). We strongly believed in a university-
school partnership that drew on trust, mutually agreed-upon goals (collaboration), and 
reciprocity (contribution of all) as three critical aspects of any successful and transformative 
partnership (Kruger et al., 2009). The partnership’s eventual goal is to provide learning 
opportunities to all stakeholders, strengthen professional relationships, and help remove rigid 
boundaries for more mutually supportive structural spaces (e.g., Herbert et al., 2018). 
Partnership benefits need to expand beyond teachers, students, and schools. When the 
broader community is engaged, students and the community see broader connections between 
school learning and their community. STEAM education’s central underlying premise is to make 
student learning more authentic to their environment. A successful university-school 
partnership requires a collaborative and mutually beneficial space where ideas and actions get 
challenged for better outcomes (Hargreaves & Fullan, 2012). 

          In our partnership, community leaders, parents, and experts were essential components 
because they brought complex local problems (Price & Vali, 2005) as entry points to engage 
students in STEAM thinking and learning and what they wanted to see in the STEAM school 
envisioned for their children. Similarly, our university–school partnership had open spaces for 
teachers to bring their voices from science, mathematics, social studies, language arts, 
computer technology, music, and sports. We also provided lunchtimes for community members 
to share their thoughts for their children and also for the STEM partnership. Research 
clearly has shown university–school partnerships thrive and have more buy-in in the potential 
change when teacher and community voices are heard and incorporated in the PD design and 
implementation (Berger & Johnston, 2015; Price & Vali, 2005). Additionally, we envisioned a 
collaborative partnership based on the outcomes on the meaning of STEAM teaching and 
learning, student improvement through STEAM integration, improvement in teaching practices 
and pedagogies, and STEAM teacher leadership. We further framed these outcomes around the 
school and student needs for a robust and sustainable STEAM school (Schulz & Hall, 2004; 
Sirotnik & Goodlad, 1988). Therefore, our partnership for STEAM teacher development was 
based on synergistic and equitable work that led to better decision-making, was meaningful 
and sustainable for the partnership duration, and eventually created a positive effect on 
learning (Essex, 2001). 

Key Framework for a STEAM Partnership 

          As stated earlier, the major philosophical framework was based on the principles of 
improvement science (Berwick, 2008) and a short-cycle feedback loop (Park et al., 2014). 
Improvement science allowed us to focus on what works for addressing a particular problem 
(building STEAM teacher capacity and leadership), for whom, and in which contexts (Berwick, 
2008; Bryk et al., 2010). Therefore, this framework allowed us to support and work with school 
teachers and leaders to locate challenges and provide context-specific local solutions in the 
existing structures, curriculum, and pedagogy (Bryk, 2009). 
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The short-cycle feedback process was essential to allow both sides to modify, adjust, 
and address concerns and change the direction of PD in a timely and ongoing fashion. 
Furthermore, the short-cycle feedback loop supported the workshop’s design process and the 
adjustments in phases. Continuous feedback allowed us to be more open about STEAM 
teachers’ needs and the early mitigation of potential problems when the STEAM teacher 
leaders had to lead their peers in new STEAM teaching and learning contexts. In this 
partnership, our feedback loop consisted of input from participants (mostly from teachers, 
principals, and the district coordinator and at times from the community), redesign of 
workshops by university experts, and feedback from the participants in the workshop, which 
guided us for the next workshop. See Appendix A for the design of PD and the feedback table. 

Methods and Data Collection 

          The data in this paper come from a two-year university-school partnership. We employed 
a mixed-methods design (Creswell & Creswell, 2017) to document and understand lessons 
learned and the challenges of the partnership. We collected data through surveys, 
observations, field notes, interviews, and post-workshop reflection among the partners. The 
data collection was informed by our notion that voices from different stakeholders had to be 
valued and incorporated for a better and more open partnership that benefited everyone. 

          We analyzed data both qualitatively and quantitatively to help us learn the lessons of the 
STEAM partnership. Qualitative analysis was done holistically by looking for common themes in 
several types of data that we collected (Miles et al., 2014). We utilized quantitative data 
analysis to better explain qualitative themes to provide more robust evidence on the lessons 
that were learned. We generated four themes and called them “lessons learned.” 

Lessons Learned: University–School STEAM Partnership 

          In this paper, we present four lessons learned through a two-year PD partnership 
between the University of Minnesota and the Austin Independent School District in southern 
Minnesota. The four lessons are: (a) attending to the noncognitive features of STEM education, 
(b) letting teachers experience what the students experience in the classroom, (c) inquiry as 
access point for disciplinary teachers into the engineering process, and (d) building STEAM 
teacher leadership capacity. Before going into the details of the four lessons, we provide a short 
context of the partnership and the PD program. 

University-School District Partnership 

          The goal of the partnership was to build human capacity of the STEAM teachers at a fifth- 
and sixth-grade school. The PD program over the two years focused on all STEAM disciplines as 
well as how transdisciplinary teaching and learning (Evans, 2015) could take place in the 
classrooms. The participants included the school principal, the STEAM school leadership team  
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comprised of 12 teachers representing each of the disciplines at the school (science, 
mathematics, language, music, technology, and social studies), and 36 other teachers who 
would be teaching at the fifth- and sixth-grade STEAM school. The university team provided 
monthly PD for the leadership team with consultation and feedback after each of PD meeting. 
The leadership team had eight PD meetings with the university team. The leadership team 
members facilitated PD for the 36 teachers who would be working in the STEAM school. During 
all teacher PD days, the members of the leadership team acted as facilitators in small-group 
settings for discussions and activities, while the university team led the overall PD program. This 
set-up provided means and opportunities for the school leaders and the leadership team to 
build their leadership capacities as well as own the learning at all teacher PD days. 

          We had set up the PD where the focus was a theoretical background supported by hands-
on exploratory interactions with colleagues, the university experts, and the school leader. We 
also drew various activities from an existing engineering curriculum, Engineering is Elementary 
(EiE) developed by the Boston Museum of Science. Since many teachers expressed fear and lack 
of knowledge about engineering and engineering practices, in consultation with the leadership 
team, we used modified activities from the engineering resource book to give teachers a 
firsthand experience of doing engineering activities with complete design cycles. This 
helped settle the nerves of many teachers by the third PD meeting. We believed that small-step 
changes would provide lasting and manageable bigger transformation in teachers’ thinking 
about engineering and engineering practices. The teachers were more comfortable engaging 
with other parts of the STEAM disciplines. From our data based on the PD times and 
conversations with the participants during and after the PD, we found four important lessons 
that stakeholders at any STEAM school need to consider for a successful STEAM initiative and 
STEAM teaching and learning. 

 
Lesson 1: Attending to the Noncognitive Features of STEAM Education 

          One of the big challenges in STEAM teaching and learning is the many variations and 
similarities between the nature of interactions, skills, ways of thinking, and nature of practices 
inherent in each of the STEAM disciplines. For students to successfully engage in and learn 
about STEAM fields, they need to understand and practice how to be a scientist, technologist, 
engineer, artist, writer, and mathematician at the same time and with purpose. The teachers 
involved in the PD wanted to measure skills and practices that were essential to having STEAM 
literacy. One of the teachers asked, “I understand that content is important, but how do we 
build good STEAM practices in our students? How do we make sure that our students do 
homework and do collaborative work?” We took this question and discussed the value of 
noncognitive skills in STEAM disciplines. Some teachers suggested grading students for 
timeliness, completion of assignments, self-responsibility, and personal accountability, the 
noncognitive skills required to be successful in STEAM fields. The teachers called these “life- 
skills.” We wanted to get away from anything that could be perceived as punitive or imposing  
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values that did not fit with many students who were from recent immigrant and nonwhite 
families. We strongly believed that in the case of the STEAM school, the cultural values and 
beliefs of many white teachers did not match with the cultural values and beliefs of many 
students from immigrant and nonwhite families, thus creating an unproductive learning 
environment for these students (Upadhyay, 2006; Upadhyay & DeFranco, 2008). 

          The STEAM teacher leadership team and the university team used the concept of habits-
of-mind (American Association for the Advancement of Science, 1990; Costa & Kallick, 2009; 
Council of Writing Program Administrators, National Council of Teachers of English, & National 
Writing Project, 2011; Hetland et al., 2007; Katehi et al., 2009) borrowed from Costa and Kallick 
(2009) and the National Research Council’s (2011) report on successful STEM schools ideas as a 
basis for a new life-skills rubric. The idea of habits-of-mind for the team was based on Costa and 
Kallick’s notion that people have certain dispositions that they utilize in solving complex local 
and global problems that may or may not have readily available solutions. For the purposes of 
our partnership, these skills were (a) systems thinking, (b) creativity, (c) optimism, (d) 
collaboration, (e) communication, and (f) ethical considerations. 

          The PD team from the university and the school leadership team designed a habits-of-
mind rubric to assess what noncognitive skills and practices students should learn as they 
attend the STEAM school. The school developed the habits-of-mind rubric (Appendix B) focused 
on three important components of STEAM disciplines: collaboration and complex thinking, 
communication and compassion, and curiosity. The team chose to name this set of habits-of-
mind the “3Cs.” The rubric was presented to all of the teachers, and their input became part of 
the rubric with multiple rounds of revisions. Through our discussions and interactions with the 
teachers during PD days, we discovered that these three broad habits-of-mind captured all the 
components of life-skills that the STEAM school teachers felt important. The focus was on the 
ownership of new ways of engaging with students and building a more inclusive school 
environment that would prepare students for content mastery as well as noncognitive skills 
called the habits-of-mind. 

          Figure 1 shows habits-of-mind scores in each of the 3Cs areas in various content areas 
given by fifth- and sixth-grade teachers for two quarters during this partnership. Appendix B 
shows the scale (1–4) and descriptors. The data show students’ habits-of-mind growth between 
two quarters of STEAM schooling. The data clearly show students’ habits-of-mind are robust in 
science and math but much desired in design labs. Thus, STEAM integration did not have the 
desired results in design labs, which are closely connected to engineering. 
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Figure 1 
Habits-of-Mind Scores for Grades 5 and 6 

 

Lesson 2: Having Teachers Experience What Students Experience in the Classroom 

          One of the biggest challenges for the university team was to build teachers’ and school 
leaders’ capacity as effective STEAM teachers at the new school. The university team also 
understood that the teachers were most fearful of how to teach engineering content and, as 
one teacher put it, “how to deal with effective practices of engineering.” For a lasting change, 
our STEAM PD needed to provide engineering experiences that the teachers could use in their 
early STEAM classes and be comfortable with thinking about engineering and doing 
engineering. The school teacher leadership team chose the “Water, Water Everywhere” activity 
from the EiE curriculum because a river passes through the community and is a focal point of 
many school and community activities. Furthermore, a local meat-packing plant uses a lot of 
water from the underground aquifer, and treated waste water from the plant is mixed into the 
river. 

          The teachers were engaged in learning about the engineering design cycle and designing a 
system that would filter waste or polluted water. This was the first time the teachers 
experienced the steps of an engineering design cycle, while designing a filter system to remove 
pollutants from the waste water that could go into the local river. The teachers used soil, 
pebbles, tea, wheat flour, cornstarch, and food coloring as pollutants to test the filter. One of 
the most revealing observations was that the teachers became “more comfortable about 
engineering and how an engineering experience would work for a student.” One teacher added, 

“If I had not done this activity with filters, I would have not felt comfortable even talking about 
engineering. Now STEAM makes sense to me because I can bring economics, social and cultural 
values, and ordinary everyday practices like washing vegetables in the river in my teaching. I am 

not a science teacher, but now I can talk about the filter [activity].” 

Clearly, the experience made the teacher comfortable at something new and useful. 
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          Furthermore, our survey of modified stages of concern (Hall, 1977) showed that teachers 
needed support to feel comfortable to give STEAM-focused instruction and engineering design 
practices in their teaching. This provided us with what we needed to cover in the PD for the 
teachers. The teachers were divided into four categories: nonusers (who believed they did not 
use STEM/STEAM in their teaching), novices (who used occasional STEM/STEAM in their 
teaching), intermediates (who used STEM/STEAM frequently in their 
teaching), and old hands (who had been using some kind of STEM/STEAM often in their 
teaching). Figure 2 illustrates the levels of concern and the need for more collaborative and 
directed PD for STEAM teaching and learning. 

Figure 2 
Self-Reported Levels of Concern 

 

Note: N = 30. Results from the Stages of Concern Questionnaire of teacher concerns regarding 
expertise in science, technology, engineering, arts, and math (STEAM). 

          In another engineering activity about renewable energy, the teachers wanted to do a 
modified windmill activity based on an EiE unit. A local windmill farm was community 
supported and economically advantageous for the local people. For teachers, this activity 
provided them an avenue to engage in big-idea problems of energy and climate change. These 
direct personal experiences further increased the teachers’ self-efficacy and confidence in 
teaching and learning engineering. Even the English language arts teachers seemed to be willing 
to extend engineering into their lessons. 

          In this process, an English teacher suggested to her group during the PD, “We could use 
Dragonwings [a historical novel by Yep, 2001] to connect windmill design and building with the 
events that happened in the novel.” These authentic experiences were about change, which  
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“involves learning, and...all change involves coming to understand and to be good at something 
new” (Fullan & Miles, 1992, p. 749). We observed that the direct experiences with STEAM 
disciplines and engineering in particular during the PD helped boost teachers’ confidence in 
teaching STEAM. When the teachers taught both the water filter and the windmill activities in 
the regular classroom, they were more confident in engaging students in engineering design 
cycles as well as broader social, economic, and cultural questions that connected their 
community with STEAM. 

Lesson 3: Inquiry as Access Point for Disciplinary Teachers Into the Engineering Process 

          Many of our teachers and leadership members were knowledgeable about inquiry 
teaching and learning but less comfortable with the engineering design process and methods. 
Many engineering problems are about finding the most cost-effective and useful solutions to 
make life better and easier. Our teachers were less certain about design steps and less 
concerned about problem-solving concepts. However, the university team and the leadership 
team wanted to tackle engineering processes through inquiry. We wanted the teachers to 
understand that the engineering design cycle they encountered in books and resource 
materials was another version of inquiry. 

          Engineering design involves distinct and overlapping steps: a problem or a question to be 
answered; thinking through potential and plausible solutions with the help from many sources, 
including home experiences; planning for both the process of finding a solution and a method 
of accomplishing tasks to solve the problem; building a workable model following the plan; and 
modifying the workable model or parts of the workable model so it functions better. These 
steps or ways of thinking are no different from inquiry teaching and learning because inquiry is 
also about asking scientific questions, researching for possible answers, planning and carrying 
out an experiment, and asking new questions to answer unanswered or partially 
answered questions. These connections helped teachers to make sense of engineering 
processes. 
The university team engaged teachers in thinking about inquiry in social studies, English, music, 
arts, science, and mathematics. As one of the leadership team members stated, “There were 
many different ways of enacting inquiry, and design cycle was one of them with some 
substitutions.” A teacher captured the sentiment of the entire STEAM teacher group when she 
stated, 

“Just like in inquiry, we repeat the engineering design process in a problem-solving context 
where useful improvements in the designed product are always desired, and we learn new 

things with new improvements. In inquiry, we keep the process without a real stopping point.” 

          Many teachers found doing engineering and engaging themselves and later their students 
in engineering designs made them feel more comfortable. They now could envision doing 
engineering as they had been doing inquiry for so many years in their teaching careers. We  
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asked teachers about their feelings about teaching STEAM and about their students. Table 1 
shows greater comfort among teachers than what they had perceived in their students in the 
1st year of their teaching STEAM. 

Table 1 
Frequency Responses on Understanding Integration of STEAM* by Teachers and Students 
N = 30 (teachers); 188 (students) 

 

           From the beginning, we understood that STEAM teaching and learning was about an 
integrated curricular approach to teaching STEAM disciplines. We also acknowledged that this 
was a superior approach to engaging students in 21st century skills and content, but we could 
not assume that the teachers would easily implement the new approach. For this, we created 
PD structures that allowed for teachers to learn new practices through hands-on and minds-on 
experiences, and later they implemented these activities and learning in their own classes. 
Direct experiences with feedback from the university experts helped teachers to reproduce 
success in their classrooms. 

Lesson 4: Building STEAM Leadership Capacity 

          At the onset of our partnership, we understood that to successfully build and run a new 
STEAM school, the district had to build effective human capacity at both the classroom teacher 
and principal levels. At the new STEAM school, we conceptualized building leadership capacity 
in four ways: 

1. Learning and constructing the meaning of STEAM for the school and the students was a 
collective and collaborative process between teachers, school administrators, and 
community members. 

2. We generated ideas and solutions through innovative and new ways to improve STEAM 
learning experiences of students. 

3. We generated shared beliefs and values around STEAM teaching and learning. 
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4. All involved continuously worked towards establishing communication for STEAM 
instructional improvement. 

          Through the two-year PD program and the supports provided during the first year of 
implementation of the STEAM initiative, the school built a very strong leadership framework 
through collective accountability. The teachers were constantly pushing students to engage in 
all content areas through unique activities that showed their collective responsibility to provide 
best learning opportunities to students through STEAM disciplines. For example, in one of the 
teacher meetings, the English teacher discussed how she “wanted to use various print media 
advertisements related to beauty products” where student would explore and discuss the 
merits of the products. To engage students in critical social and cultural issues, the teacher 
challenged them by asking, “If they were the inventors of the products, what would be their 
moral obligations in creating and selling the products?” The teacher groups agreed with the 
idea and brainstormed what products would fit this task in science, mathematics, social studies, 
arts, and engineering. The teachers had a collective sense of making this new idea work for the 
group and finding ways to make STEAM a much broader learning experience, not just 
engineering and science. 

          In another instance a music teacher wanted to create a production for the parents based 
on how air and water produced sounds. The teacher wondered what effects could be brought 
into this production from the STEM fields and what cultural values and traditions could come 
from diverse groups of student refugees, Native Americans, Hispanics, and other immigrant 
groups. Since students in the fifth grade were designing filters and students in the sixth grade 
were designing windmills, the theme on air and water in a musical production was fitting. The 
whole school had a week-long talk about how learning from other content areas was integrated 
into music, and parents were equally impressed by the collective sense of responsibility. The 
principal stated, “I am just amazed how much my teachers are part of the school and 
community. I like when someone other than me is taking the leadership initiative all the time.” 

          What is important about the ways in which leadership was thought about and practiced in 
the STEAM school is that the leadership was not a single person’s trait but a sense of collective 
progress. As everyone at the school was seeking to teach STEAM through an integrated 
curricular approach, a common goal was collective success. Without a broad sense of 
leadership, the success of the STEAM school would not have been possible. 

Discussions and Implications 

          Successful STEAM university–school partnerships influence positive change in pedagogy 
and content, supporting learning for diverse groups of students (Darling-Hammond & 
Lieberman, 2012). University–school partnerships become successful when mutually agreed- 
upon, common goals are built through prolonged relationships (Kruger et al., 2009) and 
hierarchical barriers between university and school are removed (Zeichner, 2010). Therefore,  
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our approach to a university-school partnership experience showed that building a STEAM 
school had to come from the local schools, the teachers, and the school administrators. Our 
finding related to successful partnerships for STEAM education supports similar findings where 
stakeholders both valued and knew each others’ role and were clear about goals and 
aspirations (Ure et al., 2009). As our partnership was based on coequal roles, our engagements 
before, during, and after the PD showed “nonhierarchical interplay” (Zeichner, 2010, p. 89). 
This allowed us to develop and engage in an integrated curricular approach to STEAM teaching 
and learning situated in the local school with local input and support systems. 

          We also found that for changes to occur in the areas of STEAM teaching and learning, 
teachers and school stakeholders have to have direct experiences in content and pedagogy so 
they can implement change effectively in their classrooms. Studies have shown that many 
elementary school teachers experience impediments in science because of lower depth in 
content and lack of resources for effective inquiry teaching and learning (Goodrum et al., 2001; 
Kenny, 2010). Therefore our partnership provided needed opportunities for teachers to learn 
and become familiar with some activities and content to build confidence in STEAM teaching 
and learning. Engineering design and related activities were areas of great concern for the 
teachers because they did not have a degree in engineering and had not received PD in 
engineering. The teachers felt anxious about teaching engineering practices and designs in an 
integrated STEAM environment. Our finding is similar to studies showing similar results where 
K-12 teachers were least sure about teaching engineering to their students (Haverly, 2018; 
Trygstad, 2013). 

          A major rationale given to policy and curricular initiatives in favor of STEM/STEAM 
education has been to build a citizenry with critical thinking, communication, curiosity, complex 
thinking, compassion, and collaboration skills (National Research Council, 2011; National 
Science Board, 2010). The teacher and school leaders felt that stressing the 3Cs would improve 
academic success in all content areas and also support students to connect STEAM content 
beyond school classrooms. Furthermore, the results showed that integrated STEAM education 
in this school helped develop many dispositions connected to the 3Cs. The STEAM integration 
helped students develop habits-of-mind more readily and sustainably. Yet, the results showed 
less growth in the 3Cs in music and arts. It is concerning in that students did not seem to link 
habits-of-mind skills to non-STEM areas. However, the design labs, being a part of engineering, 
showed less growth. We think this is because design labs are new to students and they had not 
encountered it before in their schooling. We anticipate students showing improvements in 3Cs 
once they get more acquainted with the discipline in the fifth and sixth grades. 

          Similarly, as the teachers received direct hands-on and minds-on experiences in STEAM, 
specifically engineering, they felt more comfortable with STEAM as a cohesive idea. However, 
we found students may need more time to feel comfortable with the idea of STEAM so need 
more frequent engagement with this pedagogy. Finally, without building a robust and 
dedicated team of STEAM teacher leaders, a STEAM education initiative is not likely to succeed  
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(National Research Council, 2011). STEAM teacher leaders can influence both the pedagogy and 
content of STEAM teaching and learning in the school. For example, the STEAM teacher leaders 
in this partnership led group interactions during the PD and helped build STEAM goals and 
school implementation plans. Research continuously has shown that when school leaders 
(principals) and teacher leaders guide and provide support to peers for change, the success rate 
of any kind of school change initiative improves (Bryk et al., 2010). Furthermore, in our STEAM 
university-school partnership, we were deliberate in being inclusive of all the stakeholders and 
their voices so everyone embraced the change and activities related to that change. Hence the 
STEAM leadership team we built through the partnership became successful in leading the 
STEAM school and were willing to adjust based on diverse student and teacher needs. 

          This university–school partnership had some challenges in what STEAM education should 
look like for the community, teachers, and the school district. Many of the challenges were 
because of the novelty of STEAM education at that time and the shortage of STEAM teacher 
leaders who would support and navigate this change in everyday classrooms. Furthermore, in 
an increasingly diverse classroom, the challenges remained as to who should address these 
challenges and how as integrated STEAM education takes off. A key reason for the success of 
this university–school partnership was a relationship built on mutual respect, trust, and being 
coequal partners for change that was based on local school contexts and needs. 
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Abstract 

The Golden Section is a mathematical concept that is one of the most famous examples of connections 
between mathematics and the arts. Despite its widespread references in various areas of nature, art, 
architecture, literature, music, or aesthetics, discussions of the golden ratio often turn out to be false or 
misleading. Most of the incorrect statements are based on approximations or stem from the lack of 
checking the facts, making scientific mistakes in verifying the original scientific, historical, cultural 
context, or performing arbitrary operations in the measurements. This article offers geometric data and 
measurements, which allow the students to explore the golden ratio in various contexts through 
problem-solving activities. At the same time, we encourage students and their teachers to initiate 
critical discussions based on multidisciplinary research in the areas of STEAM about their findings. Such 
research-based critical discussion can help to discover the context of their results from several other 
perspectives in addition to mathematics. It can also reflect both the cultural and scientific validity of the 
- otherwise mathematically correct - computations, as an essential expectation towards mathematics 
applied in a cultural or social context. For some of the topics described in this paper, we provide 
GeoGebra applets, which can let the reader explore the phenomena, and some pedagogical usage in 
classroom may yield examples for various populations of students. The topic is valuable in STEAM 
Education, with activities relying on European, Southeast Asian and Middle Eastern perspectives. 

Keywords: Golden Ratio, STEAM education, Dynamic Geometry, cultural background 

          This article offers an introduction to the various appearances of the Golden Section in various 
fields of sciences and the arts. We selected examples from our own research and pedagogical 
experiences and offer an outline of how these Golden Section examples can be utilized in classroom 
teaching for motivating students and offer opportunities for research extended to all STEAM areas and 
initiating critical discussions on cultural topics in the mathematics class. 

          In general, we would like to introduce Golden Section as a topic, which holds several learning 
opportunities in upper secondary mathematics education in mathematical problem-solving. At the same 
time, learning about the Golden Section can be a great opportunity to debunk erroneous or mystical 
interpretations and start to think critically about the cultural role of geometric data and measurements. 
The choice of the points for measurement has an influence on the result and the measurements and  

mailto:ndp@jct.ac.il


Southeast Asian Journal of STEM Education     
                                                                                                             Vol. 2 No.1 Jan-Apr 2021  

150 
 

 

computations often provide approximations of the Golden Ratio, not always an exact value. This paper is 
devoted to STEAM education, with a special emphasis on Technology, Arts and Mathematics 
connections, i.e., technology-assisted mathematical activities around artistic artefacts. Its main goal is to 
propose mathematical activities, which can be based on topics from the cultural background of the 
students, hence the variety of examples in the paper. 

          In addition, we would like to highlight the important connection between mathematics and arts as 
well as the interconnectedness of various fields in science to be able to offer a transdisciplinary way of 
learning. Furthermore, we developed all examples with technology files and enable readers to explore 
Golden Section with interactive worksheets created by the open-source mathematics software 
GeoGebra1. This offers various possibilities of activities in STEAM education. In the following sections, 
we will offer an introduction to Golden Section and then offer a variety of examples from a wide range 
of fields: within mathematics (with an example from trigonometric functions), music, the structure of 
musical instruments, geography (with an example inciting students to learn some spherical 
trigonometry), etc. 

The Golden Section 

          An ancient question is “How can we divide a line segment into two segments in a 
harmonious way?” One answer is to divide it into two parts of equal length. Another answer 
has it that harmonious proportions can be obtained as follows (Figure 1). 

Figure 1 
Harmonious Division of a Segment 

 

Denoted by a and b are the respective lengths of the segments AB and BC. These numbers should verify 
the following equation: 
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The number φ has been called the Golden Section, sometimes the Divine Proportion. A 
rectangle whose length a, and width b verify the condition is called a Golden Rectangle. This  
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Divine Proportion name was first used by Fra Luca Bartolomeo Pacioli, a Franciscan monk, in his 
book De divina proportione (illustrated by Leonardo da Vinci)3. 

          The Golden Section became one of the most popular examples of connections between 
mathematics and the arts. Despite its widespread references in various areas of nature, art, 
architecture, literature, music, or aesthetics, discussions of the golden ratio often turn out to be 
false or misleading. Articles from Markowsky (1992), Gardner (1994), or Falbo (2005) serve as 
good guidance to study this famous geometrical proportion, but assess critically such 
photographs, which introduce, e.g., the main façade of temples in ancient Greece as golden 
rectangles, i.e., a rectangle whose length L and width l verify the condition L/l=φ. The most 
famous example is the Parthenon on the Acropolis in Athens (see Figure 2). Actually, the 
rectangular part of the façade with the columns is not a golden rectangle, but the rectangle 
enclosing the whole of the façade is often depicted as such. 

Figure 2 
The Parthenon 

 

          Golden rectangles are often introduced as construction principles in other famous 
monuments as well, such as the Taj Mahal in India. Figure 3 shows a snapshot of a GeoGebra 
session to inscribe some golden rectangles in this monument and discuss the role of the 
photographic perspective and other variables in locating such proportions. We emphasize that 
this is a way for students to use GeoGebra as an exploration tool, sometimes using its features 
for augmented reality (AR). 
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Figure 3 
Using GeoGebra to Project Golden Rectangles on a Photograph of the Taj Mahal 

 

Similar kinds of technology-based activities can be developed to assert occurrences of Golden 
Rectangles in other monuments. As we will see in the next section, the number φ can be 
studied in relation to other ancient objects and monuments. For more examples, see Dana-
Picard (2017), Frantilli et al. (2011), and numerous websites. 

 

The Golden Section in the Bible: Objects 

Noah's Ark 

         The dimensions of Noah's Ark are given in the verse Genesis 6, 15: " And this is how thou 
shalt make it: the length of the ark three hundred cubits, the breadth of it fifty cubits, and the 
height of it thirty cubits". 
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Figure 4 
Noah's Ark (1846), by Edward Hicks 

 

 

The Ark of the Covenant 

          The order to build the Ark of the Covenant (the cabinet containing scrolls of the Torah, 
written by Moses) is given in the following Biblical verse (Exodus 25, 10)5: "And they shall make 
an ark of acacia-wood: two cubits and a half shall be the length thereof, and a cubit and a half 
the breadth thereof, and a cubit and a half the height thereof." Figure 5 shows a reconstitution 
of the Ark with the cherubim (angels) on top. The dimensions indicated in the verse are those of 
the rectangular box, excepting the staves. The side faces are rectangles with respective length 
and width of 2.5 cubits and 1.5 Cubits 
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Figure 5 
The Ark of the Covenant 

 

Students’ discussion of these examples can assess the role of approximation in applications of 
mathematics. 

Example: Jerusalem 

          Figure 6 shows a snapshot of a very easy GeoGebra session for the drawing of a golden 
rectangle. 
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Figure 6 
Drawing of a Golden Rectangle with GeoGebra. 

 

In an experimental way, this drawing provides a value of the two angles defined at each vertex 
of the rectangle by the diagonal exiting this vertex. Of course, a high school student should be 
able to compute these values using basic trigonometry. Here we have: α=31.72° and β=58.28°. 
Note that: 

 

          We can discuss with the students that it is hard to check the precision of these numbers, 
as the City of Jerusalem is a large area, so the question can be to which point in the town do 
these coordinates relate? It is worthwhile to discover and examine the assertion of various 
website authors who describe other connections between Jerusalem and the Golden Section. 
They are out of the scope of this paper, and sometimes they are based on inaccurate latitude-
longitude coordinates. 
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The Golden Section: Measurements and the Pentagram 

          Consider a regular pentagon whose side length is equal to 1. An easy computation for the 
students shows that the (common) length of the diagonals is equal to φ. Figure 7 shows a 
snapshot of a GeoGebra session to check this experimentally: 

• Draw a segment AB of length 1; 
• Draw a regular pentagon, AB being one of its sides; 
• Draw the diagonals of this pentagon. The non-convex polygon formed by the diagonals 

is called a Pentagram. 

The notations l, m, n, p, and q represent both the diagonal segments and their respective 
lengths; note that in the left column (called the algebraic window), they have a common value 
1.618. We wish to make the following remarks: 

• The accuracy of the approximation can be improved when requesting from the 
software to display more digits after the decimal period. 

• When requesting from the software to display the object details, then the 
definition of q, for example, is Segment (C, A). 

 

Of course, this experimental discovery can be (and has to be) followed by exact computations, 
using trigonometry. 
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Figure 7 
Building a Pentagram with GeoGebra 

 

These measures are proportional to Biblical length units: if DB represents a cubit, then the 
following segments will represent a foot, a palm, etc. 

          Numerous other proportions of segments defined by the pentagon and the Pentagram 
and involving φ are illustrated in Figure 8. This is a snapshot of a GeoGebra session to check 
different ratios experimentally. For every pair of segments, the computer input and result 
appears in the left column (algebraic window). 
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Figure 8 
Golden Ratios in Pentagrams shown with GeoGebra 

 

Octagonal buildings 
The Castel del Monte, Italy 

          Castel del Monte was built by Emperor Frederick II on top of a hill in Apulia in Apulia 
(Southern Italy). It is shaped by several octagons. At first glance, Golden Rectangles may 
appear, as shown in Figure 10 (the main entrance). Once again, students can use GeoGebra as a 
tool for exploration. The students can check the details of Golden Rectangles with accuracy. 
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Figure 10 
The Main Entrance to Castel del Monte 

 

Now, let us look at the general structure of the castle. The main part is a ring enclosed by two 
concentric regular octagons (see Figure 11). The interior part of the smaller octagon is an open 
sky yard. At each vertex of the exterior octagon is an octagonal tower. We will focus on the 
main building. 

          Of course, the castle is divided into halls and rooms, as displayed in Figure 11b. Students 
can import the map as background of a GeoGebra session and re-build the map. The students 
can then check that the halls shaped as trapezoids (numbered with Roman numerals I-VIII in 
Figure 11b) have the following remarkable property: the ratio of the long base measurement 
over the short one of each of these halls is equal to φ. 
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Figure 11 
The Castel del Monte 

 

          All of these halls have the same dimension because of the numerous symmetries of the 
building. Dana-Picard and Hershkovitz (2018) give details of a classroom activity for this. 
Remark: the actual measurements presented in Figure 12 have been obtained by Götze (1998). 
There exist other maps, with different focus of interest. Automated creation of regular polygons 
with GeoGebra enables us to check that the octagonal shapes of the castle are not actual 
regular octagons; such deviations are clear in Figure 12. 
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Figure 12 
Checking the Regularity of Octagons 

 

The Rumbach Synagogue, Hungary 
          We look now at a 19th century synagogue on Rumbach Sebestyén street, Budapest. It was 
built on a piece of land enclosed in a non-regular polygon. The architects planned a building in 
which we can distinguish two different parts (see Figure 13a): one of them is divided into an 
apartment and classrooms; the other part, the westernmost, is an octagonal synagogue. 
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Figure 13 
The Rumbach Synagogue, Budapest 

 

          In Figure 13b, a photo from the year 1895 is displayed. This is a view from the center of 
the prayer hall in the direction of the entrance. This explains the fact that in Figure 13a, on the 
right, the octagon is not complete, one of the missing sides being a side of an external 
rectangle. Symmetrically, the same phenomenon occurs on the opposite side, where the "Holy 
Ark" containing the Torah (the Pentateuch, or the Five Books written by Moses on Mount Sinai) 
scrolls is situated. 

          Figure 14 shows the original plans. On the left is the plan of the women’s gallery (Two 
floors above the men’s prayer hall (ground floor, on the right). Two concentric octagons are 
apparent: the external one for the walls, the internal one is actually not full. The last one is 
made of separate columns, which bear the women’s gallery, visible in the plan on the right. 
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Figure 14 
The Original Plans of the Rumbach Synagogue 

 

          Students can perform the same exercise as in the previous section, using the augmented 
reality (AR) features of the software in order to check the proportions of the building (see 
Figure 15). Augmented reality applications are already used in GeoGebra and there are 
numerous efforts to experiment with AR in teaching mathematics and other related topics. We 
are currently running some experiments with AR and will report this in future papers. 

Figure 15 
Golden Proportions in Rumbach Synagogue 
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The columns supporting the women’s gallery are not connected by walls and the whole of the 
volume on the three floors is open. Nevertheless, if students draw the diagonals through the 
center of the octagon, they define trapezoids whose bases are external walls (long bases) and 
the "virtual" segments between columns (short bases). An experimental checking using the 
software shows that the length ratio of the bases is equal to. 

Angkor Wat and the Giza Pyramids 
          Angkor Wat was originally constructed in the early 12th century by the Khmer King 
Suryavarman II in what is now Cambodia. Several strange numbers arising from the monument, 
sometimes related to space measurements are given by Spivey (2016). 

          The shortest distance between two points, A and B, on a sphere is measured along an arc 
of a great circle, namely a circle passing through A and B and whose center is the center of the 
sphere (Jennings, 1994, Chap. 2). There exists a single great circle through Angkor Wat and the 
Giza plateau, with its pyramids. The distance from Angkor Wat to Cheops pyramid is equal to 
4,754 miles. If a point, A, were to denote the location 
of Angkor Wat, then the second endpoint of the diameter of this great circle is situated 35 miles 
northwest from the Peruvian city of Nazca, where an outstanding archeological site is located. 
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Figure 16 
The Great Circle: From Angkor Wat to Cheops Pyramid 

 

The distance from Cheops Pyramid to one of the main sites in Nazca is equal to 7,692 miles. 
Note that 7,692 = 4754*1.618005889, a 4-digit accurate approximation of the Golden Section. 
This can be an excellent problem-solving analysis challenge for students. 

          There are other ancient sites either on this great circle or close to it. For example, Preah 
Vihear in Cambodia and Passover Island, are on the circle. Petra and Persepolis are within 10 
kilometers. They are listed on a website dedicated to Machu Picchu. Their relation to the 
Golden Section has still to be studied. Students can explore these structures and their 
relationships on the great circle mentioned. 

We propose a canvas for some classroom activities: 

• Import a suitable picture such as the background of Figure 16 as a background for a 
GeoGebra session. 

• On this background, plot the points corresponding to the monuments under 
consideration. 

• Plot the circle through these points. Interaction using the mouse may be highlighting. 
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• A nice challenge for the students: find new monuments/traditional sites close to the 
circle. 

• Checking with the DGS the distance from these sites to the great circle may provide an 
opportunity to check the importance of approximations in applied situations. 
More advanced students may have the benefit of this example to broaden previous 
knowledge about spherical geometry, as explained by Jennings (1994). We emphasize 
that this is especially important for applications. 

Calendars 

This section is also based mostly on approximations and has multiple goals: 

• Computations are based mostly on approximations. The topic yields another 
opportunity to assess the role of approximations. 

• The topic under study is always seen as purely geometric. We show here a more 
abstract occurrence of the Golden Section. Other abstract situations exist; they will be 
the topic of further work. 

• The connection between concrete objects (planets and their motions) and more 
abstracts notions (time) can be highlighted. An extension towards history of the 
students’ traditional calendar is natural. 

          Numerous calendars are used in the world. Generally, the best known are the Gregorian 
calendar, the Muslim calendar, the Buddhist calendar, and the Jewish calendar. 

          Several definitions of a solar year exist, dependent on the astronomical phenomenon 
taken as a reference. For example, a sidereal year is the time such that, when observed from 
the Earth, the Sun is at the same position with respect to the stars on the celestial sphere. 
The Gregorian calendar is solar. One such year is the time interval of two passages of the Earth 
at the same point on its orbit around the Sun. It is computed so that the spring equinox is as 
close as possible to the 21st day of March. The length of a Gregorian year is 365.256363051 
days (i.e., 365 days 6 hours 9 minutes and 9.767 6 seconds). Because of the fraction of a day 
(the digits after the decimal period), a correction is needed and an extra day is added every 4 
years, but every 100 years this extra day is not added. 

          A lunar calendar is based on lunar months. One lunation is the interval between two new 
Moons. It is approximatively equal to 29.53058885 days. The Muslim calendar is lunar, i.e., fully 
based on the Moon. 
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Figure 17 
The Phases of the Moon along one Lunation 

 

          The two kinds of calendars have very different features. In a solar calendar, the notion of 
year is meaningful but months are arbitrary. In the lunar case, the notion of a month is (almost) 
well defined, but the notion of a year is arbitrary. 

          The Jewish and Buddhist calendars are lunisolar, i.e., they take into account both 
astronomical phenomena. The notion of a year is important, but the basic unit is the lunar 
month. As one lunar month is not made of an integer number of days, the equilibrium is made 
in the Jewish calendar by using months of 29 days alternating with months of 30 days. Two of 
the months may have either 29 or 30 days (separately) according to the specific year (The 
Buddhist calendar, which is based on lunar cycles within a sidereal year, is still used for religious 
observances, while the official governmental calendars are Gregorian, thus religious 
observances fall on different days each [Gregorian] calendar year). 

          Twelve such months are not synchronized with a solar year: there is a gap of 12 days. This 
is compensated when adding a 13th month from time to time. How is this performed? 

          The Greek astronomer Meton of Athens observed that 19 solar years (i.e., 19 x 365 days) 
correspond (almost) exactly to 235 lunations. This corresponds to 6,940 days, with an error of a 
few hours. With this approximation, Meton obtained that 125 long months (30 days) and 110 
short months (29 days) were needed for his calendar. 

          Actually, concerning years, the following formula, known as Meton's formula, holds: 

 

In other words, in a cycle of 19 years, take 12 years with 12 months each and 7 years with an 
intercalary month (a 13th month), and this performs the needed synchronization. A 13-month 
year is called embolismic. 

          This is the way the Jewish calendar is built: 12 years of 12 months each and years 3, 6, 
8,11,14,17, and 19 of each cycle are embolismic. 

          Meton noted that if we were to share the 6940 days equally between the 19 years, we 
would obtain 365 + 1/4 +1/76 days. This reinforces the need for embolismic years. He noted 
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that the proportion of years in each lunation is given by: 19/235 ≈ 0.0809. By denoting this 
number as α, we have: α ≈ 0.0809, 2α ≈ 0.1618 ≈ φ/10, … 20 α≈φ. 

          Based on this, we can make a thought experiment on the approximation to a 
mathematical concept, i.e., the Golden Proportion, which we understood to be a geometric 
characteristic, that it can be projected to time. 

Further connections 

 

          The notion of the limit of a sequence comes later in the syllabus, therefore activities 
connected to the ratio of two consecutive elements of the Fibonacci sequence as an 
approximation of the Golden Section can appear only later. 

          Practical applications of the mathematical notions are of the utmost importance for many 
students. The Fibonacci sequence appears in numerous cases, some of them are handcrafted 
such as Judaica objects; others exist in nature, such as various flowers. These have already been 
described on many occasions. For specific groups of students, it may be interesting to look after 
occurrences of elements of the Fibonacci sequence in the monuments described in the previous 
sections. For example, the authors found all of the first nine elements in the Rumbach 
synagogue in Budapest. (See also Dana-Picard and Hershkovitz [2018]). Finding Fibonacci 
numbers when counting architectural elements is purely descriptive, thus accessible to any age. 
Nevertheless, the computations in the “Octagonal Buildings” section and the Dynamic 
Geometry System based activities can be proposed only after some geometric background has 
been acquired (See Dana-Picard and Hershkovitz [2019]). 

          The geometric and trigonometric aspects of our study address students of different ages. 
With basic knowledge of trigonometry, the study of the various ratios in regular pentagons and 
pentagrams is accessible. The next example, in “The Golden Section: Measurements and the 
Pentagrams” section, is aimed at more advanced students, as it requires acquaintance with the 
arcsine function. 

          The part of our study devoted to astronomy requires at least some interest of the 
students for this kind of topic. The numerical data are available over the web; it is the 
educator's duty either to provide the data or to guide the students for their web search. 
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Computations for the Hebrew lunisolar calendar involve more details than what we presented 
in the “Calendars” section. Nevertheless, they are accessible already in primary school. A 
colleague of the authors teaches this topic to 5th grade students. Figure 18 shows an activity 
proposed by the second author to such students. 

Discussion 

          In this paper, we offered a variety of examples for critical discussion on the Golden 
Section together with interactive resources and suggested some uses in education. 

          We believe that using some of these examples for developing students’ abilities for critical 
explorations and debunking myths and understanding the role of approximation in 
mathematical applications could offer motivation for learning and could enable teachers to 
engage in interesting learning experiences. We hope that this paper also offers motivations for 
others to develop further examples within this topic and/or explore other mathematical ideas 
with technology and in relation to the arts. We believe that transdisciplinary learning, often 
highlighted in STEAM education could become a powerful approach in education. 

          The examples offer new perspectives to explore cultural phenomena. We are planning to 
develop further examples specific to Asian cultures and would like to encourage teachers and 
researchers in the various Asian regions to examine possible uses of local arts and culture for 
STEAM education. We would like to use these examples to use with further teaching and 
learning of mathematics and other STEAM subjects in a transdisciplinary matter thus enriching 
classroom activities and offering new ways to engage and contribute to students’ learning. 
Furthermore, Dana-Picard and Hershkovitz (2019) showed how to use examples from the 
cultural background of students. They developed activities for exploration with a Dynamic 
Geometry System of Jewish monuments and their geometric properties, aimed at a specific 
student population. With the examples described in the “Calendars” section, we show that this 
point of view can be suitable for other students, building activities on each student’s cultural 
background.  
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rich environment. He is an active member of national and international professional 
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 Jamie is a 17 year-old junior at a Midwestern high school serving an average size 
community anchored by a regional public university and an agricultural equipment 
manufacturer. Since middle school he did just enough to keep his grades from attracting 
remedial attention while falling short of competing for scholarships or elite colleges. With a 2.0 
grade point average Jamie was adrift, preferring skate boards and video games to algebra and 
anatomy lessons. Like so many young Americans, he was lost at "C." A new course sequence 
that matched students and their teachers with local industry professionals in hybrid work-based 
learning experiences caught his attention, and Jamie started each day of the fall semester on a 
plant floor alongside engineers designing high pressure pumps for crop irrigation. It turned out 
that his formidable skills with Minecra translated to their computer-aided design platform, and 
his carves and airwalks on the skateboard imbued Jamie with an intuitive grasp of fluid 
dynamics—velocity, density, viscosity, pressure, temperature and the like. His grades have 
spiked and the pump company offered to scholarship his higher education in exchange for 
continued internships toward employment upon degree. Jamie's found his rudder. The Mission 
Statement of Jamie's school district is "To prepare caring and responsible citizens." Some 
suggest adding "employable."  
 
 For over a century, job-related career education was restricted to the CTE (Career and 
Technical Education) wing of US schools. Despite funding and credentialing hurdles, core 
discipline teachers from early elementary to secondary schools are adopting work-based 
strategies to add meaning and context to study. A third grade class in Jamie's district opened a 
neighborhood coffee shop in partnership with a local vendor, learning the botany of beans, the 
math of price-pointing, and the business of marketing all the while. The Chemistry class 
partnered with a local brewery to perfect a root beer recipe as their fermentation unit, earning 
royalties along with course credits. Such pockets of excellence inspired and informed the 
development of a new Federal STEM education five- year strategic plan released in late 2018.  
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Charting a Course for the Future: America's Strategy for STEM Education 
(https://www.whitehouse.gov/wp-content/uploads/2018/12/STEM-Education-Strategic-Plan-
2018.pdf) is anchored to over-arching goals toward STEM literacy, diversity and inclusion, and 
preparing tomorrow's workforce. Thousands of voices throughout the public and private 
sectors, from employers to educators across State and Federal stakeholder groups were 
unanimous in advancing a workforce development goal: "A diverse talent pool of Americans 
with strong STEM knowledge and skills prepared for the jobs of the future is essential to 
maintaining the national innovation base that supports key sectors of the economy, including 
agriculture, energy, healthcare, information and communications technologies, manufacturing, 
transportation, and defense, along with emerging areas like artificial intelligence and quantum 
information science"(p. 6).  

 Among the dozen strategic priorities that constitute America's Strategy for STEM are 
four specific to more purposeful ties between the worlds of work and of education. They derive 
from the consensus of the STEM education community as recounted on page 44. Each is an 
invitation for PreK-12 educators to take frontline leadership in developing tomorrow's 
workforce:  

1. Build Local STEM Ecosystems that unite schools, workplaces, informal learning centers, 
social service and faith-based entities and others in wrap- around support for learners 
across the pipeline, classroom to career (p. 10).  

2. Expand Work-Based Learning for both students and their teachers through Educator-
Employer Partnerships (p. 11).  

3. Develop Entrepreneurship Education to drive innovation, invention, and discovery (p. 
16).  

4. Elevate Computational Literacy across disciplines as equal to reading and mathematics 
as foundations to career readiness (p. 23).  

 The elegance of a teaching-toward-workforce-development mindset is the alignment to 
learning theory—the content and skills conveyed can't help but be more personal relevant, 
meaningful, applied and culturally contextual. The authors of the Plan surmised, "Tomorrow’s 
workers are today’s learners, and the learning experiences provided to them will directly 
impact how many decide to pursue STEM careers as well as how ready they will be to do so" (p. 
6). They recognize, however, that systems need to evolve alongside individual teachers for the 
vision to spread. Re-imagined policy around the credentialing of instructors and crediting of 
courses is needed at the local and state levels. Higher education admission expectations, 
teacher preparation models and research agendas all risk misalignment with the new priorities 
of the STEM education community. School administrators have the awesome responsibility and 
unprecedented opportunity, likely reinforced by tablemates at Rotary Club or city leaders' 
meetings, to usher a new era of STEM education woven into the community. Grant agencies 
and philanthropic organizations now have a "North Star" with which to chart their own courses 
for investing, thereby amplifying their collective impact.  
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It's a laudable mission statement for a school district "To prepare caring and responsible 
citizens." But "To prepare caring, responsible, and employable citizens" sets learners and their 
communities as well as our nation up for economic success.  

 

Any 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.  
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