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SHOULD SCIENCE AND MATH     

TEACHING CHANGE? 

An international exam shows that American 15-year-olds are 

stagnant in reading and math even though the country has 

spent billions to close gaps with the rest of the world. The 

performance of American teenagers in reading and math has 

been stagnant since 2000, according to the latest results of a 

rigorous international exam, despite a decades-long effort to 

raise standards and help students compete with peers across 

the globe. 

Over all, American 15-year-olds who took the PISA test 

scored slightly above students from peer nations in reading 

but below the middle of the pack in math. 

With a history of decades of semi-successful attempts it is 

time to reconsider how we teach science here and abroad. 

We present perspectives from STEM advocates and educa-

tors across three continents on this shared issue of grave 

concern 
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How to Teach Science 

Lecturing is traditionally employed to teach science; however, this is proven to be ineffective. The 

teacher serves as the conveyer of information while the student passively listens and receives the in-

formation.  It is well documented that this approach is ineffective in improving learning outcomes in sci-

ence.  For students to better grasp science, it must be taught interactively and engagingly. Most indi-

viduals are visual learners, and we live in an ever-changing world that requires innovation, creativity, 

and imagination.  Introducing students to material that can appear abstract in nature, require modern 

approaches.  Instructional applications can include hands-on activities, images, videos, AI, gaming or 

projects in a collaborative environment 

Active learning strategies have been effective in teaching science.  Stu-

dents learn by doing and collaborate with peers, which provides an oppor-

tunity for them to share perspectives and arrive at solutions. Through the 

process, the inquiry emerges from the student during the hands-on activi-

ties.  The focus is to encourage critical and analytical thinking and prob-

lem-solving skills that will be required for 21st-century employment oppor-

tunities as well as entrepreneurial endeavors.   

Although active learning is highly effective, many educators are uncom-

fortable with this approach.  They lack confidence with their knowledge and feel that they do not have 

control of their class.  Although a sound knowledge base of the material is paramount, that alone is not 

adequate.  Teachers must also have excellent classroom management skills and believe that all stu-

dents are capable of learning, regardless of background, and know-how to design lessons for diverse 

learning styles.  As facilitators, teachers have a significant role in the active learning process.  They 

should listen to responses, ask learners to elaborate on thinking, and provide feedback. Information is 

constantly changing, and this will require teachers to continue learning and researching.  Furthermore, 

we must teach learners how to think due to the ever-changing demands of the workforce. 

Gladys Delancey-Bolding, BioLogue Laboratorium 

“Since knowledge is fluent and ever changing I develop my lessons around process. I blend a simple 

problem solving approach with a deeper dive into research/gathering information. The Internet is their 

library so training in valid and reliable searches for sources is a must. Critical Thinking is a must as well 

and should be placed as triggers for deep thought related to standard being assessed”.  

    DeBorde, Gary, STEM/Engineering Technology Instructor at Fayette County Public Schools (KY) 

“I believe that the way in which we teach math in this country is backwards. As a math teacher, some-

thing I hear my students say with alarming frequency is that they do not know how to do math, or even 

that they hate it. Sadly, they are far from alone: across the United States, it is estimated that 17 percent 

of the population suffers from math anxiety. 

The old-fashioned approach used in many classrooms, focused on rote memorization and a disconnec-

tion from the patterns of math as a language, leaves many students without a grasp of the concepts, 

causing frustration and a dislike for the subject”.    Yvonne Chimwaza – Math Essentials Lead at Louisi-

ana Virtual Academy 

“I think the ability to evaluate the legitimacy of facts are something schools should start to educate. I 

think schools are not equipping students with as much relevant skillset as we would like, in terms of digi-

tal matters”. Linh T. Tran Author 
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Teacher Shortage - Real and Growing 

While the teacher shortage is being felt across many states and school districts, its impact is not shared 

equally along socioeconomic lines, according to a new paper by the Economic Policy Institute (EPI). 

Probably the most critical resource denied to many students is an experienced, full-certified teacher –  a 

deficit that is “much more acute problem in high-poverty schools,” said EPI Economist Emma García. 

“These shortages threaten students’ ability to learn and reduce teachers’ effectiveness, and high teacher 

turnover consumes economic resources that could be better deployed elsewhere.” 

As Garcia and Weiss note, not all current teachers meet the education, experience, and certification re-

quirements associated with being a highly qualified teacher. Students in high-poverty schools are more 

likely than their counterparts in low-poverty schools to have teachers who have less experience, fewer 

credentials, and lack the educational background in the subject matter they are teaching.  

(See chart below.) These teachers are also more likely to leave the profession. 

National Education Association –Emma Garcia/Elaine Weiss, EPI 
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From Online to Onsite – STEM Implementation Made Easy for Kindergarten Teachers 

In Finland, we believe in providing quality education for all. In fact, it is 

ingrained in our educational model and policy. This means that one’s 

birthplace, origin or family have no impact on their access to basic 

education. This very idea of democratic educational opportunity un-

derpins the online STEM education program, which the University of 

Helsinki Center for Continuing Education HY+ has developed to-

gether with SME Jenni Vartiainen (PhD). 

Micro learning Makes Learning Easy 

If children are provided tools for scientific thinking from a very young 

age, they will develop skills for the future. How can kindergarten 

teachers teach these skills to children? What if science is not their 

strong suit? STEM subject knowledge, educational theory, and sci-

ence activities are all equally important, and aim at boosting kinder-

garten teachers’ self-efficacy and confidence.  Observation lies at the heart of the online program: teach-

ers observe their own work, and children learn to observe scientific phenomena around them. The mate-

rial follows this model: Learn – Do – Reflect. This encourages program participants to take their learning 

into their immediate work environment and consider their own practical pedagogical theories.  

The program material is designed with an inexperienced teacher in mind. Sixty lessons containing short 

micro learning units of child-centered pedagogy and quick activities make for effortless implementation. 

The material includes images, short reading activities, videos, quizzes, and forum discussions. The 

themes range from science activities to phenomenon-based learning and guided inquiry. The idea is that 

observing, making hypotheses and drawing conclusions are integrated into the teacher’s everyday prac-

tices.  

Researched and Developed with Teachers 

Finnish teacher training is based on educational research, and so is the STEM education program, which 

has been put to use and researched in kindergartens. This guarantees that the activities are indeed ap-

plicable in a kindergarten context. Jenni Vartiainen (PhD), an SME for the STEM program, works at the 

Faculty of Educational Sciences of the University of Helsinki as a lecturer. Her research focuses on chil-

dren’s science education and multiliteracy. The feedback has been encouraging. 

”The children are excited, as are the parents. The article [included in the materi-

al] was interesting to read, and in my ten years at our kindergarten, I have seen 

as each year goes, that the majority of children gravitate towards activities that 

are more scientifically and hands-on based”, comments Kari Ann Linna, a kinder-

garten teacher at Albatross Daycare in Espoo, Finland. She finds that, “at the 

moment, the only struggle is not to do everything at once!”  

From the beginning, engaging educational planners, kindergarten teachers, 

managers, and parents, has been the main focus in planning the program. Mak-

ing learning easy and accessible online promotes life-long professional develop-

ment. At the pilot kindergarten Albatross Daycare, for example, teachers study in 

pairs, which allows for peer review and exchanging ideas.  

Continued on page 5 
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Continued from page 4 

”The children have really embraced the activities and have begun asking really 

interesting and challenging questions”, Ms. Linna describes, regarding her 

mixed-age group. She has adapted the activities to the children’s individual 

needs: ”in the number sense activities, I have just incorporated free play, and it 

is interesting to see differences in the children's understanding. I am observing 

that age is not relevant at all in determining the children's abilities to under-

stand mathematical concepts.” 

Teaching Skills for the Future 

Children’s science education happens all around the world, but what makes 

the Finnish STEM activity unique is the way it incorporates play and all fields of 

science into a motivating experience. For example, children’s culture and liter-

ature can be starting points when investigating natural phenomena. 

“Children have a huge natural urge and ability to explore and wonder at the 

phenomena of the surrounding world. It is useful to encourage this inclination, 

so that the curious and searching nature of learning will last for a lifetime. In the new online program, we 

concentrate on supporting this natural enthusiasm, and empowering children as active and participative 

builders of knowledge”, Dr. Vartiainen explains. Science topics have indeed been incorporated into the 

wider context of multidisciplinary learning, which promotes children’s development into critically thinking 

21st century citizens.  

Written by Ms. Marjut Sadeharju (MA), Learning Development Specialist at the University of Hel-

sinki Centre for Continuing Education HY+ 

A Question for STEM Advocates 

More often than not, early childhood education promotes reinforcement of student learning and problem 

solving by memory to arrive at an answer. While cognitive schema building is critical, the sole reliance on 

memory is counterproductive. As the child advances to higher levels of education, the learning and prob-

lem solving expectations start to include reasoning. Perhaps reasoning should be introduced earlier 

alongside learning by memory... 

My experience as a university STEM faculty member via chemistry has 

shown me that too many students were encouraged to use technology to 

arrive to solutions, and unfortunately their reasoning skills had not been 

strongly developed. I cannot say if this is due to the instruction from their K-

12 teachers, society's immediate reliance on technology, poor self-efficacy 

in their own problem solving skills, or a combination of all of these.  

Any approach that mixes all of Bloom's Taxonomy starting from an early age 

gets my vote. However, education is not "one size fits all", so I wouldn't 

100% vote for universal application of a single approach.  

 

Dr. Mayen B. Udoetuk, Director, Department of Engineering & Technology at UCSC Silicon Valley 

Extension 
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Communication and STEM: An Introductory Lesson 

 Alexa S. Chilcutt, Ph.D.- College of Communication and Infor. Sciences, University of Alabama 

 

Dr. Erwin Schrodinger, recipient of the 1951 Nobel Prize for his work in physics 

stated, "If you cannot in the long run-tell everyone what you have been doing, 

your doing has been worthless." Numerous studies reveal the importance of com-

munication skills to STEM professionals.[1][2][3][4] The ability to communicate ef-

fectively facilitates informing the public of discoveries and advancements, and 

working to build trust and gain buy-in. From pitching an idea and providing project 

updates to the day to day collaboration and teamwork, the ability to clearly com-

municate what your work is and why it is important to a variety of stakeholders is a 

workforce readiness skill for future STEM professionals. Current STEM education 

does not provide sufficient communication skill development, especially the ability 

to communicate complex ideas to technical and non-technical audiences.  

 

Since 2011, I have taught the communication portion of an aerospace and mechanical engineering Re-

search Experience for Undergraduates at The University of Alabama. The goal is for participants to present 

their research in a two-minute poster presentation, write an abstract, create a short REU experience video, 

and to deliver a formal 15-minute presentation to research faculty. The first few summers I struggled to 

make these bright students from around the country see communication skills as relevant to the field. When 

a senior AME class was asked about the stereotypes of technical professionals’ communication skills, some 

responses included: 

 

“We aren't very good at communication unless the audience is engineers or technically 

minded. The things we try to explain are difficult to understand!” 

“These are soft skills. Learning public speaking skills won't matter to what I am doing.” 

“I’m a numbers person; get me back in the lab where I’m comfortable.” 

 

To overcome this initial barrier and to create an immediate connection between communication and stu-

dents’ future careers, a pre-meeting assignment was created that included preparatory work. This first REU 

lesson plan is one that could be taught to any middle or high school group.  

Prior to the class meeting, create a Google Sheet for students to enter a journal or trade article citation. 

Send an initial assignment email to the students – e.g., 

Dear Students, 

For our first meeting (next class), please find and read a scholarly journal or trade publication/

magazine article that discusses the importance of communication skills to any STEM profession. 

Place your name and article citation in the Google Sheet. There should be no duplicate articles. 

Read the article and prepare a 3-minute summation for group discussion.   

 

Continued on page 7 

Alexa S. Chilcutt, Ph.D. 
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Continued from page x, Chilcutt—Communication and STEM 

Lesson Plan 

Objective: Students will be able to articulate and comprehend the importance of communication to 

STEM fields.  

Instructor Facilitation: 

Place students in small groups of three or four.  

In each small groups, students take turns verbally summarizing their article in three minutes.  

Time each three-minute round and move group along.  

After all members of the group have presented, each group chooses one individual with the most 

compelling article and best summation to present to the class.  

Facilitate the selected students’ 3-minute presentations to class at large. 

Ask class to identify themes connecting communication and STEM field/profession. 

This interactive approach to the first lesson, replicated the summers of 2017-2019, changed the dynamic 

of the REU communication classes and created an eagerness to embrace learning. Reading and pre-

senting their article’s information and conveying what researchers and the industry say about communi-

cation as it relates to workforce readiness, project success and career advancement allows students to 

see these skills as relevant to their future work within the STEM field.  

In an interview with Dr. Daniel Schumacher, Senior Manager at Torch Technologies and former Director 

of Science and Technology for NASA, he confirmed the importance of communication skills in his own 

career advancement stated that the ideal technical professional is one who “can have an in-depth con-

versation with colleagues about black holes and turn around and explain what a black hole is to a group 

of eight-year-olds.”[1] Teaching communication skills can begin at the earliest levels of education. Teach-

ing the relevance of these skills to future career success should be at the forefront of secondary educa-

tion as educators work to prepare students for college and beyond. 
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Around the Globe 

England's schools face 'severe' teacher shortage 

Former education minister, David Laws, now chairman of the EPI, says the "government faces a signifi-

cant challenge to recruit enough teachers - particularly in subjects such as math and sciences". 

"It must already be a concern that as little as half of GCSE math teachers have a math or sciences de-

gree. "Of particular concern is the unequal access to subject-qualified teachers for more disadvantaged 

schools outside London," said Mr. Laws. 

England's schools shortage also results from bigger class sizes and more subjects taught by staff with-

out a relevant degree, says the Education Policy Institute (EPI). There are particular problems for get-

ting specialist teachers for math and science, which the study says reflects the difficulty in recruiting 

graduates who could get better paid jobs in other careers.  In poorer areas outside London, 17% of 

physics teachers have a relevant degree - compared with 52% in affluent areas in the rest of the coun-

try. 

Australia 

“Across Australia, we are facing a massive shortage of specialist mathematics and science teachers, 

particularly in physics and chemistry. With imminent retirements and poor retention rates, this problem 

will only get worse. It has already reached crisis point in some areas”.  Australian Science Teachers 

Association 

Ireland 

Shortage of science and math teachers threatens Stem strategy. An acute shortage of teachers in key 

subject areas such as math and science threatens to undermine ambitious Government plans to boost 

uptake of Stem subjects such as science, technology and math. 

Shortages of Science and Math Teachers 

Policy makers and industry leadership in the USA should take note, because we are staring down a cri-

sis in the education profession. Enrollment in teacher preparation programs has declined sharply in re-

cent years. And we lose an alarming number of teachers once they enter the profession; between 40 and 

50 percent of new teachers leave within five years. Add to that the loss of mid- and late-career teachers, 

who have honed their skills but can’t see staying until retirement, and you’ve got a capability drain un-

seen in other professions. 

Within three years, there will be over a million STEM jobs open in the United States that will go unfilled if 

the STEM education gap is not reduced.  

 

Germany's Bertelsmanns Foundation warns that a predicted shortfall in primary school teachers was 

worse than the federal government had previously estimated. The Standing Conference of the Ministers 

of Education and Cultural Affairs (KMK) found in its October 2018 forecast that Germany would see a 

shortage of 15,300 primary school teachers. But Bertelsmann has said its researchers found that figure 

to be at least 26,300.  

Continued from page 7 
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How to increase critical thinking skill development in science at all grade levels? 

Author: Dr. Linda Pfeiffer, Senior Lecturer, Australia Pacific LNG STEM Central project 

Lead CQUniversity 

Australian landscape 

Globally, investment into science, technology, engineering and mathematics 

(STEM) education continues to be a priority for all levels of government, industry 

and community. In Australia, with declining PISA results and students now per-

forming at their lowest levels ever in science and mathematics the Australian 

Federal Government, the Queensland State Government and an increasing 

amount of industry and community groups have introduced a number of 

measures to try and combat a decreasing STEM workforce.  

These include:  

Australian National STEM Agenda pushing for STEM to be taught and under-

stood in schools (Education Council, 2015); 

A focus on upskilling teachers understanding and knowledge of STEM inquiry-based learning; and 

Australia’s education system, from early education to tertiary, supporting the active inclusion of girls and 

women and enables them to explore their full STEM potential (Australian Government, 2019). 

Aboriginal and Torres Strait Islander histories and cultures as a cross-curriculum priority in the Australi-

an Curriculum (ACARA, 2019); 

The Indigenous STEM Education Project (CSIRO) aiming to increase participation of Aboriginal and 

Torres Strait Islander students in science, technology, engineering and mathematics (STEM). 

 Education  

Whilst STEM workforce participation is a priority for many, the STEM crisis involves a shortage of stu-

dents – the next generation, who will be responsible for our futures – studying Science, Technology, 

Engineering and Mathematics. Schools and teachers play an integral role in the encouragement of stu-

dents to engage with STEM at school and in the community.  

How to increase critical thinking – engage experts in their fields! 

It is quite a challenge to prepare students for careers that have not been invented yet. The Australian 

Chief Scientist at the time, Ian Chubb, noted “international research indicates that 75 per cent of the 

fastest growing occupations now require STEM skills and knowledge” (Office of the Chief Scientist, 

2014, p.2). Around 85% of the jobs that today’s learners will be doing in 2030 haven’t been invented yet 

(Institute for the future, 2017, p.14).  

To provide rich learning experiences for students, you need to be able to make connections. These 

connections need to be made between partners and with students learning. No one has first-hand ex-

perience working in every occupation or field. As teachers we need to be able to connect the student 

learning with real world contexts, despite not necessarily having ever experienced these ourselves. This 

is where partnerships play a vital role in providing teachers with the networks needed to implement 

learning environments with a real-world context. While we may not know the jobs of the future, we do 

know that STEM involves solving problems within a focused context. Although the term STEM may go 

out of fashion, these fundamental skills, knowledge and attitudes will always remain.  

Continued on page 10 

Dr. Linda Pfeiffer 



Page 10 of 10 

Continued from page 9 

Moving forward, there will be a gap between the use of technologies and the understanding of how the 

technology works. As teachers there is a need to keep up to date with emerging technologies. The best 

way to do this is to engage with partners to provide connections to STEM learning in the classroom. In 

Australia, we are fortunate to have access to one of the most comprehensive repositories of STEM relat-

ed initiatives – the STAR Portal. 

Figure 1. Landing page of the STAR portal, https://starportal.edu.au/ 

The STAR portal has been a collaboration between the Office of the Chief Scientist, Engineers Australia, 

Telstra, AMSI, BHP Billiton and the Commonwealth Bank, in consultation with the Department of Educa-

tion to provide Australian families with access to STEM outreach activities in their area and online. As 

Figure 1 shows, there are links to resources and opportunities relevant to families, providers and teach-

ers. 
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