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STEM can’t exist without math, but could math exist without STEM? 
 

I. Introduction  
 
By its very definition, STEM (science, technology, engineering, and mathematics) relies on math 
as a foundational pillar. And yet, long before STEM was a subject (albeit an interdisciplinary 
one) unto itself, mathematics stood independently. So, when it comes to math education, why are 
some teachers choosing to take this new, STEM-based approach to instruction? What drivers 
have contributed to the progression of STEM in the K-12 education space, and what impact is it 
having on mathematical thinking? 
 
As with most advances in work, technology, commerce or social life, there are corresponding 
shifts in our needs and capacities. When referring to mathematical thinking, these shifts could be 
viewed through a positive lens - that is, having the ability to improve, enhance or maximize 
societal capacity for thinking mathematically - or a negative lens, in which our capacity 
diminishes. In Figure 1, some examples of advances in society have been shown along with how 
each can have the potential to either increase or decrease mathematical thinking. For example, 
“brain games” and apps marketed to develop users’ knowledge and skills claim to improve many 
math-based aptitudes including memory, pattern recognition, attention, problem solving, logic 
and reasoning. However, some studies (Jhaveri, 2016) suggest that these games do not support 
deepened mathematical thinking, but rather support skills at using or playing with the specific 
game. Indeed, when users engage with other apps (such as those for finance, fitness, or location 
like GPS), the question must be asked: do we really understand how data is arrived at, and the 
true meaning of it? Or do we instead consume the numbers at a superficial level, removing both 
the need for humans to make computations as well as for us to have a fundamental understanding 
of process and meaning? Just because we are getting more and more exposure to numbers, 
statistics, and data through these apps, through growing technology and through access to a 
widening body of information online, does engaging with numbers equate to true “mathematical 
thinking”? These societal and technological developments must be properly leveraged such that 
they can benefit society and contribute to deepened thinking, process, or creation.  
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STEM education is a pedagogical approach that is both a construct for what we teach, as well as 
how we teach. STEM emerged over the last 20 years as an interdisciplinary or even 
transdisciplinary approach to instruction, designed in part as an effort to increase student 
engagement and to mimic real-world problems that typically do not appear exactly as in a 
subject-specific textbook. As the complexity of global problems grows, so too does the argument 
that these problems require a transdisciplinary approach to facing them, and students must be 
trained in merging subjects, ideas, and theories while communicating across divides. The 
repetitive, “drill-and-kill”, rote memorization that has characterized many a historic math class 
does not resonate with STEM instruction, and increased exposure to any given formula or data 
set does not necessarily mean that students have deeper mathematical thinking. However, STEM 
is still not a household term on a global scale. How has it been evolving? 
 
II. The evolution of STEM 

 
The interdisciplinary approach to teaching science, technology, engineering, and mathematics as 
STEM first emerged in the late 1990’s in the United States; partly fueled by the National Science 
Foundation along with other collaborative bodies in education policy (“The Science, 
Technology, Engineering, and Mathematics Teacher Education Collaborative”, 2017). The exact 
timing and emergence of STEM education is not clearly defined; however, there seem to be three 
major drivers that led to STEM education beginning to take focus in the United States (Ossola, 
2014).  
 
The first of these factors has been a progressive shift towards a service economy with a marked 
“rise of high growth and high-value technicians who deliver a new world of advanced services 
for businesses and consumers alike” (McCullough, 2012). The second influencer was inequities 
in access to STEM education and barriers for students interested in pursuing STEM (Ossola, 
2014; Drew, 2011). The final driver has been performance-related for standardized tests in 
reading, math, and science. When compared internationally, the United States is seen to be 
under-performing and STEM education is viewed as a potential vehicle to engage students in 
math and science and make students competitive in their test rankings. 
 
Finding a common definition of what is “STEM education” - versus what is not - is unfortunately 
not easy. Because it is an acronym, many people seem to treat it as four distinct entities 
presented adjacent in a single class. However, others believe that this does STEM education a 
disservice, and that authentic STEM learning necessitates a true interdisciplinary (or 
transdisciplinary) approach in which the components can not be teased out and investigation is 
grounded in real-world scenarios that are not subject-specific. Most interpretations seem to 
emphasize skills that transcend industries and support students in pursuing careers later in life - 
skills such as critical thinking, problem solving, collaboration, communication, creativity and 
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innovation. This focus caters to employers, 84% of whom (in one survey; Benett, 2014) said they 
would rather hire smart, passionate individuals over people who may have technical skills and 
knowledge but lack that drive. STEM education is in line with this vision. 
 
III. Positive influence of STEM on mathematical thinking 
 
Advocates of STEM instruction argue that the framework inherently supports math education, 
and that including curricular connections and integrating technology increases student 
engagement in math (Larson, 2017). STEM instruction is often paralleled with project-based 
learning in which students are posed challenges, grounded in real-world scenarios, that require 
drawing on skills and knowledge from multiple subjects simultaneously. Authentic STEM 
classrooms should not have sections of time or space devoted in turn to science, technology, 
engineering, and mathematics, but rather activities and learning opportunities that seamlessly 
meld these disciplines while students engage with material. 
 
There are many arguments for why STEM is positive for education, such as supporting students 
in making connections to post-secondary paths and careers and making learning meaningful 
within the context of the real world (Wujick, 2013). When it comes to STEM’s influence on 
mathematical thinking, as stated in Figure 1, there are multiple perspectives. 
 
Part of what sets STEM instruction apart from other, more traditional teaching philosophies is its 
emphasis on skill development and process over memorizing facts and formulas. Some of the 
skills highlighted through STEM education are intrinsically connected to mathematical thinking - 
skills such as critical thinking, deductive reasoning, pattern recognition, and even curiosity and a 
drive for exploration (DeAngelis, 2014; Wujick, 2013). Furthermore, it is widely acknowledged 
that memorization of facts over process is ineffective for long-term understanding and mastery of 
concepts (Orlin, 2013); approaching math through a problem-based STEM lens decreases the 
likelihood of students relying on superficial memorization to get through a test or a unit. That 
being said, STEM education does not eliminate the need for students to learn facts; Orlin also 
offers alternatives like repeated use and building on other foundational facts as a way for 
students to more authentically integrate fact-based knowledge into their mathematical thinking. 
 
IV. Negative influences of STEM on mathematical thinking 
 
One major criticism of STEM instruction is that an interdisciplinary, project-based approach to 
teaching and learning compromises the necessary foundational and basic conceptual knowledge 
that is needed for many mathematical concepts, such as algebra. A comprehensive review of 
STEM education from 2015 acknowledged that defining “basics” and achieving effective levels 
of detail within each discipline has become “unmanageable” (Amadio, 2015). Because STEM 
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does not typically incorporate the repetitive practice that many traditional math classrooms have, 
STEM critics argue that students are left without opportunities for repeated exposure, practice, 
and mastery.  
 
Still others argue that STEM is an educational trend or fad that detracts from essential instruction 
(Wujick, 2013). The concept that STEM education as a solution to address some shortage of 
skilled or technical workers has been raised and critiqued on multiple occasions. Critics point out 
that the majority of STEM professionals do not have a STEM degree, which would negate the 
push for enrolment in the education space (Charette, 2013) and that political motives for pushing 
a STEM agenda are not necessarily founded in evidence of need (Teitelbaum, 2014). As 
addressed earlier, these arguments may not be considering whether “STEM” is inherently 
interdisciplinary or if it is a way of encompassing all science, technology, engineering, and math 
careers; however, the fact that as a field it is deemed by some to be unnecessary does call into 
question whether its effect on students could be null or negative. 
 

V. Considerations and next steps 
 
It is interesting that STEM is seen by some as a passing fad, when already it has given rise to 
countless hybrids on a more global scale. Common interdisciplinary acronyms such as STEAM 
(science, technology, engineering, arts, and mathematics), STREAM (adds robotics), and 
eSTEM (environmental STEM) are also gaining traction; in fact, the annual California STEM 
Symposium has chosen to forego STEM for 2017 in favour of STEAM. Other acronyms, such as 
STEMM (science, technology, engineering, mathematics, and medicine) and AMSEE (applied 
math, science, engineering, and entrepreneurship) are evidence that groups and individuals are 
eager to define a space in which sectors can collaborate to address challenges and meld 
disciplines in problem-solving. Perhaps it’s not surprising, given that we have known for decades 
(and likely centuries) that humans typically gravitate away from lectures and towards 
collaboration; that our learning is deeper when we discover versus being told what to do (Reese, 
2013) - a transdisciplinary approach has been reflective of the “real world” for longer than just 
recent years, though it is becoming increasingly so in modern society. 
 
What does this mean for mathematical thinking? Here, it is essential to return to the original 
philosophy - that any shift in society, whether technology-based, behavior-driven, or connected 
to some other facet of life - has the potential to have both positive and negative impacts. In a 
proper framework, one in which fundamental math knowledge is not compromised in favour of 
high-level, inquiry-based projects, STEM education has the potential to excite students and 
engage them in a subject that might otherwise have turned them off. The important component is 
that time devoted to conceptual knowledge must not be sacrificed. If conducted ineffectively, it 
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is easy to see how STEM education could be packaged as creative storylines and makerspaces, 
and students end up lacking both important skills and knowledge inherent in mathematical 
thinking.  
 
So, given that STEM has these inherent pros and cons, it seems most appropriate to embrace 
STEM selectively in pedagogically appropriate ways and times - thus maximizing the potential 
positive benefits (see III, Positive influence of STEM on mathematical thinking), while 
mitigating the risk that core disciplinary knowledge may be sacrificed. Though there do not seem 
to be many schools in North America that are currently adopting a “quasi-STEM” model, in 
doing so one could select the learning outcomes best suited to transdisciplinary project-based 
explorations and reserve other concepts for other instructional approaches. There is a growing 
interest in the K-12 space to create effective, impactful STEM programs and teachers are sharing 
resources and ideas that enhance STEM education. Perhaps if evaluated against a framework for 
pedagogical use, such as offered by Taylor (2002), students would reap the maximum benefit of 
STEM as teachers would implement the best possible lesson or teaching method when 
appropriate. With its great potential, STEM could (and likely should) be leveraged as a means to 
increase mathematical thinking and diversify the individuals who identify as “math people”.  
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