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During the past few years, STEM has become the mantra of the science education

community and policy makers. It can be argued that STEM has replaced science/

scientific literacy as the gold standard in our field. There has been an emergence of

STEM curriculum and the creation of K-12 STEM focused schools. It is also

becoming more difficult to find a university that does not have, or is planning to

have, a STEM Center. The most common meaning of STEM calls for an integration

of science, technology, engineering, and mathematics. However, we are sure many

of you have colleagues that think STEM is just calling for a stronger emphasis on

each of the STEM disciplines. Nonetheless, it is clear that the Next Generation

Science Standards (Achieve, 2013) is more aligned with the integrated vision.

The idea of integration is often used synonymously with interdisciplinary

approaches, and the two will be used the same here. The idea of integration is not

new to those of us in science education. The most common approaches to integration in

our field were more related to the integration of science and mathematics or science,

technology and society. There have been many well known discussions of the topic

(Beane, 1995; Czerniak, Weber, Sandmann, & Ahern 1999; NSTA, 1982, Roth, 1994;

Shanker, 1995, among others). Additionally, the oldest journal dedicated to science

and mathematics education, School Science and Mathematics (first published in

1900), is dedicated to integrated and interdisciplinary curricula approaches and there

was a special issue of the journal (during the editorship of Norman G. Lederman and

Margaret L. Niess) dedicated to the topic (1998).

Although there is a long history of attempts to integrate science and mathematics,

as well as other foci of integration, the empirical literature is equivocal at best, and

arguably quite negative about the success of integration. The reasons for the lack of

success are complex, but it seems to us that they can be traced back to the nature of

teacher education, education in general, and the natures of the disciplines. As
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our civilizations and cultures continue to develop, there is an ever increasing

complexity surrounding what we profess to know about the world in which we live.

As a consequence, the days of the ‘‘renaissance man’’ have long passed. Things are

just too complex and there is too much for an individual to comprehend in any

meaningful depth. Hence, we have intellectually evolved into specialists as opposed

to generalists. Scientists work in teams more often than as individuals. The same is

true of mathematicians. The formal division of the various subject matter disciplines

in middle schools, high schools, and post secondary schools, and the more informal

division of disciplines in elementary schools, reflect the complexity of the world.

Unfortunately, this often leads to compartmentalized knowledge and the inability to

see the connections among the various subject matters. Students take biology,

chemistry, and physics classes, but are typically unable to see the connections across

the sciences. Students take courses in algebra, geometry, trigonometry, and calculus,

but are unable to see the connections across the various areas of mathematics.

The main point here is that science teachers are educated and certified/licensed to

teach separate disciplines. Some have multiple endorsements, but still they are

specialized in one or two areas. As a consequence, integrating various disciplines is

difficult. Science teachers have found it easier to integrate mathematics in their

classes because of the strong background they have in mathematics as required

within their science field, and the natural applications of mathematics in their

curriucla. On the other hand, mathematics teachers have found integration more

difficult because a mathematics degree usually does not require more than the general

education requirements of science (i.e., one or two courses). Ironically, the current

trend to emphasize subject matter specific pedagogy (e.g., PCK) in teacher education

programs may work against future attempts to have successfully integrated curricula.

Then again, the more ‘‘generic’’ approaches to teacher education have not met with

overwhelming success. Seems like a conundrum! With respect to the integration of

mathematics and science, it seems that the National Council for Teachers of

Mathematics (NCTM) was more realistic in their emphasis on making connections

across disciplines, as opposed to integrating them seamlessly. Indeed, many of our

colleagues state that the problem with a seamless curriculum is that you never know

where it will tear apart. It is not at all surprising that integration has experienced the

most success in middle schools, where teachers often work in teams and teachers can

take instructional advantage of the specializations of their colleagues.

There are also differences between mathematics and the sciences as ways of

knowing that have made sincere attempts to integrate the two difficult. When one

focuses on higher level understandings, such as problem solving/inquiry, the

differences become most obvious. Mathematics is not necessarily empirically-

based, while science is. What counts as evidence in one discipline may not count as

evidence in the other. Consequently, when students are expected to arrive at

solutions to problems or answers to questions they will inevitably have to give

priority to the conventions in mathematics or science. This results in one of the

disciplines being given primacy over the other, and runs contrary to the

conceptualization of true integration.

What does all of this have to do with the current emphasis on STEM and the

provocative title of this editorial? As can been seen, integration is difficult to achieve
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instructionally for a variety of reasons. The current emphasis on STEM in various

initiatives, as well as in the NGSS (2013), are more complex than the integration of

mathematics and science, as technology and engineering have been added to the mix.

Indeed, we are already seeing some problems as the phrase STEM-related is used in

the emerging literature. STEM-related typically refers to an emphasis on one of more

the STEM fields, but certainly not an integration of all four. Recently, Johnson and

Cotterman (2013) voiced their concerns about engineering being left out of STEM

instruction and curricula. From a logical perspective, integrating engineering into a

science class is more difficult than mathematics because so few science teachers have

taken any formal coursework in engineering. Extensive professional development

will be absolutely essential. With respect to the inclusion of attention to technology,

this has been recommended before. For example, the Benchmarks for Science

Literacy (AAAS, 1993) addressed technology as an area of study and it even had a

chapter on nature of technology. Unfortunately, because most science teachers have

only used technology as opposed to considering it as a field of study, it becomes

relegated to the status of a tool that helps scientists.

Again, the problem with integrating engineering and technology into science

instruction and curricula is the same as what has been experienced with

mathematics; only multiplied enormously. There is little doubt that groups of

individuals having backgrounds (as a group) in all of the STEM fields can piece

together curriculum maintaining the integrity of the STEM vision, as can been seen

in recent (November, 2013) e-mail blasts from the National Academies. However,

instructional materials put together by committees eventually need to be enacted by

individuals. Perhaps the middle school model of teaming has the best chance of

success, as was the case for other forms of integration. Having high school teachers

working in teams sounds like a good idea, but we know the staffing and financial

issues this creates. There was a wonderful materials science course co-taught by the

chemistry and ‘‘shop’’ teacher in Corvallis, Oregon about 20 years ago. The course

became extremely popular for both college bound and non-college bound students.

Eventually, however, the issue of having two teachers working on one class, and

both wanting full assignment credit, became a staffing and financial issue for the

school. The decision was made to let the chemistry teacher or the ‘‘shop’’ teacher

take full responsibility for the course. In rotating years the class was never the same

and its popularity dropped significantly as a consequence of the background of the

particular teacher in charge. We fear, for similar reasons, that STEM will primarily

end up as some version of only S&M. From where will the necessary supports for

teachers to effectively teach STEM come. Will the new STEM centers be able to

attend to all of these issues. Certainly, the financial and staffing problems of schools

is beyond their control.

There is the danger that we will simply be viewed as nay sayers and that we do

not value the vision of STEM or a vision that promises to improve the scientific

literacy (or is that science literacy?—that is a story for another day) of our high

school graduates and citizenry in general. Nothing could be further from the truth.

Our professional work in the science education community will testify to this effect.

We are just very cautious about the desirable, but extremely ambitious, visions of

NGSS and current reform documents throughout the world.
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We are all in this together. We all have students’ and teachers’ best interests in

mind. A STEM curriculum offers a more complete and complex version of science

education than currently exists. There are many stakeholders with vested interests in

quality science education and the necessary science teacher education to go with it.

Teachers, researchers, and policy makers are just a few. Without each group

participating in change, balanced STEM education can not happen. With respect to

the vision of STEM and potential reality of only S&M, we are wondering who are

the sadists and who are the masochists.
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