Science Technology Engineering and Math, commonly referred to as STEM, has taken the education
word by storm. There has been a push for emphasizing these subjects in the 21st century world to prepare
students for careers in these fields through exploration, problem-solving, and inquiry (Asghar et al. 2012).
Employment in STEM related fields are expected to increase by twice as much as all other career fields (NEEF
2015).
In order to teach these subjects effectively, active participation to acquire skills, not just knowledge, is
crucial. This enhances real world applicability and helps tie connections to what STEM professionals do in their
daily jobs (Caparo and Slough 2013). STEM professionals are regularly tasked with solving complex problems
that have multiple solutions. It is important for students to develop the ability to identify possibilities and assess
their strength and limitations (Caparo and Slough 2013). To accomplish this, an interdisciplinary approach to
STEM can foster a better understanding and mastery of these concepts in their application to the real world, as
those problems by nature are interdisciplinary (Asghar et al. 2012). This calls for schools to veer away from
treating STEM subjects as siloed subjects (Asghar et al. 2012). Using project-based learning (PBL) as an
approach to STEM answers this call and develops critical thinkers who will be more likely to succeed later in
life, (Caparo and Slough 2013) as well as provide students with a wealth of learning gains that are discussed
here.
STEM related PBL has been shown to drive student performance in school and create interest in STEM
fields (Baumann 2013; Cichon & Ellis, 2003; Minstrell & van Zee, 2000; Schoen & Hirsch, 2003). Achievement
gains have been shown to improve in a variety of specific STEM subjects. Significant improvement has been
shown in the fields of statistics literacy (Koparan & Güven 2014), machine engineering (Rivet & Krajcik, 2004),
math (Melchior 1998; NELS 1988), science (Marx et al. 2004; NELS 1988), and technological knowledge and
skill (Mioduser & Betzer 2007). There have also been a wealth of research showing that it has generally
affected student learning in a positive manner more broadly as well (Baumann 2013; Davila and Mora 2007;
Harris et al. 2014).
Interestingly, STEM PBL has shown to provide a variety of other benefits. For example, it has shown to
help close the achievement gap, with lower-performing students exhibiting higher growth rates compared to
their higher-performing peers (Han et al. 2015). It has also shown to increase collaborative and cooperative
working habits among students (Koparan & Güven 2014), increase their ability to recall information, apply
information in creative ways, and help students draw conclusions/ relationships between concepts (Rivet &
Krajcik, 2004).
Not only do students gain knowledge and skills, they have empirically shown to become more
motivated in school, in STEM subjects, and STEM related careers. Melchior (1998) found that students
become more engaged at school and had better educational attitudes. Similarly, Baumann (2013) found
significant effects on students’ interest in STEM. Lastly, Tseng et al. (2013) found an impact on student’s
motivation and interest in STEM careers by participating in STEM PBL programs. Combined with these other
findings, this approach to STEM education has a wealth of benefits to students.
The benefits are not only for students, educators also gain from using this STEM education
methodology. Teachers who use these methods are more likely to use other high quality teaching strategies,
like:

● cooperative learning
● integrating more technology in the classroom
● using primary resources
● connecting to the community (Billing et al. 2012)
● constructing their own explanations
● using models, investigations
● asking questions (Harris et al. 2014).
When educators attended professional development opportunities on this subject, they reasserted the need to
make science instruction student-centered, inquiry-based, and to make it interdisciplinary to mimic real society
(Smith and Liu 2014). This is of the utmost importance. Without educator buy-in, STEM PBL cannot be
executed well in the classroom.
Educators and students are in a partnership when carrying out a STEM PBL. The educator’s role in
implementation is different than traditional classroom instruction. Here, they must be open to adaptation based
on youth active participation (Han et al. 2013). Educators are more of a resource provider rather than a lecturer
(Han et al. 2013). Students benefit greatly from this shift in STEM education in both knowledge and skill set.
When done right, STEM PBLs are amazing educational tools that can prepare youth for the 21st century world.
LITERATURE CITED
Asghar, A. et al. (2012). Supporting STEM education in secondary science contexts. Interdisciplinary Journal
of Problem-Based Learning, 6(2).
Baumann, P. (2013). High-quality service-learning opens the door for students’ entry into STEM fields.
Education Commission of the States, Schools of Success Update #3. www.ecs.org.
Billing et al. (2012). Engaging students through academic service-learning: national guide to implementing
quality academic service-learning. National Coalition for Academic Service-learning,
www.service-learning.org/filemanager/download/K-12 _Service-Learning_Project_ Planning_Toolkit.pdf.
Caparo, R. M., & Slough, S. W. (2013). Why PBL? Why STEM? Why Now? An introduction to project-based
learning: An integrated science, technology, engineering, and mathematics (STEM) approach. In STEM
Project-Based Learning Second Edition. Sense publishers.
Cichon, D., & Ellis, J. G. (2003). The effects of MATH connections on student achievement, confidence, and
perception. Mahwah, N.J.: Lawrence Erlbaum Associates, 345-374.
Davila, A., & Mora M. (2007). An assessment of civic engagement and educational attainment. Center for
Information and Research on Civic Learning and Engagement (CIRCLE), fact sheet.

Han, S., Capraro, R., & Capraro, M. M. (2015). How science, technology, engineering, and mathematics
(STEM) project-based learning (PBL) affects high, middle, and low achievers differently: the impact of student
factors on achievement. Int J of Sci and Math Educ, 13, 1089.
Han, S., Yalvic, B., Capraro, M. M., & Capraro, R. M. (2013). In-service teachers’ implementation and
understanding of STEM project based learning. Eurasia Journal of Mathematics, Science & Technology
Education, 11(1), 63-76.
Harris, C. J. et al. (2014). Curriculum materials make a difference for Next Generation science learning: results
from year 1 of a randomized controlled trial. Menlo Park, CA: SRI International.
Ingels, S. J. et al. (1988). National education longitudinal study of 1988 (NELS:88). National Center for
Education Statistics, https://nces.ed.gov.
Koparan, T., & Güven, B. (2014). The effect of project based learning on the statistical literacy levels of student
8th Grade. European Journal of Educational Research, 3(3), 145-157.
Marx et al. (2004). Inquiry-based science in the middle grades: assessment of learning in urban systemic
reform. Journal of Research in Science Teaching, 41(10), 1063–1080.
Melchior, A. (1998). National evaluation of learn and serve America school and community-based programs:
final report. https://digitalcommons.unomaha.edu/slcek12/2.
Minstrell, J., & van Zee, E. (2000). Inquiry into inquiry learning and teaching in science. Washington, DC:
American Association for the Advancement of Science.
Mioduser, D., & Betzer, N. (2007). The contribution of project-based-learning to high-achievers’
acquisition of technological knowledge and skills. International Journal of Technology and
Design Education, 18(1), 59-77.
NEEF. (2015). Environmental literacy in the United States: An agenda for leadership in the 21st century.
Washington, DC: National Environmental Education Foundation.
Rivet, A., & Krajcik, J. S. (2004). Achieving standards in urban systemic reform: An example of a sixth grade
project-based science curriculum. Journal of Research In Science Teaching, 41(7), 669–692.
Schoen, H. L., & Hirsch, C. R. (2003). The Core-Plus mathematics project: Perspectives and student
achievement. Manwah, NJ Lawrence Erlbaum Associates, 311-343.

Smith, E. L., & Liu, X. (2014). The development of in-service science teachers’ pedagogical content knowledge
related to interdisciplinary science inquiry. Paper presentation at NARST, Pittsburgh, PA.
Tseng, K. H. et al. (2013). Attitudes towards science, technology, engineering and mathematics (STEM) in a
project-based learning (PjBL) environment. Int J Technol Des Educ, 23: 87.

