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Integrating computational thinking through

wearable technologies anc
programmable e-textiles

This article will provide an example instructional activity for fostering
computational thinking while also addressing core engineering concepts
in electronics using programmable E-textiles.

Introduction computational thinking is neces- by

sary for people to develop efficient .
and automated physical design Greg J. Strimel,

solutions as well as visualizations of Abby

design concepts and computational I\/Iorehouse,
scientific models (NRC, 2011). These

abilities, which also include thinking  ©COTt R:
critically about complex problems, Bartholomew,
generating creative solutions, and Colin SWiﬂ,
communicating solutions effectively,

are now considered necessary at all and Jonathan

levels of scholarship. Woessner

Computational thinking is a problem-solving technique
traditionally employed by computer scientists to develop
computer applications. However, computational thinking
practices are now believed to be applicable to other fields
(Google for Education, 2018), specifically those related to
engineering and technology. Accordingly, the Advancing
Excellence in P-12 Engineering Education (AEEE) (2018)
project identified computational thinking as a core en-
gineering concept to create a foundation for students to
conduct the quantitative analyses that engineers and other
related professionals perform. Likewise, the Committee for
the Workshops on Computational Thinking contends that
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While the demands in the computer science workforce continue
to grow (Qian & Lehman, 2016), computational thinking skills

are also considered valuable for multiple career fields (Kelleher,
2009). In response to the demand, interest in computer science
education has increased and introductory courses have been
developed for students at the elementary and secondary levels
(Qian & Lehman, 2016). However, too few students are given

the opportunity to develop these skills within engaging physical
settings (Google & Gallup, 2016) provided through the hands-on
and design-based learning environments afforded in engineering
and technology classrooms. This article will provide an example
instructional activity for fostering computational thinking while
also addressing core engineering concepts in electronics using
programmable e-textiles (electronic textiles). Specifically, the in-
structional context of wearable technologies will be used to pro-
vide a physical connection to developing computational thinking
skills and electrical engineering capabilities while also enhancing
the rigor of engineering design and providing socially-connected
relevance to learning.

Computational Thinking in Engineering

Computational thinking is a problem-solving technique that dis-
sects complex problems and generates solutions that humans
and machines can understand (Aho, 2012). Everyone can apply
computational thinking in any career field—one does not need
to be a computer scientist (Wing, 2006). Typically, the computa-
tional thinking technique can be separated into four elements:
(1) decomposition, (2) pattern recognition, (3) abstraction, and
(4) formation of algorithms. Decomposition is the process of dis-
secting a problem into smaller, more manageable tasks. Pattern
recognition looks for solutions or similarities within problems.
Abstraction ignores irrelevant data while solving problems.
Finally, formation of algorithms is the creation of a step-by-
step solution to be carried out by a computer program (BBC,
2018). These four elements are now considered essential skills
to be taught across all grade levels in order to set a foundation
for success in a technological society, increase interest in the
information technology professions, maintain and enhance U.S.
economic competitiveness, support inquiry in other disciplines,
and enable personal empowerment (NRC, 2011c).

The importance of computational thinking practices has been
stressed in engineering education, as individuals in engineering
fields regularly rely on computational models and automated
systems as design solutions. Additionally, Next Generation
Science Standards lists computational thinking as one of eight
science and engineering practices (NGSS Lead States, 2013),
and the Engineering in K-12 Education report (NAE & NRC, 2009)
states computational and visualization tools should be used,

as appropriate, to support engineering design, particularly at
the high school level. Consequently, the AEEE (2018) project
established an engineering content taxonomy that included the
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practice of Quantitative Analysis with a core concept of Compu-
tational Thinking. This core concept is comprised of the following
subconcepts: (a) Programming and Algorithms, (b) Program-
ming Languages, and (c) Software Design, Implementation, and
Testing. In addition, a sample progression of learning is provided
in Table 1 (www.iteea.org/TETMayJune19AEEE.aspx) to help inte-
grate computational thinking into future or existing engineering
coursework to (1) deepen students’ engineering design practices
and (2) increase their abilities to produce optimized solutions to
authentic problems.

Engineering Concepts Through Wearable
Technology and Programmable E-Textiles

Wearable technologies are devices that can be worn to extend
one's capabilities to achieve a task or meet a need/desire. Park
and Jayaraman (2003) describe as examples devices that enable
more "hands free" capabilities or devices that use interconnect-
ing sensors to monitor a person’s health vitals. Popular wearable
technology today includes: smartwatches, like Samsung's Galaxy
Gear or Apple's iWatch; augmented reality headsets, like Google
Glass; and virtual reality headsets, like the Oculus Rift.

While these wearable devices have become more physically
flexible and adaptable to individuals, they are often viewed as
rigid technologies. However, E-Textiles (electronic textiles) have
provided a way for flexible circuits that can enable electronics
to be more agile when used in society. E-textiles, also known

as smart textiles or intelligent textiles, is a name for fabrics that
are converged with electronics so they can transform, collect,
and transmit data; store and transfer energy; and house small
computers (Pailes-Friedman, 2016) while interacting with the
environment or user (Stoppa & Chiolerio, 2014). These compo-
nents can offer an engaging medium for designing and phyically
prototyping wearable and flexible solutions to societal problems
or creating novel products relating to fields like fashion, medi-
cine, and athletics. Low-power wireless communications, such
as bluetooth and wi-fi, and small vital sensors have advanced
exponentially, reshaping how we use wearable technology and
E-textiles in healthcare and preventive care (Suzuki, Tanaka,
Minami, Yamada, Miyata, 2013). The wearable technology market
is growing rapidly, and the Scalar Market Research firm states
that this market is expected to grow 18.9% from 2016 to 2021,
more than doubling its revenue from roughly 29 billion dollars to
71 billion. This data emphasizes the need for more computation-
al-thinking-skilled employees in the workforce.

Wearable technology and programmable E-textiles can also
provide authentic contexts for teaching important core concepts
in engineering related to electronics and computer architecture.
For example, the physical components of these technologies can
address the sample progressions of learning provided in Tables 2
and 3 (www.iteea.org/TETMayJune19AEEE.aspx).
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Figure 2. Student threading a sewing needle with conductive thread to
make a wearable electronic device.

Wearable Technologies: A Socially Relevant
Context

In engineering education, there have been discussions that using
programmable E-textiles in the classroom can help students to
simultaneously develop making skills related to textiles (such as
cutting, measuring, and stitching) and creative thinking while
also providing connections to socially relevant contexts for
learning in-depth knowledge of electronic circuits and compo-
nents (Davies & Hardy, 2016). For example, wearable technology
contexts can highlight engineering's influence on people and
society while addressing students’ desires to engage in fields
that make a difference in people’s lives (e.g., healthcare, physical
therapy, veterinary care, athletics, fashion, assistive technologies,
or virtual reality). Additionally, these examples can connect to the
schools’ cultural backgrounds and communities.

Several studies have focused on using E-textiles to provide
opportunities for students to experience electronics and com-
puter programming. Peppler and Glosson (2013) found that
engaging children in E-textile design activities can help them to
understand concepts around electricity, such as circuit analysis,
current flow, polarity, and electrical connections. Qiu, et al. (2013)
proposed a curriculum with programmable textiles and reported
that these learning activities can improve students’ comfort with,
enjoyment of, and interest in working with electronics and pro-
gramming. Also, Kafai, et al. (2014) explain that E-textile design
activities can influence high school students’ understanding of
concepts, practices, and perceptions of computing. Buchholz, et
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al. (2014) focused on the effectiveness of E-textiles toward en-
hancing girls’ interest in STEM activities and found that replacing
traditional circuity toolkits with E-textiles can encourage more
girls to participate in design practices. Therefore, the authors be-
lieve that aligning engineering with the socially relevant contexts
provided through wearable technologies and E-textiles can help
broaden participation in STEM fields and help achieve engineer-
ing literacy for all students. The lesson plan detailed in Tables
4,5, and 6 (www.iteea.org/TETMayJune19AEEE.aspx) provides

a start for teaching engineering content through the context of
wearable technologies.

References

Advancing Excellence in P-12 Engineering Education (AEEE).
(2018). Engineering: A national imperative: Phase 1. Estab-
lishing content and progressions of learning in engineering.
Author.

Aho, A. (2012). Computation and computational thinking. The
Computer Journal, 55(7), 834-835. doi:10.1093/comijnl/
bxs074.

American Association of University Women. (1990). Shortchang-
ing girls, shortchanging America. Washington, DC: Author.

BBC. (2018). KS3 computer science - Introduction to computa-
tional thinking - Revision 1. Retrieved from www.bbc.com/
education/guides/zp92mp3/revision

Carter, V., Beachner, M., & Daugherty, M. K. (2015). Family and
consumer sciences and STEM integration. Journal of Family
& Consumer Sciences, 107(1), 55-58.

Davies, S. & Hardy, A. (2016). How to teach ‘smart fashion’ within
the D&T curriculum: Have we got It right? Proceedings of the
Pupil's Attitudes Toward Technology, USA, 135-140.

Dossey, J,, et al. (1988). The mathematics report card: Are we
measuring up? Washington, DC: National Center for Educa-
tional Statistics.

Gill, J. (1994). Shedding some new light on old truths: Student at-
titudes to school in terms of year level and gender. Proceed-
ings of the 1994 American Educational Research Association
Conference, New York, NY.

Google. (n.d.). CT overview. Retrieved from https://edu.google.
com/resources/programs/exploring-computational-
thinking/#!ct-overview

Grubbs, M. E. & Strimel, G. (2015). Engineering design: The great
integrator. Journal of STEM Teacher Education, 50(1), 77-90.

Kelleher, C., Pausch, R., & Kiesler, S. (2007). Storytelling Alice mo-
tivates middle school girls to learn computer programming.
Proceedings of the Computer and Human Interaction 2008
Conference, San Jose, CA.

National Academy of Engineering and National Research Coun-
cil. (2009). Engineering in K-12 education: Understanding
the status and improving the prospects. Washington, DC:
National Academies Press.



http://www.iteea.org/TETMayJune19AEEE.aspx
http://www.bbc.com/education/guides/zp92mp3/revision
http://www.bbc.com/education/guides/zp92mp3/revision
https://edu.google.com/resources/programs/exploring-computational-thinking/#!ct-overview
https://edu.google.com/resources/programs/exploring-computational-thinking/#!ct-overview
https://edu.google.com/resources/programs/exploring-computational-thinking/#!ct-overview

NGSS Lead States. (2013). Next generation science standards:
For states, by states. Washington, DC: The National Acad-
emies Press.

Pailes-Friedman, R. (2016). Smart textiles for designers: Inventing
the future of fabrics. London, England: Laurence King.

Park, S. & Jayaraman, S. (2003). Enhancing the quality of life
through wearable technology. IEEE Engineering in Medicine
and Biology Magazine, 42-43.

Peppler, K. & Glosson, D. (2013). Stitching circuits: Learning
about circuitry through e-textile materials. Journal of Sci-
ence Education and Technology, 22(5), 751-763. dio: 101007/
510956-012-9428-2.

Qian, Y. & Lehman, J. D. (2016). Correlates of success in introduc-
tory programming: A study with middle school students.
Journal of Education and Learning, 5(2), 73-83.

Stoppa, M. & Chiolerio, A. (2014). Wearable electronics and smart
textiles: A critical review. Sensors, 14(7), 11957-11992, dio:
10.3390/s5140711957.

Suzuki, T,, Tanaka, H. Minami, S., Yamada, H., Miyata, T. (2013).
Wearable wireless vital monitoring technology for smart
health care. 7th International Symposium on Medical Infor-
mation and Communication Technology.

Werhan, C. R. (2013). Family and consumer sciences secondary
school programs: National survey shows continued demand
for FCS teachers. Journal of Family & Consumer Sciences,
105(4), 41-45.

Wilson, C., Sudol, L., Stephenson, C., Stehilk, M. (2010) Running
on empty: The failure to teach k-12 computer science in the
digital age. The Association for Computing Machinery, The
Computer Science Teachers Association.

Wing, J. (2006). Computational thinking. Communications of the
ACM, 49(3) 33-35.

excelling in engineering

Zimmer, L. & Bennett, S. (1987). Gender differences on the Cali-
fornia statewide assessment of attitudes and achievement in
science. Proceedings of the Annual Meeting of the American
Educational Research Association, Washington, DC.

Greg J. Strimel, Ph.D., is an assistant profes-
sor of technology leadership and innovation
at Purdue University. He can be reached at
gstrimel@purdue.edu.

Abby Morehouse is an undergraduate student
in the engineering/technology teacher educa-
tion program at Purdue University. She can be
reached at amorehou@purdue.edu.

Scott R. Bartholomew, Ph.D., is an assistant
professor of engineering/technology teacher
education in the Purdue Polytechnic Institute
at Purdue University. He can be reached at
sbartho@purdue.edu.

Colin Swift is an undergraduate student in the
engineering/technology teacher education pro-
gram at Purdue University. He can be reached
at cswift@purdue.edu.

Jonathan Woessner is an undergraduate
student in the engineering/technology teacher
education program at Purdue University. He
can be reached at jonwoessner@gmail.com.

This is a refereed article.

ITEEA SEEKS LEADERS

2019-2020 ballot for the following offices:

President-Elect: Supervisor/Administrator
Region 2 Director: Teacher Educator
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