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This invited writing shares the education methodology knowiVasked problem Experiences,
Available ResourcesSolution-Innovation (WEARS) and results from applying a pilot educat
programwith a group of international students. The pilot involved three components that cont
to enhancing leadership skills based on stakeholder informed or batt@afmange: 1) developing

professional competition, 2) proposing a WEARS project, anditgting a related outreach even
Outlines of student projects are shared.

education topics were polled and results are presented as an average of the group. Refle
conducting the pilot islso presented from an exploratory action research perspective. Pol
translation to higher education sustainability related projects was a driver for action research.
conclusions are shared related to the educational structure and contpptiéatian of the WEARS
methodology at a higher education institution. Future researchtenadiars of the program are
proposed ircoordination with a higher education institution that promotes interdiisaip education

Specifically, means to selectqgram candidates and longitudinal study of overall impacts Received: 15 July 2019
proposed as necessary to continuously update the WEARS methodology
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1- Introduction
"It is possible to fIly without(WibarMWeighty., but not without kno

Advances in sustainability sciences will involve developing multidisciplipaagtitioners with social science plus
science, technology, engineering and mathematics (STEM) skills. This premise builds upon global call and efforts to
strengthen multidisciplinary education. Examples include the use of mixed methods to reporljesimischange of
higher education policy to integrate arts and science [2], and generalized research trends to achieve sustainability [3, 4].

This research sharesattom-upeducation research approach with an example three-part pilot program inalving
group of international undergraduate engineering studBotsom-upin this context refers to the initiation of projects
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or project conceptualization from learners, therefore making education stirdesmt and centered on student interests
[e.g.5]. Mentorship was provided in line with theedagogical theory of constructivid@]. The three activities in the
pilot program are similar to themes applied as knowledge construction methods to promote social interaction, foster new
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knowledgeunderstanding, and engage students in meaningful activities [7].

The education approachdasl s o intended to have significant 1impact
or society based on their experiences in dimensions suckn#&preneurshijpservice; leadership; innovation;
stewardship; health; justice, policy outcomes; etuilar to emerging trends in sustainabilig.g.8, 9]. The approach

is also modeled on the principles of participatory and exploratory action research [L8dE@nd2) towards initiating
social change where students are participants in the prowbsehare well defined problems do not necessarily have to

be predefined [11]. Learning during research involves active modaditieseading, writing, experiences, and reflection

[12]. Practicing action research is often referred to as following argopath likened to that of a spiral (Fige 1).
Direct interactions with society and the incorporation of personal reflection processes (Figure 2) separate action research
practitioners from traditionacience at the benchethods, such as hypothesidites

Figure 1. Two-dimensional graphical representation of an exploratory action research path. Exploration itself can involve
exploration and refl ect iued). Agesearahgath caneinvalvé dnyenurfiberc us e d

planning,

of explorations or action cyclesAdapted from [14].
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Figure 2. Focusona n

discovery (Figure 3) there is interaction with social stakeholderspotentially at the beginning (steps 43) of a cycle and the end
of an action cycle (steps B). Summationcanfeedintoé a new expl or at or yxyclgaRighre 1).dheded n e w

¢ a c t’iofeaparticipatory action research path. Distinct from at the bench methods of scientific

dashed lines highlights where personal reflection can be incorpated and can be critical to participatory methods. An inner

circle (dashed blue 1line) presents how an ‘“action cycle

project work, sometimes referred toa s ; -D®ChackA ¢ tAtapted from [14].
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Traditional STEM reductionist sciences oftenlinear, forming hypotheses and means to test them in controlled

fashions (Figre 3). The acceptedoncept of thecientific method can involve feedback but is often related to a single
line of inquity (or even questiorthat does not involve personal beliefs or larger complex social systemse8jg

SCIENTIFIC METHOD

Linear Method Central to Scientific Reduction

Question = Background Research > | Hypothesis = Experiment = Analysis = Conclusions | Publication = Replication

Figure 3. Linear flow of the scientific method (outer box) with focus on at the bench scientific discovery (inner box) applied
to resolve questionsi(e. hypotheses). It is common that a single line of inquiry will involve many iterations of experimental
parameters to gaininsight (results) sharedin publications or other means of communication. Adapted from [4].

2- Methodology

Communication and rese was initiated after a challenge from colleagues to deepen sustainability related
education resources and resulted inghgpo®d WEARSIearning methodologyi,e., Wicked problemExperiences,
AvailableResourcesSolution [12]. An outline ofeach stefin the WEARS methodology is presented below.

2-1- Wicked ProblemW)

Wicked social and technical problems to be solved are abundant. For persbiealimgng, the learner shiolihave
significant input into the problem(s) being addressed. Students wouldusels a formal means to propose a wicked
problem V) they would like to researcthA preassessmeris conductedo determine if the WEARS methad
appropriate for theearnerand their projectThat is, assessment methods with faculty should be condoadetermined
suitability of the student, project, resources, and methgd , “ ] assuppottiee rard credible community member
available in the desired project area?”. This iae dist:i
oftenidentified with a purposeful outconaepriori by a community member or industrial partner, not a stuigBARS
would not necessarily have a predefined or physical project outeamehe building of a bridgeThe process of
participating in a WERS project could be as important as an outcange participating in policy makingVEARS
proposes t@&nable individualizegbersonal skills and present interaction in the w@ddal and global communityas
We, and notin a dichotomy such ddsvs. Them

2-2- Experience(E)

The focus of the experien¢g) aspect of WEARSistonder st and the st ude ndetérminer el at i
what skills would benefit the studemtnd if there are specific learning settings that educators and students identify as
appropriate. Engineers in fulme work positionoften experience rotation through departments or assigremeg
roles in a c¢ o nibeexperience aspprtWEARS iotausn.der st and the student s
relationship to a problem to bettéeterminenecessargducationn h at wi 1 1 ¢ o nt r killseifor¢heirt o t he
project, degree, and beyonthe experience stagexplores understanihg the drive or motivatiorof a student(in a
reflexive fashion) for their proposed project, thoughts when carrying out research, and consideirtoactibns and
dynamics throughout a projedthis aspect of WEARS could entail mentors making user@gpt tools to prompt or
supportmotivation and capabilities of the studemtenhanceesearctwith training and that will genuinely benefit the
student, their project, and global society.

2-3- Available ResourcefAR)

Available ResourcegAR) arethoroughlyexplored for a WEARS projecéxplicitly to aid in minimizing wasteful
practices towards promoting innovation awdwork through evaluationf all the resources that could be used to
complete the projecthis stage shouliientify additional resourcefogistics, or partnershipgquired that may not be
available directly to the student alohgkely, this stage would have to be iterated, explored, and potential relationships
established as part of a project. AR could define exploratory paths, intdwgamebr considering AR available, be used

to initiate actioncycledne question that would be consider stddent s: “H
or team in a project?” An istheeusepfcrogdsaurcirgipldce 6fgrant fundsni@ n o v
conductresearch[15,6 ] . Leading efforts to seek and apply for fuj

WEARS project.
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2-4- SolutionT Innovation (S)

A substantial challenge to sustainability research is the import#ngeveloping frameworks as means to assess
complexity. For tle purpose of a WEARS project, focus is not placed on a predeterominesime the process of
conducting research takes precedence. Therefore, a solution or innovation might occur along dheegatrch.
Becauseesearch is not conductedl &chieve a design constraingving a general notion of the direction and path of
research should be known. Examples include identifgipgrtner by way adstablishinga meeting, applying to funding
soures or gathering informatiofrom stakeholdes with (as example) a Delphi technique [17].

Ultimate formulation of solution strategies can be quitenplex such ascreating a newmulti-criteria decision
method for assessing watsafetysecurity [18]. A tassic example that focuses on information (akin to communication)
is Star and Greisemer (1989 )actthaats eaxnpclhoorresd ohrterepergitylbgoeu.n”d :
and collaboration related foformation management [19]} is obviousthat the breath of means to evaluptejects
(e.g. consideringenvironmental impacts versus social imgadéhvolve many types of frameworks for evaluation.
Further, so called “unmeasurable impacts are often no

)

This makes the exdse of establishing indicators and synthesizing metrics imporidrerefore establishing
assessmerdf solutionsis as criticalasidentifying systers, i.e. the process or produbeing consideed along with
appropriate boundarie¥he solutions- innovation §) step could make use of life cycle analysis (LCA) or integrate
LCA with decision making frameworks. Students may not be able to formulate final solutions or innovation metrics
prior to participating in the project. Howeveafter working on an identified problem for some time, reflection and
experiences should naturally identify indicators to characterize measures of success as projects proceed. Traditional
techniques such as brainstorming can also be utilized as part WBARS method to aid in formation of solutions,
innovation and indicators. As an additional example, mind rmapsapture brain storming of how to achieve project
goals and initiate innovative thoud20]. Similar methods can be appliedhelp students onceptualize their goal or
how to achiever identify a solution within a resonable timeframe [21].

3- Methods
3-1- EducationResearch Potential Curriculum Development

Research methods that make use of exploratory action research involve at minimstagee 1) exploration and
2) action cycles that are often described to be conducted in a spiraling fashime {figexploration was conducted
upon conversation and learning with HEI faculty [13]. In an initial cycle, experiendegtomup exploratory stages
combined with informal conversation with communities of practice and interaction wittmlihaed educators, resulted
in the description o¥ignettesas part of an action cycle [13, 22]. Approximately ten separate stages were idastified
contributing to possible action researdgnetteq13]. In a second action cycle, feedback in professional settings first
identified that teaching tools were required to support sustainability related education. Therefore, participatory action
researh methods were employed to envision generalizable education tools upon learning from past experiences [22] to
create additional tools [23]. The first example was regzbdtrongly linking engineering to community outreach and
policy analysis [22]. Specifiactivities during the period of research included interface with a senior design program,
volunteering for nofprofit organizations, wolkg with a community partner whilenrolled in curriculum taught by
faculty leaders contributing to the decade of Bagring education for sustainable development.

3-2- Piloting Actionable Sustainability

As part of a third action cycle, coordination with a professional society supported engaging interested members in a
pilot program that included the use of the WEARS Imetd . An e mail ‘blast’” was sent
professional society inquiring if they would like to participate. As part of the cycle, students partook in three activities:

1) developing a WEARS project, 2) working as a team to develop a campétiat could engage additional students,

and 3) partaking in a sustainability related outreach activity with their communities. A timeline and deadlines for all
activities were establishedn Informed Consent Agreement was prepared and signed by pigrigm participants to

keep personal information private and inform participants of risks associated with the study (no major risks were
identified, only related time commitments).

The first activity involved monthly meetings over the timeframe of an awidgear in group web conferencing
sessions. Email was also utilized whenever studentseeidntcommunicate outside nfonthly meetings. The pilot
cohort selforganized a means to communicate via a social media application. Per the first activitynitdratlividual
WEARS projects occurred with the pilot mentor individually. Two page outlines of WEARS projects were requested of
pilot participants. The quality of WEARS reports depended on the motivation of individual participants.

As part of the secahactivity (.e. establishinga competition) the pilot group participated in developing related
products collaboratively and identified an award for a team based competition. It was decided that the competition would
focus on the development of an igi@phic. Scoring submissionsasbased on identified judging categories and an
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accompanying rubric was established. Each member of the pilot judged contest submissions individually and the group
convened for final decisions.

Finally, program participants repged on an outreach activity of their choosing. Supporting materialsa
professional society flyer and presentation outline were also available for outreach activities.
3-3- Gauging SustainabilityEducation Interests

During the course of a pilot progm, participants were polled on their interest in three categories (energy,
environment and integrated sog¢echnical topics), containing a total of 28 topics. Participants were asked to rate topics
on a scale of one to ten, one indicated the leasisttén a topic and ten indicated the highest interest in a topic. All
participant ratings were averaged for each topic separately and listed top to bottom in order of decreasing topic interest
for each categorgTable 2)

3-4- Longitudinal Questionnaire

Approximately 18 months after the pilot program a follow up questionnaire (bullets below) was administered to
participants.

1 Question 1What field do you work in now?
1 Question 2What part of the WEARS methodology had the largest impact on you and why?

1 Question 3:What skills did you expect to gain as part of being a membership champion? What skills did you gain
as part of the experience?

=

Question 4is this thefirst activity as part of the organizing professional organizatianyou partipated in?

=

Question 5:Have you participated in argrofessional societgctivities since th@ilot program? If spplease list
them.

Question 6Selecting one option {Not at All, Not Likely, Possibly, Likely, Very Likely} on a Likert scale [24],
how likely you would ya would be to recommend the membership champion program to others?

=

4- Results and Discussion
4-1- Student Pilot CohortProject Examples

To evaluate interest or potentiafi the WEARS methoda general email call was utilized as outreachpfatential
pilot participants as part af professional society. Based on parsitiveresponss, five participants completed the pilot
program geared veard strategic efforts: 1) creatingembershipand membership valu®) promotinglearning of
sustainabity concepts, an®) team projectvork with volunteergo develop committebased project worlwith larger
institutional impact.

All participantsthat completed the three prongs of the pilot prognserenot Americanundergraduate engineering
studentsThe three prongs involved evaluating how to apply the WEARS method to a potential project, outreach to local
communities based on all learning activities, and implementation of a new project as part of a professional society.

Overview of individual projectss contained inTable 1 details ofsix internationalstudents using the WEARS
methodology to approachso-calledwicked challenger sustainability related topi©ne student completed a WEARS
project but not the remaining two prongs of the pilot progistudents were engaged based on their individual interests
and voluntarily made use of individual and group meetings to apply the WEARS miEtieoslistainable development
goals [25] and the engineering grand challenges [26] were suggested to insptent@alpproject. As described
previously, he method includes considering personal and social aspects of project development to promote holistic
views of science, technology, engineering, arts, and matherf@liEsAM) from many lens, including that of poy or
social sciencestach challenge or problems is presented along with a brief synopsis of how students perceived of a
wicked challengand an accommodating innovative solut{@able 1)

4-2- Competition Organization

Outside of preparing a WEARS projehe second major time commitment of the team involved organization of a
project as part of a professional society. Brainstorming and consensus led to the initiation of an infographic competition.
The pilot program participants developed guidelineshaduale, scoring rubric and competition marketing materials. It
was proposed to share all infographic submissions as part of a special poster session at a meeting of the professional
society.
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tudent project,

PROJ

ECT1

Wicked Challenge

Solution-Innovation

World population is growing exponentially and with that the dem
for food. Currently, ashe stats state, one person is dying every 1
seconds because of hunger. And this rate will only increase
measures are taken immediately to ensure better productior
distribution of food. In some parts of the world, millions crave fo
wholesone meal while the rest of the world contributes millions

1 A tasting mechanism which enables a person to taste every dis
buffet before taking on the plate;

TAn optimum serving patternt?V
overfill their plates just to avoid going back for second setving

1 A well-engineered bin which has design base segregation, real

kilograms of food waste every day

data flashing and other embedded technologies

PROJ

ECT 2

Wicked Challenge

Solution-Innovation

Ensure sustainabnsumption and production patterns

It is clear that there is a need to continue investment in new technol
for increasing the value of recycled textiles. This not only inclu
advances in mechanical and chemical processing but also managi
recyding of fiber and textiles containing larger quantities

biodegradable and compostable materials entering the waste strei

PROJ

ECT3

Wicked Challenge

Solution-Innovation

Ensure availability and sustainable management of water and san
for all.

Use of biodegradable biological adsorbents for the treatmen
wastewater with heavy metals, in order to improve the-loesefit
relationship, regeneration of the adsorbent, the final separatic
metals and the sustainability of the process.

PROJ

ECT 4

Wicked Challenge

Solution-Innovation

9 Secure access to clean water

1 Ensure availability and sustainable management of water
sanitation for all

1 This is a challenge not only in India, but various other parts of
world. Lack of awareness argtlucation, lot of poverty, variou
practices and ritual increase to this challenge of providing c
water. Educating people about the need of water and sanitatior
the use of various management techniques may be one option.

1 Various sustainability pgrams launched by DEQA is a very goc
examples (sic) to tackle such challenges. V
www.dewa.gov.ae/en/customer/sustainabifdy more information
on this.

PROJ

ECTS5

Wicked Challenge

Solution-Innovation

End hunger achieve food security and improved nutrition and prom
sustainable agriculture.

Several suggestions can be posed to tackle and solve the F
challenge. For culture who are incapable to ensure their need of
duetol ack of land, “Vertical Far
agricultural practice produce food in verticaditacked layers
(Vyawahare 2016 [27])This technique uses controllecenvironment
agriculture (CEA) to monitor and control environmengadtbrs such as
temperature,humidity, carbon dioxide levels, light, nutrier
concentration and pH. Moreover, field results reveal that veri
farming has a higher productivity compared to the traditional farm
In addition to that, for countries thatffer from lack of water which is
a vital factor for agriculture, several methods for water generation 1
humid air of water purification can be implemented.

PROJ

ECT 6

Wicked Challenge

Solution-Innovation

Develop Carbon Sequestration Methods: Ithie development of &
natural or artificial process by which carbon dioxide is removed f
the atmosphere and held in solid or liquid form. It has been propos
a way to slow the atmospheric and marine accumulation of green
gases, which are relealiey burning fossil fuels. Carbon dioxide (CO:
is naturally captured from the atmosphere through biological, chen:

The solution is to develop a good ceffective ionic liqguid CO2
capture system, which can effectively captDe@2 from the atmospher:
or from a confined space like a chamber or vessel. It incl
developing and testing of the ionic liquid suggested at various oper
conditions and at various concentrations. Also, determination o
effective adsorption andedorption rate is of great importance wh

and physical processes.

taking it to a commercial scale application.
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4-3- Gauging Student Interests

Finally, student pilot interactions were used to formulate initial means of assessing interests and characteristics of
those thaiparticipatel in the WEARS methodologyA general poll of sustainability related interests in three areas
(energy, environment and mixed sociatghnology topics) was conducted (Table 2). Studisatisparticipated in the
pilot programwere asked to ratéeir interest for each specific topic in the generalizedsamedependently on a scale
of one to ten, where onepresents thieast amount of interest and tepresents the highest amount of interest.

Table 1. WEARS student pilot ranked interest in three select categories,e. Energy, Environment and mixed Society
Technology topics (labelled as Extended). Averages for each individual topic are based on scale of 1 to 10, where 1 repsesent
the least amount of student interest and 0 represents the greatest amount of student interest (n = 5).

Energy

Topic Average
Energy Efficiency/Renewable Energy 10.0
Solar 9.4
Biomass 8.8
Hydro 8.0
Wave or Tidal power 8.0
Geothermal 7.2
Photosynthesis 7.2
Wind 7.2
Natural Gas 7.0
Qil 7.0
Nuclear 6.6
Diesel Fuel 54
Coal 5.0

Environment

Topic Average
Water 9.4
Human Health 9.2
Air 9.0
Soll 7.8

Integrated Topics

Topic Average
Technology Innovation 9.8
Water Use 9.6
Agricultural Practice 9.4
Industrial Technology 9.0
Consumption Habits 8.4
Economics, Markets 8.2
Poverty Reduction 8.0
Information Technology 7.8
Policy and Politics 7.8
Population Growth 7.0
Property Rights 6.2

The education topics identified in the tigm percendf studentinterest includeenergy efficiency and renewable
energy solar power, water, human health, air, technology innovation, water use, agricultural practice and industrial
technology.

4-4- \Nrritten Pilot Feedback

Immediately followingthe pilotprogram an initialexit interview processvas implemented.t8dents were provided
with an opportunityto volunteer any comment based on their experienides following comments were provided
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“I't was a great experience to be a membe rosfhiapp pcrhoaanmcphi.o’n a n d

“...WEARs method turned out to be a great means to give rebirth to the inner Champion which could contribute to the fullest
to Sustainability(sic)./ ¢ (sSic) a great platform for students who would want to use as well as improve theirasiits with
inculcating new ideas. ”

“I't's been a pleasure being part of such an [ nitiethingi ve. [
for the community and | feel that | have accomplished that in this project. | thifKERd&Rs method is really helpful to define
the scope of a scientific project. I am definitely going t

4-5- Longitudinal (18-Month) Follow Up Results

At the time of this writing three of the five pilot progranrigpantsresponded tadditional follow up questions. Table 3 contains
responses that were edited for spelling errors and to preserve anonymity.

Table 2. Responses to questions presented in Sectiod 3A, B and C represent responses of the same pilot program
participant respectively.

Question 1

A | R&D: Rheological properties of hydrogels and underwater adhesives.

B Research & Consultancy

In achemical distribution firm, working on a water distillation project with University professors (inspired by WEARS

¢ methodology).

Question 2

Wicked problem. Because, currently | am doing my thesis work. So, | started as focusing on hydrogesepettiess and
A | later since my work is related to mussels aFid@PA, | found that there is a wicked problem, that is a need of underwater|
wet adhesives and | could focus my research on this particular application. Later, it turned out pretty good.

The Solutions part of the WEARS methodology impacted me the most because it triggered my analytical thinking skillg
B | provoked me to actually search in the literature if the solutions | was thinking about were implemented or at leasticons
and reseahed.

The entire idea of tackling a problem with the available resources has always been a talk, but this methodology brings
C | reality while making the entire process sustainable. It gave me a chance to focus more on the problem | potiehout
water supply.

Question 3

First of all, a good international experience. Since, our team had people from different countries. Also, | expecfffiergain
A | working skills and new ideas to make my student chapter more active. From the teaivedrenore experiences than |
expected and especially a great experience in organizing events in international level, the poster competition thatede d

| expected to enhance my communication, critical thinking and resourcefulnesacanally was able to develop them even

B further through the pilot program.
c Expectatiory Turn out to b_e a go_oq rgsearchgr/lnnovator. Gain in redligcame an Innovator + responsible citizen with
developed intercultural & interdisciplinary skills.
Question 4
A No
B No
C | No
Question 5

A Prior and continuing student group participation.

B | Student conference 2015, society student competition 2017.

C | No

Question 6

A | Very Likely.

B | Very Likely.

C | Very Likely.
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The 18 month follow up responses indicate that pilot program participating students have a variety of interest in the
WEARS method (Question 2), that a number of professional development skills were gained by participation in the
program (Question 3), thaarticipants were engaged in a professional society prior to the pilot program (Question 4)
and that participants express highest recommendation of the program to others (Question 6). It is interesting to note that
in one case, the WEARS method was wuitizo coordinate an industrial project wah University (Question 1). It is
unclear if the program i mpa c inaprofessiodabsaciety (Questiort5).s i on t o m

4-6- Reflection of Casting the WEARS Method

The process of explomty action research is as important as any outcome. The four subsections below further outline
reflection and describe significant contributions that led to casting of the WEARS methods and how the employed
method led to example collaborative opportunitiesuding the pilot program itself.

First, apparent wasige. a thrown away form of transportatiowasused as a transformational education resource
with links to materials design chemistry, etc., illustratindjow simple available resourcé&R) can be utilized in
rigorous experiential learning. Second, education research outcomes are shared beeapsess#d interest in
conference settings. Specifically, summation of simple website exploration was found to be a considerable talking point.
Third, an example of mixed method outcomes are shared. Outreach and community and engagement can build upon a
number of professional skills.g.further certification and prompt thinking to move beyond wrote STEM memorization
to social settings where stakeholder engagement, leadership and coordination are important. The mixed methods and
reflection process were ceatto this latter point and were integrated into the WEARS method. Finally, results, methods
and outcomes are correlated to an exploratory action research path. These four points contributed to further reflection
on the WEARS method and ultimately how teplement integrated education tools [23].

4-6-1- Waste to Innovation, an Example of Using Available Resources

During the course of this research it was amazing to dis¢mwematerials and innovation can arise from discarded
items.For example, finding a broken dowd hocmoped inspire@ researcher to refurbishTthis action was extended
afterconnecting witta professoandcollaborator, whictexpressed frustration in not being able to work with mechanical
systems and fuel addies in a nomproprietary nature. This prompted the autttozonsider how to turn the refurbished
form of transportation into a means to conduct <coll abc
and to provide students with an expatial and customizable education t¢28].

Additional collaborators and industry expressesiderablénterest in related vehicle, pollution, and supporting
scientific inquiryeducation. Overall, this example provides students with hands on and etipetearning that
incorporates many deeper graduate education topics in relationship to: energy, sensors, rgegenafsjnciples,
products, and the potential to innovate compon@3k The development of the project itself occurred via open ended
exploratory and experiential educational research where feedback and needs of colleagues and professional societies
aided in defining outcomes and educational strud28g

4-6-2- Professional Society Interest in Research of Sustainability Education

Overthe course of research and all related interactions, there are many additional research outcomes that complement
experiences leading to the WEARS student pilot. During the second action cycle one path of exploration involved
learning what other HEI shargélated to their own sustainability related curriculum. Tabls a reproduction of
qualitative information that could be gleaned from University program descriptions available online on the topic of
sustainability related education [12].

There remain f& HEIs that offer sustainability related degrees, this information was collected and presented to
illustrate the deeper education content of specific universities that could be captured in a rapid fashidh (Table

This type of information could bienportant to a potential student that is looking into schools when considering to
apply. In addition to briefing available information, review focus was placed on two specific areas given past HEI
experiences. The first area is that of education thatdesla LCA based product requirement. Communities of practice
widely note the use of LCA and LCA research, as prominent. However, LCA represents only one tool and it was
surprising that most of the sampled Universities make no mention of the use of L&4lfoa purpose. This could be
a strong indication there is a need for teaching and research expertise. Communication with industrial practitioners do
indicate that LCA is used, however the extent and breath of application is not known. The secondaszhvexplthat
of student projects. The standard for high quality education in the United States is accreditation dnyatgafion
Board for Engineering and Technology, IGABET) [29] that identifies education curriculum containing a capstone
projecta sA ¢cul minating course that allows students who are
skills they have acquired in their program and apply it to a major project or assignmekta ny engineer i ng
have a project requiremetd meet education accreditation requirements. Therefore, a natural step toward validating
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formal education programs would be to have project based curriculum in place. It was found that approximately one
half of the sampled Universities mention a proj&tie details of projects and project requirements were not reviewed.

Table4. A Google web search with the ter m: “X n&thafollaningiashtitions;t y > wa s
IPortland State University; 2U. of Georgia; 3U. Wisconsin; “U. Vermont; 3U. San Diego;®Cornell; “Appalachin State

University; 8Emory; °Cal State Chico;Dickenson;!*Arizona State University; 12U. New Hampshire;'*Middlebury College.

Based on the researcher’s experienc s8areshakedipthistablenikisirfornthtiom ni q u e
was obtained within a few clicks based on search results, indicating that it was somewhat easy to find and navigatato.« ? »

indicates that it was not clear if LCA or capstone projects are part of available ieducation programs. Adapted from [14].

Key  Findings Product LCA Capstone
1 MS and PhD Systems degrees, focus on infrastructure and social structure. ? ?

2 17 h certificate, subject to thieree pillarsphilosophy, several campus programs present. No Yes
3 34 h Masters in Sustainable Management. ? Yes
4 MS Sustainable leadership, campus sustainable leadership (38 certificate like programs!) ? ?

5 B.A. with field focuses and international experience. No No
6 g;;ﬁgfﬁ;ﬁFntrepreneurship and Enéogysed programm traditional disciplines, large ” ”

7 Several Sustainable Development B.A. and B.S. programs. No ?

8 Appealingly rigoro_u_s m_inor program, environment and climate, strong campus practice. ” Yes

International medicine incubator.

9 Business minor with strong emphasis on global culture, discipline specific course offering ? No
10 Strong campus culture with unique campus programs, carbon action plan. No No
11 School of Sustainability with many degrees and sustainabildystipline titles. Yes Yes?
12 Dual 5 course major. ? Yes
13 Strong campus culture, environmental studies with global partnerships No No

4-6-3- Example of Mixed Methodutcomes

A deviation of sustainability science from traditional STEM involvesitivtusion of mixed methods, qualitative
measure and social interactions. There is great need to better understand how these topics are credible and practiced
over the course of research. An additional research outcome as an example is illustrated id.Fiiguee 4
demonstrates the change in land use of an urban garden when exploring action research as -se$eansimg
methodology [22]. In this case, it was noted by many community members that dedicated garden plots were small and
potentially underutized. Further, a local school desired a plot (the garden was located on school property). Garden
leaders were approached with these problems.

Upon meeting with garden leaders and members as a stakeholder group, gardeners organized together to maximize
space, involve outside parties to help meet local code and complete works tasks. There are three notable project outcomes
overall that do not focus strictly on hard science education. These include community engagement and soft science
outcomes that could brelated to additional WEARS topics. First the local community was supported, additional garden
space was dedicated to a school located onsite of the garden. The creation of new space, commurtication wit
stakeholders and the siting of the garden madentitesion of students synergistic for the local community. Second, to
aid in the inclusion of all possible garden participants, pathways among garden plots were designed to be handicap
accessible. Third, formal composting practice and policy was establishgatden member earned certification as a
“Master Composter” via formal training with a communit
garden compost. Three bins were constructed in place of a previous single pile with regulaanmeanagtivities.

Finally, in a democratic process, garden members voted on what types of personal items from home could be included
in the community garden’s compost

This simple examplénforms pilot program participants of what could be expected ireach and engagement
activities with communities. This example is somewhat simple but indicates some of the leadership actvities th
contributed to success opaoject.
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Figure 4. Contrast of land use and general arrangement of an urban communitgarden. Green space denotes garden plot
areas, yellow denotes nogarden landscape, white denotes walkways, and red denotes architecture to support the function of
the garden (water spigots, a bench, storagand compost areas).

4-6-4- Highlighting Exploration and Action Cycles

The total amount of activities, research and reports leading to the student pilot progfatiow up was subject to
the principles ofexploratory action research itself. Consider two phasmsprising the two elements of exploratory
action research (Figes 1 and?2). The first exploration phase involved efforts to learn about research methods, how to
describe mixed sofhard science interaction and cast foundational practices generaliaggheénaneet the constraints
of being included as part of HEI curriculum.
Phase 1
¢ Action researchj10, 11}
¢ Description of two mteractingvignettes community andHEI senior @sign[22];
¢ Formulation of severaldalitional exploratoryignetteq13, 14];
¢ Outline of a base educatidmamework [14]

The second phase, involved visioning beyond the resedsahen community and available resources to established
desired global outcomes (in several action cycles, proposed to be studied as indigdate$. This includes
identifying common themes or established goals, how to present exploratory findings, that refined and shared findings
in the form of prototyped project based curriculum containing technical rigor, and involved the pilot of a proposed
methoalogy.

Phase 2

» Problem casting in place of local exploration relevant to a global comynjid, thisstudy;
» Refine results of exploratory stages and perform analysis [14, 16]

» Obtairing feedbacko inform replication of methods andentify collaboratios [thisstudy];
e Conduct a pilot including outline of systems engineering projectsdthds; 14, 17]

Breaking out the sum of research shared into two phases prosatdets and studentéth abroad perspective of
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action research. For exampteompting a desire from faculty members, community exploration tempered with feedback
from professional societies led to the pilot program (action cySkaaller action cyclese(g. Section 46-3) can even

be lost or overshadowed by expected researchtiegdsuch as high impact journals, conference proceedings, etc.) but
can have substantial impact on local communities. Reporting eéxglored paths was not described to as great extend
as thesuccesses and actionable tasks.

It is recommended that jonalling practices be utilized by students, researchers and teachers alike to better account
for the decisions, processes and actions that give rise to structure of action. Nursing in particular has establithed a breat
of literature on journaling related twrse education. Journaling is a common means to promote reflection across fields
and can capture the many d&tasf complexity. Establishinguality of effective journaling is important whehis
technique is utilized [30

5- Closing
5-1- Conclusions

Formal sustainability education programs that include rigorous systems thinking, social interactions, and green
principles are emerging [231, 32]. It is perceived that undergraduate engineering senior design projects are highly
constrained, focused opecific technical design outcomes [22]. Interestingly, common feedback from pilot program
participants (all undergraduate students) indicated that a group project could be implemented in place of individual
projects, inline with traditional undergraduatenior design capstone projects. This begs the question for how to
structure highly multidisciplinary undergraduate education or project work with significant social relationships.

Personal experiences with higher education faculty indicate that it asnireg tougher to include all required core
courses for undergraduate degrees since there is a trend to reduce credits as part of undergraduate programs, particularly
those in the United States. Further, the demands on rising seniors without the automogngicafate program could
make WEARS based projects overly burdensome for undergraduate students. It appears that the desire for combined
social science and physical science skills is strong in international settings because no United States staipetéesiparti
in the call for participants. Therefore, it was concluded that exploring how to implement a graduate degree program that
combines social and physical sciences could be most appropriate for sustainable engineering education that makes use
of the WEARS methodology. This thought builds on the expertise of established discigigesciencepolicy,
chemistry, developmentind engineeringand could leverage particular strengths in a proposed WEARS project.
Further, previous specialization of a studeauld be complimented with an appropriate set of skills during project
research.

Education interests of students participating in this pilot program are strong in the area of reselsaldeergy,
watersystems topics, efficient food systems, and tetdgical innovation. Notably, human health and air science were
also identified as interesting. It appears that pilot participants desire new, innovative and forward looking innovation.
Experiences with existinigdustry representatives [31, 3 indict ed a need for students wit
sets. Therefore, there appears to be a research area to explore between meeting the needs of industry, contrast with the
forward looking principles of many of the proposed wicked challenge lists andidledyvaccepted charge of the
Brundtland commission to meet the needs of futureeggions during development [35

It was concluded that the WEARS methodology pilot was a success and is highly recommended by participants.
Faculty indicate that student @nestis essentiain order to nitiate or significantly changeurriculum. Feedbackom
participants was positive, critical or negative feedback wasemgstent.It appeared to the pilot mentor that students
were very busy and focused on their primangdges, but were excited to be part of the experience. Cohort participants
were professional and there was no indication of personal conflict among cohort participants. The pilot program
supported professional development of the student participantsettem éxtent of initiating an industribiniversity
partnership.

General education trends suggest that LCA and project work are common education components of sustainability
education. It was concluded that two additional core courses should be inctupad af an education progrd28].
Onecourseshould explore means to analyze qualitative and quantitative measures (that involve math/statistics and data
collection). This course could be highly complementary to computer programming, data curatiandaid methods.

The second additional course that is suggested is a rigorous critical analysis course in the line of science technology
societystudies. Personal experiences suggest that writing, reading and critical analysis skills can be enhanted beyon
the rigors of traditional STEM education alone.

5-2- Future Research

This knowledge serves as a basis for teaching, leading students and students that desire to make use of education and
social change methods. Exploring how to implement this knowledge formally is a next step activity to be conducted
with like-minded faculty Means of assessment (pre and post program) are identified as an essential future research
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topic. Program funding strategy and structure also needs to be determined. Could partnership be established with
governmental entities, neprofits or industry? Edctcase could present different teaching approaches. It was found in

the course of study that having appropriate mentorship with approved academic connection or liaison requires a level of
administrative control.

When considering program education detdtls suggested to make use of the WEARS method to refine potential
coursework [14] and compliment the STEM heavy side of education with two additional courses. These two course at
mi ni mum, should prompt devel opi nhlinfarmatiod teachnolkogy and knhdndes t o
critical analysis of social topid23]. Many of the data, indices, indicators and means to characterize interacting social
technical systems and research][@6e lacking in communities of practice, including acadessitings. An additional
exercise would be to have students gather stakeholder groups to develop experiences and methods. Online polls are
estimated to provide for response rates less than one third of the totally of those polled. First hand commuaication a
data collection during events are considered to be essential to many elements of exploratory action research. The ability
to connect with people orm-one is often identified as jrimary membership alue of belonging to professional
societies.

The lorgitudinal assessment of program data is also recommended to refine and inform a potential education
program. Exploratorgnd action cycles were reviewed (Sectie®+4) as examples of the evolution of research to date.
As a future outcome, data from prdi@could be made available to students in a clearing house or database that supports
study at a particular HEI. A novel aspect of implementing this suggestion would be to build upon previous cycles with
additional data and supplementaldas. This finakection relatethe models from Figres 1 and2, torealized outcomes
(phases above) that could be expected of a sustainability focused education program.
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