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Abstract

Supporting learners at different stages of learnmgssential to achieve positive learning, critit@nking,
technical and problem solving skills, and gainfuhpoyment upon graduation. Collaboration is critita
providing strong foundational educational supporall learners as they advance to higher leveeafring. More
important is the need to promote collaboration agneducators and other professionals across then@gie
Technology, Engineering, and Mathematics (STEM)dfiewho educate the learners throughout their anade
pursuit in their respective institutions of leamuinro reap the value in diverse teams, the promatfoemergent
interdependence fosters seamless collaborativétasiacross STEM disciplines. This paper addieksewledge
sharing among collaborators, the educational asmécesearch facilities, and research clustesoa® of the tools
necessary to develop program through collaboratiG@TEM fields.
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Introduction
Collaboration is the vehicle for sharing respodiibiand combining knowledge, creativity,
and experience of others (Stowell 2005). Collabonatan build a seamless support system across the

STEM disciplinesThe recognition is growing in academics and busitiieat pooling the
ideas, resources, commitment and efforts of manyae effective than relying on the

few best individualsFrom this perspective, collaborators will bring leased understanding of
contextual influences on their differing backgrouiadtheir programmatic efforts. Collaboration can
eliminate redundancy and overlapping that resaltséfficient use of resources and the duplicatibn
services (Gallagher, Clifford, & Maxwell, 2004). iHe all successful organizational activity,
collaboration requires planning... Through plannirsg,common goal is determined as well as
expectations for each participating agency or aegdion” (Melton 2001).

Why collabor ate?
Perhaps the most important concepts around the @stollaboration and resource sharing are
found in understanding why collaboration shouldurda the first place (Melton 2002). Thereforeisit
important to note that collaboration:

» enhances services, especially for underservedpliises that are not well funded or are not good in
grant-manship to procure necessary research eqatpme

* increases the quantity of resources availableriesgients or participating disciplines.

» increases better use of available resources.

» increases the quality of available services.

» enables STEM disciplines to address their commaderests and common goals in providing
services to cluster constituents.

* increases opportunities for knowledge sharing ardhange, thereby increasing knowledge
awareness, sensitivity and competence.

*  helps to view everyone as a resource.

The new industrial revolution has made importanprepare the present and future workforce
with the required technical skills and knowledgeessary to support the emerging field. Given the
need to prepare IT program graduates with skilteeasary to function in the capacity of a technagi
manager or supervisor in any organization thatrdet implement emerging technologies, it is
necessary for faculty of STEM disciplines to wordlaboratively to develop and propose courses that
will enhance needed and necessary industrial teahskills and experience in the industrial tecggl
undergraduate program. Since hands-on activitieanyf course will be enhanced through prolific
research endeavors, interdisciplinary researchterusutilizing the core research facilities in that
institution will help prepare and put our graduadéshe forefront of employment in the new indwtri
revolution. According to Marchand (2009) who repdrbased on a business academic’s point of view,
an examination of the way in which 169 countries fnding institutions and 2,500 scientists worked
together through effective collaboration has giamn insight into the benefits and characteristic of
successful program development and leadership Bgbooation. For such a diverse collaboration to
produce incredible results, some potential barmaust be identified and broken.

Team leader ship through collaboration and har mony

Establishing collaborative relationships is notvajs natural or easy, particularly because
people have different lifestyles, backgrounds, exgkeriences (Stowell 2005). Since scholars actass t
STEM fields differ in so my ways given their diverbackground and leaders of their respective
disciplines, leadership through collaboration aranfony must be fostered. According to Stowell
(2005) in his article titled Collaboration — A leaxdhip skill development posited that “One of thesin
important things a leader needs to be able to dmbaborate with his/her team members is create a
culture where members value and listen to alteraatiews and seek out win-win objectives. This can
be accomplished by clearly identifying common needd objectives; and certainly should occur on
multiple occasions over time.”

To this effect, participants in this collaboratieffort must learn first hand to participate
without formal authority or bias based on disciplifhere should be a consensus on who will lead and
with the understanding of all members or partictparn the fact that this designated person has no
authority beyond that granted to him by the peopleo would work with him. However, he is
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recognized as the indisputable leader of the projezeping all efforts on track to ensure that the
collaboration garner the best out of its membarghis capacity, it behooves such a designatecetead
that will bring everybody together regardless dfithfield of specialization, will not rock the boat
willing to make sure that everybody feels that they part of the process with a sense of belongind,
be willing and able to encourage members with tkeakest link in the group through motivation and
gentle guidance. In this type of forum, the teate@dership style should be more about facilitating
stewardship. This is an environment that encouragescipation and ideas rather than dictating and
directing project evolution (Marchand 2009).

It is necessary to build consensus and harmony gt participants so as not to lose that
persons talent or financial contributions that niey diverted else where. Marchand (2009) further
opined that decisions have to be taken on consgkeaep everybody, with an enormous diversity of
skills on board. Without that camaraderie and comment from participants, it is impossible with @to
down management system. What works is the abifitthe leader to know how to collaborate and
develop effective partnerships with others (Sto\@eD5).

Knowledge sharing and management among departmental scholars

To fully anticipate collaborative activity and drge team success, such a diverse team need
emergent interdependence, meaning that membeitsealedm must develop the desire and expectation
to work interdependently for the benefit of thenesmwork (Caruso & Woolley 2008). “A leader can
also foster collaboration by encouraging activeolagment and the free exchange of information. The
leader, also, must set the tone by keeping an oped to different ideas. Furthermore, when the team
members engage in collaborative activities, itgseatial for the leader to validate and reinfotoe t
collaboration in order to sustain the behavior’of@ll 2005). In addition, Chi-Ying Cheng, C.,
Sanchez-Burks, J. & Lee, F (2008) in their studgpmsed that reinforcing the compatibility between
functional identities within a team facilitates ass to functionally unique knowledge systems, which
turn increases team innovation, provide common mpidie promote communication and collaboration
among professionals working in STEM disciplines.

Rink, F., & Ellemers, N. (2008) posited a theor@timodel to explain under which conditions
different insights or approaches within a team @d mecessarily undermine team cohesiveness or
prevent the development of a common team iderditg, can in fact even reinforce each other. To this
effect, they reviewed a program of research thatrémed the formation of a common identity in new
collaborations, as well as the extent to which teatcept newcomers who possess unique resources.
The outcome of their research showed that clarity e@ongruence determine the likelihood that team
members will maintain a common identity while thef§ectively use the differences among them and
accommodate to team changes. In this vein, jurdoulfy should be encouraged to participate in all
activities. Even more active roles should be assigat their early stage on board to discover quickl
their potential and areas that they might need belgrhis theoretical model has been widely emlatace
by the social sciences, education, health, andllidefinitely work well for other for other disclimes,
STEM inclusive.

The potential of the individual members should héckjy identified, trusted respected and
encouraged. It should be noted that contributiohthe individual may differ given the nature and
knowledge about the project or program to be deeso Regardless, synergism should be fostered by
tapping into the individuals’ strength rather thfmtusing on their weaknesses. Brainstorming for
creativity and new ideas and initiatives shouldelneouraged so as to pool knowledge. For example,
highly interdisciplinary and relevant activities aew industrial revolution at Jackson State Uniigers
has synergized many disciplines such as physicsmisitry, biology, mathematics, technology and
engineering with focus on the strength of the pgméints. This has led to the development and
implementation of research clusters across scig¢achnology, engineering, and mathematics (STEM)
or simply the STEM fields. The research clustestell in Table 1 with their subgroups depict the
interdisciplinary areas of strength of the partcifs. The diversification of the scholars in tteieas of
expertise with varying background in the STEM fgeldas made possible knowledge sharing and
management in many emerging fields. This new mindseld help to enhance major interdisciplinary
activities through the following research clusters:

1. Applied Computational Sciences & Engineering/HighfBrmance Computing
2. Environmental Science and Environmental Engineering

3. Nanoscale Sciences and Technology

4. Data Information, Security and Management

Ejiwale, J. (2012). Journal of Education and Learningl.6 (3) pp. 177-184 179



Table 1. Research Clusters and their subgroups
Cluster Cluster Subgroups
Applied Computational Sciences & Computational Nanoscience, Molecular Electronie&trre/Computational
Engineering/High Performance Computing — Quantum, Chemistry Computational Engineering & Texbgy,
This cluster investigates High Performance  Bioinformatics/ Genomics
Computing Modernization
Environmental Science and Engineering — ThiBio-Phyto Remediation, Environmental ToxicologyMgmrmental

cluster conduct research on today’s Chemistry, Environmental Impact Assessment,
environmental problems and appropriately Environmental/Atmospheric Science/Observationsydtidal Waste
disseminating research findings. Management/ Landfill Technology, Biomass/ AltermatFuel/Renewable

Energy, and Environmental Genomics
Nanoscale Sciences and Technology This Computational Nanoscience, Nanofabrication, vigasilbn modeling,
cluster investigates interactions between nobleNanophotonics, Nanosensors, Synthesis and Chazatien, and Applied
metal, magnetic and organic nanostructures foMaterial Science
developing new sensors; modeling
visualization; experimentally developing
suitable nanomaterials for the construction of
integrated optic chemical sensors
Data Information, Security and Management —Information Assurance and Computer Security, Inftion and Intelligent
This cluster conduct research on nanostorage,Systems Data, Information, Modeling and Visualizati
nanoRFID, computer forensic and data security

The research clusters provide a way for departmémterganize instruction and student
experiences around cluster broad categories titatngrass virtually all disciplines from entry thrdug
professional levels. This is a combination of eegiing, physical sciences, electrical engineering,
physics, chemistry and even molecular biology, mwatchy more in STEM fields.

Importantly, the examination of program componergspurces, and eligibility factors can help idignti
areas of potential among collaborators and prajesss to maximize resources.

In the same vein, Dr. Wilbur Walters of the Depaatin of Physics, Atmospheric and
Geosciences at JSU with a research interest idegtaelopment and characterization of novel advanced
materials, focusing on thin films, coatings, andnesructured materials has developed an
undergraduate nanoscience curriculum (IntroductionNanoscale Science). This course aims at
enhancing student learning and research opposrartitiat relate to real-world applications and tbe u
of state-of-the-art instrumentation (Walters 200B). addition, this course is meant to introduce
undergraduate students to nanoscale processingrahgsis techniques in the classroom. Through three
consecutive NSF grants for Nanoscience Undergradidtication (NUE) Walters has acquired four
Nanosurf Scanning Probe Microscopes (SPMs), twomitoForce Microscopes (AFMs) and two
Scanning Tunneling Microscopes (STMs). This wilhance the teaching of principles of nanoscience
and applications to aid hands-on processing laboest interactive microscopy learning experience
and early research experiences at every leveleofdhriculum.

Most importantly, majors across the university simeir faculty will benefit from the existing
cross-teaching with the Department of Physics, Apheric and Geosciences that offers students a
wide range of opportunities in materials processihg use of advanced instrumentation, and exposure
to cutting-edge topics in nanoscience. Experiergiaguthe AFM and STM tools has proven to be a
valuable preparation for entering these other rebearenas, as shown by feedback from various
internship sponsors. Similarly, topics in nanosaaience and other cutting edge research are peesen
in a weekly seminar series and each semester thieaefeatures a number of presentations by outside
speakers, and a forum where students presentrédssiarch projects. Through this media, students and
faculty members that are new to this field fromestlldepartments are eligible to participate in the
lectures and seminars series to enhance the hanaigptication of the AFM and STM tools.

Because of the concern for selecting and strugukimowledge about joint effort across the
STEM fields, the synthesis of ideas would lead tccamsensus on the part of STEM faculty
participating. Therefore the challenge of the rapidlution of technological knowledge base learing
the side of one discipline will “be minimized amdpiortantly STEM faculty members will continue to
participate effectively and as well be able to plauriority on the ability to identify and structure
appropriate knowledge for instruction. This will keait possible for STEM faculty to rely on many
sources of curriculum materials and their abilittes synthesize technological information that is
integrative of all STEM disciplines (Zuga 1991). drder to unite knowing and doing in an effort to
develop valuing, the expertise of integrating cahtend practice across STEM fields is one of the
major contributions STEM educators will make to whedge sharing.

180 Tools for collaboration across STEM fields



Utilization of the core laboratories and facilities

According to Melton (2002), “no program can pra¥idll things to those who are in need of
services. No budget can provide the resources s$estaall of those in need.” Collaboration and
cooperation is strengthened by sharing resourgeecidly when there is shortage of required reseairc
and expertise among collaborators. “The essencecalfaboration is resource sharing since
organizational priorities and institutional prides dased in resource allocation and utilizatione(fdn
2002). Thus, resource sharing represents commitrieersomething larger than the single focused
discipline goals and objectives and a shift to et relationships with other disciplines or dslto
achieve shared goals, visions and response to frintegest and obligations, just as evident in STEM
disciplines.

Resource sharing requires development and enhantemherelationships and commitment to
achieve something through that relationship, whitdy not otherwise be achievable by an individual
agency or organization. Melton (2002) stated furthat there are several requirements to develdp an
nurture strong relationships and commitment. Thésdescribed as people and organizations taking
large doses of “Vita-C”. Vita-C describes actionrd® connoting a commitment to develop and
enhance relationships and includes:

e Collaboration: literally means working together.

» Coordination: arrangement in proper order or propkation.

» Communication: a giving of information.

» Consultation: the act of seeking information oriadv

» Cooperation: the act of working together in unigidrt or labor.

»  Clarity: clearness.

»  Creativity: the quality of being creative (invergjyproductive, constructive).
e Courage: bravery, meeting danger without fear.

Collaboration can eliminate redundancy and oveitapghat results in inefficient use of
resources and the duplication of services (Gallggbifford, & Maxwell, 2004). The core laboratosie
and facilities at JSU provide researchers with adégjresources such as equipment, technologies, and
support functions to enhance research capabiligesl for instructional delivery on basic
nanofabrication technology. Currently, cross-teaghis in existence among faculty members from
Departments of Technology and Physics with theézatibn of some of these facilities and laborat®rie
to enhance nanofabrication hands-on experiencee®dtine major laboratories and facilities are:

1) The 3 — Modeling laboratory

2) Nanoscience Core Laboratory

3) Molecular Magnetic Resonance Core Laboratory

4) The Computational Modeling Core Laboratory/Supengotar Center
5) The Visualization Core Laboratory

6) GIS Remote Sensing Laboratory.

Utilizing the existing core laboratories and famé to enhance basic nanofabrication
technology at JSU requires participating facultymbers:

» To be able to explain concepts in physical sciettcdooth non-experts and experts acquiring
knowledge of nanoscale science and technology mitte emphasis on the “know how”
* To help set the directions and priorities of the akcore facilities to aid further research atitag

in nano-science and technology
» To facilitate learning by gaining experience in adeed micro- and nano-fabrication methods as

applicable STEM fields
e To assist national users working on their nano&ation projects in the core facilities
» To establish and maintain baseline fabrication @sees as well as introduce and develop advanced

process methods and train users in these methods.
e To support the mutual needs of business, indusing, academia by providing mechanisms for
technical exchange and collaboration.

Given the aforementioned as laid down in the CSEIS&, there is a need to develop a new
academic program aimed at a commitment to undewgtadand graduate teaching in the emerging
fields. Currently, a new masters of science in nettgy degree (interdisciplinary curricula) to be
offered at Jackson State University will serve las pathway to an education in nanotechnology with
nanofabrication as one of the concentrations asxample. Therefore, there is a further need to hire
individuals with demonstrated excellent researckempiial, teaching ability, with relevant industrial
experience and expertise in the sub group areasalMareness and the minimization of the barriers to
the success of collaboration among STEM educatwsld be identified and dealt with carefully. The
following should be noted:
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Building Consensus among participants

Consensus building among collaborators has to Ideduo ensure that the community as a
whole participated in all activities that led toetltonclusive or winning solutions. Sometimes, to
maintain harmony in the collaboration, technologmampromises should be embraced as long as they
will not affect the quality. In a situation like ith process efficiency and cost efficiency might be
sacrificed, as long as the functioning of the dmlation would not be jeopardized.

Being Open and Inclusive

Sense of belonging among participants should benpted with the understanding that the
collective wisdom of the collaboration is far gerathan that of any one individual. Importantlyyan
proposed idea that is rejected with reasons isrsign of weakness.

Leading by encouraging

There is always another day when the affected mesnb#l be able to participate fruitfully.
Even, they may be offered the opportunity to ctwitié to the chosen solution. As such, regular
meetings should be open to all to facilitate opeenand knowledge sharing and all recorded
contributions should be made available to anyoraotenload ahead of time.

Postponing Decision Making to Manage Risks

Decision making should not be rushed since accbilityais the responsibility of the
participants. This is necessary to avoid unnecgsssls that might be costly eventually along thad.
So, this process is slow and should be consensusadt‘The whole point, however, is that you leave
the decision... to the last possible moment — that yeau reduce uncertainty. That is the only way. You
have to leave the possibility of reducing uncettgirather than fixing the risks.

Teams and technology Interactions over time

Implementing new technology in collaboration adids with shortage in funds and skills is
challenging because of the perceived risk of danmadeeakage. Understanding the learning process is
therefore critical, both for host of facilities Wwitechnologies and for technological novice seekig
adopt them. A specific barrier to learning thatsthéeams may face is the need to take time ouaito t
their colleagues need for collaborating teams leara how to work together. There should be comfort
in technological sharing and usage among collabmsathen it is necessary to share equipment. Use
practices should not vary among participants toekint of dominating one another rather than to
collaborate. If the most consistent pattern isube of technology to dominate rather than to collate,
this will result to negative outcomes (DeSanctisple, and Dickson 2000). However, rules and
regulations that guide the way the laboratory eaeipt are used must be strictly adhered to. The
regulations should include the necessary safetyapiteons, unnecessary trials and errors that ey le
to breakage or bodily injury leading to unnecessast bearing for the host, among other things.

Knowledge acquisition in virtual teams

How individuals acquire knowledge through group engnces and how technologies used by
virtual teams will affect this process should berttughly investigated so as to promote the sucokss
the collaboration effort. Collaborators can acquin®wledge in two ways: via other group members
and through products that groups generate. Witpesto acquisition via group members, how
collaborative processes provide opportunities fearming should be emphasized. With respect to
knowledge transfer via group products, particutéerdgion should be paid to the mechanisms by which
group members store knowledge. This is necessamgauSe information and communication
technologies can influence these mechanisms fowlauge acquisition when working in virtual teams.
Since there are numerous challenges to knowledgeaisation in distributed groups, it is suggestedtth
all collaborators must be briefed and brought toaat the same level of knowledge of the technokigic
mechanisms to be adopted for enhancing opportarfitielearning in virtual teams (Straus and Olivera
2000).

Conclusion
Partnership among scholars from various departm@hister groups) in the university will
enable further knowledge sharing with effectivetcgmsring in the preparation of the future workforce
for the emerging fields that will be developed hg integration of STEM disciplines. Given the fact
that the equipment needed in any collaborativelifads expensive, existing core laboratories and
facilities could serve as the appropriate staniamt.
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Collaboration in the STEM fields will be effectiveonly the capacity of all involved work for
one another and go beyond personal recognitiorhakity should come out of respect from peers and
never to be used to coerce. Leadership in colldloorahould mean stewardship. With all these put
together effectively, higher institutions will bebla to reduce and manage projects with high
uncertainty, complexity and risk.
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