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    CHAPTER 1 

    Abstract     Interdisciplinary pedagogy and learning foster the cross- 
fertilization of ideas from different fi elds and disciplines, team collaboration 
across disciplines, the exploration of topics that reside at the boundaries 
and the edges of multiple disciplines, and the bringing of people together 
from various fi elds to explore issues and problems that have wide-ranging 
social impact. Chronicling the creation of an interdisciplinary Bachelor of 
Science in Professional and Technical Writing program at New York City 
College of Technology of The City University of New York, the chapter 
discusses practical matters of administration, such as choosing and inte-
grating disciplines for a specialization. More conceptually, it examines 
the development of interdisciplinary programs through a focus on how 
technology, theory, and practice that connects STEM and non-STEM 
approaches in these programs.  

  Keywords     Geosciences   •   Interdisciplinary studies   •   Interdisciplinary 
programs   •   Professional writing   •   Technical writing   •   Usability  

 Introduction: Designing and Implementing 
Interdisciplinary Programs       

     Reneta     D.     Lansiquot    

        R.  D.   Lansiquot      () 
  English ,  New York City College of Technology, City University of New York , 
  Brooklyn ,  NY ,  USA     



   This book investigates interdisciplinary programs in higher education in 
general, and connecting technology specifi cally, so as to promote interdis-
ciplinary understanding  1   in science, technology, engineering, and math-
ematics (STEM) fi elds through a focus on how these developing programs 
function by examining the ways in which interdisciplinary teaching and 
learning can work in multiple fi elds. STEM-related interdisciplinary under-
standing is particularly vital among students majoring in science, technol-
ogy, engineering, and mathematics, who often perceive that courses in 
their majors are not related to the general education (i.e., liberal arts and 
sciences) courses required for their degree. This separation prevents the 
transfer of skills between their general education courses and their degree 
pursuits. 

 The false dichotomy is particularly unfortunate, because solving the 
daunting challenges of the twenty-fi rst century—such as drug-resistant 
bacteria, the scarcity of natural resources, and climate change—requires 
global citizens armed with robust, complex abilities who can integrate 
interdisciplinary concepts with bold technologies. Perhaps the most prom-
ising way to promote the sort of thinking in which our learners transfer 
knowledge between courses, across disciplines, and among research fi elds 
is through interdisciplinary studies, which have been found to facilitate 
problem solving in numerous studies.  2   Thus, when developing the profes-
sional and technical writing degree program at New York City College 
of Technology (City Tech) of the City University of New York, I wanted 
to make sure that students were engaged in interdisciplinary writing as 
problem solving.  3   As part of this program, to provide depth in a content 
area, students must complete a series of courses in a single professional, 
scientifi c, or technical discipline, which account for at least 15 % of their 
required courses. Students who transfer from other programs (e.g., from 
an Associate in Arts in Communication Studies or an Associate in Applied 
Science in Health Information Technology) and those with different back-
grounds, such as in educational technology, support the interdisciplinary 
nature of the program and provide a robust exchange of ideas. 

 My seven-year journey while creating this interdisciplinary professional 
and technical writing undergraduate degree program included overcoming 
the challenges of framing this program and negotiating pedagogical and 
political terrain of the various specializations. Now, this new program and 
its specializations (currently, Architectural Technology, Biology, Chemistry, 
Communication Design, Computer Science, Public Health, Economics, 
Psychology, and Social Science) reveal how an interdisciplinary program 
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can work. While I was creating the program, deciding on the courses to be 
included in each specialization meant meeting with department Chairs and 
Discipline Coordinators—for instance, because Economics, Psychology, 
and Social Science are all housed in the Social Science Department, I had 
to meet with that Chair and Discipline Coordinators. Before the meetings, 
I found it invaluable to explain the intent of the specialization and provid-
ing a tentative list of courses that took into account prerequisites and the 
level of diffi culty for students who were not majoring in the specialization; 
the meetings were then framed around a discussion of suggested changes. 
My task was made somewhat easier because our Public Health special-
ization is itself interdisciplinary, including courses in government, public 
policy, health, and human services. 

 City Tech’s Bachelor of Science in Professional and Technical Writing 
program prepares students to communicate clearly and effectively using 
a variety of tools and media. Students learn how to translate complex, 
industry-specifi c information into lay terminology or another industry- 
specifi c discourse. In order to meet the needs of industry, the program 
allows students to look across disciplinary boundaries, bringing together 
information and skills from a variety of fi elds into a new base for learning, 
designing, and writing. The structure of this degree ensures that students 
who graduate from this program (a) master industry standard applications 
for professional and technical writing and related technologies, (b) acquire 
expertise in a professional studies-related, science-related, or technology- 
related discipline that will give them an edge in the marketplace, and 
(c) enter a rapidly shifting workplace prepared to negotiate new forms 
of media with sophistication and confi dence. The program provides stu-
dents with both a hands-on experience using a range of tools as well as an 
understanding of the theories underlying the use of those tools. Graduates 
master industry standards for both professional and technical writing, as 
well as related technologies.  4   

 Some of the overarching concepts informing the interdisciplinary 
approach to learning are discussed in Chap.   2    . Melissa Layne and Phil Ice 
examine the elements of the emerging platform and analytic technologies, 
emphasizing their potential impact on the three Community of Inquiry 
(CoI) presences: teaching, social, and cognitive. Attention is given to 
technologies that may have positive or negative impacts on collaborative, 
constructivist interdisciplinary learning models. 

 In Chap.   3    , Priya Sharma and Kevin P.  Furlong report on a multi-
year collaborative research effort between the geosciences and education, 
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focusing on the design and evaluation of modules that engage undergrad-
uate students in science reasoning skills. They discuss their design-based 
research approach to constructing active learning modules to engage stu-
dents in a large general education undergraduate course in natural hazards, 
as well as their approach to integrating mobile devices in an upper-level 
undergraduate course on the same topic. Overall, the chapter identifi es 
the features of interdisciplinary courses that support scientifi c reasoning, 
student collaboration, and technology-enhanced learning in an under-
graduate classroom. 

 In Chap.   4    , Kimberly A. Lawless, Scott W. Brown, and Mark A. Boyer 
continue the exploration of collaboration, problem solving, and reasoning 
in an interdisciplinary context. They point out that across several indepen-
dent surveys of businesses and potential employers, the most commonly 
cited skills that industry requires in newly graduated college students 
include the abilities to solve complex, multidisciplinary problems, work 
successfully in teams, exhibit effective oral and written communication 
skills, and practice good interpersonal skills. However, industry leaders 
point out that many students who obtain their postsecondary degrees do 
not possess these skills, and as such are not fully prepared to successfully 
participate in the twenty-fi rst century workforce.  5   To address this need, 
they designed the GlobalEd 2 (GE2) program, which engages classrooms 
of students in online, simulated negotiations of international agreements 
on issues of global concern, such as water scarcity and climate change. 
Their GE2 program is an interdisciplinary problem-based curriculum 
targeting students’ global awareness, scientifi c literacies, and twenty-fi rst 
century workforce skills. Their results over the past 15 years using various 
iterations of GE2 have been implemented in classrooms, ranging from 
middle school through college, demonstrate the positive impact of GE2 
along a number of dimensions including writing, argumentation, science 
knowledge, and social-perspective taking. This chapter provides an over-
view of GE2, its design principles, and discusses the data from a recent 
implementation with college freshmen, specifi cally focusing on gains with 
respect to self-effi cacy across multiple domains. 

 While Lawless, Brown, and Boyer explain how interdisciplinary courses 
can make students better citizens of the world, Elaine Correa explains 
how these courses can make students better citizens in their communi-
ties. She discusses how the integration of interdisciplinary studies with 
service learning can invoke meaningful, engaging, and sustainable learn-
ing with technology for students beyond the classroom. Service  learning 
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provides learners with opportunities to explore the real needs of a commu-
nity, connecting content knowledge with prior experiences from both the 
classroom and life. Grounded in Dewey’s notion of “learning by doing,”  6   
service learning necessitates deep refl ection as students merge theory with 
practice. In Chap.   5    , she explains how an interdisciplinary studies approach 
to service learning offers space wherein the adage still applies for students 
today, “Tell me, and I will forget. Show me, and I may remember. Involve 
me, and I will understand.” 

 It is with this adage in mind that  The City Tech I   3    (Innovation through 
Institutional Integration) Incubator: Interdisciplinary Partnerships for 
Laboratory Integration , a program supported by the National Science 
Foundation (NSF), was created, integrating research and education with 
a focus on inquiry as a means of learning and the development a global 
workforce by expanding industry partnerships to provide real life applica-
tion of STEM learning. This project is a catalyst for transforming labo-
ratory curricula and teaching across STEM departments by establishing 
innovations that will invigorate courses and lead to a greater integration of 
STEM projects across the college. Several multiyear projects totaling more 
than three million dollars benefi tted from this program, generating ongo-
ing and broad-reaching changes across STEM programs and student ser-
vices. This chapter explores the program features that contributed to the 
faculty’s understanding and teaching of STEM and the nature of policies, 
procedures, and partnerships that supported the effectiveness of the pro-
gram. It highlights transformative approaches to recruitment, teaching, 
mentoring, supervision, and communication and collaboration within and 
across laboratories. Innovations in these areas were intentionally spread 
from one lab to another and intentionally institutionalized within the col-
lege and laboratory culture. This chapter also contributes to the dialogue 
on best institutional approaches focused on attracting, retaining, and pre-
paring a diverse student population in STEM fi elds. The cross-institutional 
strategies, faculty development, and initiatives described in the article pro-
vide real life examples of what works towards these goals and what sustains 
and multiplies these efforts. More than a dozen NSF projects at City Tech 
were leveraged to enhance cross-institutional communication and collabo-
ration, provide synchronicity in goals and strategies, and ensure continuity 
of the goals of the program. 

 These projects have helped transform undergraduate education, and 
the contributing authors of this book take multiple perspectives on the 
interdisciplinary studies in the different institutions, with a particular focus 
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on connecting technology to educational theory and learning practice. 
These chapters explore interdisciplinary online collaborative learning, 
design methodologies, the designing of technology-enhanced active learn-
ing environments, STEM literacy, an interdisciplinary approach to service 
learning, and strategic institutional integration. The goal of this book, 
 Technology, Theory, and Practice in Interdisciplinary STEM Programs: 
Connecting STEM and Non-STEM Approaches , is to provide innovative 
interdisciplinary studies for a scholarly community. The diversity in peda-
gogy presented here refl ects the intended benefi ciaries of this book: our 
demographically diverse students, who are preparing to enter a world 
where their problem-solving skills are much needed. 

         NOTES 
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    CHAPTER 2 

    Abstract     Despite extensive Community of Inquiry (CoI) research, 
dependence on the technological foundations of online learning via the 
Learning Management System (LMS) remains underresearched. As a 
blank canvas for course creation, the LMS is a collection of tools and com-
munication devices through which content and activities are developed. 
Instructional designers follow a linear design pathway where there is little 
potential for deviation; however, the ease of course development typically 
outweighs some LMS limitations. Although online learning and the CoI 
have evolved, advancements in learning technologies offer LMS alterna-
tives. This chapter examines emerging platform and analytic technologies, 
emphasizing their potential impact on the three CoI presences. Attention 
is given to technologies that may have positive or negative impacts on col-
laborative, constructivist interdisciplinary learning models.  
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   Moving from a curiosity that was utilized by a few science departments 
to a tool that could provide a viable means for instantaneous commu-
nication, the Internet began to garner the attention of academics in the 
early to mid 1980s. Although reliant upon fundamental tools, such as 
bulletin board services, it became clear that a new tool was emerging, in 
which ideas could be interacted upon in real time, regardless of location. 
Soon thereafter the fi rst pioneering efforts in online learning began to 
emerge. While still largely a curiosity, these early initiatives demonstrated 
that learning could be unbundled from the universities’ traditional brick 
and mortar confi nes. 

 In 1993, the National Center for Supercomputing Applications released 
the fi rst Internet browser, Mosaic, which was followed a year later by 
Netscape’s entry into the market as a commercial entity. Although primi-
tive by today’s standards, these early appliances allowed a richer browsing 
experience that seamlessly incorporated text and images to be simultane-
ously displayed, as well as rudimentary scripts to run applications such as 
forums, e-commerce, and so forth. Shortly thereafter, pioneering efforts 
to create richer learning experiences followed. However, the development 
of signifi cant bodies of learning materials was still quite complicated and 
required a deep understanding of coding and web design to create all but 
the simplest of artifacts. 

 In 1995, Professor Murray Goldberg, of the University of British 
Columbia, began developing the fi rst browser-based Learning 
Management System (LMS), which was released under the name WebCT 
in 1996 and commercialized the following year. Intended to simplify 
the process for putting learning materials and activities online, WebCT 
offered an interface that allowed users to upload documents rapidly, cre-
ate simple web pages, conduct quizzing activities, participate in threaded 
discussions, and interface with institutional enterprise systems. For those 
engaged in early online course development, WebCT and its successor, 
LMSs, offered a quantum leap forward for the overwhelming majority 
of academics and catalyzed online learning. However, the tradeoff for 
the ability to rapidly create online courses was that the resultant product 
would be constrained. 

 As with most technological innovations that emphasize simplicity, users 
understand that creativity is constrained. Although conformity is usually 
considered antithetical to the tenants of higher education, this is not the 
case for users of new technology. When interacting with technology, the 
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vast majority of faculty, who are experts in their own fi elds, are begin-
ners and seldom wish to acquire advanced skills. The role of faculty in 
institutions of higher education has traditionally been one that is defi ned 
by achievement in teaching, research, and service, and thus faculty mem-
bers are often reluctant to spend the time and effort to learn new skills 
unless they can be incorporated into the research/teaching/service trinity. 
Further, in the late 1990s, virtually none of the institutions were amenable 
to such role modifi cations, although there is more acceptance of the need 
for acquisition of such skills today. 

 The skills needed to succeed in the online educational environment are 
not limited to learning software. Traditionally, teaching has been thought 
to demand cognitive, affective, and social competencies. The cognitive 
aspect consists of those acts that foster the conveyance of knowledge. 
Affective aspects are related to those roles assumed by the instructor that 
infl uence the relationships within the classroom setting as well as the 
external but related relationships, such as mentoring and support, that 
are formed between students and instructor. Finally, the social functions 
related to the teaching component consist of policy enforcement and con-
fl ict resolution. 

 However, when instructors are asked to develop and deliver online 
courses, confl icts often arise with the traditional rubrics by which per-
formance is assessed. Berliner notes that, when using new technology, 
many teachers revert to novice status.  1   For the instructor who, through 
years of practice, has developed a teaching style that allows him or her 
to teach in a seamless, fl uid manner, this reversion can often lead to the 
belief that technology-mediated learning is inferior to the traditional 
mode in which they are well versed. Specifi cally, the act of teaching can 
no longer be easily defi ned in terms of cognitive, affective, and social 
roles. When moving to an online teaching environment, clearly defi ned 
managerial and gate- keeping roles emerge from the traditional cognitive 
and affective aspects of teaching. As such, faculty embracing the new 
technology acquiesced to a  quid pro quo , sacrifi cing originality in the 
name of expedience. 

 Following the highly templatized models afforded by the LMS, mass 
assembly of online courses began in earnest within a few years of the 
introduction of the fi rst platforms, and they have continued to expand at 
a rapid rate until present. During this time, many new LMSs have entered 
the marketplace and older platforms have expanded with claims of 
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enhanced functionality continually extolled. However, compared to tech-
nologies present in the commercial space, educational technologies, espe-
cially LMS providers, have only demonstrated incremental advancement. 
Indeed, it is fair to say that from a technical perspective, the framework 
of the LMS has remained nearly stagnant, with only cosmetic front-end 
enhancements. 

 In their 2014 EDUCAUSE report,  The Current Ecosystem of Learning 
Management Systems in Higher Education: Student, Faculty, and IT 
Perspectives , Dahlstrom, Brooks, and Bichsel  2   present an interesting look 
at the higher education market penetration of the leading learning man-
agement systems from 2005 through 2009, with Blackboard continuing 
to take the lead. Twenty years after the humble beginnings of the fi rst 
learning management systems, one can clearly see the presentation of the 
same LMS providers from 2005 to 2009. The  EDUCAUSE report cor-
roborates and substantiates the claim that LMS use by US higher educa-
tion institutions has remained constant.  3   

 Outside of higher education, the LMS has played an important part 
in corporate training, teaching, and learning in K-12 schools. Despite 
the appearance of stability in the above mentioned reports, it should also 
be noted that statistics by the K-12 and corporate sectors are embed-
ded within these consistent numbers on LMS use. According to the 
EDUCAUSE Core Data Service (CDS) LMS revenue was reported at 
$1.9–2.6 billion in 2013, and is expected to increase to $7.8 billion by the 
year 2018.  4   Moreover, and most importantly, LMS has provided count-
less opportunities for students of all ages to attain an education online; 
without this important innovation, many would not have been able to 
attain an education otherwise. Over the years, the LMS—whether used by 
students, faculty, administrators, or corporate employees—has been con-
sidered ubiquitous, and has proven benefi cial across all sectors. 

 As previously noted, this rapid market expansion has not necessarily 
translated into advancements in functionality. However, the tradeoff for 
the vast majority of practitioners more than offset any disadvantages. As 
such, the origins of mainstream online learning should be contextualized 
through the lens of the LMS. Specifi cally, with the widespread adoption 
of LMSs and the similarities in functionality between platforms, online 
 pedagogy and learning theory have been guided by the confi nes of the 
LMS in a manner that parallels similar developments in traditional envi-
ronments vis-à-vis physical arrangements and affordances. 
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   THEORETICAL UNDERPINNINGS TO SUPPORT TEACHING 
AND LEARNING WITHIN THE LMS 

 One of the most important things to consider when implementing any 
teaching and learning platform is, naturally, the customers. In academe, 
this translates to the students and those who will be developing activi-
ties, assignments, assessments, and so on—the course instructors. How 
students and faculty interact while working within these digital plat-
forms is paramount; therefore, implementing best practices is an abso-
lute must. 

 Shortly after the introduction of the WebCT LMS back in 1997, what 
quickly and simultaneously became apparent with this exciting, new envi-
ronment was the necessity of a supporting teaching and learning theo-
retical framework. Because the introduction of the LMS swiftly turned 
the world of face-to-face education completely upside down, some early 
researchers who were anxious to research this new learning environment 
made the methodological mistake of comparing the two teaching and 
learning environments. Many scholars maintained that the already estab-
lished, tried-and-true theoretical frameworks developed for face-to-face 
teaching and learning  should  and  would  also support teaching and learning 
within this new online environment. Unfortunately, as quickly as the need 
for a framework was acknowledged, not much later did researchers realize 
that existing theoretical frameworks would not serve as a good “fi t” in this 
new medium. As much as it seemed logical to compare “apples to apples,” 
scholars were challenged to (a) begin exploring student and faculty expe-
riences within the LMS; (b) examine thoroughly and thoughtfully stu-
dent and faculty interactions with the LMS tools and functions; and, (c) 
begin constructing pedagogy around explaining and supporting teaching 
and learning based upon these experiences. In essence, researchers found 
themselves returning to the drawing board to conceptualize a theory not 
yet conceived.  

   Learning Theories and Their Impact on Learning Environments 
(1950–2015) 

 Central to educational research and practice resides a basis from which, 
methods, strategies, instructional design, interactions, student engage-
ment, and so forth can be explained and used to inform and validate 
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teaching and learning practice. Specifi cally, theoretical frameworks serve 
as a guide on how to approach and effectively plant the seeds of knowl-
edge among diverse student groups. Thus, it is imperative to understand 
and apply, not just a single theory, but a variety of theories. Oftentimes, 
instructors do not deviate from a preferred educational framework, one 
that presents the instructor as a fountain of knowledge. Unfortunately, this 
type of commitment is counterproductive; if it is consistently maintained 
throughout a child’s educational trajectory, it eventually imparts to some 
the perspective that learning ends after high school (or earlier). Further, 
given the diversity of learners, effectively meeting students’ needs and fos-
tering an inherent desire for lifelong learning demands that instructors 
weave together situational aspects, multidimensional contexts and goals, 
and multiple educational theories. 

 Innovation and science, for example, will always continue to directly 
impact our societal, cultural, and educational landscape. Many of these 
changes occur gradually, while others are almost instant. Nevertheless, 
these changes cause us to reimagine, rethink, and reassess. For those of 
us who are involved in some aspect of education, we can almost count on 
quick changes without much warning. Therefore, the benefi ts are greater 
when being proactive rather than reactive. Sometimes this is diffi cult to 
do, but the more metacognitive we are with regard to the importance of 
understanding and applying appropriate theories into practice before these 
changes take place, the better off we will be—and even more importantly, 
our students will be better off.  

   Building a Learning Environment from Theory 

 Constructing learning environments is important to consider when assess-
ing student learning. When closely examining various theories through an 
instructor’s lens, there may initially exist some gray area in terms of how 
to create effectively an optimal learning environment based upon indi-
vidual theoretical frameworks—and an even more gray area when there 
are  multiple perspectives to take into account and/or a new technology 
tied to the learning environment. Let’s take a look at (a) the theorists 
responsible for developing the most commonly implemented theories; (b) 
the theory each one developed; (c) the type of learning environment that 
emerged from the theory; and (d) the instructional technology that was 
used to represent and support the learning environment. 
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   Behaviorism and the Overhead Projector 
 B.  F. Skinner formulated the operant conditioning learning theory, 
behaviorism. Behaviorism is a worldview that operates on a principle of 
“stimulus-response.” All behavior is caused by external stimuli (operant 
conditioning). All behavior can be explained without the need to con-
sider internal mental states of consciousness. An example of this concept 
is illustrated in Skinner’s “Teaching Machine” (a video of this is available 
at YouTube,   https://youtu.be/EXR9Ft8rzhk    ). This machine provided 
assessment-centered standardized test questions to students. Upon pro-
viding the correct answer, the student received a piece of candy.  5    

   Robert Gagné and Scantrons 
 The cognitivist paradigm essentially argues that the “black box” of the 
mind should be opened and understood. The learner is viewed as an infor-
mation processor (like a computer).  6   People needed to be taught complex 
skills, and simply knowing what to do and doing it (basic S-R) does not 
determine success in all instances. Robert Gagné developed a theory of 
learning that accounted for the variety of human understandings with the 
conditions of learning. Gagne’s theory posited fi ve categories of learn-
ing: verbal information, intellectual skills, cognitive strategies, attitudes, 
and motor skills.  7   The skills to be learned are written into performance 
objectives, and the category of learning is identifi ed. Cognitivist theory 
ultimately ushered in educational television programs.  

   Constructivism and Collaborative Activities 
 Constructivism is a paradigm or worldview that posits that learning is an 
active, constructive process. The learner is an information constructor. 
People actively construct or create their own subjective representations 
of objective reality. New information is linked to prior knowledge, thus 
mental representations are subjective. Constructivism promotes that the 
design of learning environments support the construction of knowledge 
by the learners.  

   Humanism and Discussion Boards 
 Humanism is a paradigm, a philosophical and pedagogical approach that 
believes learning is a personal act to fulfi ll one’s potential.  8   Competition 
in the workforce between traditional and nontraditional students during 
this time prompted the revisiting of Knowles’ Adult Learning theory as 
many adults headed back to the classroom to gain additional knowledge 
and skills. Adult Learning theory is a set of fi ve assumptions on how adults 
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learn and absorb knowledge: (1) Self-concept—the notion that a person’s 
self-concept moves from dependence to self-directed; (2) Adult learner 
experience—the assumption that people continually gain knowledge from 
life experiences; (3) Readiness to learn—a person’s readiness to learn 
adjusts to his or her developmental tasks and social roles; (4) Orientation 
to learning—a person’s perspective of learning shifts from subject- 
centeredness to problem-solving; and (5) Motivation to learn—as people 
mature, they develop an internal desire/motivation to continually learn. 
Online learning has enabled more and more nontraditional students—
many of whom hold full or part time jobs—to attain a postsecondary edu-
cation. One component within the LMS, the discussion board, allows for 
asynchronous social communication between students and instructors, 
thus providing fl exibility around demanding work schedules.  

   Twenty-First Century Skills and Virtual Learning Environments 
 Twenty-fi rst century skills are skills deemed necessary for students to mas-
ter in order for them to experience success in school and life in an increas-
ingly digital and connected age; the competencies include digital literacy, 
traditional literacy, content knowledge, media literacy, and learning/inno-
vation skills.  9   Virtual Learning Environments, such as  Second Life , ushered 
in a more multidimensional option for teaching and learning online.  

   Adaptive Learners and Interactive Environments 
 These environments allow learners to engage themselves with learning 
content. Teaching and learning environments need to be more varied and 
fl exible spaces where students are learning proactively.  10   We believe that 
there are some skills from the last decade that will continue to be impor-
tant in addition to development of a new set of skills: (a) critical thinking; 
(b) collaboration/initiating and developing partnerships; (c) communica-
tion; (d) creativity; (e) adaptability and fl exibility; and (f) self-discipline/
regulation.   

   LMS TOOLS AND THE PARADIGM SHIFT TO SOCIAL 
LEARNING 

 Although Wilson and Peterson were referring to education in an overarch-
ing sense when they stated, “Perhaps the most critical shift in education in 
the past 20 years has been a move away from a conception of ‘learner as 
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sponge’ toward an image of ‘learner as active constructor of meaning’,”  11   
we believe that the introduction of online learning twenty years ago was 
largely responsible for inducing this signifi cant shift. Up until this ground- 
breaking and game-changing innovation, “teaching” largely consisted of 
instructors positioned behind their podiums and spending the majority 
of class time presenting the topic  du jour  as meticulously outlined in the 
course syllabus. A student’s role in the classroom was to simply listen to 
the lecture, take notes, and passively absorb information—much like the 
biological process of osmosis. In short, teachers talked, and students were 
expected to listen.  12   Needless to say, up until the emergence of the Internet, 
there was not much time allotted for group activities, collaborative proj-
ects, or collective brainstorming. Social and community-centered interac-
tions were affordances that were not included within course instruction 
and therefore completely independent of most face-to-face classrooms. 

 An early dissenter from this paradigm was John Dewey, from the con-
structivist camp, who believed that individual and societal interests must 
meld together in order for an educational experience to occur.  13   His per-
spective of authentic learning is predicated upon the belief that when fused 
together, a learner’s private and public experiences facilitate curiousness 
and an innate desire to inquire. Further, rooted in constructivist theory, 
Dewey asserted that inquiry is a social and collaborative activity. 

 In terms of online learning environments (such as the LMS) the “class-
room” is a virtual space where students can learn both individually and 
collaboratively vis-à-vis tools such as discussion boards, chat tools, and 
so forth. Understanding the need for social presence in the classroom, 
researchers immediately pondered how this social aspect of learning and 
community-building would be established when learners were physically 
apart from each other. Early research conducted on this important com-
ponent—within the confi nes of learning management system tools such as 
discussion boards—confi rmed that social presence could indeed be devel-
oped in an online learning environment, but the much bigger question 
that lay ahead was the identifi cation of specifi c social presence indicators. 
As instructors began experimenting with ways in which to facilitate social 
presence within discussion boards, in particular, they noticed that students 
were able to project their personalities within their self-constructed narra-
tives.  14   Several research studies on the establishment of online social pres-
ence followed, examining both instructor and learner perceptions of these 
virtual connections between and among each other.  15   
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 Although the idea of two-way knowledge transfer through online social 
collaboration was not fully developed, by the late 1990s works such as 
Gunawardena’s had made clear that a paradigm shift was clearly taking 
place.  16   Foremost among the factors taken into consideration is that fact 
that effective learning interactions occur when there are collaborative 
activities within the confi nes of course that are predicated upon cognitive 
scaffolding. The skills developed and the knowledge learned has practical 
application to future courses and life activities. 

 From a theoretical perspective, Green defi nes the acquisition of knowl-
edge as a process in which facts, evidence, and beliefs interact and are 
modifi ed by groups of learners and those providing the evidence and 
interpretations of the facts.  17   Freire defi nes this type of knowledge co- 
construction as problem posing because it requires continual input and 
modifi cation at various levels to achieve consensus solutions to a given 
problem.  18   Using these two models as a foundation, it becomes possible 
to understand interaction and feedback as resulting both from the actions 
of those who initiate the learning activities, or create a problem-posing 
situation, and from the actions of the learners themselves. 

 A working model of this dualistic interpretation of interaction and feed-
back can be found in the principle of Chaordic Theory, which asserts that 
when given a catalyst for origination and only loosely established boundar-
ies, individuals will continually solve problems and simultaneously create 
new ones.  19   Within this cycle, the roles of the individuals may change with 
respect to resolving a given problem, but their contribution to the overall 
goal is related to the group dynamic that emerges. In this type of a system, 
the process of goals being initially established by an instructor and interac-
tion thereby initiated would be a function of the pedagogical and technical 
design elements of online course construction and delivery. The process in 
which groups of learners work with each other and the instructor to fi nd 
solutions produces further degrees of interaction and continuous feedback 
loops, such as those envisioned by theorists and practitioners who were 
beginning to explore online learning during these formative years. 

 To explain these processes in the online context, Randy Garrison, along 
with researchers at the University of Calgary, looked to the Practical Inquiry 
Model, which was later renamed and incorporated in the Community of 
Inquiry Framework as Cognitive presence. The Practical Inquiry model is 
defi ned by two axes. The vertical axis refl ects the integration of thought 
and action. This also emphasizes the collaborative nature of learning and 
the need for community. The integration of discourse and refl ection (i.e., 
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public and private worlds) is a key feature of this model. Although identi-
fi ed as two distinct processes, in practice these dimensions (i.e., discourse 
and refl ection) are most often indistinguishable and instantaneous itera-
tions. The horizontal axis represents the interface of the deliberation and 
action axis. The extremes of the horizontal axis are analysis and synthesis, 
which are the points of insight and understanding.  20   

 The section that follows furthers explores and defi nes the Community 
of Inquiry and its component parts. This is followed by a discussion of 
tools that exist within the LMS, how these are evolving, and the impact 
on the model.  

   An Overview of the Community of Inquiry 

 Although several models have been proposed to explain the learning pro-
cess in online environments, the one gaining the most attention is the 
Community of Inquiry Framework (CoI). Grounded in the constructivist 
school of thought, the CoI consists of three overlapping elements: (1) 
teaching, (2) social presence, and (3) cognitive presence. These three ele-
ments coalesce to create the educational experience. A search of Google 
Scholar revealing more than 500 citations, and numerous confi rmatory 
analyses have been conducted by numerous researchers—thus, the CoI is 
considered a baseline for the establishment of grounded theory in online 
teaching and learning dynamics. 

 In the context of online learning, social presence is described as the 
ability to project one’s self through media and to establish personal and 
meaningful relationships. The three main factors that allow for the effec-
tive projection and establishment of social presence are effective communi-
cation, open communication, and group cohesion. Grounded in the work 
of Dewey, cognitive presence is defi ned as the exploration, construction, 
resolution, and confi rmation of understanding through collaboration and 
refl ection. This process is described as consisting of four phases, beginning 
with creating a sense of puzzlement or posing a problem that piques learn-
ers’ curiosity. As a community, course participants exchange information 
and integrate their understandings to answer the initial problem, culmi-
nating in the resolution phase, where learners are able to apply the knowl-
edge to both course and non-course related issues. Teaching presence, 
the third component of the CoI, is described as a three-part structure: (1) 
facilitation of discourse, (2) direct instruction, and (3) instructional design 
and organization. The fi rst element, facilitation of discourse, is necessary 
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to maintain focus and engagement in course discussions. It also allows the 
instructor to set the appropriate climate for academic exchanges. 

 Despite the extensive amount of research concerning the CoI and its 
general acceptance in the fi eld, one of the least-researched aspects of the 
construct is its grounding and dependence on the technological founda-
tions of online learning, specifi cally the Learning Management System. 
When viewed as a blank canvas for course creation, the LMS can be con-
ceptualized as a collection of fl uid authoring tools and communication 
devices through which content and activities are developed. Depending 
upon the instructional design paradigm being utilized, courses are system-
atically constructed to move learners from a set of goals through a series 
of activities and culminating assessment activities. Notably, with the excep-
tion of a few emerging platforms, instructional designers must follow a 
linear pathway in which there is little potential for deviation. However, 
the ease with which courses can be designed and developed has almost 
always outweighed limitations inherent in LMS. In academia, this trade- 
off has been reinforced by the need to ensure student privacy by utilizing 
systems that can reside entirely behind fi rewalls, another attribute of the 
LMS. Online learning and the CoI have evolved against this backdrop. 
However, recent advancements in learning technologies offer alterna-
tives to the LMS-centered learning experience. This chapter deconstructs 
emerging platforms and analytic technologies, emphasizing their potential 
impact on each of the three CoI presences. Special attention is given to 
those technologies that may have extremely positive or negative impacts 
on collaborative, constructivist interdisciplinary learning models.  

   Common LMS Tools and Functions 

 Although LMSs have evolved in various ways over time, what has made 
the LMS so intriguing to researchers, in particular, are common core tools 
specifi cally developed for various modes of online communication between 
and among multiple users. Not only are they are ideal environments for 
storing information and course content for student access, but they also 
offer effective ways to deliver, assess, and record grades from assignments, 
quizzes, and tests. For example, albeit not quite the novelty nowadays, 
the simple task of uploading, downloading, sending, and receiving digital 
correspondence/documents (either to remain digital, or to print) within 
a secure LMS environment is an important function stemming back to 
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the beginnings of the Internet, and more specifi cally, email providers. 
Additional teaching, learning, administrative, assessment tools and their 
respective functions commonly found within current LMSs include, but 
are not limited to the following: 

   Announcements 
 Announcements are an online tool that is typically used by the instructor 
to post important information. Announcements are commonly found on 
the students’ home pages upon logging into the LMS and can include 
multimedia, text, images, hyperlinks, and so on. Often used in conjunc-
tion with a calendar, announcements were the basis for the Instructional 
Design and Organization component of the CoI’s Teaching Presence con-
struct. It was here that expectations were set and students were briefed on 
upcoming events, changes to course assignments, and where the instruc-
tor provided brief thoughts on the week’s or unit’s assignments. However, 
as the LMS is housed behind a fi rewall, students have to go through a 
login process to access this information. 

 In other parts of their lives, students likely use Twitter, Facebook 
Messenger, text messages, and so forth to receive these types of updates. 
As such, accessing this type of service in a closed environment may actu-
ally have a negative impact on student performance as they may believe 
that it is an unnecessary burden to have to go through a login process to 
receive snippets of information that would otherwise be sent to them. 
In response, some LMS providers are starting to offer push services that 
allow for access to announcement information vis-à-vis the types of ser-
vices previously mentioned. 

 Moving forward, it will be interesting to see what impact these push 
services will have on students’ perception of the online classroom. Will 
they continue to view it as an isolated entity? Or will the defi nition of 
classroom be expanded? If the latter is true, we may see a strengthening 
of perceptions of teaching presence, but social presence indicators may 
decline as the concept of a classroom will become far more distributed.  

   Discussion Boards/Forums/Wikis 
 The discussion board is an online tool allowing for the asynchronous, com-
municative exchanges between/among multiple users within an LMS. For 
educational purposes, discussion boards have allowed for the sharing and 
receiving of information and/or opinions relating to a particular topic. 
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 Originally designed to facilitate dialogue around a given topic within 
the course, the discussion forum provided a convenient means of achiev-
ing what was a rather complex piece of scripting in the early days of the 
LMS. However, there are now numerous stand-alone services that offer 
discussion board functionality which can be embedded in any webpage 
with a modicum of effort. In fact, it is hard to think of any service-oriented 
website that does not have this type of functionality for purposes of cus-
tomer feedback and elaboration. 

 In its simplest manifestation, the discussion forum was one of the very 
earliest forms of social media, with remnants still visible in such services as 
Facebook. However, contemporary social media offers functionality that 
far exceeds that of the humble discussion forum. The downside is that 
many students do not want to have their personal online lives intertwined 
with academia, as has been discovered when numerous instructors have 
attempted to offer courses on Facebook, despite the considerable gains in 
Social Presence that might be achieved by doing so. 

 A solution that may offer a healthy compromise is Hoot.me (  http://
hoot.me    ). Hoot.me connects Facebook, where students are, with LMS 
providers like Canvas and Blackboard, where instructors are, to ensure 
that every question can be exposed to the widest possible audience.  Hoot.
me also has fi lters that allow users to defi ne which networks, internal or 
external, that messages will be viewed on. 

 Beyond the ability to expand networking to fi nd solutions to problems, 
services such as this dramatically expand the potential for the Exploration 
phase of Cognitive Presence, allow for deeper refl ection in the Integration 
phase, and richer responses in Resolution. However, there are also a few 
potential downsides. One of the foundations of Teaching Presence is that 
the instructor should keep students’ discussions on track and provide guid-
ance where necessary. This may become much more diffi cult if networks 
expand and faculty do not participate. Secondly, there is the question of 
whether these expanded networks around course problems will impact 
coherence of the learning community and thus social presence. 

 Certainly, while this type of solution is exciting and offers many 
opportunities, there are likely to be numerous points at which the CoI is 
impacted and revision of the construct will be required.  

   Internal/External E-mail System 
 Email systems provide ability for users within an LMS to post messages 
that can be forwarded to external e-mail systems, whereby users are noti-
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fi ed about new posted messages. While a mainstay of the LMS, email 
notifi cations are becoming passé among younger users. In place of email, 
users in this demographic prefer to rely upon texting, instant messenger 
clients, and so on. With the exception of lengthy communications, with a 
one-to-one focus, it is likely that we will soon see a convergence between 
these systems and Announcements tools, with the same implications noted 
above.  

   Chat 
 Chat is an online tool allowing for synchronous, communicative exchanges 
between/among multiple users within an LMS. In the early years of the 
LMS these tools were bulky and required numerous plugins to allow for 
one-to-one or group chat. Over the years, substantive advancements in 
these technologies have occurred, with virtual meeting clients (such as 
Connect and GoTo Meeting) being very robust and ubiquitous in aca-
demia. Notably, these same clients now have mobile applications, allow-
ing for users to participate in chats and meetings virtually any time or 
anywhere. Likewise, simpler clients such as Skype and Facetime are all 
but ubiquitous and used regularly by a large percentage of students in 
their personal lives. Traditionally, these tools have been integrated into the 
LMS; however, as with many of the other tools discussed here, we must 
question why such integrations are necessary. From a technical perspec-
tive, such clients can be invoked by clicking on a simple link. Thus, the 
rationale for integration is more a function of simplifying faculty manage-
ment of the learning environment as opposed to providing the most con-
venient pathway for students. 

 With respect to the impact on Social Presence, it was originally believed 
that these tools could have a positive impact on Group Cohesion as syn-
chronous interaction was a novelty. However, now that these types of 
tools are in widespread use, we must consider how convenience and access 
will impact the same construct. While only anecdotal evidence exists and 
more research is needed, there is reason to believe that unless students 
are able to access chat/meeting tools without having to go through mul-
tiple access layers, there may be a resistance to using the system that will 
manifest in overall dissatisfaction with the entire Social Presence building 
process. 

 One fi nal consideration that should be given to this class of tools is the 
potential impact of mature Virtual Learning Environments (VLEs). As 
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previously noted, VLEs, such as Second Life, emerged with a great deal of 
hype, but disillusionment quickly set in as end user diffi culties persisted. 
However, advancements continue to be made in this area, with the tech-
nology thresholds becoming more acceptable. If this trend continues, it 
is conceivable that VLEs could make signifi cant inroads against more tra-
ditional chat/meeting tools. This in turn has the potential to strengthen 
Social Presence elements along the same lines that were envisioned when 
the construct was originally researched and developed.  

   Assignments/Activities/Course Content 
 Assignments is an important tool that serves both faculty and student 
needs. For instructors, the content editor allows the development of 
course assignments, activities, and content for the student to consume. 
Students also have access to a content editor within the discussion board 
tool, allowing for the reading, writing, and rendering of HTML text, 
images, and various multimedia enhancements. 

 This toolset lies at the heart of the LMS and the Cognitive Presence 
construct. As the place where course materials and activities are housed, 
this area is the focal point of courses. It is where core materials are pro-
vided and activities described. In the Cognitive Presence construct, it is 
where the instructor places problems that are intended to inspire students 
to engage in exploration and house materials for exploration. Notably, 
when the CoI was developed, text was the primary means for provisioning 
content. Despite having rich text editors, the content creation mecha-
nisms within the LMS are rather clunky and limit faculty in terms of the 
content types that can be easily and quickly developed. While some third 
party providers have created content that can be integrated into the LMS, 
the overarching paradigm remains one of static content. 

 However, some advancements are being made in this area. For exam-
ple, utilizing Adobe’s Digital Publishing Suite (DPS), American Public 
University System (APUS) is undergoing an extensive restructuring 
of their online course offerings to include highly interactive compo-
nents. Traditionally, DPS has been used by magazines such as  National 
Geographic ,  Wired , and  Vanity Fair  to create rich, interactive digital experi-
ences that can be consumed on the computer, tablet, or phone. The APUS 
has leveraged this technology to transform its classroom by including rich 
graphics, animations, videos, simulations, audios, and so on. Affordances 
such as touchscreen-tabbed interfaces, tooltips, and slideshows allow stu-
dents to click or tap on a term or tab and receive more information, play 
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embedded videos, receive information about points on a map, and engage 
with many other rich functionalities.  21   

 From a theoretical perspective, these advances have the potential to 
signifi cantly alter the Triggering Event and Exploration phases of the 
Cognitive Presence construct. Specifi cally, Triggering Event was concep-
tualized as a construct providing key questions or problems that would 
catalyze the desire to learn. While nuanced, the provisioning of experi-
ences that have tactile engagement triggers accompanying problem posing 
scenarios may well change the way in which we think of creating advanced 
organizers for learning. 

 Likewise, while not specifi cally outlined as such, Exploration was envi-
sioned as a series of discrete events in which students would engage with 
different types of learning assets as part of a pathway to learning. With 
the ability to aggregate various fi le types and fully leverage multimedia 
learning, as envisioned by Mayer and others, Exploration may need to 
be redefi ned to include elements that are dependent upon the media and 
states being utilized.  

   Grade Book 
 The Grade Book LMS tool allows for the storage, calculation, and distri-
bution of student grades. The Grade Book is a vital tool that helps both 
instructors and students track progress and outcomes. Enrollment and 
group management are also traditionally facilitated through this toolset, 
with the enrollment aspect being largely automated and the group aspect 
being periodically adjusted by the instructor to meet short-term goals. In 
addition to its core functionality, the Grade Book provides a critical tie 
between institutions’ student information systems and the LMS, through 
provisioning course rosters to the appropriate course shells. Course grades 
are then round-tripped back to the student information system, complet-
ing the administrative cycle. 

 While Grade Book tools are a lynchpin component, it should be noted 
that they are also available as stand-alone components, using such frame-
works as JQuery to facilitate connections. Likewise, other stand-alone 
components can be tied to these types of Grade Book tools for purposes 
of transferring grades. Thus, it is possible to maintain this functionality 
without the need for a full LMS. At fi rst glance, it would seem that this 
component would have little impact on elements of the CoI, as it is an 
administrative tool that plays little if any role in learning. However, the 
ability to maintain administrative functionality outside of the traditional 
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LMS framework allows for the formation of other tools, noted in this sec-
tion, in a decentralized model.  

   Quiz/Testing Component 
 The quiz/testing component is an online tool providing opportunities 
to test their knowledge of course content. Quiz and testing options may 
include such formats as essay, multiple-choice, true/false, sequencing and 
fi ll-in-the-blank, and matching questions. 

 As with the Grade Book, this is an essential element of the LMS; how-
ever, there are component-based options. Additionally, there is momen-
tum behind the idea of making assessments more authentic by embedding 
them within content or VLEs. At present, the Integration and Resolution 
phases of Cognitive Presence are envisioned largely as individual activities, 
resulting from collaboration in the Exploration phase. However, moving 
to more collaborative constructs, as made possible through contempo-
rary technological affordances, would require signifi cant rethinking of 
Cognitive Presence. Potentially this could result in constructs that relate 
to both personal and collaborative worlds.  

   Calendar 
 Instructors can use the calendar course tool to schedule, manage, and 
communicate events/assignments/due dates for course-related items. 
In early versions of the LMS, this functionality was considered extremely 
important as it was intended to provide a graphic representation of the due 
dates from the syllabus and keep students on track. From a theoretical per-
spective, it was also one of the foundational elements of the Instructional 
Design and Organization construct within Teaching Presence. However, 
this function has become marginalized through the ubiquity of calendar 
tools in email clients and on mobile devices. In fact, most LMSs now allow 
for administrators to push to such alternative tools and minimize or elimi-
nate the calendar from the LMS interface.   

   CONCLUSION 
 Although seemingly inconsequential in terms of functionality, the Calendar 
tool is important to note because of the relative ease with which a major 
LMS component has been replaced over time. In a broader sense, it is rep-
resentative of the disaggregation that is taking place within the LMS com-
munity in favor of an ecosystems approach. However, as practitioners, it 
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is important that we look beyond the technological perspective and deter-
mine whether this also means that we are starting to see a disaggregation 
of the underlying learning theories, in particular the CoI. 

 While theorists and curriculum specialists have long held that changes 
in learning do not dictate pedagogy, it may be time for us to critically 
reassess this claim, especially in the realm of online learning. As described 
in the beginning of this chapter, the LMS provided the context against 
which the CoI was envisioned and defi ned. Maintaining a relatively steady 
state, in terms of innovation, or lack thereof, in the 15 plus years since 
their emergence, LMSs have also provided a consistent platform for vali-
dation and elaboration on the model. However, we are now approaching 
a nexus at which commercial innovation has evolved to the point where 
it is impinging on academic technologies, with the result that factures are 
occurring in the LMS-centric model. 

 We are not suggesting that the CoI is becoming invalid for describing 
online learning interactions. Rather, we suggest that the model needs to 
be rethought for various technological approaches, and a decision-tree 
type schema should be developed that accounts for variations and weight-
ing difference for the three presences, depending upon which toolset 
and approach are being utilized. Perhaps the biggest challenge in accom-
plishing this will be in fi nding common ground between theorists and 
technologists to accompany this end. However, if we are to fully leverage 
emerging technological affordances, it is imperative that guiding theory 
be established to accompany such changes.  
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    CHAPTER 3 

    Abstract     This chapter reports on a multiyear collaborative research effort 
between geosciences and education, focusing on the design and evaluation 
of modules to engage undergraduate students in science reasoning skills. 
A design-based research approach was used to design active learning mod-
ules to engage students in a large general education undergraduate course in 
natural hazards, as well as to integrate mobile devices in an upper-level under-
graduate course on the same topic. Over two iterations of each course, we 
were able to identify design features that supported student reasoning, as well 
as design of technology-enhanced learning within an undergraduate class-
room supportive of collaborative student engagement in science reasoning.  

  Keywords     Active learning   •   Design-based research   •   Geoscience educa-
tion   •   Interdisciplinary research   •   Mobile devices   •   Science reasoning  
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related to science and can be informed consumers of science and technol-
ogy in their everyday life.  1   Science-reasoning skills are especially valuable 
to all students at the college/university level, not only for those major-
ing in science, technology, engineering, and mathematics (STEM) fi elds. 
A signifi cant focus of science education, currently, is to engage students 
 actively  in the science reasoning and practices that are an inherent part 
of the scientifi c community,  2   rather than in the rote memorization of 
disconnected facts and concepts. In the geosciences, designing learning 
environments that most effectively support students is an important, yet 
nascent, area of focus.  3   This chapter focuses on a project that aimed to 
enhance science reasoning in undergraduate students (at both the general 
education and the upper-level science major levels) through an interdisci-
plinary teaching and research effort between geosciences and education. 
This interdisciplinary effort spanned approximately six years and two dis-
tinct foci of the project—one focused on a large-enrollment, technology-
limited class, and the other focused on an upper-level, technology-rich 
class—are presented. 

   EDUCATING GEOSCIENTISTS: THEORY AND PRACTICE 
 Natural hazards have been proposed as a focal point for the Content 
Standard in  Science in Personal and Social Perspectives  for science educa-
tion in K-12 as well as universities and societies.  4   The proposed national 
standard identifi es the importance of linking the concept that “internal 
and external processes of the earth system cause natural hazards” to an 
understanding that “hazards can present personal and societal challenges 
because … incorrectly estimating the rate and scale of change may result 
in either too little attention and signifi cant human costs or too much cost 
for unneeded preventive measures.”  5   The focus of the National Science 
Education Standards (NSES) is on the importance of risk analysis, the 
physical processes that lead to natural hazards, and the important social 
decisions that must be made in regard to hazards. Although the NSES are 
focused at the K-12 environment, many of the goals and approaches of the 
NSES are equally valid and appropriate for STEM education in colleges 
and universities. 

 Although the goals associated with using natural hazards as a vehicle 
for science learning are relatively clear and straightforward, the realities of 
undergraduate education provide a series of hindrances to reaching those 
goals. At the general education level, science courses (like most general 
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education courses) are often taught to very large enrollments in class-
rooms designed for lectures with limited opportunities for interactive and 
collaborative student work. Overcoming these infrastructural impedi-
ments requires a signifi cant redesign of course content and delivery as 
well as a signifi cant shift in pedagogical beliefs. At the upper level, the 
problems are different. Class size is typically reasonable (20–30 students) 
and facilities can be available for laboratory-based learning. However, the 
lab activities are too often disconnected from the course lecture, and there 
is little or no emphasis on science communication. Assessing the ability to 
clearly and accurately communicate science can be an effective measure of 
the overall success of the learning activity. 

 In this project, we have placed an emphasis on developing approaches 
to active learning that served the learning goals of the course and cur-
riculum while recognizing the realities of classroom size and design, 
student backgrounds, and access to technology. The content of both 
courses used in this project is similar; both focus on natural hazards 
and their potential impact on society. The level of detail and scientifi c 
rigor varies with course level and student background, but the under-
lying scientifi c principles remain constant across both courses. Using 
a design-based approach,  6   we were able to implement two iterations 
of design in two different courses such that we are now able to com-
ment on the effects of design iterations in individual courses on student 
achievement.  

   PHASE 1: INTEGRATING ACTIVE LEARNING IN LARGE 
UNDERGRADUATE COURSES 

 For the fi rst phase of our project, we focused on developing active learning 
modules to engage students in lab-like active learning in the large enroll-
ment environment of a lecture hall. The test bed for these modules was a 
100-level general education course on natural disasters with an approxi-
mate enrollment of 160 or more students each semester. This context 
provided several interesting challenges for design, based primarily on the 
physical learning space, which was a large lecture hall, with fi xed chairs and 
tables and a single instructor podium at the front of the lecture hall with a 
projector and white board. 

 To provide students the opportunity to conduct science in an authentic 
manner, the activities were designed using data sets and societal situations 
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based on actual natural hazards and events. This design involved using 
a combination of larger science questions, such as determining possible 
temporal or spatial patterns to earthquake occurrence, and smaller ques-
tions, such as measuring the travel time for a tsunami from generation to 
hitting a coastline. In addition, we used common themes in the exercises 
that cut across subdisciplines and/or hazards. For example, the concept 
of energy was followed across numerous hazards, allowing students to 
compare the energy of a hurricane to the energy of an earthquake or that 
contained in a hot lava fl ow. We designed two modules (out of the approx-
imately 15 total modules in the course) that were implemented similar to 
other modules used in the course; however, these modules had specifi c 
attributes that allowed for assessment of student learning. Every module 
in the course asks students to analyze a specifi c hazard/event and come to 
a conclusion or otherwise generate a science product. Embedded in each 
activity was an underlying science-reasoning goal, which fell into major 
themes and skills, including the ability to quantify patterns in space and 
time of natural events, and rates of processes; to couple scientifi c analyses 
to societal impacts; to incorporate real-time or near real-time data into the 
mix; and to compare the consequences of similar natural events in differ-
ent environments (socioeconomic, cultural, political, etc.). 

   Design of Learning Modules for the First Iteration 

 The pedagogical framework for our design was active learning, which is 
generally defi ned as engaging students in meaningful learning activities as 
they think about what they are doing.  7   While this is a broad defi nition, 
most active learning designs include elements of collaborative/coopera-
tive learning and problem-based learning.  8   For the initial iteration, active 
learning was implemented using three key design mechanisms: collabora-
tive learning with authentic problems, scaffolding, and individual refl ec-
tion. Peer collaboration has been shown to be effective in learning  9  ; thus, 
students were engaged in several collaborative group activities as a means 
to encourage dialogue and discussion around geoscience concepts in the 
context of authentic natural disaster problems. In addition, two types of 
support were provided for students:  Procedural scaffolding , which made 
explicit the sequence of activities for complex tasks and c ognitive scaffold-
ing , which helped learners reason through complex problems and guided 
them in “ what to consider .”  10   Students were asked to consider several per-
spectives that dealt with real-life natural disaster problems and to respond 
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to questions and provide reasoning for the decisions they made both as a 
group and individually. 

 The fi rst active learning module was designed around a real-life com-
plex problem related to hurricanes, titled “Hurricane Smith” and engaged 
students in decision-making processes for an evacuation plan in the event 
of an imminent hurricane. In this exercise, students were members of 
specifi ed communities along the southeast US coast in Florida, South 
Carolina, or North Carolina; within each community, each student had 
a specifi c role and responsibility  11   such as being a member of emergency 
management groups or schools, and, as the hurricane developed, these 
groups would need to make decisions regarding evacuation and com-
munity management. The second active learning module, “Bangladesh 
Global Warming,” used a similar structure and engaged students in a 
problem related to global warming, where students engaged in a small- 
group activity to identify regions most at risk from sea level rise. 

 After each group activity was completed, students were asked to write 
an individual report. Both individual reports required students to show 
clear links to background research and data and to provide reasoning for 
all their conclusions.  

   Implementation and Findings for the First Iteration 

 We evaluated the impact of the fi rst iteration of the design by using 
pre- and post-tests related to the overall course content, as well as the 
individual and group artifacts produced by students in each of the two 
assessed activities, which were scored with a rubric developed specifi cally 
for such evaluation. The Geoscience Concept Inventory (GCI),  12   which 
was developed for assessing students’ understanding of entry-level geo-
science course material, was adapted for the pre- and post-test. To meet 
our goal of examining students’ ability to employ scientifi c reasoning 
skills (e.g., quantitative reasoning, scientifi c thinking skills, geoscience 
concepts), additional items covering these areas were developed by the 
research team. Items were developed for three categories of thinking skills 
and concepts: scientifi c reasoning skills, quantitative reasoning skills, and 
geoscience concepts. 

 The pre-test was administered in the fourth session of the course, which 
was the second week (of a 15-week semester) of classes. Students were 
given 50 minutes to complete the pre-test. During the course, the Active 
Learning Modules I & II were implemented as part of the students’ class 
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activities during week 6 and week 12. Instructional materials for both 
active learning modules were distributed to all students, and they were 
randomly divided into groups of four or fi ve for the in-class learning activi-
ties. The post-test was administered to the participants at the last ses-
sion (i.e., 14 weeks after the pre-test) after all activities were completed. 
Students were given 40 minutes to complete the post-test. 

 To analyze the effect of active learning strategies on student learning, 
learning gains from pretest to post-test were compared with a paired  t -test. 
Student learning was defi ned as changes in their performance on an assess-
ment of quantitative reasoning skills, scientifi c reasoning skills, and geo-
science concepts. The results of the paired  t -test indicated a slight gain in 
mean pre- to post-test scores (10.25–10.28), with a  p -value of 0.21, which 
was insignifi cant at the 0.05 level. To identify changes for specifi c sections 
of the test, follow-up paired  t -tests were performed, which indicated that, 
on average, participants performed signifi cantly higher on the geoscience 
concept section on the post-test ( M  = 4.18, SE = 0.15) than the pre-test 
( M  = 3.76, SE = 0.18,  t(126)  = − 2.2, p < 0.05, r = 0.35) . However, students’ 
performance in the quantitative reasoning section decreased from pre- to 
post-test with a  p -value of 0.02, which was signifi cant at the 0.05 level (see 
Tables  1  and  2 ).

    Students’ individual reports for the two modules were also examined 
using a paired  t -test, and the results indicated that there was a gain in stu-
dents’ percentage mean scores from report I to report II, which was signifi -
cant at the 0.05 level with a medium effect size (0.45) (see Tables  3  and  4 ).

    These results prompted us to reconsider and redesign the modules for 
a second iteration of the study, as detailed below.  

   Table 1    Student performance means and standard deviation for the pre and 
post-test   

 Test   M   SD  Range 

 Low  High 

 Pretest α°   10.25  3.75  2.0  17.5 

 Posttest  10.28  3.79  2.0  17.5 

   Note . Total score = 25 

  Source : Adapted from Kim et al. ( 2013 ) 

  α°  n  = 128: participants for each test  
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   Table 2    Student scores and means on inventory subsections   

 Subtest  Test   M   SD   t   df  Sig. (2-tailed)  Cohend 

 Geoscience 
concept section 
( n  = 127) 

 Pretest  3.76  2.01  −2.15  126  (.03*)  0.22 
 Posttest  4.17  1.73 

 Quantitative 
reasoning 
section 
( n  = 128) 

 Pretest  5.78  2.10  2.35  127  (.02*)  0.19 
 Posttest  5.34  2.48 

 Scientifi c 
reasoning 
section 
( n  = 128) 

 Pretest  0.70  0.74  −.76  127  .45  0.08 
 Posttest  0.76  0.72 

 Total score 
( n  = 128) 

 Pretest  10.25  3.75  −1.23  127  .21  0.01 
 Posttest  10.28  3.79 

   Note . Total score = 25. Subtest scores: Geoscience concept = 9, quantitative reasoning = 14, and scientifi c 
reasoning = 2 

  Source : Adapted from Kim et al. ( 2013 ) 

 * p  < 0.05  

   Table 3    Percentage mean score and standard deviations for individual reports   

 Individual reports  Percentage mean score  SD  Range 

 Low  High 

 Individual reports I (HS)  68.34  19.36  16.7  100 
 Individual reports II (GW)  75.66  12.28  36.1  100 

   Note . Total score = 100 

  Source : Adapted from Kim et al. ( 2013 ) 

  α°  n  = 105: participants for both reports  

   Table 4    Paired  t -test results for individual reports   

 Individual reports  Mean difference  SD   t   df  Sig. (2-tailed)  cohend 

 I  7.31  21.20  3.53  104  (.00*)  0.45 
 II 

   N ote. Total score = 25. N = 105 

  Source : Adapted from Kim et al. ( 2013 ) 

 * p  < 0.05  
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   Second Iteration of Design for Active Learning in Large 
Undergraduate Courses 

 Based on the outcomes of the fi rst-year study, we examined the data to 
identify design refi nements for module design and data collection for the 
second iteration. The fi rst design and implementation raised several issues. 
The main concern was the paucity of answers to the procedural ques-
tion prompts as demonstrated in the group discussion charts for the fi rst 
learning module (Hurricane Smith). We expected the directed prompts 
to help students to focus on the key issues they needed to deal with in 
making data-based decisions. Some groups omitted answers or did not 
provide details of their decision process or reasoning, while other groups 
provided very generic responses that did not indicate that students used 
the resources made available for the hurricane module. Another hindrance 
was the use of numerous discussion sessions. Students met for discus-
sion six times (within a 50-minute class period) with their classmates who 
had the same roles, and the six iterations were deemed an ineffective use 
of time. Based on this re-analysis of the fi rst year’s implementation, the 
main modifi cation for the second year was made in iteratively refi ning two 
design principles: peer interaction and question prompts. 

 Changes for Peer Interaction: In iteration 1, students were engaged 
in too many different processes to make decisions appropriately, and the 
worksheets indicated an insuffi cient understanding of hurricanes as well 
as individual student roles within the given community. The following 
design changes were indicated:

•    A need for more individual preparation in order to improve peer 
interaction activities;  

•   Reducing the steps for community discussion making (two commu-
nity discussions, instead of three community discussions); and  

•   Asking students to focus more clearly on important aspects of the 
problem based on their roles, and eliminating the role-based group 
work discussion.    

 Changes for question prompts: Students failed to show concrete rea-
soning for their decision-making regarding community evacuation proce-
dures during the hurricane. The following design changes emerged:

•    A need for procedural question prompts to support group decision- 
making; and  
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•   A need for elaborative question prompts in the process of individual 
preparation and group discussions.     

   Implementation and Results for the Second Iteration 

 The revised modules were implemented in a subsequent semester of the 
course and group and individual artifacts were collected after each module 
was fi nished. For the second iteration, we focused primarily on individual 
critical thinking over the two iterations of the modules (i.e., for year 1 and 
year 2). In terms of total scores of critical thinking, the students in the 
second year ( M  = 25.45, SD = 6.311) scored signifi cantly higher than those 
of the fi rst year ( M  = 23.32, SD = 7.742), [ t (129) = −2.432,  p  < 0.05]. The 
lower 25 % students of the second year ( M  = 17.81, SD = 2.978) also scored 
signifi cantly better than those of the fi rst year ( M  = 14.19, SD = 3.316), 
[ t (31) = −4.601,  p  < 0.01]. However, there was no signifi cant difference 
between the top 25 % students of fi rst and second years [ t (31) = 1.041, 
 p  > 0.05]. Overall, the students of the second year demonstrated higher 
levels of critical thinking and the difference was especially evident in the 
lower 25 % of students (see Table  5 ). These fi ndings imply that the second 
year design, which employed procedural and elaborative question prompts 
and peer interaction with individual preparation, was more effective in 
enhancing students’ critical thinking and worked better for the lower-level 
than the top-level students.

   While the numerical data indicated that the second iteration of design 
was more successful in increasing student performance in the individual 
critical thinking reports, we also wanted to explore whether there were any 

   Table 5    Independent  t -test in critical thinking between fi rst and second years   

 First year  Second year   t   Sig  Cohend 

  n    M   SD   n    M   SD 

 Top 
25 % 

 32  34.38  1.792  32  33.94  1.564  1.041  0.302  0.261 

 Lower 
25 % 

 32  14.19  3.316  32  17.81  2.978  −4.601  0.000 a **  1.149 

 Total  130  23.32  7.742  130  25.45  6.311  −2.432  0.016 b *  0.302 

   Source : Adapted from Yoo (2011) 

  a  p  < 0.01 level;  b  p  < 0.05 level  
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changes within the group decision-making. The data gathered from group 
decision charts were compared across the two years, revealing that groups 
in the second iteration addressed almost all of the decision points during 
the group activities, which directly addressed the design change to reduce 
and emphasize the decision points in the second iteration. Moreover, they 
provided more concrete and elaborate reasoning and data within their 
recommendations, which directly addressed the design change to include 
elaborative and procedural prompts to support group reasoning. We also 
used a multiple case study design  13   to explore the links between the group- 
generated documents and the individual reports, to identify if there were 
any possible explanations that could link learning activities with individual 
critical thinking. Using a pattern match technique, data were organized to 
support plausible explanations about the relationship between the learn-
ing activities and critical thinking. The main approach to data analysis 
involved using theoretical propositions, developing a case description, 
and using both qualitative and quantitative data. Especially in the context 
of using role-play, these analyses indicated that higher-scoring students 
focused more on their assigned role, and specifi cally linked their roles to 
decisions they made. In addition, students who provided detailed answers 
within the individual worksheets and provided appropriate and detailed 
data tended to be higher-scoring students.   

   PHASE 2: TECHNOLOGY-ENHANCED LEARNING IN UPPER-
LEVEL GEOSCIENCE COURSES 

 As a complement to the project described above that was aimed at improv-
ing the effectiveness of science learning through the use of hands-on, 
active learning modules within the large-enrollment general education 
classroom, we have also worked on enhancing an upper-level natural haz-
ards course by integrating technology into specifi c learning activities. Our 
goal in this project was to let the technology allow the students to better 
replicate the science analysis experience, rather than to use technology 
solely to deliver content. That is, we have attempted to incorporate the 
technology as a method to increase the authenticity of the activity. 

 Different sciences approach research in different ways, ranging from 
substantially observational to purely theoretical. But underneath these 
superfi cial differences, there are similarities to most scientifi c investiga-
tions that are articulated in the following list of practices for science  14   
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such that educators can focus attention on supporting and making these 
practices explicit:

    1.    Asking questions   
   2.    Developing and using models   
   3.    Planning and carrying out investigations   
   4.    Analyzing and interpreting data   
   5.    Using mathematics and computational thinking   
   6.    Constructing explanations (for science) and designing solutions (for 

engineering)   
   7.    Engaging in argument from evidence   
   8.    Obtaining, evaluating, and communicating information    

  The upper-level course that is the focus of the second phase of our col-
laborative research efforts offers various opportunities to engage students 
in socioscientifi c issues that help integrate scientifi c arguments and claims 
with political and ethical choices about actions.  15   For example, it is natural 
to combine computations and assessments of natural hazards with soci-
etal and cultural impacts. Indeed, examining and making decisions about 
socioscientifi c issues is a key goal for science education. Our goal in this 
phase of the project was to enhance students’ active engagement in the 
content and problems by seeking out and working with authentic data 
and sources, and working with peers by leveraging social media, mobile 
devices, and open content. 

   First Iteration of Design for Technology-Enhanced Geoscience 
Modules 

 This project focused on the learning environment in a specifi c upper-level 
science course, Natural Disasters. The course is aimed at a diverse group 
of upper-level undergraduate students and is typically populated with stu-
dents from a wide range of majors including Geosciences, Geography, 
Meteorology, Civil Engineering, Education, and Energy Business and 
Finance. Students often take this course as one of their fi nal courses in 
their undergraduate program, and so there is a focus on improving their 
higher-level science reasoning and helping them articulate that reasoning. 

 The course content is built around a series of topical case studies, often-
times using recent disasters as the basis for the analyses. Whether it is 
about the deadly earthquakes in Haiti, Japan, or New Zealand, or the 
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effects of Hurricane Ike, the common theme to the course is having stu-
dents analyze the events scientifi cally and then apply those results and 
improved understanding of the causes and consequences of the event to a 
specifi c task. For example, after analyzing the effects of specifi c hurricanes 
in the USA, the students may be asked to analyze what would happen if 
a similar event occurred elsewhere—such as in Bangladesh, and write a 
‘white paper’ report to the relevant UN agency. In this way the students 
are encouraged to transfer their science-content knowledge to a new situ-
ation, assess the consequences, and communicate their reasoning. This 
course has traditionally been offered as an on-campus course, at least once 
(and oftentimes twice) each year. As a writing intensive course, its enroll-
ment is limited to 25 students. 

 For the past few semesters, students have used iPads to access online 
content and as a tool for in-class activities, this addressing several funda-
mental affordances: one, providing students with access to primary data 
from key sources (e.g., observations and other data hosted by science- 
focused government agencies such as the USGS, NOAA, and NASA), 
and two, providing students with apps and tools to appropriately use and 
integrate the data. Although the data are easily accessible, effective use 
of those resources requires appropriate tools to use them for authentic 
scientifi c practices. 

 All the iPads had the same set of apps installed. In addition to stan-
dard apps such as web browsers, the specifi c apps we used ranged from 
broad use tools ( GoodReader, Wolfram Alpha, iWorks Suite ) to those spe-
cifi c to activities, data resources, and learning objectives in the geosciences 
( Epicentral+, Elevation Chart, GeoMeasure ), and some general purpose 
quantitative and modeling tools that are particularly valuable to geosci-
ence analyses ( Stella Modeler, Elevation Chart, TopoMaps. GeoMeasure ). 

 Overall, the purpose of using iPads and apps is to provide a means 
for students to move easily and effi ciently from (a) asking a question to 
(b) getting relevant data to (c) exploring, modeling, and elaborating the 
issues raised by their scientifi c enquiry. In this context, iPads expand the 
information space available to students by not only providing access to 
content, but also introducing experts who can augment their understand-
ing or practice of specifi c disciplines. In this case, expert content is repre-
sented by the data and resources made available through the USGS and 
NOAA. Such activities also map well to the top fi ve uses of mobile devices 
as identifi ed by the ECAR study  16   and are generally in line with the expec-
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tations of students in using familiar technology and practices to support 
their learning in the classroom and out.  

   Implementation and Findings for Technology-Enhanced 
Geoscience Modules 

 In spring 2014, we collected data on students’ use of iPads within the 
course, and we used an ethnographic framework  17   to document their work 
with the iPads and other materials  in situ . This initial data collection was 
treated as a way for the research team to make some initial assessments of 
student use of iPads and apps to gain more understanding about the fol-
lowing aspects: (a) how the instructional goal and activities affected stu-
dent use of the iPads; (b) whether students collaborated (or not) with each 
other while using the iPads; (c) how students specifi cally used affordances 
of the iPads to support reasoning about tasks; and, (d) how students used 
resources other than iPads and apps to address instructional tasks. 

 Since our goal was to examine and understand student use of iPads 
in context, we used video-based fi eldwork  18   to capture video and audio 
records of class sessions where the students used iPads. We recorded eight 
class sessions over three months, and positioned multiple cameras and 
audio mics to capture as much detail as possible. While data analyses are 
still ongoing, preliminary data analyses indicate the following key design 
foci:

•     More devices, less interaction : Approximately 12 iPads were available 
to the class, which had 23 students. Thus, in an average class session, 
every pair shared an iPad. In some cases, students brought their own 
laptops or used their personal mobile devices, and it was noted that 
the more devices on the table (i.e., the closer the group got to a 1:1 
ratio) the less interaction and discussion among students. Instead of 
collaborating with peers, students chose to instead work individually 
and occasionally share fi ndings.  

•    Navigating multiple resources requires support : Given the nature of the 
course, students often had multiple media at their tables,  including 
paper maps, rulers, iPads, worksheets, and so on. Especially for mea-
surement tasks, such as calculating distances and slopes, and so on, 
students seemed to use the paper maps and the  TopoMaps  app on 
the iPad in different ways to support their tasks. In some instances, 
even though the  TopoMap  app had capabilities not present in the 
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papers maps, students chose to use the paper maps, perhaps out of 
habit. Also students often used their mobile phones to support task 
activities, such as taking pictures of graphs or worksheets for future 
reference.  

•    Instructors focused on technical support vs. scaffolding : Instructors 
often spent time to help groups with the iPad interface and apps, and 
often the same type of help was offered multiple times to different 
groups in a class session. However, the instruction was aimed more 
at routine use of the interface (e.g., how to measure distances or how 
to calculate slope) rather than more valuable scaffolding to support 
student reasoning about the task and ways to navigate the multiple 
resources and interfaces available.  

•    Student facility with devices differed : While not surprising, it is worth 
noting that some students were more comfortable using and explor-
ing the iPad apps than others. The difference in using mobile phones 
as opposed to iPads was quite notable. Every student in the class had 
a personal mobile phone and was seen using it to search the web, 
send text messages, and take pictures. However, the facility with 
mobile phones was not demonstrated with or transferred to the use 
of iPads and indeed many seemed to have trouble identifying which 
apps to use or how to connect to the Internet.     

   Second Iteration of Technology-Enhanced Geoscience Modules 

 Based on the fi ndings of the previous iteration, we decided to make the 
following design changes to the next iteration. First, we changed the phys-
ical location of the classroom and moved the class sessions to a lab that 
supported fl exible learning arrangements, both in terms of how students 
could be seated, as well as how groups could use multiple display screens 
to project their interim fi ndings. This change was occasioned by other 
research, which has indicated that having shared displays has a positive 
impact on students’ participation, social interaction, and collaboration.  19   
To focus our attention more clearly on the group’s tasks and interaction, 
we also decided to draw on our previous projects’ fi ndings and design 
problem-based activities with elaborative and conceptual scaffolds that 
required the groups to fi nd authentic data, manipulate that data, and 
negotiate the fi ndings as a group. Also, since this was an upper-level class, 
instead of providing detailed procedural scaffolding, as we had for the 
previous iteration, we decided to provide conceptual scaffolds on how to 
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address the problem. We also focused our problem design more clearly 
around socioscientifi c issues to clearly articulate the connection between 
science and its societal impacts.  20    

   Implementation and Findings for the Second Iteration 

 In this second iteration, we adapted the modules to more systematically 
build on previous materials over a 3–4 class period duration. This allowed 
students ample time to consolidate materials and do some independent 
background research as the activity proceeded. An example of this link-
age and scaffolding is the tsunami activity. We began with an analysis of 
the tsunami that devastated Japan in 2011, using observations of tsunami 
heights and travel times. With this introduction, students were able to (1) 
develop skills in using the various apps and equations related to tsunami 
propagation, (2) calibrate their analyses against observations, and (3) see 
the consequences of such a tsunami on the region. The students then 
moved to undertake similar analyses along the coast of Oregon in the 
USA, a region at risk of a similar tsunami as experienced in Japan. Finally, 
once the physical characteristics of a tsunami in Oregon were understood, 
the students were asked to evaluate an evacuation plan for Cannon Beach, 
a seaside resort town in Oregon. Through this systematic application of 
the science of tsunamis and its societal impact, we intended that the stu-
dents would not only see the value of such analyses in a retrospective 
mode, but also develop an understanding of the predictive power of well- 
calibrated scientifi c analyses. Throughout the module, access to apps on 
the iPads provided a means for students to quantitatively address the pri-
mary questions of tsunami speed, height, and timing. 

 To gather data on how students engaged with the technology and each 
other, we video-recorded all sessions where the students used the iPads. 
We also collected screen-capture data for 1 to 4 iPads each session. The 
videos of the student work were then synced with the recorded iPad activ-
ity and imported into Studiocode, video analysis software. Combining 
these different perspectives allowed us to look at students’ actual activity 
on the iPad and coordinate their discourse and interactions with their 
group members to understand how the different technologies were 
being appropriated to support their problem-solving and task processes. 
We also implemented a pre- and post-survey to help us gauge students’ 
familiarity with the different technologies before and after the course. We 
implemented the pre-survey in the fourth week of the course, before the 
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designed modules were implemented; the post-survey was implemented 
in the last week of the course. While data analyses for the video and iPad 
data are still ongoing, we were able to identify the following results from 
the surveys. 

 Seventeen students completed the pre- and post-survey, which asked a 
variety of questions related to their familiarity with different devices and 
apps, as well as their prior knowledge of using apps. In the pre-survey, only 
three students reported having any prior experience using iPads in the 
classroom, although almost 90 % of them reported having both a laptop 
computer and mobile phone, and 40 % reported having a tablet device. 
Students also reported being more comfortable with using laptops for aca-
demic work. Based on the post-survey data, students’ self-reported self- 
effi cacy in using  TopoMap ,  Keynote ,  Pages ,  ElevationChart  and  Wolfram 
Alpha  was signifi cantly improved after taking the course ( p  = 0.000, 0.009, 
0.004, 0.000, and 0.006). Students also had a generally positive impres-
sion of iPads in the classroom: the majority of participants strongly agreed 
that iPads supported their groups in addressing the tasks that they were 
actively involved in the course when they used iPads, and that the iPads 
helped them to engage with the activities. 

 While analyses for the group video and audio captured data are still 
ongoing, we envision the results of the analyses allowing us to itera-
tively refi ne the design modules that will be implemented in the Natural 
Disasters course in future semesters, as well as allowing us to better under-
stand how to improve student learning within a technology-enhanced 
geoscience course.   

   CONCLUSION 
 This project sought to investigate potential for the long-term engage-
ment of education and geosciences collaborators via both iterations of the 
project. The major implications and conclusions arising from this long- 
term interdisciplinary research project can be encapsulated in the follow-
ing themes: long-term engagement in projects; negotiating pedagogical 
and conceptual variations in disciplines; and, effective incorporation of 
technology in science teaching. Using a design-based approach for both 
projects was signifi cantly helpful in making both conceptual (such as in 
the case of tweaking the group discussion and individual worksheets for 
the fi rst project) and concrete (such as changing the physical affordances 
of the classroom) adjustments to the design, such that modules could 
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better support learning. The long-term engagement also helped collab-
orators in both disciplines to gain more familiarity with the conceptual 
tools and processes inherent in each discipline; as an example, in creating 
the modules for the upper level technology-enhanced course, the edu-
cation team would have preferred to have individual students engage in 
more sustained research and data gathering before embarking on group 
work. However, as pointed out by the geoscience team, most geoscien-
tists working in agencies such as USGS and NOAA are trained to make 
quick assessments in limited time frames based on currently available and 
historical data, especially as natural hazard events often occur at unpredict-
able times (e.g., earthquakes and tsunamis). Thus, in the fi nal iteration of 
the modules, our designs tried to incorporate both pedagogically relevant 
principles while accounting for the real time, practical constraints faced by 
professional geoscientists. 

 This example also ties into the second theme of negotiating conceptual 
and pedagogical variations in disciplines. Different disciplines approach 
teaching differently  21   and certain pedagogical modes are more prevalent 
in some disciplines than in others. As an example, natural science teach-
ing is likely more dominated by lab teaching, fi eld trips, and exercises, 
while humanities are dominated more by seminars, workshops, and tutori-
als.  22   We did not encounter such a divergence of pedagogy in this project. 
For example, both teams were highly in favor of active, engaged, student 
learning in the classroom as well as the use of collaborative and authentic 
technology-enhanced learning to support student learning. However, the 
teams differed slightly on the emphasis of design. For instance, in the 
initial iteration of the technology-enhanced classroom design, the geosci-
ence team favored a more open-ended approach to integrating technology 
(i.e., in providing the mobile devices and resources and allowing students 
to freely explore the apps), whereas the education team favored a more 
staged approach to integrating technology, and providing technology and 
task training to the students. The results of our fi rst study in that context 
suggested that a blended approach would be best, where technology and 
practices were introduced within the context of the learning activity with 
some exploratory affordances to allow students varying abilities with tech-
nology to assist in the process as needed. 

 From a purely pedagogical level, our design of the intervention in both 
phases of the project was largely determined by the context and the audi-
ence that we were addressing. For example, it was more challenging to 
implement technology in a meaningful way in the large enrollment course 
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as opposed to the smaller, upper-level course. The upper-level course 
allowed us to investigate the impact of implementing technology in the 
learning environment—both at the classroom scale and at the individual 
student level. Our initial results from that (still ongoing) phase of the 
project can be summarized as follows. First, although technology, and in 
particular smart devices (phones, tablets, etc.) are quite familiar to all of 
the students, their use within a scientifi c mode is new to many. As a result, 
the effective use of specifi c apps and even the approach to using such 
devices for science must be explicitly included in the preparatory materi-
als. Second, we saw a major change in student engagement in moving 
to a classroom that easily allowed students to share materials and results. 
Both classrooms used allowed students to meet in groups around a table 
or cluster of tables, but the second-year classroom that easily allowed the 
technology to be shared both within each group and with the overall class 
had (to our observations) substantially more student engagement. Third, 
as the number of smart devices available per student approached a 1:1 
ratio, the amount of student interaction decreased signifi cantly. A 1:3 or 
1:2 ratio was far more effective in fostering student interaction. 

 Consequently, our engagement in this long-term, collaborative design 
and research project allowed us to iteratively refi ne design modules to meet 
different contexts and audiences, albeit with somewhat similar learning 
goals. The outcomes of our fi rst project indicated that active learning can 
better support students to engage in scientifi c reasoning in large enroll-
ment classes, and, through our second project, we anticipate being able 
to show how designed integration of technology can support students’ 
engagement in scientifi c practices. We anticipate that both geoscience and 
education can benefi t from these studies, and that we can continue this 
interdisciplinary endeavor as a mechanism to contribute further to design 
and pedagogy research in geoscience and education.  
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    CHAPTER 4 

    Abstract     GlobalEd 2 (GE2) engages classrooms of students online, and 
simulates negotiations of international agreements on issues of global con-
cern such as water scarcity and climate change. GE2 is an interdisciplinary 
problem-based curriculum targeting students’ global awareness, scientifi c 
literacies, and twenty-fi rst century workforce skills. For the past 15 years, 
various iterations of GE2 have been implemented in classrooms, ranging 
from middle schools through college. Results have demonstrated the posi-
tive impact of GE2 along a number of dimensions including writing, argu-
mentation, science knowledge, and social perspective taking. This chapter 
provides an overview of GE2, its design principles and discusses data from 
a recent implementation with college freshmen, specifi cally focusing on 
gains with respect to self-effi cacy across multiple domains.  
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   Today’s college graduates are entering an interconnected world in which 
globalization and science, technology, engineering, and mathematics 
(STEM) literacy will affect nearly every facet of their lives. Yet, as cur-
rent and future citizens, our students’ global awareness and STEM lit-
eracy remain strikingly limited—if anything, they appear to be in a state 
of decline. According to Derek Bok, the USA bears “the dubious dis-
tinction of being one of only two countries in which young adults were 
less informed about world affairs than their fellow citizens from older age 
groups.”  1   Compounding the problem is the complexity of global learning 
itself: a balance of knowledge (such as science, geography, politics, and 
economics), skills (the ability to fi nd and evaluate information sources and 
communicate their meaning to others), and attitudes (interest, effi cacy, 
appreciating the value of other cultures, and having a sense of responsi-
bility for our shared planet). Helping students to acquire such a diverse 
array of knowledge, skills, and attitudes cannot be accomplished through 
a single discipline. Nor can it be taught with traditional expectations of 
disciplinary mastery, since its subject is constantly changing and is as vast 
as the globe itself. 

 Concomitant with the need to develop global citizens, colleges are 
also responsible for preparing students for the twenty-fi rst century work 
force, which is also rapidly evolving. Across several independent surveys of 
businesses and potential employers, the most commonly cited skills that 
industries require in newly graduated college students include the follow-
ing: the abilities to solve complex, multidisciplinary problems; to work 
successfully in teams; effective oral and written communication skills; and 
good interpersonal skills. Yet in report after report, employers reported 
that universities are failing to prepare graduates for the current expecta-
tions of the workforce. 

 Preparing students for the globalized world and the twenty-fi rst cen-
tury workforce requires that both application and relevance be present. 
John Morley suggested that students should “know how rather than sim-
ply knowing that,”  2   and John Heldrich stated in 2005, “higher educa-
tion can be improved by making it more relevant to what happens in the 
workforce.”  3   According to Derek Bok, this is best accomplished through 
intentional educational practices that are integrative in nature, provide 
experiences that challenge students’ own embedded worldviews, encour-
age application of knowledge to contemporary problems, and integrate 
knowledge across a wide array of disciplines. Creating and implementing 
educational experiences with these characteristics in higher education will 
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not only develop critical thinking skills among our students, but will also 
equip them as citizens with the drive, values, capacity to question, and 
ability to develop solutions that will help them advance both commercial 
and social interests. 

 While it is clear that these preparation gaps of today’s college students 
exist and have existed for some time, most universities have made little 
progress toward resolving these defi cits. Institutions of higher education 
continue to operate using programmatic approaches that exacerbate the 
siloed, decontextualized nature of academic content and skill sets—an 
approach that is counter-productive to facilitating twenty-fi rst century 
skills. The genesis of this emanates from a number of structural and fi nan-
cial issues regarding how universities operate. Universities are organized in 
departments based on content areas. This departmental structure provides 
structure and a shared discipline, but it also fosters the isolated nature 
of the disciplines, limiting the interdisciplinary opportunities students 
experience as they prepare for a twenty-fi rst century workforce that has 
been transformed from the factory model to innovative multidisciplinary 
models. 

   THE GLOBALED 2 PROJECT 
 GlobalEd2 (GE2) is a set of interdisciplinary, problem-based simulations, 
and curricular supports intended to provide a venue for students to apply 
their developing knowledge and skills in an authentic, real-world activ-
ity. It is designed for ground teaching and learning in meaningful socio- 
scientifi c contexts related to the world in which students currently live, 
representing an innovative approach to improving outcomes, particularly 
for high need, underrepresented students. Its targeted learning outcomes 
include increased engagement and knowledge across several disciplines, 
heighten positive affect around these domains, the development of STEM 
literacy, and improved college and career readiness skills (e.g., collabora-
tion, problem solving, and written communication). Moreover, it is an 
evidenced-based curricular experience that has shown promise across mul-
tiple academic levels and a diverse array of students.  4   

 GE2 evolved from the earlier model, GlobalEd, which was situated in 
the social sciences.  5   The current version has been developed through fund-
ing provided by the Institute of Educational Science in the US Department 
of Education to become an interdisciplinary learning environment cen-
tered on STEM literacy.  6   GlobalEd and GlobalEd 2 have serviced over 
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8000 middle grade through college students, and research studies across 
multiple implementations has demonstrated this approach to learning 
has high impact on a variety of important student outcomes, including 
writing argumentation and quality, science knowledge, interest in sci-
ence, writing self-effi cacy on STEM topics, problem solving, leadership, 
negotiation, academic motivation, and taking social perspective. Results 
have further demonstrated that these gains occur across diverse student 
groups, including Black, Latino, and female students. Finally, observations 
of implementations indicate changes in instructors’ pedagogy consistent 
with problem-based learning (PBL). While GE2 has predominantly been 
implemented in middle school classrooms, it has also been successfully 
implemented in both high school and college level courses with similarly 
positive student outcomes. 

 GE2 is a technology-mediated curricular intervention, provided via a 
suite of web-based applications, including professional development (PD) 
and implementation support for instructors, resources, learning scaffolds 
for students, and a communications platform to enable collaborative inter-
actions among students. The underlying technology provides consistency 
across implementations and scalability of the program to large number of 
students across multiple settings. A single simulation of GE2 can accom-
modate up to 20 classes of students (n ~ 400–500), and may be provided 
for a single institution or collaboratively across multiple institutions. 
Moreover, the technology infrastructure can handle multiple simultane-
ous simulations, affording delivery to an exponential number of students. 

 Previously, we have presented research data demonstrating GE2’s spe-
cifi c impact on student writing, one of our strongest and most consistent 
outcomes across student settings (middle grade through college) and sce-
nario topics (Water Resources and Climate Change).  7   In this chapter, we 
focus on our discussion on the impact of GE2 on students’ self-effi cacy, 
a belief in the self that is key to achieving educational goals. According 
to Albert Bandura and his research, a person’s self-effi cacy is very specifi c 
and tied to specifi c tasks and/or knowledge. It infl uences behavior by 
determining what the person attempts to achieve and the amount of effort 
applied to his/her performance. The psychological research literature of 
Bandura et al. has fi rmly established that self-effi cacy is an important vari-
able in predicting student engagement, motivation, task commitment, 
and learning outcomes. This research has demonstrated that self-effi cacy 
is affected by cognitive, emotional, and behavioral variables which are tied 
to encouragement, challenge, previous success, and emotional arousal. If 
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students’ STEM experiences are successful, then their self-effi cacy, and, 
in return their attitudes related to STEM, are augmented, increasing the 
likelihood of future engagement in the discipline. In contrast, when stu-
dents’ have unsuccessful STEM experiences, their associated attitudes are 
decreased, as they develop low self-effi cacy for related content and tasks, 
and they are less likely to engage in STEM topics. 

 The following discussion will focus on how students’ experiences in the 
GE2 simulations has positively affected their STEM self-effi cacy.  

   STEM LITERACY 
 The science and academic communities have been sounding the warning 
alarm about the crisis in science education for years: Our schools are just 
not producing the STEM professionals necessary for the USA to maintain 
its scientifi c and technological prominence, thereby putting our current 
and future global economic standing at risk. Beyond the need for more 
highly trained professionals within STEM fi elds, however, we also face a 
much larger secondary societal crisis: The need to establish a scientifi cally 
literate citizenry that can make informed decisions at the local, regional, 
and national levels. Recent standardized test results indicate that only 
21 % of twelfth-graders performed at or above the profi cient level in sci-
ence, and our ranking internationally on the scientifi c literacy of our stu-
dents, measured on tests like PISA, has rapidly fallen.  8   In order to engage 
with the many social, cultural, political, and ethical issues that arise from 
advances in knowledge, our population, not just our STEM profession-
als, needs to be suffi ciently informed and effi cacious with the principles 
of STEM. Issues related to global climate change, sources of alternative 
energy, evolution, and environmental preservation all require careful and 
informed decision-making by both citizens and elected leaders. Moreover, 
STEM literacy involves much more than just content knowledge; it also 
require an understanding of the representation and interpretation of sci-
entifi c data, scientifi c explanations and projections, and the process of 
science. Further, STEM literacy involves cognitive and metacognitive abil-
ities, collaborative teamwork, effective use of technology, and the abilities 
to engage in scientifi c discourse around global issues, synthesize disparate 
concepts, and persuade others to take informed action based on scientifi c 
evidence. These skills, the National Science Board has argued, may be 
even more important than knowing particular scientifi c facts.  
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   TWENTY-FIRST CENTURY WORKFORCE SKILLS 
 STEM literacy skills parallel those employed in the authentic, socio- 
scientifi c work of twenty-fi rst century scientists. Contemporary scientists 
need to be able to bring their knowledge, insights, and analytical skills 
to bear on matters of public importance. Often they can help the pub-
lic and its representatives understand the likely causes of events (such as 
the potential for natural and technological disasters) and to estimate the 
potential effects of projected policies (such as the ecological impacts of 
various water conservation methods, as we are currently seeing in parts of 
the American West). In playing this advisory role, scientists are expected 
to be especially careful in distinguishing fact from interpretation and 
research fi ndings from speculation and opinion in order to develop valid 
arguments, as are the citizens who are consuming this information to 
develop their own positions—the essence of a scientifi cally literate citizen.  9   

 As such, argumentation is a central process necessary for the develop-
ment of a scientifi cally literate citizenry. Argumentation includes any dia-
log that addresses “the coordination of evidence and theory to support or 
refute an explanatory conclusion, model, or prediction.”  10   Research has 
demonstrated that when students engage in scientifi c argumentation, they 
not only learn to develop valid arguments but also learn science content 
while doing so. Further, there is convergent evidence that demonstrates 
that both instruction and authentic opportunities to write have been 
shown to improve writing skill.  11   While there has been strong advocacy 
for argumentation and writing in science, opportunities for students to 
learn how to engage in productive scientifi c argumentation in the current 
context of school-based science have been rare. This has been a driving 
force behind the emergence of college general education requirements of 
discipline-based writing experiences. 

 Through the work of O’Brien et  al. research has also established a 
link between interest in science and science self-effi cacy beliefs. It stands 
to reason, then, that if we can develop settings where students have the 
opportunity to experience success and illustrate the personal relevance of 
STEM topics in the world in which students live, we can positively impact 
their STEM self-effi cacy and interest. As a result, we may better be able to 
affect student engagement and enrollment in the sciences with the out-
comes of further developing their STEM literacies, thereby increasing the 
pool of viable candidates in the STEM workforce. 

 Many have argued that using the social sciences (i.e., psychology, 
anthropology, political science, economics, education, sociology) as a 
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forum for integrating and applying science has the potential to develop 
a scientifi cally literate citizenry capable of bringing a scientifi c approach 
to bear on the practical, social, economic, and political issues of modern 
life. Furthermore, researchers, such as John Bransford et  al. and David 
Jonassen, have illustrated for decades that leveraging interdisciplinary 
contexts, like the social sciences, provide opportunities for students to 
engage in real-world problem solving that can deepen students’ under-
standing, their fl exibility in the application of knowledge, and the transfer 
of knowledge to novel situations, while also reducing the likelihood of 
inert knowledge. 

 Socio-scientifi c contexts afford students the opportunity to ground 
their STEM learning in the world in which students currently live, making 
science personally relevant. Socio-scientifi c issues are complex and often 
do not have a single, clear-cut solution. Such issues confront students with 
situations in which they have to engage in formulating stances based on 
data, their own experiences and values, and collaborative decision-making. 
They are regarded as real-world problems that afford the opportunity for 
students to participate in the negotiation and development of meaning 
through scientifi c argumentation and promoting epistemic, cognitive, and 
social goals, as well as enhancing students’ understanding of science. 

 To sustain our competitive edge in today’s global economy, we must 
provide accessible and supportive pathways for  all  students to enroll in 
postsecondary education and complete their degrees in a timely fash-
ion. Postsecondary education is the primary conduit for strengthening 
our workforce and ensuring a better quality of life for our citizens. Better 
educated people clearly have a greater chance than those who are less 
educated of obtaining secure jobs that provide opportunities for advance-
ment, higher wages, greater health and retirement benefi ts, and greater 
opportunities in general. 

 Across several independent surveys of businesses and potential employ-
ers, the most commonly cited skills that industry requires in newly 
graduated college students include the abilities to solve complex, mul-
tidisciplinary problems, work successfully in teams, exhibit effective oral 
and written communication skills, and practice good interpersonal skills. 
However, industry leaders point out that many students who obtain their 
postsecondary degrees do not possess these skills and, as such, are not fully 
prepared to successfully participate in the twenty-fi rst century workforce.  12   
It seems that our education systems need to change—quickly!  

EDUCATING STUDENTS FOR STEM LITERACY: GLOBALED 2 59



   THE GE2 PROJECT DESIGN PRINCIPLES 
 Current instructional practice, predominantly based within the cognitive 
perspective of learning, is at odds with research fi ndings about how people 
learn with understanding. As stated in the 2012 report from the National 
Research Council, “Typical classroom activities convey either a passive 
and narrow view of learning or an activity oriented approach devoid of 
question-probing and only loosely related to conceptual learning goals.”  13   
Such instructional practices limit the teaching of high order thinking skills 
that are critical components of college and career readiness. Moreover, the 
transfer of learning resulting from course activities enacted in this way is 
also hindered, as there is little understanding of the contexts in which the 
acquired knowledge and skills are useful. 

 In light of the shortcomings of cognitive-based approaches to teach-
ing, our theory of change is rooted within the sociocultural perspective 
on learning. The sociocultural perspective emerged in response to the per-
ception that research and theory within the cognitive perspective was too 
narrowly focused on individual thinking and learning. In the sociocultural 
model, learning takes place as individuals participate in the practices of 
a community, using the tools, language, and other cultural artifacts of 
the community. From this perspective, learning is “situated” within and 
emerges from the practices in different settings and communities. 

   Problem-Based Learning 

 Problem-based learning is an enactment of sociocultural theory aimed at 
addressing the need for deep learning, the transfer of skills and knowledge, 
and situating learning. In contrast to more traditional teaching methods 
that use problems after theory has been introduced, PBL uses a problem 
scenario to initiate, focus, and motivate the learning of new concepts. PBL 
research has illustrated that knowledge needs to be  conditionalized , that is, 
people should understand when and why knowledge is useful.  14   Further, 
the empirical evidence base examining PBL has illustrated that learning 
should be  contextualized , or the learning environment should mirror the 
context in which the outcomes are expected to be utilized. Such con-
ditionalization and contextualization demand that students interact with 
authentic, ill-structured problems—those where there is no one correct 
way to solve the problem and which require knowledge and skills from 
multiple topic areas or disciplines. PBL also includes a collaborative com-
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ponent; students often work in groups where collective decisions are made 
about task distribution, and in which group members investigate different 
aspects of the problem that together contribute to the total solution. 

 There is an extensive literature base examining the positive impact 
of PBL as a pedagogical approach for teaching across a large variety of 
domains and with a highly diverse array of students. Gains on important 
learning outcomes, including knowledge, affect, and the use of high order 
thinking skills, have been well chronicled. However, less well documented 
is the impact of PBL on more distant learning outcomes, such as academic 
progress and retention in college students. We identifi ed only one study 
meeting the What Works Clearinghouse Evidence Standards, with reser-
vations, examining this. Sabine Severiens and Henk Schmidt conducted a 
quasi-experimental study with 305 fi rst-year Psychology students, examin-
ing academic progress/retention in terms of credit accrual. Comparing a 
fully implemented PBL approach to a conventional lecture-based approach 
and a mixed approach that integrated various forms of “active learning,” 
results indicated that students who experienced the PBL pedagogy out-
paced students in the other conditions with respect to persistence and 
the rate of credit accrual. Further, levels of social and academic integra-
tion were also higher among students in the PBL curriculum. While the 
research of Severiens and Schmidt provides initial evidence showing the 
promise of PBL to promote college success, larger scale work must be 
conducted to further explore PBL’s full potential.  

   GlobalEd 2 and Problem-Based Learning Principles 

 GE2 is designed to meet the criteria outlined by Nick Zepkey and Linda 
Leach, as well as the high impact practices (HIPs) espoused by the AACU 
and George Kuh as requisite for engaging students at the postsecondary 
level. Moreover, GE2 is grounded in PBL principles and design compo-
nents. These principles and their alignment in the GE2 design are pre-
sented in Table  1 .

      Description of the GlobalEd 2 Implementation 

 As described previously by Lawless et al. GE2 is a set of problem-based, 
online curricular activities that engages classes of students across multiple 
locations in simulated, multinational negotiations around a socio-scientifi c 
issue currently facing the world.  15   Within a single implementation of GE2, 
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16 to 18 classes participate, each assigned to represent the interests of a 
different country for the entire simulation. Students within each coun-
try are further broken down into four collaborative groups, called issue 
areas (e.g., Economics, Human Rights, Environment, and Health). These 
issue areas are consistent across all the classes in a simulation, enabling the 
students from one issue area to communicate with their counterparts in 
another class. Although negotiations may take place between the specifi c 
issue groups across countries, it is necessary that these four issue groups 
also negotiate within their class/country to reach a consensus to represent 
a unifi ed policy stance. 

 At the beginning of a GE2 implementation, each participating class 
is presented with a problem scenario and the collective goal to reach an 
agreement with at least one other country. The scenario provides back-
ground information about a current issue in the world that requires the 
participating countries in the simulation to take timely action. It sets the 
common context for the countries in the simulation, anchoring interac-
tions among students. Sample scenario topics include water resources, cli-
mate change, and food security. In addition, GE2 participants (students 

   Table 1    Principles of PBL related to the GE2 design   

 PBL principles  GlobalEd 2 implementation of the PBL principles 

 Anchoring learning to Problem 
Scenario 

 Problem Scenario provided in a global and 
multidisciplinary setting; Includes 4 issue areas in 
each team 

 Support learners in developing 
ownership and control over problem 

 Web-based application enables customization and 
learner-directed interactions; online informational 
resources provided; SimCon interactions to guide 
and prompt learners 

 Be based on ill-structured authentic, 
problems 

 Problem scenario based in real-world, global 
socio-scientifi c issues, e.g., water resources, 
climate change, food security 

 Be collaborative  Learners are required to collaborate within and 
across country teams with the goal of negotiating 
a multi-team agreement to address the problem 

 Provide alternative views and 
solutions 

 Social-perspective taking supported by issue areas, 
social, and cultural perspectives; international 
focus with SimCon monitoring and support 

 Require the students to refl ect on 
both the content and the process 

 Debriefi ng phase is designed to promote 
refl ection on the experience and to facilitate near 
and far transfer 
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& instructors) are supported by a set of three separate web applications: 
(1) the Student Research and Tools Database; (2) the Communications 
Platform, which hosts the online communications among students; and 
(3) the Instructor Portal for instructional support, scaffolding, and PD. 

 There are three phases of GE2. The fi rst phase, the Research Phase, 
requires the students to use the online  Student Research and Tools Database  
to learn about the issues presented in the problem scenario. Students must 
identify the key scientifi c issues of concern, as well as how their assigned 
country’s culture, political system, geography, and economy infl uence their 
perspectives. Additionally, students also become familiar with the policies 
of the other countries included in the simulation in order to develop initial 
arguments and plan for potential collaborations. For example, in the water 
resources scenario, students use the  Student Research and Tools Database  
to learn about water consumption, pollution, irrigation, and access to 
fresh, clean water, as well as other related issues currently facing each of 
the countries involved. Per the outcome of the Research Phase, students in 
each classroom work collaboratively to develop opening policy statements 
(written scientifi c arguments), containing their national position for each 
of the four issue areas and how they wish to start addressing the interna-
tional problem presented in the scenario with other countries that they 
will also be negotiating within the simulation. These opening statements 
generally range in length from 400 to 900 words, though some detailed 
statements are longer. Opening statements are then shared as documents 
through the online  Communication Platform  and serve to launch Phase 
2, the interactive negotiations among countries (student-to-student com-
munications across teams). 

 Throughout the Interactive Phase, students work within their class 
to refi ne their arguments and negotiate international agreements with 
the other “countries,” sharpening their arguments through the use 
of the  Student Research and Tools Database  and sharing them through 
the  Communication Platform , in an asynchronous format similar to 
email. Based on prior implementations, the number of communications 
exchanged during the Interactive Phase can exceed 5000 (although length 
varies from a single sentence to multiparagraph exchanges). Students are 
also afforded the ability to engage in moderated synchronous confer-
ences (i.e., like instant messaging) at various scheduled points throughout 
the Interactive Phase. These synchronous conferences are important for 
students to clarify understandings and push negotiations forward more 
quickly than is attainable through asynchronous communications. 
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 In order to provide control and fl ow during the Interactive Phase, 
a trained simulation coordinator, “SimCon,” monitors all e-messages 
among teams and facilitates the synchronous conferences. SimCon’s role 
is similar to that of a virtual teacher/facilitator in an active learning class, 
in which SimCon oversees all aspects of the learning process and coaches 
students to think critically about the complex issues central to their written 
arguments. Further, SimCon monitors and provides feedback to students 
regarding the content (scientifi c and political), writing quality, and tone of 
their communications as a means of formative evaluation. SimCon’s ability 
to moderate the dialogue and interactions among participating students 
is facilitated through a back-end control function in the  Communication 
Platform . 

 The culminating event of the Interactive Phase is each country’s clos-
ing statement, refl ecting the fi nal position of each country-team on the 
four issue areas. Students work collaboratively within their country- 
team issue area to construct these closing arguments, articulating points 
of agreement and topics where continued work is necessary among the 
participating countries. The posting of the closing statements in the 
 Communication Platform  marks the start of the third phase of the GE2 
experience, Debriefi ng. 

 The Debriefi ng Phase is designed to activate metacognitive processes as 
students review what they learned and how they can apply this new knowl-
edge and associated skills in other contexts and domains. SimCon facilitates 
a scheduled online debriefi ng conference through the  Communication 
Platform  with all participants, exploring issues related to learning out-
comes, simulation processes, transfer, and feedback. Instructors are also 
trained to perform multiple debriefi ng activities to promote metacogni-
tion, learning, and transfer (e.g., examining local water issues or other tasks 
to relate the experience to the real world of environmental sustainability). 

 All interactions in GE2 are text-based—a purposive design for two rea-
sons. First, the written artifacts students produce (e.g., opening/closing 
statements and negotiations) are a means of making students’ thinking 
visible, providing an avenue for instructors and researchers to formatively 
assess students’ engagement, scientifi c thinking, writing, leadership, and 
problem solving. Second, the use of this anonymous written communica-
tion mode allows educators to hold some factors in the educational con-
text neutral (e.g., personal appearance, gender, race, and verbal accents). 
Students only identify themselves within GE2 as country, issue area, and 
their initials, for example, “ChinaEnvSWB,” concealing their actual iden-
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tities to students outside their specifi c class. As a result, typical stereotypes, 
associated with gender, race, or socioeconomic class, are minimized as 
factors infl uencing the interactions among participants. 

 Although GE2 is a technology-mediated experience, participation in 
the simulations only requires a device that is Internet capable, including 
netbooks, iPads/tablets, and smartphones. The platform-independent 
nature of GE2 provides access to the simulation almost anywhere, any 
time. 

 The role of instructors changes dramatically within GE2. Rather than 
being the traditional “knowledge bank” that simply transfers what they 
know to students, within GE2, instructors take on the role of learning 
guide. The instructor’s role is not to inform the students but to encourage 
and facilitate opportunities for them to learn for themselves by using the 
provided problem scenario, simulation experience, and student- learning 
scaffolds as a focus for the learning. Instructors implementing GE2 are 
supported by both front-end and on-going PD provided through an online 
 Instructor Portal . Prior to their fi rst time in the role of GE2, instructors 
will take approximately 24 hours of online course in which they learn 
about GE2, the theory behind it, how teaching and assessment occurs 
within it, how to support students to write effectively, and the science and 
social science content needed to successfully implement it with students. 
In addition, weekly podcasts will be provided using a “just in time” train-
ing model, providing content and process to suggestions to instructors as 
demanded by the trajectory of the students’ interactions in the simulation. 
Finally, an online learning community of instructors and GE2 staff is used 
as a forum for instructors across GE2 sites to exchange information, ask 
questions of each other and GE2 staff, and collaboratively develop new 
knowledge and resources about teaching with GE2. 

 The  Instructor Portal  also provides access to an array of GE2 web- 
based lesson plans and learning supports. The lessons are aimed at help-
ing students to identify and align important information across disciplines 
that are relevant to the problem. Understanding the world water crisis, for 
example, requires that students understand the Earth’s water purifi cation 
cycle (hydrologic cycle), the economic implications of water trade, water 
as a “virtual” commodity, access to water as a human right, health issues, 
and water reclamation technologies. In addition to content, instructional 
materials are provided to help shape the quality of students’ writing using 
a research-based approach.  16   Finally, examples of completed assignments 

EDUCATING STUDENTS FOR STEM LITERACY: GLOBALED 2 65



and evaluation rubrics are provided to support assessment of student 
learning both formatively and summatively.  

   GlobalEd 2 in College Courses 

 GE2 is not a core curriculum in and of itself. Rather, it is a set of extended 
curricular activities that provides a venue for students to build and apply 
their knowledge and skills in an authentic problem space  in concert with  
standard curricular practice. It is intended to deepen and strengthen, not 
replace, the understanding and use of the knowledge and skills that stu-
dents develop from middle grade classes through college. 

 In college, GE2 aligns best with First-Year Experience (FYE) classes 
and has been taught by FYE instructors across multiple disciplines (i.e., 
from engineering to business and public health) in both the USA and 
abroad. As outlined in their book,  Striving for Excellence , John Szarlan 
et al., outline the typical FYE learning objectives, including information 
literacy, academic writing, study skills, campus knowledge, understanding 
academic expectations, collaboration work, service learning, and prob-
lem solving. By engaging students with the content, their peers, and their 
instructor in an early college experience, GE2 allows students to take own-
ership of their learning and use of learning skills at the beginning of their 
postsecondary trajectory with the goal that they will apply these skills in 
other courses and experiences. 

 In the spring of 2012, we conducted a study of GE2 implementation in 
First-Year Experience (FYE) courses at a large northeastern public univer-
sity. A total of 252 FYE students and their FYE instructors participated in 
a GE2 simulation on international water resources for an entire semester. 
The FYE course was a 1-credit course and met weekly for 60 minutes in 
class sections of 19 or fewer students throughout the 14-week semester 
(weeks 1 and 14 were reserved for assessments). Instructors of the course 
completed a training seminar to prepare them for implementing the cur-
riculum with their students. 

 This study received IRB approval, and therefore participants were given 
the choice of whether to consent and be included in the research compo-
nent of the class, which involved pre- and post-assessments. All students 
participated in the educational component of GE2. Consenting students 
completed a battery of pre-test prior to being introduced to GE2. Within 
this battery were two self-effi cacy subscales and a social perspective taking 
scale. The Cronbach alpha reliability estimates for each of the three scales 
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have exceeded 0.80 on previous samples  17   and were similar on the cur-
rent sample. Once the students completed the pre-test battery, they began 
participation in the GE2 simulation, after which they completed the same 
assessments as post-assessments. 

 Following the pre-testing, students were informed of their assigned 
country, the scenario, and the four issue groups (e.g., Human Rights, 
Economics, Environment, and Health), which instructors allowed the stu-
dents to select with the goal of creating roughly equivalent group sizes 
and gender distribution. There were 12 countries in the simulation, plus 
the USA, which was played by two GE2 staff members (which was not 
known to the FYE students). A veteran SimCon experienced in water 
resources and international affairs monitored all the online communica-
tions and hosted the synchronous conferences. 

 The data extracted during this study was examined to assess the impact 
of GE2 on the STEM self-effi cacy of these college students and provide 
feedback on current features of its college implementations. Three specifi c 
research questions were addressed: whether there were gains from GE2 on 
students’ (1) self-effi cacy for educational technology, (2) general academic 
skills self-effi cacy, and (3) the social perspective-taking skills. 

 A total of 252 college students (54 % White, 28 % Black, and 18 % 
“other” or missing) participated in GE2 during the spring 2012 semes-
ter; 173 providing informed consent, with 101 providing matched pre- 
and post-data on our battery of assessments. A series of three separate 
paired t-tests were conducted on the pre- and post-measures of  Technology 
Use Self-effi cacy ,  General Academic Self-effi cacy , and  Social Perspective 
Taking . The results displayed in Table  2  demonstrate statistically signifi -
cant increases from pre to post on all three measures. The results speak 

  Table 2    FYE GE2 paired 
sample  t -test results for 
pre- and post-testing  

 Variable  T-statistic  Signifi cance 
( p -value) 

 Technology 
Self-Effi cacy 

 −2.365  0.023 

 Social 
Perspective 
Taking 

 −5.252  0.001 

 Academic 
Skills 
Self-Effi cacy 

 −2.192  0.035 
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to the potential of PBL, and specifi cally GE2, as a meaningful context 
within which college students can experience twenty-fi rst century skills 
and STEM content, as well as developing skills positively affecting their 
skills and STEM self-effi cacy. Specifi cally, each of the three self-effi cacy 
skills (Technology, Social Perspective Taking, and Academic Skills) were 
found to increase signifi cantly in a simulated game of international nego-
tiations on a STEM topic, water resources.

       GE2 FOR INSTRUCTORS AND STUDENTS 
 Over fi ve years of research on GE2 have focused on two groups of end 
users: Instructors and their students. For instructors, GE2 promotes a 
shift of their pedagogical practices away from a traditional approach of 
being a content expert in a particular domain who controls the fl ow of the 
class, lectures, and/or transmits information.  18   In GE2, instructors are 
 guides  who facilitate a  student-centered  learning approach. Instructors are 
not content experts across the multiple domains represented, but serve as 
 model knowledgeable information seekers and evaluators . GE2 not only cre-
ates a new innovative approach to teaching with PBL, but also trains and 
supports teachers on the enactment of PBL in their classes prior to, and 
through, the entirety of the simulation. 

 With respect to students, GE2 engages learners, helping them to 
develop their STEM self-effi cacy and STEM literacy (knowledge, skills, 
and attitudes that every citizen needs to know), as well as college and 
career readiness skills. GE2 also places a pronounced emphasis on the 
development of students’ written communication, discussed in other 
forums, integrating a research-based instructional framework for writing 
to foster the development of written communication skills.  19   Beyond just 
learning written communication, there is also substantial evidence indicat-
ing that writing is also an effective tool for enhancing knowledge acquisi-
tion and cognitive skill development in the disciplines, student affect, and 
engagement. 

 The nature of the GE2 simulation also requires that teams work 
together, representing countries across issue areas and collaborating with 
other country teams across the large simulation space. Engaging students 
in these collaborative activities is the mechanism through which  team 
building  and  cooperation skills  are developed. Through the give and take of 
negotiations within the simulation, students engage in developing  problem 
solving skills  as they learn the complexity of the problem space, separate 
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relevant from irrelevant information, and apply various tactics and heuris-
tics to gain traction and progress toward their goal of agreement with at 
least one other country. 

 While each of the above student outcomes is important individu-
ally, in aggregate, GE2 fosters the much broader outcome of students’ 
 engagement with other students, their instructor, and the content, as well 
as intellectual development.  

   CONCLUSION 
 GE2 is grounded in empirical research fi ndings drawn from multiple fi elds 
that infl uence STEM education, including the following:

•    If students’ STEM experiences are unsuccessful, then their STEM 
self-effi cacy is diminished, decreasing the likelihood of future engage-
ment in the discipline.  

•   The choice to enroll in STEM courses and pursue STEM-related 
occupations is mediated by a student’s STEM-based self-effi cacy. 
Low self-effi cacy yields low engagement.  

•   Leveraging interdisciplinary contexts, like the social sciences, as a 
venue to engage in real-world problem solving can deepen students’ 
understanding, fl exibility in application, and transfer of knowledge.  

•   Embedding STEM curricula in global socio-scientifi c issues is a 
means for opening up science to females and excluded or disadvan-
taged ethnic and class groups.  

•   Scientifi c argumentation is a central STEM literacy. When students 
engage in scientifi c argumentation, they not only learn to develop 
valid arguments but also learn science content while they do so.  

•   Writing instruction and practice writing for authentic audiences 
improve writing skill.    

 A better understanding of how to maintain and cultivate middle school 
through college students’ interest in STEM education and careers paths 
is vital to addressing the STEM pipeline issues and STEM literacy in the 
USA. The instructional approach proposed by GE2 not only addresses this 
need, but also broadens the focus on what, where, and how STEM literacy 
can be cultivated, enhanced, and assessed. Nearly 15 years of research and 
development, from the fi rst iteration of GlobalEd to the current version of 
the STEM based GlobalEd 2 Project, has yielded consistently positive stu-
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dent (middle grades through college) learning results, including increased 
STEM self-effi cacy, increased knowledge in both the social sciences and 
STEM fi elds, increased writing skills, and increased student engagement 
and motivation. 

 In transitioning GE2 from a successful research intervention to a viable 
educational curriculum designed to promote important student learning 
outcomes, we have determined that the human resources necessary to 
implement GE2 are modest. At scale, calculations indicate that GE2 can 
run at less than $25/student for veteran GE2 instructors and less than 
$40/student for novice/fi rst time GE2 instructors (those requiring initial 
training) for the middle grades through college. This equates to a total of 
$500–$800 per class of 20 students—less than the average tuition postsec-
ondary institutions charge for an individual student taking a three-credit 
course, even by conservative estimates, and less than the costs of classroom 
books in secondary schools. With our instructor training provided com-
pletely online for the last fi ve years, it is very clear that GE2 can be brought 
to scale both effectively and effi ciently for middle schools through col-
leges. Furthermore, the curriculum implementation may be adjusted to 
meet the needs of the educational environment, varying the implementa-
tions from 6 weeks to 14 weeks, while adapting the required amount of 
time per week for students, both in traditional settings, as well as virtu-
ally. Therefore, GE2 is both powerful and adaptable, adept at meeting the 
goals of educational institutions, their instructors, and their students. 

 While we are greatly encouraged by the results of studies of the GE2 
approach, there remains much more to learn about its direct and long- 
term impact on student learning, as well as why PBL, and specifi cally GE2, 
enhances student knowledge, skills, and attitudes, so that we may advance 
student learning. Nevertheless, the evidence supports GE2 as an effec-
tive, cost-effi cient approach to education that improves students’ STEM 
competencies, resulting in more knowledgeable citizens who are ready to 
engage with the complexities and ramifi cations of science and the policies 
that shape it.  
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    CHAPTER 5 

    Abstract     The integration of interdisciplinary studies with service learning 
can invoke meaningful, engaging, and sustainable learning with technol-
ogy for students beyond the classroom. Service learning provides learners 
with opportunities to explore the real needs of a community, and connect 
content knowledge with prior experiences from both the classroom and 
life. Grounded in Dewey’s notion of “learning by doing,” service learning 
necessitates deep refl ection, as students merge theory with practice. An 
interdisciplinary studies approach to service learning offers space wherein 
the adage still applies for students today, “Tell me, and I will forget. Show 
me, and I may remember. Involve me, and I will understand.”  
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   Within the traditional system of education, there remains an “unwritten 
order” in which learning is somehow expected to occur. This “order” is 
often assumed to provide a legitimate sequencing for learning, since it 
aligns historically, and traditionally, with the accepted practices for teach-
ing and imparting knowledge to students. Upon closer examination, how-
ever, it may be useful to challenge the order of our practices, particularly 
in terms of how some methods may impact exposure to material, through 
the intertwining of experiences that students have accumulated over time, 
as related to theory. Additionally, with the shift toward e-learning as a 
more integrated form that is utilized for teaching and evaluation, there 
are defi nitive justifi cations for reassessing what we do, and how we do it. 
The examination of exposure, experience, e-learning, and evaluation, as 
these elements are made evident in the interconnections that are driven 
by an interdisciplinary studies approach and manifested through service- 
learning projects, may help to shed some light on the value of learning 
out of order. 

   THE TRADITIONAL ORDER OF LEARNING 
 In the traditional classroom structure, the roles and expectations for stu-
dents and instructors tend to follow a hierarchical structure of exchange, 
with the direction of learning organized by the instructor. From the per-
spective of the administration, faculty members in the USA are required to 
organize course learning objectives that align with specifi c content materi-
als which comply with state-mandated regulations. These course learning 
objectives are expected to be conveyed to students in a systematic order 
or manner. Often with the use of a lecture format, sometimes enhanced 
with PowerPoint slides, faculty present material to students through this 
commonly accepted method for content delivery. In addition to the for-
mal identifi cation of information delivered by the instructor, the Socratic 
method of exchange may also accompany the lecture format as a means of 
engaging students in critical discussion. However, despite the benefi ts that 
the traditional method of instruction may offer faculty (whose intent is to 
impart knowledge to students), this approach to teaching is commonly 
viewed as disengaging to students and their learning.  1   Students often feel 
distanced from active participation in this structured learning approach to 
content delivery. Even with the enhancement of PowerPoint slides to the 
lecture format of teaching, students are subjected to a position of learn-
ing from the side-lines, watching rather than actively participating in their 
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own learning experiences. According to Freire, this “banking concept of 
education” is ultimately counter-productive to learning. In this approach 
to education, students are expected to function like a “machine,” as pas-
sive recipients that patiently receive, memorize, and repeat what is taught, 
after receiving, fi ling, and storing “deposits” of information.”  2   

 Ironically, although students today may be familiar with the technical 
uses of computer systems which enable them to receive documents, store 
large amounts of data, and fi le information on different networks, these 
deposits of information are functions which service students’ needs for 
accessing information. These functions are not viewed as the sole part 
of the actual learning process. The computerized system of “receiving, 
storing, and fi ling” serve solely as a perfunctory system for “managing 
data.” Like the “banking system of education” where teachers “deposit 
information” the computerized system of “data management” serves as a 
“repository of information” from which students can actively draw, revise, 
and modify the information that they keep.  3   The subjugation of students 
to learning that resembles functioning like a machine clearly relegates 
students to remain a “voiceless non-interactive presence” in their own 
learning. This passive position negates opportunities in which students 
can actively engage and assume responsibility for what and how they learn. 

 Furthermore, the impact of the banking’ method of instruction, while 
possibly benefi cial for some students, often results in limitations related 
to “context specifi c learning” and the “level of depth in application of 
the learning outcomes.” A uni-directional form of instruction, through 
the use of lectures, is less productive for promoting thought or active 
engagement in problem-solving, which potentially can impact change in 
thinking or behavior.  4   As Doug Ward argues, lectures reinforce ideas, val-
ues and habits that students have already accepted. For example, while 
students may “learn” material through “drill and test” practices or “rote 
memory exercises,” they often encounter great diffi culty in application 
of their learning to other similarly situated contexts.  5   Additionally, the 
shallow nature of such learning reduces the depth of personal understand-
ing and refl ection that new information could potentially bring to their 
lives. Facts, theories, and concepts delivered in lectures, have little value, 
as Derek Bok contends, unless students can apply them to new situations, 
ask pertinent questions, make reasoned judgments, and arrive at meaning-
ful conclusions.  6   Thus, a space must be created for students to serve as 
both knowledge consumers and producers instead of simply passive and 
receptive learners. An interdisciplinary approach which incorporates ser-
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vice learning opportunities may offer the type of vehicle needed for con-
necting knowledge with learning by challenging the order and structure 
inherent in the traditional format of teaching.  

   “OUT OF ORDER” 
AN INTERDISCIPLINARY APPROACH @ SERVICE LEARNING 

 The integration of interdisciplinary studies with service learning can serve 
as an alternative pedagogical approach that invokes meaningful, engaging, 
and sustainable learning with technology for students beyond the class-
room. However, in order to ensure that students are able to effectively 
transfer knowledge between courses, across disciplines, or research fi elds, 
the widespread adherence to traditional structures of teaching and learn-
ing must be continually challenged and revised. This necessitates replacing 
traditional pedagogical practices with constructivist theory and practice in 
order to refl ect the educational needs of connecting technology to con-
temporary learning in interdisciplinary studies. 

 In a digitally based society, it should no longer be perceived as radical 
or out of order to move beyond textbooks and teacher-directed instruc-
tion toward more experiential forms of learning. Service learning provides 
learners with opportunities to explore the real needs of a community as 
well as to refl ect and connect content knowledge with prior experiences 
from the classroom and life, while still fulfi lling curriculum requirements.  7   
Grounded in the notion of “learning by doing,”  8   service learning neces-
sitates deep refl ection in which students draw connections, merge theory 
with practice, and engage in critical discussions around contemporary 
educational issues. As constructivist theory recognizes, knowledge and 
reality are built inside the learner, as the importance of social interactions, 
collaboration, and connections are reinforced through the learning pro-
cess. The practice of service learning supports constructivist epistemology 
of teaching and learning with heavy reliance on the refl ective practices of 
inquiry and engagement.  9   

 The benefi ts of an interdisciplinary studies approach to service learning 
highlights the impact of exposure, experience, e-learning, and evaluation, 
which are integral components for students to exercise control, respon-
sibility, and ownership over their own learning. From the early concep-
tions of service learning that were directed toward students under the 
age of 18  in the USA in the early 1980s,  10   to the increased growth in 
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designing service-learning programs with measurable benefi ts in the areas 
of academic achievement, social responsibility, and civic engagement,  11   it 
appears that the benefi ts of service learning have had signifi cant impact at 
the elementary and secondary school levels. 

 At the university level, the shift toward greater student engagement 
also seems to be making some headway as aligned with teaching meth-
odologies directed to specifi c program development. The educational 
research literature continues to recommend active student engagement 
in learning through a variety of approaches and methods that encour-
age student ownership and empowerment. Some of the types of activities 
that are deemed valuable for such engagement are the use of electronic 
and interactive media, encouraging more undergraduate level research, 
the structuring of collaborative learning experiences, and the developing 
of project-based learning.  12   Service learning is aligned with course bear-
ing credits that deliberately focus attention on interactive integration of 
community service activities with educational objectives. Service learning 
is a teaching strategy “by which students learn and develop through active 
participation in thoughtfully organized service experience that meet actual 
community needs.”  13   Thus, service learning combines the acquisition of 
content knowledge with refl ective real-world experiences by supporting 
partnerships that benefi t both the community and the student. 

 The concept of service learning is often aligned with the educational 
concepts of experiential learning or project-based learning. The project- 
based approach is anchored in the broader epistemological framework 
of constructivism,  14   with the premise that learners should be provided 
opportunities to construct their own meaning based out of their experi-
ences of participating in a project. Additionally, working with peers should 
create multiple opportunities for meaningful learning to occur. Hence, by 
directly engaging the learner with content-related problems, educators are 
channeling student learning through these authentic learning experiences 
where learners discover a fact, concept, or principle on their own. 

 Experiential learning, such as service learning, is not new, and its 
roots can be traced back as far as the early 1900s with the writings of 
John Dewey. In  Experience in Education , Dewey argued that “there is 
an intimate and necessary relationship between the processes of actual 
experience and  education.”  15   He believed that experience in itself is not 
education, but that the refl ection upon this experience creates learning 
and meaning. Service learning provides students with real experience in 
the community and promotes refl ection, discussion, and critical thinking 
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in the classroom.  16   The process of refl ection, discussion, and critical think-
ing is paramount for a successful service-learning program. Ernest Boyer  17   
points out that the opportunities that arise from service-learning can fos-
ter a sense of service; this sense needs to be instilled at a young age, well 
before students begin college. Although many schools have incorporated 
service learning opportunities for students at the elementary and high 
school social studies program level, there is a real need for more active 
service learning engagement at the college level. 

   Service Learning and Student Learning 

 The premise of service learning is that students participate in society and 
inherently internalize the values of the community which, in turn, they 
promote and pass onward to the next generation. As students actively par-
ticipate in the community, they are seen as valuable contributors to soci-
ety, aligned with active participation instead of reinforcing a focus on their 
shortcomings.  18   With the election and re-election of President Obama, 
there has been a renewed call for service in higher education. In his inau-
gural speech, the President stated,

  What is required of us now is a new era of responsibility—recognition, on 
the part of every American, that we have duties to ourselves, our nation, and 
the world, duties that we do not grudgingly accept but rather seize gladly, 
fi rm in the knowledge that there is nothing so satisfying to the spirit, so 
defi ning of our character, than giving our all to a diffi cult task.  19   

   The chief proponent of service learning as an educational strategy 
focuses on guiding learners toward exploring and connecting knowledge 
with real-life experiences. Derived from the principles of engaged learn-
ing of William James, John Dewey, James Coleman, Ernest Boyer, Paulo 
Freire,  20   and many others, the use of challenging but unique, and often 
times innovative, learning experiences can foster greater involvement of 
young adults in service, civic problem-solving, and community leadership. 
In conjunction with academic learning outcomes, these opportunities 
for authentic engagement provide students with meaningful experiences 
where theory can be utilized in practice. 

 As many advocates of postmodern pedagogy or critical pedagogy con-
tend, refl ective relationships between the teacher and the student, where 
the teacher does not ask the student to accept the teacher’s authority but 

88 E. CORREA



rather is invited to “join with the teacher in inquiry, into that which the 
student is experiencing,”  21   opens the door for exchange by challenging 
the prescribed order for learning. These uncensored or informally struc-
tured forms of communication can shape the meaning, interactions, and 
understanding of all participants invested in the educational enterprise. 
The teacher is not the model, the master, or the expert, but rather one 
contributor who assists in facilitating the learning experiences that extend 
beyond the classroom walls. As Doll has stated,

  I believe a new sense of educational order will emerge, as well as new rela-
tions between teachers and students, culminating in a new concept of 
curriculum. The linear, sequential, easily quantifi able ordering system domi-
nating education today—one focusing on clear beginnings and defi nite end-
ings—could give way to a more complex, pluralistic, unpredictable system 
or network.  22   

 Thus, the envisioning of learning out of order through service learn-
ing opportunities necessitates a conscious shift in thinking about learn-
ing, and accepting new ways to brokering how learning occurs outside 
the traditional boundaries of exchange and interaction contained within 
the classroom walls. This paradigm shift must be internalized beyond the 
privileging of knowledge as rooted in dominant culture and language as 
refl ected in current Western views of learning. As Anzaldua has insight-
fully argued, we should “Shift out of habitual formations; from convergent 
thinking, analytical reasoning that tends to use rationality to move toward 
a single goal (a Western mode), to divergent thinking, characterized by 
movement away from set patterns and goals and toward a more whole 
perspective, one that includes rather than excludes.”  23   To move toward 
this type of shift from convergent to divergent thinking necessitates that 
other “funds of knowledge”  24   are not only viewed as valid, but valuable. 
As such, an assets-oriented approach recognizes that homegrown knowl-
edge emanates from people in diverse locations and positions in society. 
Freire points out that critical pedagogy, communication, and dialogue 
are central for human understanding.   25   Because “social problems are 
social  constructions,”  26   the opportunity whereby students communicate, 
engage, and exchange actively with people within the community as a 
component of service learning refl ects the potential that these forms of 
interaction possess for generating greater understanding of the learning 
articulated within theoretical classroom discussions. 
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 As students begin to examine these social constructions and the pro-
cess of how the social problem manifests itself and becomes nameable 
and describable, they are able to critically analyze the process or processes 
that contribute to how the issue or problem emerged, and the results that 
arise from the social problem. Dialogue in social relations can in any con-
text be oriented toward inclusion of different social agents, or conversely 
toward the imposition and/or inhibition of the rules of interaction. The 
construction and reconstruction of meaning is highly dependent on the 
orientation of the interaction. For example, vertical interaction maintains 
social control, promotes adaptation of the dominant patterns, and leads 
to standardization and conformity; conversely, horizontal communication 
sets the individuals on an equal plane and serves as a tool for social change 
or innovation.  27   

 Service learning activities serve as a means to deconstruct the hegemony 
of the standard teaching practices embedded in the traditional banking 
system of education,  28   as learning and subsequent knowing are situated in 
the path of subsequent experience, not in the path of banking knowledge. 
It is important, however to recognize that experience in itself does not 
necessarily result in learning. As Dewey acknowledges, experiences can be 
“miseducative” and “educative.”   29   Experiences categorized as educative 
for students occur when student’s refl ective thoughts create new meaning, 
leading to growth and informed actions. In connection with the premise 
of service learning, the defi nition of Dewey’s concept of learning as educa-
tive relies on the following: (1) generating interest in the learner; (2) orga-
nizing learning that is intrinsically worthwhile to the learner; (3) ensuring 
that learners are presented with problems that awaken new curiosity and 
create a demand for information; and (4) enabling that a considerable 
time span is covered which can foster development of learning over time.  30   
Service learning opportunities in courses that are structured to meet these 
four conditions extend the walls of the classroom into the community. 

 Stanton, Giles, and Cruz   31   argue that service learning is an effective 
model for creating and studying a highly authentic learning environ-
ment where instruction emphasizes the idea that a signifi cant portion of 
what is learned is specifi c to the situations in which it is learned.  32   These 
experiences include activities that are participatory, interactive, and rep-
resentative of real-world events,  33   and thus require students to actively 
problem-solve, think critically, and refl ect on their learning.  
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   “In-Order” Versus “Out of Order”: 
Critiques of Service Learning in Academe 

 Over the last decade, service learning has gained popularity in higher edu-
cation and has been more readily embraced as a “scholarship of engage-
ment”  34   that includes the scholarship of teaching and learning movement, 
experiential education, community-based research, and undergraduate 
research. Service learning is increasingly seen as an instrumental com-
ponent in sustaining stronger relationships with local communities. 
Although there has been increased recognition of service learning in over 
450 colleges and universities across the USA,  35   a number of critiques 
have emerged that question the established order of teaching with service 
learning in higher education. Undeniably, it should be anticipated that 
shifting fundamental teaching and learning paradigms which disrupt the 
conventional order of traditional practices or the status quo will invoke 
signifi cant backlash. Similar to the critical discussions that arise as to the 
value of interdisciplinary approaches to teaching and learning, the critique 
directed toward service learning not only questions the substantive value 
this approach offers, but challenges this type of learning as nothing more 
than another educational fad that panders to the current rhetoric for edu-
cational change. 

 Critics often view service learning as a watering down, diluting, or 
weakening of the curriculum at the expense of quality in higher educa-
tion. Furthermore, some critiques have argued that the time allocated 
for students to participate in service learning opportunities signifi cantly 
detracts from opportunities where students could more productively uti-
lize their time, such as studying in the library or testing results in the labo-
ratory.  36   These concerns can be quickly addressed given the importance 
that is placed on the intentional selection of placements that must meet 
the learning objectives of a course that integrates service learning oppor-
tunities. Service learning partnerships should be organized to align with 
classroom activities that offer students opportunities to critically refl ect 
on the nature of their experiences in relation to theoretical classroom 
learning. As Howard has argued, it is essential that opportunities are rel-
evant and meaningful to both the community and the students.   37   Hence 
 purposeful planning, design, and implementation of activities aligned to 
specifi c learning objectives must be organized in collaboration with the 
community benefi ting from the service to avoid any confl icts between 
instructional and service objectives. Additionally, Butin argues, “Service-
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learning has immense transformational potential as a sustained, immersive, 
and consequential pedagogical practice.”  38   His claim is partially supported 
by the fact that service learning has become a major presence within higher 
education, with a substantial number of faculty members across an increas-
ingly diverse range of academic courses devoted to promoting its use.  39   

 However, on-going critical debate continues to focus on the implicit 
power differential that are embedded in the duality of the service learning 
opportunity, where the binary of “those in need” are juxtaposed to “those 
providing help.” Here, the notion of “oppressors” (those with power) 
working with “the oppressed” (those without power) reinstitutes a binary 
dynamic whereby the weak are subjugated to the visions of the strong and 
are thus expected to conform to the visions of the status quo, as ascribed 
through the service project. In essence, such critiques challenge the ability 
of students to understand the problem without reinstating the status quo, 
preventing them from identifying solutions and determining what is best 
for the populations they will serve. Furthermore, these critiques question 
the effi caciousness and authority of students to be able to respond to the 
problems encountered by those individuals who are viewed as very differ-
ent from them. 

 The implications for service learning are clear, as the model suggests 
the importance of refl ecting not only on the particular contexts of service 
learning activities but personal and ideological matters as well. For example, 
Butin rebuts a common misconception of critics of service learning: “The 
overarching assumption is that the students doing the service-learning are 
White, sheltered, middle-class, single, without children, un-indebted, and 
between ages 18 and 24. But that is not the demographics of higher edu-
cation today, and it will be even less so in 20 years.”  40   Critiques that are 
premised on “difference” as a means to obstruct or reduce understanding 
refl ect a reductionist view and a limited understanding of how learning 
through dialogue and exchange can occur. Service learning is premised 
on fostering “border-crossings” across categories of race, ethnicity, class, 
(im)migrant status, language, sexuality, and (dis)ability. Furthermore, the 
assumption that students who participate in these opportunities will not 
be refl ected in the populations that are served is premised on an expecta-
tion of a homogenized contemporary student population. In most cases, 
the student demographic that will participate in service learning opportu-
nities consists of students who already occupy and cross a number of the 
socially constructed categories of race, class, ethnicity, (im)migrant status, 
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language, sexuality and (dis)ability, as is currently refl ected in the diverse 
student populations in higher education today. 

 Manchester and Baiocchi question whether service learning is more 
harmful than benefi cial, particularly when the students’ (and their instruc-
tors’) motive to serve may supersede the actual needs of the community 
as defi ned by the community being served.  41   They raise the concern of 
whether the emphasis of attention should be placed on the instruction or 
on the service to the community. Implicit in their challenge is whether it 
is really possible to meet both the intended learning objectives and the 
community’s needs at the same time. In response to this critique, it is 
imperative to recognize that the research indicates the mutually benefi cial 
outcomes of well-implemented service learning programs that support the 
long-term development of civic responsibility, while at the same time, rec-
ognize the impact of activities that respond to the immediate intellectual 
and social benefi ts for students and the communities that they serve.  42    

   Exposure, Experience, E-Learning, Evaluation 

 Despite the technological revolution that has entered the classroom and 
infi ltrated various aspects of teaching, the expectation of how learning 
should occur continues to challenge faculty and students alike with the 
more recent debates focused on technological integration and student 
learning. In the past decade, the “digital divide” and tensions between the 
students who comprise the “digital generation,” commonly referred to as 
“digital natives,”  43   and those born without the “digital DNA” or “digital 
footprint,” known as “digital immigrants,” have refl ected divergent levels 
of integration of new media technologies into their respective lives. The 
debate of the relationship among digital technology, student participation, 
and learning trends has been argued extensively in the recent review of the 
literature,  44   and remains a contested space, vacillating attention between 
the limitations arising from the fear of an overly optimistic or pessimistic 
technological determinism that is accompanied by a dearth of empirical 
evidence. 

 With the widespread dissemination of the Internet and new media 
technology tools, a blurring of the lines between interactivity discourses 
of technology in learning and traditionalist approaches to teaching has 
become apparent. Advocates who support a traditional view and approach 
to education, focusing on reading, writing, and arithmetic (“the 3 Rs”) 
may also recognize the benefi ts that some level of technological integra-
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tion offers instruction and student learning. Additionally, current policy 
initiatives in the USA (as exemplifi ed by the  New Media Consortium 
Horizons Report  and the Common Core States Standards Initiative  45  ) have 
clearly identifi ed the contemporary focus on greater technological integra-
tion in teaching, which has been simultaneously supported with the rapid 
physical restructuring and modifi cations to classrooms (from blackboards 
to interactive boards) that have occurred within schools and institutions 
of higher education. Furthermore, this massive swing toward supporting 
technological integration is evident in the ways that information and com-
munication technology (ICT) are promoted in training and professional 
development initiatives targeting educators and faculty at all levels. 

 As previously discussed, the adherence to the traditional structure of 
teaching has made changing the format of classes more challenging for 
all stakeholders. The shift from a teacher-centered to a student-centered 
pedagogy has not occurred without resistance from teachers and students 
alike. Students have become accustomed to sitting passively in lectures, 
reviewing instructors’ notes or slides that are posted online, physically 
attending lectures in a passive mode of engagement, and cramming for 
exams. In many ways, students have accepted and internalized this mode 
of learning by complying with the established protocol inherent in the 
banking education model.  46   As a consequence, students may have expecta-
tions and possible resentment toward faculty who challenge the traditional 
structures of teaching, and learning in which exposure, experience, and 
evaluation are not neatly defi ned. There is indeed comfort in following 
the known format for learning where the professor is responsible as the 
agent for active exchange and the student is only expected to serve as the 
passive recipient. In this framework, students may be more prone toward 
developing a deep fear of failure and for taking intellectual risks. There 
are benefi ts from clear, fi rm solutions to academic problems that do not 
require students to push beyond a single “right” answer. Encouraging stu-
dents to embrace the change in learning order may initially be intimidat-
ing and destabilizing as the rules of the game are not so neatly organized, 
and the consequences for learning in this way may not be viewed as visibly 
straightforward. 

 The attention to evaluation and grade assessment is perhaps one of the 
most basic concerns that students identify when thinking about service 
learning. “ What grade will I receive ? and  How will this impact my grade?”  
are familiar concerns echoed by students in their fi rst service learning 
experience. The evaluation of service learning is similar to other forms 

94 E. CORREA



of active learning. Students must understand how the learning objec-
tives are matched to the service opportunity, and they must understand 
their role as well as the expectations that are required for evaluation and 
assessment purposes. As service learning opportunities provide students 
with real-world problems, a great deal of planning based on the appro-
priate skills (theoretical and practical) as developed and discussed in the 
classroom become part of the way students begin to analyze the service 
project. Students are expected to devise a plan or blue-print based on 
their analysis of the problem and their ideas in responding with possible 
solutions. The evaluation of the student’s knowledge and critical thinking 
abilities become an integral part of the assessment, and this may also serve 
as part of the grade earned for the service learning project. Assessment 
and evaluation processes vary with the different needs being met with the 
service learning project. The alignment of learning objectives with service 
requirements provides a starting point from where evaluation criteria are 
identifi ed in relation to grade assessment.  

   From Classroom to Community to Cyberspace: E-Learning @ 
Service Learning 

 National studies support the value of service learning programs in extend-
ing learning beyond simple delivery toward active engagement in the 
exchange of ideas and experiences. In higher education, the benefi ts of 
authentic service learning opportunities result in meaningful, challenging 
experiences that encourage problem-solving within a real-world context 
in which skills of critical thinking, collaboration, and community engage-
ment intersect and generate possible solutions within a specifi c timeframe. 
As social interactions play a fundamental role in service learning activities, 
where students are expected to engage in discussion, ask questions, state 
opinions, negotiate meanings and resolve confl icts, critics of service learn-
ing often question whether technology is needed for social interaction. 
How can the integration of technology in learning support real service 
learning partnerships? Returning back to the work of Dewey, communica-
tion, particularly face-to-face discourse, is considered integral to creating 
meaningful educative experiences.  47   Accordingly in a community where 
full and open communication exists, one fi nds an essential condition for 
values that inform behavior. Within the framework of technological inte-
gration, how might exposure and experience connect to e-learning and 
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subsequent evaluation if face-to-face communication is integral to under-
standing the lived experiences of the community that students will serve?  

   Moving from Theory to Practice: Course, Semester, Year 

 Service learning opportunities begin with initial interaction between the 
service provider and students. For students to really understand the needs 
of the service partner, they must spend time observing, participating, and 
interacting with the various constituents within the specifi c service proj-
ect. ICT-based civic participation in education is an increasingly important 
element of the recommendations and interventions addressing both the 
formal setting of learning, such as schools and higher education, as well as 
informal learning environments, such as local communities.  48   Educational 
researchers have provided models and strategies to explore both the pitfalls 
and the potential of creating a technology-integrated project-based learn-
ing environment. Technologically integrated projects do not automati-
cally mean that there are no face-to-face interactions between the students 
and the service provider. Rather, technology is used as another means 
to connect with the service provider utilizing the expertise of student’s 
digital skills and interests. It is important to keep in mind that service 
learning helps students with the interviewing process, increases students’ 
confi dence in dealing with people, and enhances their team work com-
munication skills.  49   

 The mastering of academic content standards, while immersed in 
hands-on, technology-integrated projects which provide learning experi-
ences that are not usually possible within the confi nes of the traditional 
classroom, requires signifi cant planning. The use of technology in specifi c 
service learning opportunities is one way to harness some of the skills and 
competencies of students in developing appropriate responses to the needs 
of the service learning partners in the community. As one of the models 
that can be utilized, technological expertise provides an appropriate venue 
in helping students contribute back to the community using the skills they 
already possess (i.e., simply by their own interest with technology). As 
there are numerous types of service learning projects, the steps that are 
involved in supporting service initiatives with the use of technology will 
be discussed within the framework of three different levels: the course, the 
semester, and the academic year. 

 One specifi c way in which technological integration can be utilized in 
a service learning project is in the development of media vignettes for 
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partner institutions to use with their clients. For example, in a Psychology 
course with a focus on patient relations with community services, students 
were offered a service learning project to create appropriate digital media 
to assist providers in reaching the various needs of their clients. This type 
of project required that students visit the site, speak with the staff and 
clients, and observe the routines and interactions of the community. This 
type of project would require a full semester to complete, as time would be 
needed for students to visit and interview members of the staff who work 
with the clients, as well as devote time to returning to class to discuss their 
observations before generating a blue-print for their service project plan. 
In groups, this type of service learning project can generate collaborative 
working relations between students and the staff, as well as provide diverse 
perspectives in the assessment of the needs of the client as articulated in 
the solution plan. Because these types of team service projects require 
off-campus visits to the site, a great deal of organizational work and plan-
ning needs to be completed prior to the start of the academic semester. As 
such, these types of service initiatives must be organized with contingency 
options if changes to the funding of providers or their needs should occur 
prior to the start of the semester. 

 These types of opportunities can be very enriching for students, facili-
tating interpersonal skills and encouraging the need for dialogue, as 
Eyler, Giles, Stenson, and Gray have found.  50   The outcome of this type 
of full semester project can result in students feeling a sense of accom-
plishment for contributing back to the community through their service. 
Additionally, students may experience a sense of pride in realizing that 
their digital savvy skills were used to produce or update websites, create 
videos, or simply design/organize a framework for categorizing the lit-
erature from the provider in assisting the needs of clients, by being more 
accessible and user-friendly. 

 Service learning projects that require the commitment of several months 
of student engagement may be diffi cult for most faculty members to embrace 
and incorporate over the course of a semester. Thus, shorter time-restricted 
service learning projects may be easier to organize in classes to accompany 
specifi c learning objectives. In general or liberal studies courses, students 
might be asked to participate in a clothing or food drive. These types of 
service learning projects can be used for students to work in large groups 
to address a local community concern using their  knowledge of theories 
that have been discussed in the classroom. In these specifi c types of service 
projects, students might fi nd the use of technology extremely engaging for 
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learning more about the project (from the client website), to actually work-
ing on the project using technology. For example, students might use tech-
nology to advertise the project, increase attention and interest of their peers 
through social media, elicit participation of peers, and generally discuss the 
project with classmates. One alternative way to promote and encourage par-
ticipation in service learning initiatives is to connect the outcomes of the 
project with the interests of students. In these shorter service learning initia-
tives, students can demonstrate their technological skills by creating on-line 
evaluations for assessing the impact of their project on the campus com-
munity. Here the use of on-line polls and/or surveys, as well as creating an 
assessment tool for evaluating the success of the class to complete the proj-
ect could be another means for technological integration. The large group 
project-based approach offers students an experimental, interactive, inves-
tigative and cooperative form of learning that opens a space for students to 
actively engage in their own learning through the use of technology. 

 For senior level courses which focus on the writing of a fi nal thesis or 
cumulative research paper, the use of a technologically integrated service 
learning project may assist in providing students with an innovative means 
for merging theory with practice. Students may utilize technology as a 
means to create a response to an issue that demonstrates their ability to 
apply new concepts in complex, meaningful ways. With the use of tech-
nology in a service learning project that extends the full academic year, 
students can actively participate in an experimental form of learning which 
is interactive, investigative, and cooperative. For example, students in 
Mathematics or Business could work with a service partner in assessing 
the effectiveness of the organization to meet the needs of their clients. 
This type of full year service learning project would be akin to a research 
study whereby the data for the paper would be collected by the students 
through a review of the organizational structure. With the use of technol-
ogy, students would review the bookkeeping/accounting of the service 
partner and provide a cost/benefi ts ratio analysis of the services offered. 
Recommendations for future directions would be identifi ed and both the 
service provider and faculty member would evaluate the project after an 
oral presentation by the student. Much of the work involved in this type 
of service project would be on-line, but the fi nal product would refl ect the 
communication skills of the student in working with diverse  populations 
in the community. The project would be divided into three phases of plan-
ning, creating, and processing,  51   with each phase consisting of collaborative 
learning and opportunities for processing information, refl ecting, interro-
gating, and integrating new information into the students’ pre-existing 
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knowledge. Through this type of engagement, students can become skilled 
at developing evidence-based arguments by discovering facts, concepts, 
and principles through their own interactions with the service provider.   

   CONCLUSION 
 Through experiential and project-based learning, students receive diverse 
opportunities to develop different skills and contribute to projects that 
will serve the needs of specifi c communities. Inherent in this model is a 
requirement that students must work collaboratively to determine what 
impact they will have as refl ected by the tool or piece that they create. 
Additionally, students are expected to identify how they will harness the 
expertise they need through the development of a written plan/project 
proposal. The objective for documenting their plan/project proposal is 
to ensure that the direction the students assume will be meaningful to 
the community they are servicing. Furthermore, students must create an 
assessment/evaluation tool of the project piece to demonstrate their effec-
tiveness and impact in addressing the needs of their community partner. 
Due to its connection to various forms of technology, its educational effi -
cacy, and impact, a service learning approach within an interdisciplinary 
framework should have profound value to active student learning. As the 
great Confuscian philosopher of the classical period, Xunzi, said, “Tell me, 
and I will forget. Show me, and I may remember. Involve me, and I will 
understand.”  52   Ultimately, an interdisciplinary approach to service learn-
ing offers the space wherein this adage of the past holds true for students 
today.  
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    CHAPTER 6 

    Abstract     This chapter synthesizes best practices and lessons learned in 
order to facilitate the transfer of knowledge between courses, disciplines, 
programs, research fi elds, and industry. It describes strategic institu-
tional integration that transforms approaches to recruitment, teaching, 
mentoring, supervision, communication, and collaboration within and 
across laboratories. Research and education are integrated with a focus on 
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inquiry-based learning and developing a global workforce by expanding 
industry partnerships. This chapter also contributes to the dialogue on best 
institutional approaches focused on attracting, retaining, and  preparing 
underrepresented students. The cross-institutional strategies, faculty devel-
opment, and initiatives described provide real-life examples of what works 
toward these goals and what sustains and multiplies these efforts.  

  Keywords     Inquiry-based learning   •   Case studies   •   Faculty development   
•   Lab practice   •   STEM programs   •   Underrepresented students  

   Responding to a nationwide need to broaden the participation of under-
represented students in science, technology, engineering, and mathemat-
ics (STEM), in 2008, the National Science Foundation (NSF) initiated the 
Innovation through Institutional Integration awards. This effort sought to 
investigate how institutions could creatively integrate institution-wide efforts 
across NSF-supported programs and how such innovations could be sus-
tained. In 2009, New York City College of Technology (City Tech), the des-
ignated college of technology of the City University of New York (CUNY), 
was a recipient of one of these seminal fi ve-year NSF grants.  The City Tech I   3   
 (Innovation through Institutional Integration) Incubator: Interdisciplinary 
Partnerships for Laboratory Integration  project designed and piloted profes-
sional development programs and college-wide initiatives to enhance STEM 
courses. The City Tech I 3  strategy focused on increasing collaboration across 
departments, encouraging experimentation and curriculum change, and 
creating partnerships with community and industry mentors. 

 In essence, the City Tech I 3  Incubator sought to provide innovative, 
real-life, hands-on experiences responding to the needs and learning styles 
of the diverse students that make up City Tech’s student body. In the 
fall of 2014, City Tech’s full-time undergraduate enrollment was 38.6 % 
Hispanic/Latino, 27 % Black, and 24.2 % Asian/Pacifi c Islander, with 57 % 
of its 17,374 students enrolled in associate programs, and 37 % enrolled in 
bachelor programs, most of these in science and engineering applied fi elds.  1   

   PROGRAM DESIGN: THEORIES OF LEARNING AND THEORIES 
OF CHANGE 

 Since 1989, we have had a clear understanding of what contributes to 
effective higher education STEM programs:
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•    Learning is embedded in the community, is experiential and hands-
 on, and is meaningful to students, community, and faculty members  

•   Learning is a collaborative partnership between faculty and students  
•   Learning is rich in research  2      

 In order to carry out these principles effectively for our students at 
City Tech, we needed both to increase communication between tradi-
tionally separate structures and practices and to create new collaborations 
both within the institution and between City Tech and external entities. 
Therefore, we engaged faculty in designing pedagogical change, especially 
through employing case study methods with interdisciplinary content  3  ; we 
also forged external partnerships  4   and created apprenticeships and intern-
ships with community and industry partners in order to provide mean-
ingful experiences related to concepts learned in STEM labs. Case study 
methods supply hands-on learning opportunities that allow students to 
explore real-life applications pertinent to their fi elds and industry needs.  5   

 Key questions of the I 3  Project included the following:

•    What program features contributed to the faculty’s understanding 
and teaching of STEM?  

•   To what extent was a community of professional practice created to 
support educators’ development and inquiry into best STEM teach-
ing and learning practices?  

•   What infrastructures and partnerships were created that supported 
the effectiveness of the program?    

 Table  1  provides a model that identifi es and defi nes the major needs, 
goals, and actions of City Tech’s I 3  Incubator Project:

   To generate systemic change, we used an approach that aligned com-
mon goals and metrics across all NSF supported projects. The City Tech 
I 3  project more than met its goals, transforming approaches to recruit-
ment, teaching, mentoring, and supervision, as well as communication 
and collaboration within and across laboratories. To evaluate the program, 
we gathered data from multiple sources in order to address internal valid-
ity and triangulate fi ndings. Participants who were surveyed across the 
fi ve years included faculty members, department heads, and students from 
across STEM departments at City Tech. Most of the activities were docu-
mented separately in supplemental material available online. 
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 The fi ndings from these surveys and analyses of related documentation 
were presented in periodic formative evaluation reports and presentations 
in order to provide all stakeholders an opportunity to analyze the data 
as well as to contribute to the modifi cations called for in the I 3  project’s 
goals, methods, and plans. In this way, faculty and department heads used 
data to accelerate change and intentionally design sustainability.  

  Table 1    Theory of change model  

 Lab improvement  Means 

  Transform pedagogy:   Design new experiences for faculty 
 Move away from teacher-directed 
verifi cation labs to incorporate authentic, 
inquiry-based methods and 
interdisciplinary content 

 Target junior and senior faculty 
 Follow-up experiences with actions 
through committees and workshops 
 Transform curriculum and lab manuals 
 Improve coordination with adjuncts and 
coordinators 

  Enhance coordination:   Learning community is cultivated to ensure 
continuity and synchronicity between labs 
and lectures and provide opportunities for 
faculty interactions 

 Move away from outdated manuals and 
ineffi cient lab procedures to create current 
and engaging materials and labs for 
students 

 Cohesive College Laboratory Technician 
procedures and policies are planned 
 Departmental surveys and input from 
faculty inform needed curricular changes 

  Motivate students:   Involve students in authentic research 
 Move from technical, context-free, abstract 
content to personalized, real life 
application and compelling interaction 
opportunities for students 

 Cultivate industry partners 
 Involve students in discussing pedagogy 
 Provide internship opportunities that 
engage students in meaningful 
community-based work 

  Develop state of the art learning experiences 
for faculty:  

 Bring signifi cant training and support in case 
study and interdisciplinary methods 

 Move from procedural and technical 
departmental meetings to cross-
department sharing and action-planning 

 Fund faculty results-based planning 
 Foster external faculty development 
opportunities 
 Create follow-up plans 
 Involve and support committees and work 
groups 

  Motivate faculty:   Constantly disseminate and highlight faculty 
innovation 

 Move from segmented and top-down 
structures to ignite a sense of ownership 
and excitement in initiating new projects 
and methods 

 Increase time to share across departments 
 Present and publish case studies and new 
interdisciplinary curricula broadly 
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   IMPLEMENTING CASE STUDIES, INQUIRY-BASED LEARNING, 
AND PARTNERSHIPS 

 Project implementation took a two-pronged approach: providing support 
for faculty and developing a cross-institutional approach to enhance teach-
ing and learning at City Tech. The fi rst phases prioritized professional 
development, and the latter phases focused on institutional strategies that 
cemented and spread the knowledge, experiences, and skills relevant to 
hands-on teaching and learning, as is detailed in Table  2 .

     Case Study Model 

 The fi rst effort in developing case studies concentrated on achieving a 
clear common understanding of case study methods and their use in inter-
disciplinary STEM labs. Three professional development workshops pro-
vided faculty and leaders from several departments' hands-on experience 
creating interdisciplinary case studies, and subsequently the case study 
model was implemented successfully in nine lab and lecture courses across 
nine programs. After the courses were offered for the fi rst time, they were 
revised, and lessons learned were used to create more such courses.  

   Inquiry-Based Faculty and Student Experience 

 The City Tech I 3  sponsored the Advancing Chemistry by Enhancing 
Learning in the Laboratory (ACELL) workshop, which helped foster the 
idea of complementing the case study approach with an intensive faculty/
student inquiry experience. As a result, twelve faculty and twelve students 
worked closely together for two intensive days to discuss inquiry and cur-

   Table 2    Ongoing data collection and data-driven planning of the implementa-
tion phases   

 Year 1  Year 2  Year 3  Year 4  Year 5 

 Development 
of surveys and 
needs 
assessment 
methods 

 Case study 
planning 

 Case study professional 
development and 
planning 

 Case study 
implementation 

 Institutional 
strategies for 
inter-
disciplinary 
studies, lab 
coordination 
and career prep 

 Student 
and faculty 
surveys 

 Partnership-building  Inter-disciplinary 
curriculum 
development 

 Apprenticeships  Apprenticeships 
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riculum change. The group identifi ed the top characteristics of good labs 
and proposed changes that could be made to City Tech labs to incorporate 
key characteristics of inquiry and best lab practices. Subsequently, Biology 
and Chemistry faculty met to plan changes in lab manuals and practices 
in their departments. Additional support meetings and workshops cover-
ing related topics (e.g., grant writing and research, articulating goals and 
strategies, identifying common metrics, designing pre-lab assignments, 
and so on) bolstered these professional development efforts.  

   Partnerships 

 Cross-institutional partnerships that engage underrepresented students in 
work-related STEM activities are not only benefi cial to students but also 
enhance the collaborating partners’ diversity.  6   Hands-on, community- 
based internships that anchored student learning in real-life situations 
became an I 3  institutional strategy early on. The I 3 -developed Anchors 
Internship Program, a pilot with the Brooklyn Navy Yard Development, 
changed the college’s approach to career-ready, relevant learning experi-
ences and led to subsequent internship programs benefi tting more than 
200 students each year.   

   INNOVATIONS AND INTEGRATIONS 
 The I 3  Incubator at City Tech proved to be an energizing and unifying 
force that helped shape the direction and mission of the College and has 
provided enduring results. The goals and objectives of the I 3  Incubator 
were distilled to the overarching themes,  Innovations ,  Integration , and 
 Connections .

    Innovations  refers to the advances and explorations in pedagogy and cur-
riculum that refl ect more relevant and hands-on experiences, as well 
as to processes that were consequential to refi ning and sustaining 
innovations.  

   Integration  refers to achieving increased alignment and synergy among 
City Tech’s NSF-supported projects through strategies that stimulate 
collaboration and sharing, as well as the design of systems, models, and 
templates to represent and facilitate integration.  

   Connections  refers to developing meaningful and enduring partnerships 
within and outside the college to enable students to get state of the art, 
real-life application of the content.    
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   Innovations in Ownership and Agency 

 “We really, really want to make changes,” emphasized a faculty member 
who participated in I 3  activities. Such change has to happen at each level, 
and therefore the I 3  activities were directed at department chairs as well 
as junior faculty. Many times, junior faculty are more willing to make 
changes, but do not have the authority to do so and consequently may 
place themselves in a vulnerable position. The I 3  activities have contrib-
uted to lessening these barriers by gathering a critical mass of professors 
across the College who feel supported and are working toward the same 
goals. As one faculty member comments, “You have to get to both of 
them”—meaning both administrators and faculty members—and went on 
to stress the positive infl uence of the energy of younger faculty and the 
need for support from administrators. The I 3  project greatly benefi ted 
from the formation and inclusion of a program manager position which 
provided a link between faculty and administration. 

 Moreover, faculty need to feel a sense of ownership over innovations 
in programs and pedagogy, and this is created by informing faculty that 
there are goals that they can accomplish and meaningful changes they can 
make. Faculty need to be “involved in projects that help create the institu-
tion you want to teach in,” I 3  Principal Investigator, City Tech’s Provost 
Bonne August, remarked. Even more vital is a passion for change. Faculty 
must desire a change, believe in it, and seek to bring it to reality through 
their teaching. Department heads, too, have to value change. The early 
I 3  surveys brought compelling data to the department heads that spurred 
them to rally their departments. One department head remarks that these 
surveys gave faculty members “the taste of doing things” that propelled 
faculty members forward to shape a model of shared and distributed lead-
ership across City Tech, a model which has been to be proven successful in 
increasing the capacity for change and improvement.  7    

   Innovations in Collaborations and Interactions 

 Changing the nature of interactions in the lab was a pedagogical objec-
tive, but a corollary result was the enriched collaboration among faculty 
and between faculty and students. As a result of the I 3 ’s targeted, hands-
 on professional development, faculty were inspired to make changes that 
offer students more decision-making and interaction opportunities. Even 
small changes play a role in transforming their teaching. One instructor 
describes the change in this way:
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  “Look at the instructions,” I say, “but you guys decide what you are going 
to do, who does what.” It’s there, but I’m not telling them. The group 
activity, it’s more planning. If you have an experiment, you have to plan. I 
didn’t used to do this. 

 Another instructor remarks, “If we involve students a little more, we could 
learn a lot from them.” 

 Qualitative data from Year 1 and Year 2 demonstrated that both stu-
dents and faculty considered interactions and collaboration with other 
students and faculty benefi cial in their labs. The faculty surveyed stated 
the “best thing” about the workshops were “Faculty-student teamwork. 
Everyone seems to be engaged. Students had the opportunity to give/
propose ideas.” According to the professors, students developed better 
relationships and communication with them, initiated activities, and were 
clearly motivated to do more case studies and real-life applications in their 
labs. Several instructors reported students would still come up to them, a 
year after taking their classes, and ask for more case studies. 

 For their part, students said that they “felt heard and enjoyed the 
exchange with faculty,” and that the “best thing” about the workshops 
and cases was “working in groups and interacting with others.” Further, 
the student said, “Hearing answers from different people will enable you 
to understand other people’s perspective.” They claimed they learned from 
each other, clarifi ed doubts, compared outcomes, and had the opportu-
nity to apply their expertise and knowledge. 

 Faculty appreciated the chance to get together and learn from each 
other. Some of the faculty were already collaborating on projects, but the 
I 3  sharpened the focus and promoted a common language and direction. 
New partnerships and collaborations sparked conversations that resulted in 
active planning and re-envisioning existing infrastructures and initiatives, 
such as the Year 5 workshop given by the Interdisciplinary Committee to 
support proposals for team-taught interdisciplinary courses.  

   Innovations in Pedagogy 

 Faculty who participated in I 3  described themselves as feeling more moti-
vated to innovate as a result of the pedagogical discussions arising from the 
workshops and planning meetings. As one faculty member put it, “once 
exposed to inquiry-based, authentic teaching and learning, and inquiry 
approaches, many are excited and willing to incorporate them,” adding 
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that the most important criterion to judge an innovation is whether it 
“motivated and educated students to further actively pursue STEM inves-
tigation.” Indeed, the level of enthusiasm and camaraderie was palpable. 
One faculty member commented, “Using the case study in the classroom 
for me is a new way to teach, quite exciting,” and another said in a focus 
group, “Before we worked together, we hated each other” sparking laugh-
ter from the rest of the group. Another faculty member elaborated the 
benefi ts in this way:

  In talking with students who participated, they really liked getting 
the perspective of the professors and felt more connected to the educa-
tion…. [They said,] These professors care about what we are doing. I have 
seen  them  do  this, now I understand what they are trying to do in the 
classroom. 

      Innovations in Curriculum Changes 

 Two major changes in the way curriculum is shaped across City Tech were 
activated by I 3 :

    1.    Optimization of lab manuals and coordination.   
   2.    Integration of interdisciplinary and case study content into STEM 

programs.    

  Lab manuals dictate what happens in the labs and in fi nal exams. 
Biology lab manuals were updated, revised, and made more visually use-
ful with color illustrations. Questions were added to involve students in 
critical thinking. In addition, instructors began piloting new hands-on kits 
obtained through their own grant writing efforts in order to complement 
the mitosis/mycosis labs described in the manual. Others have started to 
employ online platforms and databases to give students more hands-on, 
real-life experiences and chances to engage in research. 

 Moreover, course curricula in departments across the college were 
revamped and made current through a multimodal approach, custom-
ized by each faculty member to suit the possibilities and needs of their 
current and proposed courses. Case studies were designed by fourteen 
faculty members as a direct result of the I 3  and incorporated across a vari-
ety of departments. Interdisciplinary case studies fulfi ll a new General 
Education requirements detailed below under the heading,  Integration 
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through changes in infrastructure . These new interdisciplinary courses 
integrate material and approaches from two or more disciplines as well 
as writing skills, making the cases interesting and memorable to students. 
Original and newly developed case studies and interdisciplinary courses 
include such interesting and dynamic collaborations as the case study 
“Mr. Rump Goes to Washington” (Electrical Engineering Technology 
and Environmental Control Technology) and courses “Learning Places: 
Understanding the City” (Architecture Technology and Library Science) 
and “Energy Resources” (Chemistry and Construction Management and 
Civil Engineering Technology). 

 Further highlights of the impact of I 3  on curriculum and pedagogy 
include the following:

•    In the Mathematics department, an instructor was able to incorpo-
rate case studies in an extracurricular, informal format.  

•   A faculty member in the Chemistry department has designed a wiki 
to increase active student participation, specifi cally inviting them to 
input and debate their own defi nitions of STEM terms.  

•   Pre-lab workshops with real-life examples were modeled and 
encouraged.     

   Integration Through Institutional Changes 

 City Tech was founded after World War II as an associate degree-granting 
community college offering workforce-oriented programs, but since the 
1980s has been steadily increasing its baccalaureate programs. Now City 
Tech offers 24 baccalaureate and 26 associate programs in applied and 
career-focused studies and is preparing to accommodate its rapidly increas-
ing student population by building new facilities and taking a cohesive 
approach to improving pedagogy and internships. 

 The most signifi cant efforts in establishing the foundation for institu-
tional integration and transformation began with a needs assessment that 
found that too often STEM students at City Tech were offered rote rather 
than inquiry experiences. In response, one effort focused on reading and 
writing assignments in Biology and Chemistry courses, which were revised 
to engage students with narratives and interesting Pre-Lab assignments 
that prepared students to employ applied knowledge and critical thinking 
skills. Instructors also changed their grading formulas to place value on 
these critical skills, a small but key strategy.  
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   Integration Through Changes in Infrastructure 

 The team-teaching aspect of the City Tech I 3  initiative, which has proven 
to be vital, presents the challenge of adjusting scheduling and space in 
a very overcrowded institution. This not only involves fi nding periods 
when teachers can plan and teach interdisciplinary case studies and courses 
together, but also adapting the design of a new building to accommodate 
the new lab instruction and technology requirements. 

 One advantage to so much collaboration is seen in the science depart-
ments, which must coordinate supplies and lab equipment. The I 3  faculty 
made strides in this direction by suggesting a clear set of protocols, which 
included trimming some bureaucracy and redefi ning the job description 
for the College Laboratory Technician to stress the need to coordinate 
and fi nd different ways of working and implementing systems that will 
support pedagogical changes. 

 City Tech’s Interdisciplinary Committee has been instrumental in insti-
tutionalizing the interdisciplinary and team-teaching approaches explored 
through the I 3 . Among other things, this committee created an institu-
tional defi nition and criteria for an “interdisciplinary course” and identi-
fi ed clear learning outcomes for students. This team worked effectively and 
achieved its goals because members worked on other committees together. 
As the committee founder, Dr. Reneta D. Lansiquot, explains, “We, the 
Interdisciplinary Committee, we’re part of the Gen Ed Committee…and 
thus we have ‘infi ltration.’” As a result, the committee knew how to col-
laborate, create programs, and gain support for them. 

 While the Interdisciplinary Committee began this work, the General 
Education Committee’s decision to make a liberal arts and sciences inter-
disciplinary course a part of the new General Education Common Core 
requirements was critical to institutionalizing interdisciplinary studies.  

   Integration Through Synergistic Activities 

 It is clear that these efforts are not simply fortuitously synergistic, but 
rather are now being consciously and strategically aligned thanks in great 
part to the I 3  grant. As one faculty member comments,

  With new leadership in the department, and the kind of support we’ve been 
able to give the chair and the junior faculty, all of this is really essential to 
moving this development forward. Now they’re talking about developing 
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new programs, new labs, much more streamlined systems, and really this 
came about because I 3  was the catalyst. 

 Successful subsequent NSF-funded grants at City Tech, including 
Research Experiences for Undergraduates (REU), Opportunities 
for Enhancing Diversity in the Geosciences (OEDG) grants, and the 
Advanced Technological Education (ATE) Fuse Lab grants, built on 
I 3  principles and practices, such as its focus on authentic research with 
real-life application. Institutional investment in student research has 
increased dramatically: The Undergraduate Research Program, which in 
2006 had twenty students, now has fi ve hundred. A current example is 
a grant from Cold Spring Laboratory for professional development on 
methods of introducing DNA sequencing into the curriculum. Another 
authentic research experience led by an I 3 -participating instructor 
involves collecting samples of bacteria from subway handrails and other 
public places, combining all the data, and mapping out the different 
bacterial profi les where students live. Changes in lab technology were 
enabled through complementary College funding. One faculty member 
observes,

  Previously, students were only able to carry out verifi cation labs, and now 
students are doing discovery by going online, seeing 3-D representations of 
molecules, simulations of reactions, all things they hadn’t been able to do 
before, and all this was prompted by faculty receiving those initial surveys. 

       MAKING CONNECTIONS 

   Industry Relevance 

 The Year 2 faculty lab surveys identifi ed industry relevance and mutu-
ally benefi cial relationship with industry as the major challenges in trans-
forming labs. Since then, a more guided and intentional process for paid 
internships has been cultivated through I 3 . Before the grant, most intern-
ship opportunities came about by departments or individual professors 
who had relationships in industry and labs. Prompted by the success of 
the Anchors Internship Program begun through I 3  with the Brooklyn 
Navy Yard Development Corporation and continuing through the sub-
sequent cohorts of internships developed through the Brooklyn Tech 
Triangle Internship Program, and the CUNY Service Corps, the nature 
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of apprenticeships and partnerships was transformed. The CUNY Service 
Corps has already enabled nearly 400 students to obtain paid year-long 
service experiences in non-profi t and governmental agencies. In addition, 
the Brooklyn Tech Triangle Internship Program has placed well over 100 
students in paid internships in technology fi rms in the burgeoning tech-
nology hub in the area surrounding City Tech. 

 These partnership efforts are reaping mutual benefi ts. Recently, Dr. 
Russell Hotzler—the President of the College—attended an event at the 
New York City Offi ce of Small Business Services. Dr. Hotzler described it 
as a “love fest” of appreciation for the students and the College:

  The message from the employers was, again and again: “I never heard of 
City Tech before, but these students…have completely blown my mind. 
I want more of them!,” because the students not only have the skills from 
their discipline but they were prepared for the internship. 

 Student preparedness for internships and work with industry have benefi t-
ted from the I 3 ’s pedagogical approach, about which, one faculty members 
comments, involves “learning how science is done” and “learning how 
scientists think” and more generally “putting in place habits of mind that 
people will continue to develop throughout their careers.”  

   Internal Connections 

 What aids establishing meaningful internal connections? According to par-
ticipating faculty, aside from opportunities to develop and meet together, 
three conditions are paramount: Size of department, position and power 
to enact changes, and consistency. Another lesson learned is that having 
consistent messages and representation of I 3  members across college-wide 
committees aids in shaping and acting on innovation plans, as faculty who 
have been actively involved in I 3  are working from a common base of 
understanding.  

   Building a Common Culture 

 In essence, the I 3  Incubator represents a coalescence of previous efforts 
to improve STEM teaching and learning across the College and to fos-
ter the adoption of a teaching philosophy that will inspire and sup-
port the persistence of a diverse and increasing body of students in 
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STEM studies and careers. One of the most overlooked and vital infl u-
ences on integration efforts is the development of a common language. 
“Authentic research” is still the most challenging word to agree on 
across departments. Dr. Pamela Brown describes her interpretation of 
the term:

  The signature characteristics of authentic research experiences are that 
the results are not known before the experiment begins and that there is 
a potential for creating or collecting new data or knowledge. Whether it 
worked or not, it is the potential. 

       GOING FORWARD 
 Leadership is essential to sustaining a system-wide initiative. To be effec-
tive, someone in a leadership position cannot dictate change to others, 
but must create conditions and make tools accessible that inspire and sup-
port others. Thus, supporting, not imposing, is essential, otherwise buy-in 
will be thwarted and results will be limited.  8   The I 3  faculty’s investment 
and energy are evident as they continue to generate solutions and imple-
ment pedagogical changes on their own initiative. Strategic proposals 
bring together and transcend departments, such as the recently funded 
National Institute of Health Bridges to the Baccalaureate grant to part-
ner with Brooklyn College. City Tech students in Psychology, Chemistry, 
and Biology associate programs will receive research opportunities and 
other support that will engage participants, promote academic success, 
and enable them to transfer successfully to Brooklyn College with a good 
background in research and solid preparation. 

 Going forward, the strong internships and partnerships with industry 
will scaled up, these thanks in part to convergent needs in the community. 
Provost August observes,

  We’ve been really lucky in that around us all these opportunities have sprung 
up lately…there’s the Brooklyn Tech Triangle, the Dumbo complex…so 
our location, which was the road to nowhere for a really long time, turned 
out to be very important to IT and advanced manufacturing and other kinds 
of things happening in downtown Brooklyn. It’s not only that it is here, but 
that we are ready for it from the kinds of work we’ve done with I 3  develop-
ing the initial internship with Brooklyn Navy Yard Corporation, to under-
standing everything that needed to be in place for our students to be ready 
to take these experiences. 
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   The interdisciplinary approach will be maintained by two important 
structural changes: (1) The General Education Common Core require-
ment of an interdisciplinary course for baccalaureate students and (2) the 
Interdisciplinary Committee’s support for faculty development of special 
topics courses taught by interdisciplinary teams. Each semester, faculty 
will propose, develop, and plan new team-taught courses. 

 In addition, the case study methodology will soon be further developed 
to improve students’ skills in using sequencing, selection, and repetition 
structures in computer programming. Dr. Reneta D. Lansiquot and Dr. 
Candido Cabo are leading an effort in which, faculty who teach Problem 
Solving with Computer Programming, and fi ve students who successfully 
completed their “Story-Telling in Action-Adventure and Role-Playing 
Games” First-Year Learning Community course were involved. Students 
wrote case studies with Drs. Lansiquot and Cabo, then served as a focus 
group during the case study development. Last year, the faculty imple-
mented the case studies to incorporate narrative elements in all sections of 
the course. As one faculty member comments, “The case study is a won-
derful pedagogical tool created as an interdisciplinary effort,” adding that 
the case study is “a great assignment for students and it’s a great way to 
look at issues that transcend the disciplines and bring multiple perspectives 
on an issue or on a problem.”  

   CONCLUSION 
 In the end, the fi ve years of the I 3  Incubator not only achieved its end 
goals, but also has yielded unanticipated action results that have prolifer-
ated throughout the College. I 3  activities have clearly brought together 
a series of elements that stimulated change, capacity, and collaboration 
among the faculty and between faculty and students, as well as set the 
stage for departmental and institutional restructuring to enhance teaching 
and learning experiences across STEM and other departments. In effect, 
these aspects encompass the main aim of an institution-wide incubator: To 
sustain and proliferate a community of inquiry and a space for innovation 
and integration within the institution. 

 We feel it is important to end the story of the I 3  grant at City Tech by 
discussing the key aim of the Broadening Participation grants of which the 
I 3  has been a part: Addressing the inequities in accessing STEM careers. 
City Tech, as a Black- and Hispanic-serving institution, strives to extend 
its founding mission to provide a wide variety of students not only with 
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associate degrees but also incentives to continue their studies and careers. 
City Tech has now proven itself as a baccalaureate degree-granting insti-
tution that attracts increasing numbers of diverse students to advanced 
studies and careers in STEM. As of 2014, the number of students receiv-
ing baccalaureate degrees exceeds the number receiving associate degrees. 

 Furthermore, the college has transformed many of its systems and ways 
of working to ensure that this pathway is accessible to more and more stu-
dents. The initiative has launched a culture of community, making STEM 
education more interactive, more social, more relevant, and more empow-
ering for both students and faculty. The building of this community is 
what makes women and underrepresented diverse students feel comfort-
able and interested in STEM, as well as taking part in meaningful real-life 
experiences that solve problems in their communities.  9   

 The City Tech I 3  Incubator project has positioned the College to 
respond to its growing population of diverse students by remodeling its 
programs, innovations, and infrastructures using an integrated, cross- 
departmental approach and a College-wide attention to partnerships. 
Relationships were forged with a large number of external partners to 
cement the connections the students made to meaningful work and con-
tacts in career fi elds, and enabled students to develop a professional iden-
tity, all key to attracting and keeping underrepresented students in STEM 
fi elds of study. More importantly, perhaps, these innovations have helped 
us prepare our students more fully for the challenges they will face in the 
twenty-fi rst century.  
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