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1.0 EXECUTIVE SUMMARY

The traditional university model that has successfully balanced and integrated research,
education and governance for over a century is no longer relevant. Today, the
increasing pace of technological innovation coupled with the lagging conceptual models
of university governance is causing imbalance. This widening gap has allowed online
technologiesto become a disruptive force in the market. Online educationprograms do
not necessarily offer students a higher quality degree, but they are offering increasing
value to students in the form of cost reductionsand convenience. Students have more
choice, the value proposition of an education has decreased and low cost substitutes
continue to enter the market. Many are beginning to question the relevance of the
traditional degree. Technological innovation has also driven changes in the educational
environment creating different online environment models. A studyat Portland State



University (PSU) uses the hierarchical decision model (HDM)to evaluate criteria
forcurrent online technology alternatives. Alternate modes of education delivery are
evaluated using criteria from the student perspective at the highest level, criteria
evaluated by expert educators. The weighted criteria is then considered by
administrators to aid with selection of alternatives.

2.0 INTRODUCTION

Universities are dedicated to the creation and dissemination of the knowledge obtained
from their research[l]. The traditional business model of educating students on a
campus where they can attend classes to earn degrees must be re-evaluated. With the
growing emphasis on a knowledge-based economy and the emergence of huge, open
online courses by leading universities, traditional universities are beginning to question
their true value and relevance of their degree programs and research outcomes|2].
Research supports that disruptive technologies have impacted the production of
knowledge[3]. Therefore the question of relevance is important in the face of a new
paradigm shift in this knowledge based economy.

The concept of relevance must be considered in relationship to an ecosystem. It is an
important but elusive concept. Researchers have found that the “relevance of
knowledge depends on its usefulness to achieve specific goals’[4]. Ideally, these
outcomes should result in the application of acquired knowledge through technology
commercialization or graduates entering the workforce. In general, researchers
measure the success of a university either through competition or commercialization.
Competition is often measured through subjective top rankings, student attendance and
degrees granted. From a students’ perspective, commercialization is the ability to get a
job upon graduating and the value they perceive for their return on investment.For the
purpose of this paper, relevance is measured by student preference and ability to obtain
a master's degree from a STEM (Science Technology Engineering Mathematics)
program at Portland State University (PSU).

Portland State University (PSU) is a traditional university.This university, situated in the
heart of an urban city, is Oregon’s largest and most diverse public university. With more
than 100 programs, PSU offers more than 225 bachelor’'s, master's and doctoral
degrees[5]. However, decreasing governmental funding coupled with increased
competition has PSU concerned about their ability to remain relevant in this global
economy. They have a particular concern about the importance of their science,
technology, engineering and management (STEM) programs. PSU fits the profile of a
traditional US urban university in the position of re-thinking their business model for
educational degree programs. Faced with an $18M shortfall to the budget, PSU turned
to their community for innovative ideas by challenging them to compete for over $1M in
grant funding in a program they called “Re-Think PSU”[6]. The top grant recipients used



online technologies to re-design their educational delivery using an emporium model.
Other online technologies at PSU were researched to determine alternatives for the
model. Examination of the criteria using a hierarchical decision model (HDM) explores
online technology alternatives. The problem is framed in the context of evaluating online
education alternatives based upon a set of criteria gleaned from research to increase
the global relevance of PSU’s STEM program from a student perspective.Data collected
from experts in the PSU ecosystem is used to analyze the question of global education
relevance for a working adult wishing to obtain a STEM degree.

3.0 METHODOLOGY

Through a review of literature obtained from databases specializing in software
engineering and education, the current state of knowledge around the key drivers for
online education technology adoption is determined. A taxonomywas created to identify
the key criteria. This data was organized into three perspectives for the purpose of a
gap analysis. A second literature search was performed to establish further criteria used
a hierarchical decision model (HDM).Figure 1 shows the framework created for the
study.
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4.0 LITERATURE REVIEW

E-learning can be defined as “the use of electronic media and information and
communication technology (ICT) in education”[7]. While distance learning programs
were one of the first programs to widely adopt online technologies, online technologies
have been integrated into almost all aspects of educational organizations. Distance
education is not new. In the past it has been delivered through correspondence, radio,
videos and television. What is new is the evolution from distance teaching to the
acceptance of online education. Undergraduate and graduate degree programs are
offered through learning management systems (LMSs) on the Internet as an alternative
to the traditional on-campus programs of traditional universities. Since the first online
undergraduate courses and programs were offered in the 1980’s [8], they have gained
popularity. An increasing number of educational institutions began to offer online
courses and programs allowing new models of educational delivery modes to emerge.
New methods for teaching and learning developed as well as processes to support
them.

Online technology has been recognized as an effective method to improve the flexibility
and availability of education in the university system. However, there are various modes
and models to consider when designing programs for an online environment. There are
many more factors to consider for these technologies to be accepted by the students
and educators who will use them. Researchers have developed different models that
can be useful tools for decision makers re-designing courses.

First, the hierarchical decision model (HDM) is a comprehensive and logical tool, which
produces multi-level decisions under multiple criteria. Many authors have been using
HDM modeling in order to compare between multiple technological options
[9][10][11][12]. While other authors have effectively applied different multivariate
analytical techniques to problems in online education[13][14], the HDM was selected for
this study. A hierarchical decision model consists of three main tiers: a goal, criteria,
and alternatives [15]. Criteria of the same level are compared in a one-to-one, pairwise-
comparison process with respect to the overall goal. The alternatives are evaluated for
how preferred they are with respect to each criterion at the very last level, the farthest
from the goal level [16]. The HDM tool provides a better understanding of complex
decisions and allows the problem to be structured into a hierarchal tree.

The objective of the decision is represented at the top level of the hierarchal tree. Next
the criteria and all possible sub-criteria are represented in the middle levels. Lastly, the



decision alternatives are placed at the lowest level of the hierarchal tree. Figure 2 below
is a general representation of the Hierarchical Decision Modeling tool (HDM).
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Figure 2 - HDM Format

There are other models tohelp decision makers understand how the technology will be
accepted once it is adopted. Often, technology that is adopted is not widely accepted by
an organization. This can be complicated and confusing to technologists because other
factors are involved that go beyond the technical perspective. Students and instructors
are the users and tend to reflect a personal perspective (P), the researchers are the
creators and developers with a tenancy to have a technical perspective (T) and the
university administratorslook at the program re-design from an organizational
perspective (O). A leading researcher in the field of technology adoption has identified
this as the TOP model[17]. The technology acceptance model (TAM) is the most widely
used model to study adoption of online technologies from a users
perspective[18][19][20][21][22][23][24]. Other models such as the theory of planned
behavior and the unified theory of acceptance and use of technology have also been



effectively applied by researchers in this field[25][26]. For the purpose of this study,
perspectives are loosely equated to the three tiers in the HDM with student perspective
at the top, the educator perspective representing the middle tier, and administrators
evaluating the alternatives.

5.0 LITERATURE ANALYSIS

Technology has driven significant changes in the market and learning environments.
Researchers have shown that online technologies are disrupting the traditional
university business model [27]. From the market perspective, students now have more
choices. With the advent of the Internet and eLearning environments, universities with
online programs can extend their reach to a global market. US based universities are
becoming more international and mobile, attracting a wider variety of foreign students.

A series of key word searches were performed in the Compendex and EBSCOhost data
bases to obtain criteria for a hierarchical decision model (HDM) based upon global
education relevance from a student perspective. Combinations of the key words were
combined to form a Boolean search query. The search only included articles published
in journals and conference proceedings from the selected databases to focus on higher
education.The search returned numerous and varied articles written from different
perspectives by authors represented in countries throughout the world.As stated by one
researcher the Internet has become “the dominant infrastructure for knowledge”[28].
Key word searches were used to evaluate criteria for the second level of the model. All
criteria must support the main goal. For clarification the goal is restated below:

Analyze online technologies that enable a global student to obtain a master's degree
from a STEM program at Portland State University (PSU).

There have been many studies published investigating technology acceptance criteria
from a student’s perspective. Studies have ranged from perceived availability of online
resources [29] or adoption of online learning in a classroom[18] to acceptance of open
courseware and massive open online courses (MOOCS) [30]. Other researchers have
studied students preference of learning management systems[31] their importance of
mobility devices[32] and their control factors[33]. A review of the literature showed that
student concerns could be grouped into two categories: the educational component in
terms of curriculum and the structure and availability of the program. It was not
surprising to find that studies focused on student selection of universities provided the
most clarity of this grouping[34]. Once the first level of criteria was established, the
literature was reviewed to determine sub-criteria. Students perceived the relevance of
the educational curriculum in terms of fit to their interests, the reputation ranked by



external sources, their perceived ability to get a job upon graduation and the overall cost
in terms of return on investment.

Educators are responsible for the creation of program curriculum and the quality of the
delivery of the education. Knowledge creation byresearchers and faculty impacts the
overall ranking of a university. The number and variety of courses was found to be a
major influence on student choice[35]. Reputation of the university as recognized in
rankings, publications and other qualifications stated by the institution or others was
another criteria identified in multiple research studies[34][35].Educators design courses
to meet objectives from a technical perspective.

The other group of criteria in the second tier includes safety, time flexibility and
availability. Safety concerns primarily addressed copy rite and validation issues. Several
studies found that more online students were older, highly motivated, and self-
disciplined. Many were working and valued time and flexibility over face-to-face
interactions[36]. Another study found that working professionals prefer “self-paced
instruction in a convenient/comfortable location” and referenced taking online classes at
home[37]. The result of the literature review is shown in taxonomy in figure 3.

Global
Relevance
| 1
Education Access &
Curriculum Availability
| ] | | | !
Variety of Job Flexible Flexible
Reputation Cost Safety Curriculum Connection

Program placement any time anytime

In general, there are three modes of online educational delivery: synchronous, hybrid
and asynchronous. Decision makers for the selection of the alternatives are
administrators in the university organizational structure. The synchronous model uses
networking to enhance the traditional face-to-face or other distance education program.
A hybrid mode is a combination of learning in a classroom and through a learning
management system. Improvements in technology, student use of the Internet through
devices and applications, and their increasing need for flexibility has led to wide spread
adoption of online degree programs. The results of an extensive study performed in



2001 by the National Center for Education statistics reported that 56 percent of the
institutions surveyed offered distance education courses[38]. In 2012, over 62 percent
of colleges and universities offered fully online programs doubling the amount from ten
years ago. The majority of these programs, offered in the science, technology,
engineering or management (STEM) degree programs[39], have been widely accepted
and adopted by universities and students alike.

Today there are many content management systems such as WebCT, Blackboard and
Moodle that offer different features.For the scope of this paper and based on the
literature review described, we used four alternatives: synchronous, asynchronous,
hybrid, and fully online synchronous and asynchronous as shown in figure 4. (Please
refer to Appendix B for more detail).

6.0 Analysis

The primary objective of this study is to present a systemized model to evaluate the
online education alternatives at a major urban university, Portland State University. The
HDM has the goal of ranking a set of key driver alternatives for online education by
assigning a score to each one of them. The scores will be the results based on
objective specifications compared against a predefined set of weighted criteria deemed
necessary to make a selection. The alternative with the highest score is recommended
as an applicable road to move the university toward more online programs.

To acquire an accurate pairwise evaluation of the HDM criteria, the pool of experts must
be carefully selected. Each level of HDM model needed different expert opinions. The
top levelused pairwise comparisons from 4 students in the Engineering Technology
Management major who were considered representative of different countries. The
students compared their preference between education curriculum and access ability of
the program. Instructors from the ETM department were asked to compare sub criteria
to evaluate the variety and flexibility and so forth and their contribution to criteria.PSU
administrators familiar with online technologies were asked to evaluate the alternatives.
In other words, students were selected to compare criteria at the second level,;
instructors were selected to compare sub-criteria. Then, administrators contributed to



the model at the third level by compare comparing four alternatives against the sub-
criteria.

Table 1-10 show the result of each group of expert answer for each level, for example,
Table 1 shows the given weight for education Curriculum and access & Availability by
four students. Table 11 shows the combination of mean of each level to generate the
mean result for HDM Model. Since HDM software just create the mean result and this
study intended to understand the effect of each expert’s opinion in more detailed way,
it's decided to create all possible combination to extract more information to have better
conclusion.

Global Edupation AC(_:ess_ & Inconsistency
Relevance Curriculum Availability

S1 0.35 0.65 0
S2 0.56 0.44 0
S3 0.55 0.45 0
S4 0.25 0.75 0
Mean 0.43 0.57

Minimum 0.25 0.44

Maximum 0.56 0.75

Std. Deviation 0.13 0.13

Disagreement 0.13

Table 1- Criteria contributions to Global Relevance



Access & Flexible Curriculum FIeX|bI_e .
A Safety . Connection Inconsistency
Availability any time .
any time
Inst. 1 0.2 0.42 0.38 0.03
Inst. 2 0.08 0.46 0.46 0
Mean 0.14 0.44 0.42
Minimum 0.08 0.42 0.38
Maximum 0.2 0.46 0.46
Std. Deviation 0.06 0.02 0.04
Disagreement 0.04

Table 2- Sub criteria contributions to Access & Availability (2" level criteria)

Education Variety of . Job .
N Program Reputation B — Cost Inconsistency

Inst. 1 0.27 0.18 0.41 0.15 0.01

Inst. 2 0.14 0.35 0.29 0.22 0

Mean 0.21 0.27 0.35 0.19

Minimum 0.14 0.18 0.29 0.15

Maximum 0.27 0.35 0.41 0.22

Std. Deviation 0.07 0.08 0.06 0.04

Disagreement 0.06

Table 3 - Sub criteria contributions to Education Curriculum (2" level criteria)
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Admin. 1 0.15 0.18 0.24 0.43 0.01
Admin. 2 0.1 0.1 0.41 0.39 0.08
Mean 0.13 0.14 0.33 0.41
Minimum 0.1 0.1 0.24 0.39
Maximum 0.15 0.18 0.41 0.43
Std. Deviation 0.03 0.04 0.09 0.02
Disagreement 0.04
Table 4 - Comparing alternatives against Variety of Program (3" level sub criteria)
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Admin.1 0.18 0.21 0.25 0.36 0.01
Admin.2 0.06 0.1 0.48 0.35 0.03
Mean 0.12 0.16 0.37 0.36
Minimum 0.06 0.1 0.25 0.35
Maximum 0.18 0.21 0.48 0.36
Std.
Deviation 0.06 0.06 0.12 0
Disagreement 0.06

Table 5 - Comparing alternatives against Reputation (3" level sub criteria)
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Admin. 1 0.16 0.22 0.28 0.34 0.01
Admin. 2 0.04 0.09 0.57 0.3 0.02
Mean 0.1 0.16 0.43 0.32
Minimum 0.04 0.09 0.28 0.3
Maximum 0.16 0.22 0.57 0.34
Std.
Deviation 0.06 0.07 0.15 0.02
Disagreement 0.07
Table 6 - Comparing alternatives against Job Placement (3" level sub criteria)
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Admin. 1 0.16 0.2 0.26 0.38 0.01
Admin. 2 0.1 0.45 0.34 0.11 0
Mean 0.13 0.33 0.3 0.25
Minimum 0.1 0.2 0.26 0.11
Maximum 0.16 0.45 0.34 0.38
Std.
Deviation 0.03 0.13 0.04 0.14
Disagreement 0.08

Table 7 - Comparing alternatives against Cost (3" level sub criteria)
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Admin. 1 0.16 0.24 0.27 0.33 0
Admin. 2 0.07 0.43 0.2 0.3 0.02
Mean 0.12 0.34 0.24 0.32
Minimum 0.07 0.24 0.2 0.3
Maximum 0.16 0.43 0.27 0.33
Std.
Deviation 0.05 0.1 0.04 0.02
Disagreement 0.05
Table 8 - Comparing alternatives against Safety (3" level sub criteria)
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Admin. 1 0.13 0.21 0.27 0.39 0.02
Admin. 2 0.03 0.5 0.15 0.32 0.01
Mean 0.08 0.36 0.21 0.36
Minimum 0.03 0.21 0.15 0.32
Maximum 0.13 0.5 0.27 0.39
Std.
Deviation 0.05 0.15 0.06 0.04
Disagreement 0.07

Table 9 - Comparing alternatives against Flexible Curriculum any time (3™ level sub

criteria)
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Admin. 1 0.12 0.21 0.28 0.39 0.02
Admin. 2 0.17 0.32 0.22 0.3 0.02
Mean 0.15 0.27 0.25 0.35
Minimum 0.12 0.21 0.22 0.3
Maximum 0.17 0.32 0.28 0.39
Std.
Deviation 0.02 0.05 0.03 0.05
Disagreement 0.04

Table 10 - Comparing alternatives against Variety of Program (3" level sub criteria)
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Composite 0.11 0.26 0.29 0.34 0.06
Mean 0.11 0.26 0.29 0.34
Minimum 0.11 0.26 0.29 0.34
Maximum 0.11 0.26 0.29 0.34
Std.
Deviation 0 0 0 0
Disagreement 0

Table 11 - Combination of mean of each level




Following the table below, it shows all possible combinations of 4 students, 2
instructors, and 2 administrative expert answers:
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combine 1 0.14 0.21 0.27 0.38 0.01
combine 2 0.15 0.21 0.27 0.38 0.01
combine 3 0.15 0.21 0.27 0.38 0.01
combine 4 0.14 0.21 0.27 0.38 0.01
combine 5 0.14 0.21 0.27 0.38 0.01
combine 6 0.15 0.21 0.27 0.38 0.01
combine 7 0.15 0.21 0.27 0.38 0.01
combine 8 0.14 0.21 0.27 0.38 0.01
combine 9 0.09 0.33 0.28 0.3 0.02
combine 10 0.08 0.28 0.34 0.3 0.02
combine 11 0.08 0.28 0.34 0.3 0.02
combine 12 0.09 0.35 0.25 0.3 0.02
combine 13 0.08 0.32 0.29 0.31 0.02
combine 14 0.08 0.27 0.35 0.31 0.02
combine 15 0.08 0.27 0.35 0.31 0.02
combine 16 0.08 0.35 0.26 0.31 0.02
Mean 0.11 0.26 0.29 0.34
Minimum 0.08 0.21 0.25 0.3
Maximum 0.15 0.35 0.35 0.38
siel 0.03 0.05 0.03 0.04
Deviation
Disagreement 0.04

Table 12 - All possible combination of expert opinion

With regards to the results, the fully online synchronous and asynchronous(like
MOOCs) was rated the highest preferred alternatives. The majority of the individuals
comparative results, as well as the total mean, show that the fully online mode of
delivery was the highest weighted alternative. Another observation was that the first
administrative expert opinion was in a manner that smoothed out other opinions towards
a consistent outcome (combine 1-8) but the second administrative expert opinion didn’t



have the same effect where the majority of preferences diverted toward the third
alternative (Hybrid).

Following charts elaboratethe difference between first 8 combinations and second half:

Combination of Criteria & Sub
Criteria Weight

B SB1*C1 mSB2*C1 mSB3*C1 m SB4*C1 m SB5*C2 W SB6*C2 " SB7*C2

02508 02394

0.1161
0.0817 0.0798

SB*C

Figure 5 — Combination of HDM’s Level 2 Criteria with Level 3 Sub Criteria

The above chart shows combined weight of each sub criteria (SB) with its corresponded
criteria (C), where the sum of all the combination is equal to 1.

Alternatives Weight Against Sub
Criteria (Admin. 1)

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

m Alternative 1

= Alternative 2
u Alternative 3
u Alternative 4

SBl1 SB2 SB3 SB4 SB5 SB6 SBY

Figure 6 — Alternatives Weight Against HDM’s level 3 Sub Criteria for First Administrative
Expert



Alternative Weight Aganist Sub
Criteria (Admin. 2)

0.6
0.5
0.4 Alternative 1
0.3 = Alternative 2
0.2 ® Alternative 3
0.1 ® Alternative 4

0

SB1 SB2 SB3 SB4 SB5 SB6 SBY

According to figure 5-7, since first administrative expert was completely positive toward
fully online mode, the result of the first combination overall is in favor of that
alternatives. The results completely differ in the case of second administrative expert,
he or she hasn’'t had positive opinion toward one alternative when comparing
alternatives against sub criteria, because of that variation, it led to different results. More
on, at the end the combination of criteria weight and alternative weight in relation to
different criteria did not change the dominant administrative opinion.

7.0 Discussion and Limitations

Technology has shown in the last several years that distance learning has become
more popular as a result of the internet where more people have access more easily, to
more and better learning resources than they could in the past, when they had to accept
only what was locally provided, if they could access even that. As the use of online
distance education spreads, previously disadvantaged populations, such as rural and
inner-city students, can take courses from the same institutions and same faculty that
were previously only available to students in privileged, mainly suburban areas. Adults
who need specialized training for career enhancement or basic skills can take courses
without having to be away from home or their current jobs. Students in one country can
learn from teachers and fellow students in others. Courses can be accessed whenever
the student wants at his preferred pace, from almost any location. We are in a middle of
a revolution as it becomes even more apparent that the learner constitutes the center of
the university ecosystem, and that teaching no longer drives learning; instead, teaching
responds to and supports learning. Such freedom and opportunity, however, means that



students must accept the consequence of assuming more responsibility for managing
their own learning.

For graduate studies at PSU’s Engineering Technology Management department, as
the results indicated, it's necessary for PSU’'s graduate STEM programs start to
consider new ways of teaching to students. As distance learning becomes more
popular, PSU being the largest urban university in the state of Oregon, must be flexible
to adopt new ways of teaching and learning as part of a combination of fully online
asynchronous and synchronous programs.

Meanwhile, there were a few limitations to our results. Though PSU admnistartive
expert used for alternative level, the other expert limited to ETM department, so it
seems necessary to use instructor and student from other STEM program and
department to be able to generalize the result. The other limitation is hard to make sure
about expert quality of chosen students. To overcome this problem, it would be
beneficial to have a broader poolat that level. It would be interesting to see, how the
results would turn out from a bigger pool of experts from PSU. Second limitation to our
study is that administrative experts were not up to date to the technology alternatives,
thus not having visibility to technologies. These shows how there are a lack of
technology method teachings at PSU.

8.0 CONCLUSION and RECOMMENDATIONS

Higher education must innovate to remain viable. Research has suggested
collaborations between colleges, more centralized management, more efficient use of
facilities, the reduction of tenured faculty and geographic and demographic expansion of
course offerings[40]. A public opinion survey found that 80% of students shared that the
education received is not worth the cost at many institutions[41]. This leads us to the
past five years which have witnessed a transformation in the availability of educational
opportunity at all levels, from the university graduate school to the kindergarten
classroom, from the corporate training network to the professional development of
doctors and nurses, and training of military personnel. Technology continues to
advance at breakneck speed, taking with it transformation of thinking about how we
learn, and forcing revision of thinking about how we teach. These changes in turn offer
opportunity to forward-thinking educational administrators, and they compel others to
reconsider how their institutions are organized and their budgets are allocated.

Several explanations can be suggested why so many individuals and institutions have
abandoned long-held prejudices against learning that occurs outside the campus and
the classroom, but nobody would deny that the principal stimulus for change has been
the emergence of new technology. It is the arrival and expansion of new
communications technology that has brought distance education to the attention of



millions of potential distance learners in America and around the world, frequently
marked as “e-learning” and “online learning.” This same technology—a combination of
personal computers, the Internet, and World Wide Web, now sitting on the desks, or
increasingly, as personal communications devices in pockets and purses, of almost
every professor, teacher, and trainer in the developed world and beyond—has drawn
millions of these educators to experiment with ideas and techniques of distance
teaching.Would our results change, or would faculty and graduate students still agree
that we need to focus on different methods of teaching and learning?
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APPENDIX
APPENDIX A: Technology Cycle

Linfield[17], argues that an evolutionary swing is occurring in the global university
ecosystem. Figure 2 shows the evolution of online learning management systems
technology.

1980s:PCs, laptops, word
processors.

2020s: Hybrid Personal
Learning Environments?

2010s: Cloud Based
Learner management
systems

1990s: ISPs web
servers, document
management system

2000s: Server
Based Course
Management
Systems

Since the inception of the Internet, the impact of information technology on the
university organization has followed an evolutionary growth model alternating from
states of centralization and decentralization. Today, the higher educational industry is in
the midst of a shift towards centralization. With the rapid increase of online
technologies, tools and devices many universities have moved to a decentralized
structure to support their online education programs. Figure A shows the impact of
information technology on the university organizational structure. This case supports
Linstone’s conclusion that information technology is driving “powerful possibilities of
facilitating shifts between centralization and decentralization”[17] in complex systems.
Applying this concept to the development of learning management systems (LMSSs)
provides context for further discussion.

In the early 2000s, LMSs were dominated by content management systems (CMSs).
The primary function of a CMS was to organize and manage course materials. The



student learning environment, built upon web 1.0 architectures, was used primarily as a
CMS to post course content and assignments, communication through email and group
posting directories. CMSs developed from proprietary file share and email platforms to
commercially available options such as Blackboard and D2L. Development of these
platforms influenced universities to centralize their technologies. Then, Web 2.0
architecture enabled social networking systems (SNS) to develop. Increasing tools and
applications were adopted by students and integrated by some universities for
collaborative studies and research. As these tools gained market acceptance the
industry moved towards decentralization. Examples of these tools include Facebook for
homework communication, wikis for group projects, Dropbox and Google docs for file
sharing and team project collaborations. The variety of open educational resources
(OERS), cloud based applications, mobile devices, and platform options have driven
many institutions to make repeated changes in their platforms as they try to keep up
with the industry.

Recently, there have been attempts at combination and integration showing signs of a
movement towards centralization. Knowledge based learning environments have
emerged to encourage synchronous online collaboration. Web 2.0 tools, has enabled
more educators to adopt synchronous online learning pedagogy. Today, models are
emerging that demonstrate a shift from decentralization back towards centralization with
the use of hybrid virtual based learning environments. A virtual learning environment
(VLE) incorporates collaborative knowledge and learning tools into the content
management platform. Therefore, LMS technologies that drove universities to centralize
in the 2000’s were based upon read and post functionality. The need for synchronous
learning environments coupled with technologies that allowed read/write and post
functionality drove the environment towards decentralization. Currently, hybrid models
are effectively being deployed as the industry is starting to swing back towards
centralization.

Selection and adoption of these systems can be complicated and political in the
university ecosystem. System software application packages have different strengths
and weaknesses. In general, CMS solutions are designed with read and post
functionality that includes student registration, course event management, course
certification management and course authoring functionality. VMS functionality is
template-driven for collaborative content development, has content facilitation tools,
integrates workflow and interfaces easily with web 2.0 tools and applications. Other
LMS selection criteria include cost and ease of integration. Most LMSs are web-based
and use a database as a back-end. Systems can be developed internally, commercially
purchased or leased. When purchasing an enterprise wide system it is important to
understand compatibility issues with the existing information technology stack. For
example, there are a variety of platforms such as Java/J2EE, Microsoft. NET or PHP



and databases such as MySQL, Microsoft SQL Server or Oracle. LMSs can be
developed in-house or purchasing and integrating a commercial or open source
product. Popular LMS products include commercially available Desire2Learn, eCollege,
WebCT, and Blackboard. Moodle is a popular open source platform.

APPENDIX B: Delivery mode criteria and perspectives

[ Delivery Mode

Perspective Synchronous Asynchronous
Student Scheduled, fixed time Time flexibility
Dedicated time — continuous Student self-paced
Lower technology skill Advanced technology skill
Higher social interaction Lower social interaction
Educator Controlled class size Flexible class management and size
Complex courseware Structured courseware
Instructor led Instructor supported
Administration: IT Higher Interaction Lower Interaction
support, operations, | Face to face tutorials Podcasts and broadcasts
processes Flexible learning platform Structured delivery platform

APPENDIX C: Architecture Comparisons

CMS Web 2.0 PLE (ONLE)

Top down Management led Bottom up — individual led

Costly Mostly free

Server based enterprise Cloud based web

Wide spread buy-in Scales - individual to
enterprise

Integrated training and support | Easy to learn and use

Integration issues Easy mash-up standards

Controlled hard to modify | Open access easy (read and

(read and post) write everything)

Mature  market  declining | Lots of growth and choice

choices

Traditional power and IT | Social, collaborative

structure controlled empowers individuals




Course Modé€

PSU Use

Best Practice Example

The traditional classroom
model does not use online

Majority of classes
(ETM department)

technologies

The supplemental model New Venture Mgt Carnegie Mellon University:
supplements the traditional Supplement lectureand | Introductory Statistics:An
lectures and textbooks with textbook with MOOC- | automated, intelligent tutoring
technol ogy-based, out-of-class business model system monitors students work
activities or changes what goes on | generation. during lab exercises, providing

in the class by creating an active
learning environment within a
large lecture hall setting.

feedback when students pursue
an unproductive path,
providing an individual tutor
for each student.

The Reduce class-meeting times
from 3 to 2 per week. Move
grammar instruction, practice
exercises, testing, writing, and
small-group activities focused on
oral communication to the online
environment. Use in-classtime
for developing and practicing oral
communication skills. Reduces
the number of in-class meetings.

Introductory Spanish.
Reduce class-meeting
times from 3 to 2 per
week. Move grammar
instruction, practice
exercises, testing,
writing, and small-group
activitiesto the online
environment. Usein-
classtimeto develop
and practice ora
communication skills.

Tallahassee Community
College: English

composition: Reduce class-
meeting times from 3 to 1 per
week. Use online resources to
provide diagnostic assessments
resulting in individualized
learning plans; interactive
tutorials; and discussion boards
to facilitate the devel opment of
learning communities. Usein-
classtime to work on writing
activities.

The emporium model replaces
lectures with alearning resource
center model featuring interactive
computer software and on-
demand personalized assistance.

Algebra

Open flexible lab based
on ALEX software
scheduling work in the
emporium around their
other course
responsibilities.

L ouisiana State University:
College AlgebraMandatory
weekly group meetings enable
instructors to follow up where
testing has identified
weaknesses or emphasize
particular applications. Group
activities help build
community among students
and with instructors.

The fully online model
eliminates al in-class meetings
and moves al learning
experiences online, using Web-
based, multi-media resources,
commercia software,
automatically evaluated
assessments with guided feedback
and alternative staffing models.

Mastersin Global
supply chain
management

Colorado State University




The buffet model customizesthe
learning environment for each
student based on background,
learning preference, and
academic/professional goals and
offers students an assortment of
individualized paths to reach the
same |learning outcomes.

Could not find example.

Ohio State University:
Introductory Statistical
Concepts

The Linked Workshop model
provides remedial/developmental
instruction by linking workshops
that offer students just-in-time
supplemental academic support to
core college-level courses.

Austin Peay State University:
Algebra




