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Abstract 
 
This paper describes PERCEPOLIS, an educational platform that leverages technological advances, in par-
ticular in pervasive computing, to facilitate personalized learning in higher education, while supporting a 
networked curricular model. Fundamental to PERCEPOLIS is the modular approach to course development. 
Blended instruction, where students are responsible for perusing certain learning objects outside of class, 
used in conjunction with the cyberinfrastructure will allow the focus of face-to-face meetings to shift from 
lecture to active learning, interactive problem-solving, and reflective instructional tasks. The novelty of 
PERCEPOLIS lies in its ability to leverage pervasive and ubiquitous computing and communication through 
the use of intelligent software agents that use a student’s academic profile and interests, as well as supple-
mental information such as his or her learning style, to customize course content. Assessments that gauge the 
student’s mastery of concepts are used to allow self-paced progression through the course. Furthermore, the 
cyberinfrastructure facilitates the collection of data on student performance and learning at a resolution that 
far exceeds what is currently available. We believe that such an infrastructure will accelerate the acquisition 
of knowledge and skills critical to professional engineering practice, while facilitating the study of how this 
acquisition comes about, yielding insights that may lead to significant changes in pedagogy. 
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1. Introduction 
 
For the past 800 years, educational systems have relied 
heavily on a traditional course delivery environment, 
which has a lecture-based (one-instructor-to-many stu-
dents) model [1] and a discrete, linear course structure. 
Advances in databases, distributed computing, computa-
tional intelligence, and especially pervasive computing, 
which allows transparent, non-intrusive, “anytime, any-
where” access to information, provide fertile ground for 
radical changes in pedagogy and instructional design. 

In Educating Engineers: Designing for the Future of 
the Field [2], direct observation of forty schools of engi-
neering and examination of 100 accreditation self-study 
reports serve as the basis for evaluating the state of un-
dergraduate engineering education in the United States. 

One of the principle findings of this report was that 
undergraduate engineering education is focused on the 

transfer of technical knowledge to the students, rather 
than on preparing them for professional practice. The 
report defines practice as “the complex, creative, re-
sponsible, contextually grounded activities that define 
the work of engineers at its best,” and professional as 
“those who can be entrusted with responsible judgment 
in the application of their expertise for the good of those 
they serve.” 

Another important finding of the report was the “line-
arity” of the dominant curricular model, which is char-
acterized as fundamentally contradictory to the body of 
knowledge on how students learn. To address this short-
coming, a networked curricular model has been pro-
posed, where the components form a cohesive and 
strongly interconnected whole in which learning in one 
area reinforces and supports learning in other areas. The 
trajectory followed by each student through the curricu-
lum can and should differ, based on prior knowledge and 
skills, learning styles, and interests of the student, among 
other attributes. The importance of personalizing this *This work was supported in part by the U.S. National Science 

Foundation under Grant No. IIS-0324835.  
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trajectory is underscored by the selection of personalized 
learning as one of fourteen Grand Challenges for Engi-
neering identified by the National Academy of Engi-
neering [3]. 

The platform described in this paper rises to the chal-
lenge by leveraging technological advances, in particular 
in pervasive computing, to create a cyberinfrastructure 
that facilitates personalized eLearning in engineering 
education, while supporting a networked curricular 
model. A plethora of enabling technologies, including 
intelligent software agents, distributed and heterogene-
ous databases, and global information sharing processes 
are leveraged to develop Pervasive Cyberinfrastructure 
for Personalized Learning and Instructional Support 
(PERCEPOLIS). We believe that this infrastructure will 
accelerate the acquisition of knowledge and skills critical 
to professional engineering practice, while facilitating 
the study of how this acquisition comes about, yielding 
insights that may lead to significant changes in peda-
gogy. 

Fundamental to PERCEPOLIS is the modular ap-
proach to course development, which increases the reso-
lution of the curriculum and allows for finer-grained 
personalization of learning processes and associated data 
collection. Each course is composed of several content 
modules, a number of which are mandatory, as dictated 
by course and curriculum objectives. The remaining 
content modules, typically smaller in number, include 
elective content that can be chosen to supplement the 
student’s knowledge of prerequisites, or to engage an 
interested student in more advanced topics. The content 
modules for each course can be supplemented by expe-
riential modules, which are intended to reemphasize key 
issues covered in the content modules through hands-on 
individual and group projects. The experiential modules 
are dynamic, as their contents can be determined based 
on topics that a majority of the students in a given class 
find challenging or confusing. 

Associated with each module are learning objects such 
as prerequisite modules, lecture notes, problems, sample 
solutions, and programming or laboratory exercises. 
Modules in different courses can be linked to each other, 
facilitating implementation of a networked curricular 
model. Furthermore, the blended learning approach, 
where students are responsible for perusing certain 
learning objects outside of class, allows the focus of 
face-to-face meetings to shift from lecture to active 
learning, interactive problem-solving, and reflective in-
structional tasks. 

As depicted in Figure 1, the proposed cyberinfra-
structure is in the form of middleware that links data-
bases, e.g., PeopleSoft, and instructional platforms, e.g., 
Blackboard, Angel, currently in use at academic institu-

tions, facilitating incremental adoption of the networked 
and modular curricular model at low cost. Moreover, the 
ability to connect tools already in use, without requiring 
customized computing resources, enables instructors at 
different academic institutions to collaborate on and ex-
change educational materials and data, creating an envi-
ronment conducive to collaboration on educational re-
search. 
 
2. Background and Enabling Technologies 
 
PERCEPOLIS enables effective and personalized learn- 
ing while taking advantage of current advances in hard- 
ware/software technology; generates a wealth of infor- 
mation that can be analyzed to understand how students 
learn; facilitates the enrichment of engineering and 
science curricula with missing basics such as interper- 
sonal skills; encourages proactive, robust, dynamic, and 
continuous development of courses and networked 
curricula; allows affordability, availability, and accessi- 
bility of higher education; reduces inter- and intra- 
curriculum redundancy; facilitates reusability of curri- 
cula and courses; promotes proactive and interactive 
learning; reduces the student-to-faculty ratio; and provi- 
des greater accessibility and transparency to curriculum 
and course contents via user-friendly navigational tools 
built on top of existing information management sys- 
tems. 

We rely on our research in the areas of pervasive 
computing, mobile agent technology, and global infor- 
mation sharing to achieve these objectives. Pervasive 
computing exploits the increasing applications and 
capabilities and declining costs and size of computing 
and communications devices to provide continuous, non- 
intrusive, and automated services to a growing number of 
domains, including education, defense, and industry [4,5]. 
In pervasive computing, computers work in the back- 
ground to proactively and autonomously, based on the 
context, provide temporal and spatial information and 
services to stationary or mobile users, necessitating the 
use of intelligent entities, as well as cooperation among 
the devices or systems involved. Pervasive computing 
has the potential to significantly improve the handling of 
dynamic situations and exceptions in disparate en- 
vironments, through the use of software agents that 
monitor and record events and take proactive and 
collaborative action to ensure the availability of relevant 
information in an adaptive fashion. The adaptability and 
flexibility of pervasive computing can facilitate a radical 
change in the way students interact with professors and 
peers. 

An agent is a computer program that acts autonomously 
n behalf of a person or organization [6]. A mobile agent o       
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Figure 1. Overview of PERCEPOLIS cyberinfrastructure. 
 
moves through heterogeneous networks autonomously, 
migrating from host to host, and interacting with other 
agents [7]. Agent-based distributed application design is 
gaining wider acceptance, as it provides an efficient and 
robust framework for tasks ranging from information 
retrieval to the administration of complex distributed 
systems [8]. Agents are also used in environments where 
intelligent software can help increase performance and 
reliability; such scenarios are evident in the use of agents 
in search and tracking applications. The advantages of 
mobile agent technology in supporting disconnected 
operation, load balancing, and reducing network traffic 
in global information sharing have been extensively 
studied in the literature. As an example, a quantitative 
study of the effect of mobile agents on reducing commu- 
nication cost, improving response time, and conserving 
energy is reported in [9]. 

Our previous work includes the application of mobile 
agents within the scope of the mobile data access 
systems and dynamically-configured sensor networks [8], 
[10-14]. Especially relevant to the proposed cyberin- 
frastructure is the development of a prototype mobile 
data access system that demonstrates the suitability and 
robustness of mobile agent technology in a global 
information sharing environment characterized by 
limited network bandwidth, power, and computational 
resources; and weak and unreliable network connectivity. 

The novelty of PERCEPOLIS lies in its ability to 

exploit pervasive computing and communications at 
various levels, through the use of the agent-based 
middleware developed in our previous work [8]. The 
software agents can be launched by a user (student or 
instructor/advisor), an application (course scheduling, 
advising), or another agent. Agents work diligently on 
behalf of their creator, sharing information and resources 
with other agents. In this context, the developed mi- 
ddleware creates mission-oriented dynamic computing 
entities that autonomously perform tasks on behalf of 
users, and provides a framework for adaptively com- 
posing an appropriate curriculum. The proposed 
framework supports a networked curricular model and in 
the process, enriches course delivery, improves the 
quality of course content, and encourages interaction. 
Mobile agents allow for more dynamic and robust im- 
plementation of the artifacts developed. 

The recent exponential growth of information on the 
web, advances in information technologies, wireless 
communication capabilities, and Internet access devices 
necessitates a change to the traditional notion of timely 
and reliable access to information. It is believed that for 
many application domains, the Internet contains much of 
the needed information, in some form or shape, and is 
capable of delivering it at high speeds. However, the 
information may not be available in the form required by 
the user. In other words, accessibility (rather than availa- 
bility) of information is the main challenge. What is 
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needed are means to: 1) locate relevant information 
intelligently, efficiently, and transparently; 2) extract, 
process, and integrate relevant information effectively; 
and 3) interpret the processed information intelligently. 

Our research within the scope of global information 
sharing, multidatabases, and multimedia data processing 
has resulted in the design and implementation of an 
intelligent search engine, denoted as the Summary 
Schemas Model (SSM) [15-19], that supports automatic 
identification of semantically similar/dissimilar data that 
have different/same names and representations in a wired 
or wireless platform. The model uses word relationships, 
i.e., hypernym, hyponym, synonym, defined in a 
standard thesaurus such as Roget’s, to automatically 
build hierarchical metadata of local access terms 
exported from underlying local databases. 

The SSM model has been simulated and a prototype 
architecture has been developed, supported in part by 
funding from DARPA. The performance of the model 
has been evaluated under various schema distributions, 
query complexities, and network topologies. The 
simulation results showed that both precise and 
imprecise queries incur comparable costs, and hence 
yield compatible performance. In certain cases, the SSM 
imprecise query processing even outperformed precise 
query processing [16,20]. The simulator also showed the 
dynamic nature of SSM, by allowing incremental addi- 
tion of nodes (databases) without change to other 
databases and with minimal interruption. 

Within the scope of the SSM, we have also 
investigated issues such as query/transaction processing, 
and security. The scope of the SSM was extended to 
support mobility, resulting in development of the mobile 
data access system (MDAS), which enables repre- 
sentation and manipulation of multimedia information 
[9,10,18]. In general, the SSM and its successor, MDAS, 
preserve local autonomy, high expandability and 
scalability, short response time, and resolution of im- 
precise queries. In separate research [21], we demons- 
trated the capability to link SSM to commercially avail- 
able search engines. This feature is of special relevance 
to the proposed cyberinfrastructure, as it enables students 
and instructors to automatically explore databases and 
resources external to the entities formally associated with 
the project. 

We use our research experiences in the area of 
multidatabases [22], mobile data access systems [19,23], 
and mobile agent technology [9-14] to develop: 
 A semantic network (where entities are inter- 

connected based on their semantics) and semantic 
metadata that integrates course modules within and 
across curricula (networked curriculum).  

 A navigational tool that enables a student to follow 

a personalized trajectory of modules for each course, 
which has been determined based on information 
including his/her academic profile, interests, 
learning style, and special needs. Moreover, the 
same navigational tool can be used by advisors to 
facilitate course selection, as described in Section 3.  

Putting it all together, in PERCEPOLIS, course 
modules are stored as a heterogeneous database 
populated by learning objects in a variety of formats and 
media. The middleware will provide an easy interface to 
the course material for both on-campus and distance 
students, making anytime, anywhere learning a reality. 
 
3. Design of the Cyberinfrastructure 
 
The PERCEPOLIS platform views a degree-granting 
program as three sets of entities: 1) the set of instruc-
tors/advisors, I; 2) the set of students, S; and 3) the set of 
courses, C. An instructor/advisor, i  I, has expertise in 
one or more subjects. A student, s  S, is studying to-
wards a degree and is required to take courses from C, in 
an orderly fashion, to satisfy degree requirements and 
objectives. Each c  C represents a course in the cur-
riculum. The courses in C are interrelated, per the struc-
ture of the curriculum. In addition, courses are tagged as 
required or elective, according to degree requirements. 
Each of I, S, and C, respectively, is represented by a 
community of software agents that communicate and 
negotiate with each other according to the defined tasks, 
e.g., personalizing the trajectory through a course or cur-
riculum. As described in Section 3.1, we use a modular 
approach in the development and delivery of courses, so 
that each course c  C can be viewed as a collection of 
interrelated modules, where the degree of connectivity 
among modules can vary from course to course. 
 
3.1. Modular Course Development 
 
Fundamental to the proposed educational platform is the 
modular approach to course development. Each course is 
divided into several content modules, a number of which 
are mandatory, as dictated by the curriculum to satisfy 
degree objectives, requirements, and accreditation re- 
quirements, e.g., ABET. The remaining content mo- 
dules, typically smaller in number, include elective 
content that can be chosen to supplement the student’s 
knowledge of prerequisites, or to engage an interested 
student in more advanced topics. The content modules 
for each course can be supplemented by experiential 
modules, which are intended to reemphasize key issues 
covered in the content modules through hands-on 
individual and group projects. The experiential modules 
are dynamic, as their contents can be determined based 
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on topics that a majority of the students in a given class 
find challenging or confusing. Associated with each 
module are learning objects such as prerequisite modules, 
lecture notes, problems, sample solutions, and programm- 
ing or laboratory exercises. 

Course modules are self-contained, self-paced, and 
designed to promote active rather than passive learning. 
Available multimedia tools are used to design a module 
to be interactive and flexible for the students, who can 
navigate freely through the program. Self-assessment 
questions at the end of each module will take a variety of 
forms, including objects to be “dragged” into place, and 
multiple-choice or short-answer questions. The most 
interactive learning objects of a course module are the 
design challenges, in which the student must make 
decisions and respond to “hints” and other feedback in 
order to find a solution for the problem at hand. Graphics 
and animation are used to demonstrate complex concepts. 
Text, narration, charts, and diagrams are used to 
reinforce concepts during animation. 

All courses are “mix-and-match,” in the sense that 
each consists of several modules on interrelated topics 
which are, in turn, interrelated across the whole 
curriculum in a networked fashion. Figure 2 illustrates a 
sample environment for a course on design and analysis 
of algorithms. In this example, a module on graphs in the 
algorithms course is closely linked to other modules of 
the same course - sorting, greedy algorithms, dynamic 
programming, and complexity analysis. Furthermore, the 
module representing routing in a course on computer 
networks is linked to the graphs module of the 
algorithms course. 

Some modules require prior knowledge; if the student 
does not have this background, he/she should be able to 
peruse a module from an earlier course before reentering 
the current module. Assessments that gauge the student’s 
mastery of concepts at the module level are used to allow 
self-paced progression through the course. If a student 
has already mastered the material in a module and wishes 
to explore the topic in more depth, he/she can choose a 
more advanced module in that subject. To maintain a 
sense of community, advanced students who progress 
through the course more rapidly are encouraged to serve 
as group leaders. This peer learning approach fosters 
“soft” skills, such as communication and negotiation. 
Figure 3 depicts the possible trajectories of a student 
through one module of a course. The figure also 
demonstrates the student tracking process as incor- 
porated in the module. Each module reinforces 
background knowledge and allows self-paced pro- 
gression and options to study more advanced concepts 
and/or to gain missing basics. 

In short, modular course design offers: 

 Adaptability/flexibility: to a certain extent, course 
contents can be personalized based on a student’s 
needs and interests. This is particularly beneficial to 
students in honors or certificate programs, graduate 
students, and transfer students.  

 Continuity: the modular approach to the course de-
sign, combined with the ability to personalize the 
contents of a course allows greater continuity in the 
curriculum, while satisfying the needs of some stu-
dents without sacrificing the needs of others. 

 
3.2. Blended Instruction and Learning 
 
Common experience shows that online availability, e.g., 
through a course management system such as Black-
board, of lecture notes and other instructional content 
generally leads to low class attendance by students. Even 
students who continue to regularly attend classes may 
become inattentive in the classroom and passive in any 
discussions that take place. Furthermore, there is an in-
creasing expectation that the course coverage and ex-
amination must be limited to whatever is available online, 
and any topics discussed outside of class should not be 
covered on the tests. Periodic examinations and pop 
quizzes (though extremely unpopular among the stu-
dents), to some degree, could be reasonable solutions; 
but are becoming scarce due to large class sizes. We seek 
to adopt a new teaching practice that is attuned to ad-
vances in technology, is interactive and motivates active 
class participation, enforces continuous learning, and 
fosters interpersonal skills that may be neglected in a 
traditional classroom. To achieve these objectives, we 
propose to modify the traditional lecture-based teaching 
environment, by utilizing a blended approach to learning 
and instruction, with the following features: 
 Most, if not all, of the class period is dedicated to 

interactive problem-solving based on a collection of 
course materials covered by modules discussed in 
current and previous classes. 

 Students are required to peruse specified learning 
objects before class. All content modules are made 
available online in advance, and group study (fa-
cilitated by the experimental modules) is highly 
encouraged. 

 Students are expected to either communicate major 
issues with the instructor ahead of time, bring their 
questions to the class, and/or use online communi-
cation tools such as discussion boards to share their 
concerns and questions with their peers. 

 The class period then is dynamically organized to 
address major issues raised by students and enhance 
their understanding of subject matter learned in the 
content module. 

Copyright © 2010 SciRes.                                                                                  IIM 
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 To encourage independent learning and reflection 
and continuous involvement, at the beginning of 
each class period, students are quizzed on the major 
conceptual topics (mandatory modules) they have 
been asked to study. The remainder of the session is 
devoted to addressing students’ questions, and dis-
cussing and analyzing the more complex topics 
covered in the mandatory modules. 

 Traditional periodic homework assignments, pro-
jects, and examinations will continue to be utilized 
to reinforce learning and determine the students’ 
overall mastery of course contents. Naturally, im-
plementational details such as absences due to ex-
tenuating circumstances need to be addressed in a 
fair and appropriate fashion. 

 Maintain a sense of community, advanced students 
who progress through the course more rapidly will 
serve as group leaders and are rewarded with extra 
credit for their efforts in mentoring and tutoring 
their peers. 

 Finally, provisions are made to encourage, promote, 
and reward group activities and missing basics such 
as leadership, communication skills, and ethics. 

In short, our perspective of the classroom is an envi-

ronment conducive to experimentation and discovery, 
which can be tailored to cover key issues in the content 
modules, and more specifically, the mandatory portion of 
the content modules. 
 
3.3. Intelligent Access Tools 
 
We leverage our research in multidatabases, mobile 
agent technology, pervasive computing, and mobile data 
access systems to develop middleware that serves as 
global information sharing cyberinfrastructure. This 
middleware is positioned on top of existing database and 
course management systems, and allows anytime, any-
where intelligent and transparent access to content mod-
ules that comprise the courses of a curriculum. The em-
bedded dynamic nature and bottom-up design approach 
of the SSM makes it particularly suitable for extending 
the scope of PERCEPOLIS beyond a single discipline or 
educational unit. The summary schemas concept under-
lies a semantic network and semantic metadata that inte-
grate course modules, and hence courses, within and 
across multiple curricula. 

 

Course Modules 
Microcontrollers 
Distributed Algorithms 
Communications 
Graph Representations  
Flow Networks 
Power Grid  
Water Distribution  
Transportation Networks 
Simulation Tools 
Qualitative Models 
Quantitative Models 

Greedy Strategy
Module on Graphs
Graph Definitions 
Depth-First Search 
Breadth-First Search 
Spanning Trees 

All-Pairs Shortest 
Path 

Single-Source 
Shortest path 

Dijkstra’s 
Algorithm 

Network Routing

Quizzes 
Exams 

Student 

Instructor

Sample 
Programs, 
Source Code 

Programming 
Project 

Challenges,
Research 
problems Other 

students 

 

Figure 2. Sample environment for a course on design and analysis of algorithms. 
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Pass?
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At the end, give a 
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remedial action if 
not successful

No

 

Figure 3. Possible trajectories through one module of a course. 
 

Furthermore, with the aid of the navigational tools and 
imprecise content-based search capability of the SSM, 
users, e.g., students, instructors, and advisors, can 
browse through content modules from a range of courses 
and curricula to determine an appropriate learning tra-
jectory. The choice of the SSM, regardless of our famili-
arity with the concept and access to its prototype, stems 
from: 1) its ability to perform semantic search and im-
precise queries, 2) the relatively small size of its meta-
data, 3) the robustness of the model, 4) its automatic 
generation of metadata, and finally, 5) the efficiency of 
the platform. 

In the context of PERCEPOLIS, the SSM metadata 
hierarchy, at the root level, represents the curriculum, 
e.g., computer science and computer engineering curric-
ula, with semantic terms that specify curriculum objec-
tives and content requirements. The leaf nodes then rep-
resent the course modules. The synonym, hypernym, and 
hyponym links are used to relate modules to courses 
and/or areas, as defined by the curriculum. 

The meta-data structure of SSM can be built in either a 
centralized or distributed fashion on top of the content 
and experiential modules. This implies that, at the pre-
sent, we mainly utilize the computational and software 
facilities available in participating organizations and 
UNIX-based operating systems. The relational data 
model is expected to be used to model course modules. 
Local data sources can be built on top of various data-
base management systems, ranging from Microsoft Ac-
cess to PeopleSoft. As a security measure, provisions are 

made to provide different access capabilities to different 
classes of users, e.g., students, administrators, or course 
developers, based on their individual profiles. In addition, 
to facilitate user access to the system, an interactive, dy-
namic, and user-friendly graphical user interface (GUI) 
is being developed. The GUI will guide and direct users 
to the system, and aid them in finding relevant sources of 
information based on the keywords they enter and with 
the help of our metadata. All learning objects developed 
in the course of the proposed work will adhere to Shar-
able Content Object Reference Model (SCORM) [24-26], 
standards to facilitate interoperability with other educa-
tional platforms, and the navigational tools will be cog-
nizant of SCORM metadata, to allow query of learning 
objects external to PERCEPOLIS. 
 
3.4. Personalization of Course Content and 

Tracking of Student Progress 
 
As noted before, we will extend our research in the areas 
of pervasive computing and mobile agent technology to 
create a virtual environment that supports a networked 
curricular model and a subject-based one-to-one stu-
dent-faculty ratio for the purpose of mentoring, advising, 
guiding, and educating students within the program. As 
described earlier in this paper, a student agent, in com-
munication with the agent of his/her academic advisor, in 
concert with his/her accumulated academic background, 
interests, and special needs, determines a personalized 
trajectory of courses and/or modules for the student. In 
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this process, the SSM is consulted as a backbone data 
source to determine the personalized trajectory, as well 
as a contact course advisor (naturally, in most cases this 
would be the designated course instructor or course su-
pervisor). At this point, various communication means 
are set up for the duration of the semester, to facilitate 
interaction between the student and instructor/advisor. 

An agent is associated with each module. The agent is 
also linked to other agents (modules) in the same course, 
as well as related modules in other courses. The agents 
representing various modules within a course form a 
community among themselves, representing that course. 
The agent associated with a module reports directly to 
the instructor, but also serves as a virtual guide to the 
student for the duration of the course. 

More specifically, when a student, s, is required to 
take a course, c, an agent, Dsc, is created to represent the 
student in that course. Dsc acquires information about the 
student’s profile and determines the student’s academic 
background, interests, and accumulated prerequisite 
knowledge, among other required information. Dsc inter-
acts with the agents of course modules to identify a per-
sonalized trajectory of modules and learning objects for 
the student. Furthermore, Dsc ensures that the student 
peruses required material-notes, sample programs, exer-
cises, and the like. Dsc also alerts the student to timelines, 
class schedules, learning/discussion schedules, project 
deadlines, appointments with the instructor, and corre-
sponding preparations. The instructor agent for the 
course, Dsc, ensures that the student meets all require-
ments for each mandatory module, and collaborates with 
Dsc to ensure that the student is supplied with all required 
course material. Dsc also informs the instructor about the 
progress of the student and alerts the instructor whenever 
the student is progressing too slowly or too rapidly.  
 
4. Anticipated Outcomes 
 
A significant body of research [2] has concluded that 
effective learning takes place in the course of a “cogni-
tive apprenticeship” that fosters the learner’s intellectual 
development [2,27,28]. Four concepts have been identi-
fied as essential to the critical examination and im-
provement of education; each concept represents a stage 
in the cognitive apprenticeship: 

1) Modeling: enabling students to observe an expert in 
action. 

2) Scaffolding: provide support for students to emulate 
expert performance. 

3) Coaching: providing students with deliberate, 
planned feedback that guides their performance from 
novice- to expert-level. 

4) Fading: removing the scaffolding as students be-

come more competent. 
PERCEPOLIS facilitates all four stages of cognitive 

apprenticeship. In the modeling stage, multimedia dem-
onstrations and animations can be incorporated into the 
course modules as representations of expert performance. 
Solved problems, design examples, and guided exercises 
with “hints” are among the learning objects useful in the 
scaffolding stage. Online assessments, some of which are 
graded instantaneously, are examples of learning objects 
that facilitate coaching. The fine-grained data collection 
enabled by the cyberinfrastructure facilitates the provi-
sion of more accurate and detailed feedback to the stu-
dents, which is especially helpful in the coaching stage. 
Graceful and gradual fading of instructor support is also 
supported, e.g., through learning objects that feature ad-
vanced problems or exercises. The availability of online 
learning objects that can be perused at a student’s con-
venience provides subtle assistance that encourages and 
supports efforts in the absence of the instructor, further 
facilitating fading. 

PERCEPOLIS enables blended learning, where online, 
computer-mediated instruction supplements traditional 
classrooms. Blended learning is an emerging phenome-
non well-suited to the learning styles and expectations of 
today’s students, who are digital natives [29]. Students 
are expected to peruse before class learning objects per-
taining to concepts traditionally taught during the lecture 
portion of a course. This allows class time to be used for 
problem-based learning and other educational ap-
proaches conducive to the cognitive apprenticeship. As 
an example, the students can be required to peruse a 
learning object that presents the general steps of a design 
technique prior to class. In-class demonstrations of the 
technique on an actual design problem by the instructor 
or a guest expert can serve as a model for the students. 
Alternatively, they can work on a design problem in 
class (scaffolding) and receive feedback (coaching). 
Gradually increasing the sophistication of the in-class 
activities supports fading. 

The peer and active learning opportunities offered by 
in-class activities can strengthen the interpersonal skills 
of the students, facilitate the interaction of students from 
typically underrepresented groups with their peers, and 
can be used to incorporate discussions of ethics, sustain-
ability, and other topics beyond the technical knowledge 
typically conveyed in a traditional lecture setting. Fur-
thermore, a wide range of instructional tools can be util-
ized to build effective scaffolds for a broad range of 
“missing basics”: reflective and metacognitive skills, 
interpersonal communication, negotiation, and teamwork. 
For example, forum tools in existing course management 
platforms can be used to initiate and scaffold both asyn-
chronous, written group activities (discussion boards) 
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and synchronous, live team negotiations (voice boards, 
online conferencing tools). The wide variety of tools will 
then address various learning styles used in personalizing 
the learning trajectory of each student. These activities 
can be monitored by the instructor, the advanced students 
serving as peer leaders, or both. The involvement of peer 
leaders will help them build strong leadership skills, 
strongly valued by the future employers. On the other 
hand, participation of the instructor and/or the peer 
leader in these forums increases their effectiveness and 
ensures conditions for the fair and ethical behavior req-
uisite of professional practice. 

The flexibility of the proposed cyberinfrastructure in 
utilizing computing technology to support rich educa-
tional content has the added benefit of facilitating the 
accommodation of differences in learning styles. The 
average learner retains about 20% of what is heard, 40% 
of what is seen and heard, and 75% of what is seen, 
heard, and performed [30-32]. A traditional classroom 
setting mainly offers visual and auditory content; print- 
or video-based distance study does the same. The ability 
to provide tactile content, whether in reality, in a class-
room setting, or through remote access and virtual reality, 
is especially helpful in the modeling stage of the cogni-
tive apprenticeship, but can also be exploited to increase 
the efficacy of other stages. Furthermore, the predomi-
nant learning style of a student can be assessed and used 
in personalizing courses and curricular trajectories for 
each student. The ability to track the perusal of educa-
tional content by each student allows more accurate de-
termination of his/her learning style [33]. 

The dynamic nature of PERCEPOLIS lends itself to a 
wide range of disciplines beyond science and engineer-
ing. As an example, a wealth of rich electronic artifacts 
have been developed and made available by cultural in-
stitutions, e.g., the Metropolitan Museum of Art provides 
a database of images, audio files, and detailed informa-
tion about 130,000 works of art in their permanent col-
lection, podcasts, and scientific research information on 
its web site [34]. An intelligent access tool can allow 
these resources to be efficiently and dynamically incor-
porated into classroom discussions and linked to elec-
tronic learning objects available for perusal by the stu-
dents outside of class. 

The self-paced and modular nature of the courses and 
the “anytime, anywhere” availability of the learning ob-
jects make the platform well-suited to eLearning, dis-
tance education, outreach activities, and workforce edu-
cation or certificate programs. The same attributes allow 
graduate students engaged in interdisciplinary research to 
acquire the requisite broad background without having to 
complete traditional undergraduate level courses. The 
software and content artifacts of PERCEPOLIS serve as 

effective advising tools that can facilitate student course 
scheduling. Finally, the special accommodations needed 
for students with learning disabilities or physical chal-
lenges are aspects of personalization facilitated by the 
cyberinfrastructure. Outside of academia, the intelligent 
personalization facilitated by PERCEPOLIS can be use-
ful to streamlining professional training, whether techni-
cal or related to topics such as safety, workplace conduct, 
or cultural sensitivity. 

Beyond the fundamental objective of personalizing the 
learning trajectory of a student through a networked cur-
riculum, the PERCEPOLIS cyberinfrastructure aims to 
utilize teaching tools, animation techniques, and remote 
access to information to present the same information in 
different ways and accommodate differences in learning 
styles; allow self-pacing, privacy, and flexibility; achieve 
spatial and temporal uniformity in presentation of the 
same material; and ensure efficient utilization of re-
sources and lower costs to students and providers. The 
following outcomes are anticipated as a result of suc-
cessful adoption of the proposed cyberinfrastructure. 

1) Creation of a dynamic, student-sensitive, and adapt-
able blended learning environment that allows a virtual 
one-to-one instructor-to-student ratio. 

2) Definition of a novel methodology for modular 
course development, implementation, and delivery that 
promotes continuous, self-paced, active, and peer learn-
ing and supports networked curricula. 

3) Development of a novel navigational tool for stu-
dent advising and course management that facilitates 
access, browsing, development, expansion, and modifi-
cation of curricula and courses across multiple disci-
plines and institutions. 

4) Development of a new technology-based method-
ology for effective and efficient presentation of courses 
and active engagement of students in the classroom.  

5) A shift to professional practice as the focus of edu-
cational efforts, rather than technical skills.  

The project is currently in the proof-of-concept stage. 
We are in the process of converting the following four 
courses to the modular format required for use in PER-
CEPOLIS: Introduction to Computer Engineering, Digi-
tal System Design, Computer Organization and Design, 
and Introduction to High Performance Computer Archi-
tecture. 

The educational research goals of the project are the 
following, inspired by the Technology-Enabled Active 
Learning (TEAL) project at the Massachusetts Institute 
of Technology [35]. 

1) In the cognitive domain, to assess students’ mastery 
of concepts as a result of studying in courses where the 
PERCEPOLIS platform is utilized - does the personal-
ization with respect to background and learning style 
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help or hinder student learning? 
2) In the affective domain, to analyze students' atti-

tudes towards the blended personalized learning envi-
ronment, and to study their preferences regarding the 
combination of various teaching methods and learning 
objects - is personalization an effective support for stu-
dents' learning, as well as an efficient instructional strat-
egy in the modularized blended learning environment?  

3) In the social domain: to characterize the effect of 
using the PERCEPOLIS platform on student interactions, 
both with the instructor and with their peers, and to as-
sess soft skills such as communication and negotiation - 
does the proposed platform support high-impact strate-
gies to enhance the students' ability to build the soft 
skills valued by future employers? 

Expected measurable outcomes include:  their con-
cerns and questions with their peers. 
 Success of personalization (cognitive, affective) 
 Effectiveness of teaching practice (cognitive, affec-

tive, social) 
 Interconnection among different courses - module 

reuse (cognitive, social) 
 Student satisfaction, as compared to traditional ad-

vising—can use dropout or change of major as a 
gauge (affective) 

 Employer satisfaction with soft and technical skills 
(social, cognitive) 

The novelty of PERCEPOLIS lies in its ability to lev-
erage pervasive and ubiquitous computing and commu-
nication through the use of intelligent software agents 
that use a student's academic profile and interests, as well 
as supplemental information such as his/her learning 
style, to customize the content of a course for the student. 
Furthermore, PERCEPOLIS facilitates the collection of 
data on student performance and learning at a resolution 
that far exceeds what is currently available. Knowledge 
discovery from this rich data set can yield invaluable 
insights, such as the efficacy of particular instructional 
techniques and strategies embedded in the learning ob-
jects. The data collected is also helpful for accreditation 
self-studies. Learning objects, in particular assessments 
can be linked to specific learning outcomes of a course. 
 
5. Conclusions 
 
The proposed cyberinfrastructure supports a shift from 
teaching technical skills to fostering the professional 
expertise required for a student to succeed as a practicing 
engineer. The dynamic nature of PERCEPOLIS lends 
itself to a wide range of disciplines beyond engineering. 
The self-paced and modular nature of the courses and the 
“anytime, anywhere” availability of the learning objects 
make the platform well-suited to eLearning, distance 

education, outreach activities, and workforce education 
or certificate programs. The same attributes allow gradu-
ate students engaged in interdisciplinary research to ac-
quire the requisite broad background without having to 
complete traditional undergraduate level courses. The 
software and content artifacts of PERCEPOLIS serve as 
effective advising tools that can facilitate student course 
scheduling. Finally, the special accommodations needed 
for students with learning disabilities or physical chal-
lenges are aspects of personalization facilitated by the 
cyberinfrastructure. 
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