Personalized E-Learning for Distance Courses in Comunity Colleges

peter Brusilovsky?Nancy Grant'Sharon Hsiac’kenneth Moore’Sergey Sosnovsky
School of Information Sciences
University of Pittsburgh
Pittsburgh PA 15260, USA
{peterb, ihh4, sas15} @pitt.edu
2 Department of Computer Information Science
Community College of Allegheny County
West Mifflin, PA 15122, USA
{ngrant, kmoore} @ccac.edu

Abstract: Personalized E-Learning systems have a potentadance distance learning education
to a new level. The evaluation of several persapdliE-Learning systems in the context of regular
classes offered by top research universities aadhteg colleges demonstrated their ability to
increase both quality of learning and student natitbn to learn. However, the usability and the
value of personalization, which adds another lafecomplexity to E-Learning systems, is yet to
be proved in the context of real distance learningrses offered by regular 2-year and 4-year
colleges. The study reported in this paper explomxther the students enrolled in distance
learning courses at the Community College of Allgh County are able to use, understand, and
appreciate several personalized E-Learning systamgh were not specifically customized for
this category of students. The results demonsttate some tools are used quite heavily, while
other tools are used less than expected.

1. Introduction

Personalized E-Learning systems have a potentia@diance distance education to a new level. This
category of tools uses a range of approaches tpt adathe knowledge, interests, and preferencesmditidual
students to deliver a superior level of supporte Tévaluation of different personalized E-Learningtesms
demonstrated their ability to increase both quabfylearning and student motivation to learn (Biasky,
Sosnovsky & Yudelson, 2006; Kavcic, 2004; KumarQ20Triantafillou, Pomportis, Demetriadis, & Geadou,
2004). Yet, the majority of classroom studies ofspealized E-Learning systems were performed imeeigood
research universities or top-level teaching-oriérielleges. Moreover, while most of the authors tite potential
impact of these tools for distance education, atratixlassroom studies of personalized E-Learsygfems were
performed in the context of regular courses whegb\lvased tools served as an enhancement of classessions,
not as the primary way of delivering education. Bhecess of personalized E-Learning systems usaddional
sources of learning in top colleges does not imatedli assure that these tools will be applicableegular 2-year
and 4-year colleges or in distance education confBlxe major problem here is that personalizatigpicilly
requires more sophisticated interfaces. For exampliaptive hypermedia systems, capable of providing
personalized guidance, typically introduce a nundfexdditional interface features such as perspedlicons. As a
result, the majority of students in regular colegaho are less prepared than students in topradseaiversities
and teaching colleges, may not be ready to usestaalied personalized systems. A similar “integfalsarrier may
also create problems for personalized tools iradist education context. While in a regular clagsidaculty have
multiple chances to demonstrate a personalize@msyand help students resolve their problems. kewstudents
in distance education courses have to rely on thwin skills and online help pages provided by aspealized
system. At the same time the need for personaéziedirning applications in the distance educateitirgys is even
higher than in a typical classroom. A teacher mistance learning course has a very limited s¢baf to control
and manipulate the educational process, his/herisosomewhat reduced, and is shifted upon theestadwhose
freedom and responsibilities become higher. In ssettings the capability of an educational systentatlor its
content for the needs of an individual student bes®more significant.



This paper presents some early exploration ofittiiguing issue. Our goal was to explore to whetat
personalized E-Learning systems, which proved teuneessful as an extension of traditional cours@sresearch
university, can be applied in distance educati@ss®s in a typical 2-year community college. Td fime answers,
we investigated the use of four personalized E-hiegr systems developed at the University of Pittgbhuin
distance learning classes offered by the Commu@itjege of Allegheny County. The rest of the paipéroduces
the systems used for the study, explains the dedigme study, and provides an analysis of theystedults. At the
end, a brief discussion is provided.

2. The Systems

In total, we explored four personalized E-Learnsygtems in the context of two community college
distance learning courses: QuizGuide (Brusilovs®psnovsky & Shcherbinina, 2004), NavEx (Yudelson &
Brusilovsky, 2005), Knowledge Sea Il (Farzan & Biaxsky, 2005), and WADEIn I (Loboda & Brusilovsky
2006). These systems were originally developedippart introductory C programming courses at thevehsity of
Pittsburgh. The systems were not altered for tilseareh study at the community college. All fourspmalized
systems were available to the students througlsahee portal. Once logged in, the students can sie@ah of the
systems. As presented in section 5, the first tygbesns were used extensively and the other two Ky Below
we provide some more information about the two Heawsed systems and the kind of personalizatiat they
used. As for the other two, it is sufficient to rtien that Knowledge Sea Il provided access to sdvenline
textbooks for C programming and WADEIn providednaaied examples and problems on C expression eiaiuat

QuizGuide serves over 100 interactive self-assessments igngsgrouped by quizzes. The questions
themselves are not adaptive. Each student, wheraitting with the system, gets a randomly instsediaersion of
each question. The personalization in QuizGuideffisred in the form of guidance, which helps studédn select
most appropriate questions. The system informsesiisdabout their knowledge and current learningl gpya
annotating quizzes with icon-based cues (Fig. LjzQuide groups quizzes available to a studentdayse-grained
topics. The link to each topic is assigned an sloowing a target symbol. The number of arrows itélrget (from
0 to 3) reflects the system’s assessment of stisdkmbwledge of the corresponding topic (no arraepresent no
or very little progress, three arrows representiegy good knowledge). The system bases its judgroanthe
performance the student demonstrated with the gaiattached to a topic. The color of a targetdritutn encodes
the relevance of a topic to the current learningl @ the class. As QuizGuide is the system desigoebe used in
the real class, every time, new topics are intredusong the course schedule, they become annatéted bright-
blue target. The topics, which serve as preregsdior any of current-goal topics, receive a péle-ltarget. All
other passed topics, non-related to the goal otthss at this time, are assigned with grey tardétslly, topics
that have not been explored by the class yet aretated with crossed targets.

The topics provide students with coarse-grainegdian. This feature is good in helping studentéird
an appropriate content area to work on, but ibiscapable to navigate them to a specific quesfionsupport more
accurate guidance QuizGuide also employs smalkktacgns annotating single questions within a quie color of
a small target represents student’'s knowledge efntlaterial associated with a question. The smaliedent’s
knowledge are for the concepts involved in the joesthe more focus the student is supposed totpathis
question, hence the brighter the target is. To Istliplents to differentiate between similar questias well as
attempt as many questions as possible, QuizGuide @adheckmark to each correctly solved question.

NavEx(Navigation to Examples) serves a large set (6@¢rof interactive programming examples. Similar
to the case of QuizGude, the examples themsehesair adaptive and the personalization is offetedugh
adaptive annotation. NavEx implements traditionahezbased annotation (Brusilovsky & Pesin, 1998)jctv
divides all educational content into three “zonek’sufficiently known, 2) new and ready for expiton, and 3)
new, but not-yet-ready. In addition, NavEx suppgstegress-based annotation, which shows curremjress
achieved while working with an educational obj@dte NavEx window consists of the left navigatioanfre and the
content area (Fig. 2). In the navigation frame, tome-based annotation is combined with performéased
annotation in a single adaptive icon. The goal dapdive annotation in NavEx is to provide threeetypof
information to students: 1) categorize examplesrees the student is ready or not yet ready to eglwt ready to
explore example are annotated with red X iconserstk with green bullets), 2) represent the stuslgmbgress
within the examples (displayed as partial fillinfjtbe green bullet), and 3) emphasize (using boft)fthe most
relevant examples for the student given his/her lpiagory of browsing examples.
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printf{"Interest %6.2f; Total $9.2fYn", annual_interest, capital +
annual_interest);

Figure 1: QuizGuide Interface Figure 2: NavEx Interface

3. The Study

Two computer information science courses, namelyinroduction to programming using the language C
(CIS145), as well as an advanced course in datatgtes and computer programming using the C++uagg
(C1S245), were used as the samples in the piletares study. Both courses were taught at a two-g@amunity
college. Both courses were delivered as distaeagning courses using a Learning Management System-
Blackboard. The duration of each of the courses t@a weeks. There were 12 students (4 female8 amales) in
the CIS145 course and 9 students (1 female andésjria the C1S245 course.

The first course was called Programming in C aedgtterequisite for the course was that the studeeis
required to have prior computer programming expeee The content of the course included the faligwopics:
program structure, data types and variables, béraiprs, control structures, input and output, and two-
dimensional arrays, as well as an introductiondmiers and data structures. The second coursealesl Data
Structures and Programming: C++. It also hadesgguisite, namely, a course in object-orientedynmming and
design using the Java computer programming langu&gairse topics included software design and dgveént,
with a focus on data abstraction and informaticwictres implementation. Additional course topiesluded
instruction on the C++ computer programming langyags well as in-depth instruction and applicatising
various data structures, including arrays, pointests, stacks, queues, and trees.

During the third week of the semester, studentsfbwth of the courses were given instructions &mta
the Felder & Soloman Learning Style Inventory (Hftpww.engr.ncsu.edu/learningstyles/ilsweb.html)The
purpose of the learning style inventory was to aema student’s learning styles which were categdrinto four
areas. These included the following learning styfges: active and reflective, sensing and intejtivisual and
verbal, as well as sequential and global. Studeet® also directed to review their cognitive léagnstyles and
strategies, given the results of their inventorseasment.

The personalized systems were introduced duringaimeh week of instruction. The students were give
user ids's, as well as passwords to login to thetahowhich provided access to the E-Learning syste
Additionally, students were given detailed inforioaton the purpose of each of the systems, as agetieneral
instructions on how to use them. The usage of {ls¢em was encouraged, but it was not a mandatouyseo
requirement. At the end of the course, the stidesio had used the E-Learning systems were askéi dat a
guestionnaire regarding them. The questionnairedaiiem to rank each system in terms of their lise$s in the
context of the course, as well as to answer a rahgaestions about each specific E-Learning system

4. The Results

As was discovered by analyzing the student’s ragiof the four systems, two of the systems — Quid&u
and NavEx emerged as clear leaders. As shown inlTéB.64% of the students like the NavEx best amked it
as the number 1 system. 90.91% of the studentsaisfied with QuizGuide and nominated it as tHest or



second choice. The two other systems lagged béfsimdy typically ranked'3or 4". The log analysis demonstrated
the same situation: QuizGuide and NavEX were usig gonsiderably, but the other two got littlenimne practical
use. We can speculate that the students were mteststed to work with interactive quizzes and glasand less
motivated to access static text pages served bywikedge Sea Il. As for cWADEINn, which is also a High
interactive tool, a likely reason of its lower pdgmity was the nature of offered content. cWADEIloas the
students to practice evaluation of C expressionspa typically learned during the first two weettSa course.
Since the systems were introduced during fhevdek, cWADEIn content was well behind the frontiérstudents
learning interests. In addition, the interfaceto$ tsystem was the most complicated of the foue ddmbination of
low need and s higher learning threshold couldarphe low use of this system.

QuizGuide NavEx cWADEIn Knowledge Sea Il
1 36.36% 63.64% 0.00% 0.00%
2 54.55% 9.09% 27.27% 9.09%
3 9.09% 27.27% 36.36% 27.27%
4 0.00% 0.00% 36.36% 63.64%

Table 1: Overall Satisfaction of QuizGuide, NavEx, cWADEKnowledgeSea

CIS145(C) CIS245(C++)
% participation 62.5% 100%
QuizGuide
Time spent 1'03"14 0'4"29
Question Attempts 90.5 8.4
Quizzes Completed 135 3.2
Question Successful Rate 49.89% 29.10%
NavEx

Time spent 0'48"02 0’21706
Examples 26.7 22
Example Revisit Rate 28.73% 69.10%
Number of Examined Lines 101 125.14

Table 2: The Usage of QuizGuide and NavEx

Tab. 2 shows further analysis of student interactidth the two systems (QuizGuide and NavEXx). As
shown by the data, the balance of the system usatie two classes was very different. Studentsf@lS145
spent a lot of time with QuizGuide, 1 hour 3 mirmutnd 14 seconds on average. Within the vast anwuimhe
spent on QuizGuide, students had 90.5 questiomptte There were 13.5 questions completed and ubstign
successful rate is 49.89%. The time spent by ClStddents in NavEx was slightly less. However,beber of
visited examples and examined lines was quite isgive 26.7 and 101 accordingly. This usage data are
comparable and even higher (for NavEx), with theidgl use of these systems in the C programminggekat the
University of Pittsburgh. In contrast, the studesft€1S245 used QuizGuide much less, while thedtgesof NavEx
was much higher and comparable with NavEx usag€l®8i45. Interesting the example revisit rate in 225
(69.10%) was very high. The observed balance caexpkined by pointing out a difference betweenn@ €++
languages. While C is considered a subset of Gyetinput/output statements in these languagesiféeectht. Since
about a half of all QuizGuide questions requiredwdedge of C output, which was not presented in288class,
the questions were much less useful for CIS245estisd In contrast, the understanding of C inpupoutvas not
necessary to benefit from NavEx examples — theaggtions for other code lines was equally intengstor C++
students. Yet, C is a subset component of a C++segso the overall usefulness of the examplesstithsower
when compared to CIS145.

The remaining part of this section examines datanfthe questionnaires. The questionnaires included
number of Likert-style questions about the E-Leagrsystems. Most interesting, the purpose of teearch study
was to examine the student feedback about the lnsshiof the systems and about their personalizd¢iatures.
Fig. 3 shows a subset analysis of these questimshe data shows, 91.67% of the students agreedramgly
agreed that QuizGuide should be used again wherhitepthe courses. 75% of the students agreedrangly
agreed that the online self-assessment quizzesilmaed to their knowledge and over 60% agreedtamgly
agreed that QuizGuide helped them to improve theblem-solving abilities. Students particularlytew in the



free-format text that the system was very helphd aseful to their learning. Additionally, it al@d them to work
at their own pace.

The personalization features were also praised.r ®@86 of students expressed positive or strongly
positive opinions regarding the guidance valuedzpdive annotations. 75% of the students agreddhbasystem
correctly reflected their level of knowledge in therresponding topic. Furthermore, none of the exttglanswered
negatively on the questions that the research&exlas

Figure 3: Subjective Evaluation of the Systems

The students also found the colors, targets, amttkrharks to be easily understood. They expressed a
positive attitude toward the icon representatiams also found the interface to be very easy to idsavever, some
of students indicated that they did not pay a foateention to the annotations or they found tinat mouse cursor
going over the icon was relatively distracting. Betieless, according to students’ free-format faelpit's
confusing at the very beginning while using theteys however, it became clearer after reading trectibns or
trying the system for a while. The majority spexafly noted that the system worked just fine.

Additionally, we tried to find correlations betwe#me student’s usage of the systems and their itegrn
styles. While the relatively low number of subjedtses not allow us to find any significant diffeces, there are
still some interesting observations. The learnibdes of the subjects were not evenly distributéd% of the
students are self-reported as sensors and 66.78teof are visual learners. 58.3% are both sensidgvaual
learners. It may explain the reason why QuizGuide Wwighly used, for sensors love problem solving aenjoy
hands-on experiences. Indeed, for those who areregty sensing in learning, they actually spentermime on
QuizGuide and tried more the quizzes on the systesnthe same with the NavEx system as well. Theywsed
more the examples and examined more lines on tam@hes. Yet, as far as this online course is comzkrusing
the systems, reading course materials and oth@reoatlucational activities are highly visual enghgestead of
listening to the lectures or any other in-classulisions. We expected that Knowledge Sea Il woalddmehow
used more by visual learners rather than verbahéza, but we found no evidence of this.

5. Summary

Our study of personalized learning tools in theterhof distance learning courses offered in a comity
college setting demonstrated that at least som&s adé personalized E-Learning systems are heawgd tand
appreciated in this context. The usage of QuiZGuaidé the NavEX system, which both serve interaatimetent
with relatively simple navigation support, was cargble and even higher than their usage in a cabfsacourse
at a research university (University of PittsburghyVhile some students commented that additiongéria of
complexity added by personalization made the systeomfusing at the beginning, they were able totenadbese



systems with no other additional help, other tham provided written instructions. At the same tireo other
personalized systems were used much less in thginal context. While we can speculate about #ssons for
these differences, further studies are requirdzbtter understand the reasons causing lower ubesé systems.
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