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Abstract—Over the last few years, most of the attempts to in-
troduce active learning methodologies in the classroom have made
use of Information and Communication Technology (ICT). Many
of these efforts have been directed to collaborative scenarios used
in remote, blended or face-to-face experiences, in order to take ad-
vantage of the flexibility provided by ICT. However competitive
learning could also have some positive effects on the success of the
learning process, to be added to those of collaborative virtual envi-
ronments. This paper explores the effects of competitive learning
on the satisfaction and the academic achievement of telecommuni-
cations students. A tool for active and competitive learning (called
QUEST) has been used in the “Communications Networks” un-
dergraduate course. Significant results on the use of competitive
e-learning tools in university students’ outcomes and satisfaction
are presented.

Index Terms—Active learning, collaborative learning, com-
petitive learning, e-learning, higher education, teaching/learning
strategies.

1. INTRODUCTION

CTIVE learning methodologies based on Information and

Communication Technology (ICT) are, nowadays, one of
the most important tools in addressing the change that is taking
place in Higher Education. When active learning is compared
to traditional teaching methods, students achieve better compre-
hension, retain the information longer and enjoy the class more
[1]-[4]. In fact, a major benefit of the use of active method-
ologies is that they contribute to students developing the ca-
pacity actively to research and undertake responsibility for their
own learning process, and to solve problems with their own
resources.

Active learning methodologies can be structured so that stu-
dents are either forced to compete with one another (competitive
approach), work individually (individualistic approach), or co-
operate with one another (collaborative approach). Reviews of
the literature [5], [6] found cooperative arrangements to be far
superior in producing motivation and learning, and largely ne-
glect competitive learning. This paper examines the effective-
ness of competitive learning in combination with collaborative
learning. In order to provide collaboration and communication
facilities, flexibility, and anonymity in the competition when
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necessary, a telematic tool for active and competitive learning
called QUEST (Quest Environment for Self-managed Training)
was used. The QUEST system allows a combination of compet-
itive and collaborative learning styles (students can collaborate
in teams that compete with each other), in an attempt to marry
the positive effects of both.

With the aim of studying the effects of competitive e-learning
on university students, the teaching of a “Communications Net-
works” undergraduate course within a Telecommunications En-
gineering curriculum is analyzed.

The rest of this paper is organized as follows: Section IT will
review the relevant literature in order to provide a theoretical
background for this study. Section III describes the QUEST
system. In Section IV the hypotheses guiding this research are
reviewed as well as the instruments used, the data collection and
the educational design of the case study. The analysis and results
of the study are presented in Section V. Finally, in Section VI,
conclusions and future research directions are discussed.

II. LITERATURE REVIEW

Much of the literature on active learning [2], [3] shows a sig-
nificant improvement in long term retention and on the level of
understanding. So, for example, according to Dale [7], people
are able to remember about 20% of what they listen to (passive),
70% of what they say (active), and 90% of what they say and do
(active). Furthermore, active learning improves student attitudes
and develops thinking and writing skills, which is why it is rec-
ommended as a teaching method to improve learning [8], [9].

Moreover, several studies [4], [10] have revealed interesting
results in terms of student responsiveness and satisfaction,
as well as a significant correlation between the use of active
learning exercises and final exam scores. Felder et al [1]
compare outcomes for an active learning group (experimental
group) with outcomes for a traditionally-taught comparison
group in the chemical engineering curriculum. The results
obtained show that retention was higher for the experimental
group, who also developed higher critical skill levels, such that
the five-year graduation rate in chemical engineering was 85%
for the experimental group and 65% for the comparison group.

The development of ICT has enabled the creation of tools
which make collaborative work easier, such as communication
tools (email, forums, chat, videoconference...), tools for the
presentation of ideas (electronic blackboards, applications to
access to remote desktops...) or tools to share and manage
documents. Some e-learning solutions include several of these
tools such as Basic Support for Cooperative Work (BSCW)
used by [11]. Using these collaborative telematic tools, the role
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of the teacher can be easily adapted to a new educational model
according to which students must actively lead their learning
process [12].

Although motivation is one of the most positive aspects
of collaborative learning, some students feel more motivated
through competition. The idea of competition is usually linked
to gaming because of the motivational nature of both. In fact,
the incorporation of gaming elements into learning has received
increasing attention recently [13], [14]. So, for example, the
Joyce system is a competitive board game that allows students
to compete against each other or against a simple computer
simulated agent. The players have to answer multiple-choice
questions correctly in order to win the game [15]. Siddiqui et al.
[16] present a case of the application of simulation games; they
tested a supply chain simulator and observed a higher sense of
competition amongst students. In addition, their results clearly
show a significant increase in students’ motivation. Finally, in
[17], a simulation game is developed for teaching communica-
tion protocols. It is reported that this method has significantly
improved the level of understanding and motivation among
students.

Other computer-based interactive games are intended for
learning in engineering subjects, through the use of repetition
and carefully constructed levels of difficulty [18].

Games have a number of characteristics that make them at-
tractive from a pedagogic and instructional point of view. They
capture student interest, encourage active learning and motivate
participation. Fasli and Michalakopoulos [19] state that “the na-
ture of the game itself, and the competitive element involved,
act as an incentive for all students to put in more effort and even
weaker students persist with playing the game”. Therefore, there
are some systems that implement games for learning, which is
an effective method to increase not only motivation but also fun
and learning [20].

There are also some interesting examples of competitions for
learning. For example, Revilla, a lecturer in the department of
Applied Mathematics at the University of Valladolid, has devel-
oped a successful project named “Online-Judge”!, which was
given the 2005 Joe DeBlasi international award as the most
important contribution to competitive learning. The system al-
lows the correction of a number of computing challenges whose
answers can be submitted on-line, as well as participation in
on-line contests. Since its launch in 1997, it has received over
4.5 million submissions, reflecting the success of this type of
competitive learning project. Lawrence [21] also describes a
project for a data structures course based on the idea of compet-
itive programming. It allows students to improve and evaluate
their programming skills during an assignment, by competing
against instructor-defined code and other students’ code. Ped-
agogical results indicate that the introduction of the competi-
tive tournament increases student motivation and reduces pro-
crastination, a common cause for students failing to complete
assignments.

Thus, although some authors do not recommend competitive
learning [22], [23] in the literature there are several studies in
which good results are obtained when this type of learning is
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applied [15], [16], [18]-[21], [24]. Moreover, some works study
the possible negative factors of competition and compare dif-
ferent competition approaches: anonymous, of known author-
ship, face-to-face, distance located, etc. Yu et al. [25] examine
students’ preferences with respect to different kinds of compe-
tition. The results show that students prefer anonymous rather
than face-to-face competition, since the former is more likely
to reduce stress and other similar negative emotions. Therefore,
although some authors point to the negative effects of compe-
tition on interpersonal relationships and emotional states, their
studies were primarily conducted in traditional classrooms in-
volving face-to-face situations, where, without the use of net-
working technologies, the identity of the participants could not
be hidden. In this respect, Yu et al. [25] also state that it remains
to be seen whether the negative effects of face-to-face compe-
tition can be mitigated with the anonymity inherent in ICT. An
example of the success of this possibility is the QUEST system
[26], in which ICT and, more specifically, networking, provide
the support of anonymity, that allows teachers to design learning
strategies adapted to the anonymous competition mode. More-
over, QUEST allows team competitions, which combine the best
of competitive learning with the best of collaborative learning.

III. THE QUEST SYSTEM

The QUEST system is an innovative tool for active ICT-based
learning, whose aim is the introduction of cooperative and com-
petitive workshops supported by telematics. This system pur-
sues the development of student inquiry, documentation and
critical analysis skills, while raising the level of involvement and
communication between students and teachers.

QUEST is accessible from every computer with Internet ac-
cess and, hence can be used in the classroom, at home or in a
cybercafé. This level of access is possible because QUEST has
been implemented as a module that can be integrated into the
e-learning platform Moodle, in order to offer a new type of ac-
tivity for the courses delivered through that platform.

The QUEST system presents both individual and group work
environments, in which a set of intellectual “challenges” must
be solved in a time-constrained way. These challenges are pro-
posed to the students by other students and/or by the teachers.

The answers to the challenges proposed can be of any of the
types most usual within the current assessment tests, and files
in different formats can be attached by the students when the
answers to the challenges are submitted.

Once submitted, the tasks are rewarded by means of a variable
scoring system. This system obeys a set of rules designed to
prevent negative effects such as plagiarism, lack of interest or
lack of motivation.

The workshop mainly focuses on competitiveness, collabora-
tion and social acknowledgment as motivation mechanisms and
seeks to strengthen these skills in the student’s academic work.
Hence, workshop sessions are presented as a contest, with the
corresponding ranking being based on the scores already ob-
tained by the students with their answers to the set of challenges.

To enrich the learning process by means of collaboration
and involvement, the system allows the students to submit
challenges and to pre-evaluate the corresponding answers. The
scoring method was designed to avoid the negative effects this

Authorized licensed use limited to: UNIVERSIDAD DE VALLADOLID. Downloaded on January 22,2024 at 15:46:57 UTC from IEEE Xplore. Restrictions apply.



REGUERAS et al.: COMPETITIVE E-LEARNING TOOLS

Teleformacién TCO7 QUESTS Activities of Communications Networks

281

this QUEST

Activities of Communications Networks

Current phase of Quest: Open QUEST

Starting date: jueves, 1 marzo 2007, 01:00 (11 days 17 hours)
Closing date: s¥bado, 30 junio 2007, 11:00 (110 days 3 hours)
Max right answers by challenge: 10

Max. members in team: 3

Example Assessment Form for challenges®™

Ranking
Description
View Summary by Teams
This year, this system will be used for doing some activities of the course. All nformation
about the system can be obtained in:System Description. User Score
The rules are the following ones:
o 13.9805
1. The teacher proposes some questions or challenges with a score which depends on .-
its level of difficulty.
2. All students can propose Challenges to the other students and obtain twice the R —— 13.0689
b . . B
3. Each Challenge is scored and validated by the teacher. In this sense it is important to
previously examine the Assessment Form for Challenges.
4. When a challenge is in progress, its corresponding score vanes at each time. A 12,3143
5. The final score depends on both the score of the challenge at the time it is answered . -
and on the result (:f the assu)smen( camed out by the author of the question (see
Assessment Form for Answers | ewe
6. It is possible to form groups of two students (only it is necessary to indicate a ' .:- | 114412
representative name).
It is important to remember that the score obtained in QUEST counts 40% towards the n 10,6714
laboratory mark. Thus, the first dassified will obtain that 40 % maximum and the rest of .
students will have the proportional part of this maxmum score.
YOUR NAME MUST NOT BE INCLUDED IN THE TITLE. THE SYSTEM RECORDS THE AUTHOR View Ranki
WITHOUTH RISK OF LOSS. For more information: System Description. "o
My Place / Manage Teams
Add challenge
Title Firstname / Lastname # Phase Answers(Right)[ Not assessed] Starting on Closing on Score
Concept map Challenge 15 (7)[2) 03/5/07 03/ 20/07
forunit 1 =X in 14:30 10:30 105439
process
Communication Challenge 6 (0) [6] 03/7/07 03/ 21/07
Theory in 20:05 20:05 41-7171
Questions = X process
SOLITON Start 0 (0) [0] 03/15/07 04/6/07
Waves. pending 01:00 02:00
Research
report, ¥ X
A (B) [C] v
A: Answers. B: Correct Answers.
C: Not assessed Answers. v Shows if I have answered yet
(===

Fig. 1. Main screen of the QUEST system in which the proposed challenges and their current score are shown, as well as a summarized ranking of the best students.

practice may entail, and each new challenge proposed by a
student must be scored and validated by the teacher [26].

As shown in Fig. 1, the QUEST system displays a perma-
nently updated and summarized ranking with direct access to a
detailed scoreboard. There are both individual and team rank-
ings. Additionally, all the challenges proposed by teachers or
students are shown in the main area of the screen.

Since the challenge exists from the time it is created until it is
eventually closed, its score varies as shown in Fig. 2. Initially,
the score grows to adjust the reward to the difficulty of the ques-
tion. When the challenge is correctly answered, the score starts
decreasing so that the student who is the first to answer correctly
is awarded the maximum score.

The final score obtained by students depends both on the
score of the challenge at the time it is answered and on the re-
sult of the assessment carried out by the author of the question.
This assessment must be conducted on the basis of a number of
criteria defined by the teacher when the contest is created, and
known previously to every participant.

Finally, when the challenge is closed, the students can read
all submissions from all the participants anonymously, which
can help them to understand and reinforce concepts while main-
taining the privacy of the submitting authors. As students have
the possibility of generating content that everyone else will be
able to access, they tend to aim for a higher level of perfection
than they would if their work were private [27].
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Potential scores

19 )
Current phase: Challenge in process 15 L )
Starting date: lunes, 5 marzo 2007, 02:30 (6 days 20 hours) X
Closing date: martes, 20 marzo 2007, 10:30 (7 days 23 hours) w11 !
Answers: 15 5 !
Right answers: 6 0 8k i
score:  10.9862 Al !
0 1 1 1 1
5/Mar | 8/Mar 11/Mar 14/Mar 17/Mar 20/Mar
. . March-o -- TIEMPO -- March-o
Tlme'VarY|ng Example Assessment Form for answers®
scores First right answer

Fig. 2. Variable scoring of a challenge during its life-cycle.

IV. PROCEDURE

Several studies [28]-[32] suggest that students’ satisfaction
and motivation are important factors in measuring the success
or effectiveness of the e-learning process; student satisfaction
is associated with student achievement [33] and it is also a key
indicator of educational quality [34]. Consequently, this study
proposes firstly to measure students’ satisfaction with QUEST
and their overall educational experience.

Moreover, in order to asses the pedagogical performance of
the e-learning system and the effect of competitive e-learning
on higher education students, it is very important to determine
if students’ academic results and the use of this new competitive
e-learning tool are correlated.

A. Hypotheses

Taking as a base the reviewed literature, this study proposes

the following hypotheses:

e HI. The final exam scores of the students who have par-
ticipated in QUEST will be higher than those of the rest of
students.

e H2. The final exam scores of the students who have ob-
tained better results in QUEST will be higher than those of
the rest of students.

B. Methodology and Instruments

Two instruments were used in this study: a) the students’
final exam grades in the different courses and the log of re-
sults in QUEST (i.e., the score and the participation of the
students in the different QUEST workshops), and b) a ten-item
survey based on the instrument developed by [28], which mea-
sures students’ satisfaction and motivation in e-learning envi-
ronments. This survey includes items relating to student inter-
action and collaboration or active learning with the QUEST
system.

The second instrument provides students with a five-score
Likert-type scale. The scale ranges from “Strongly Disagree” to
“Strongly Agree.” Students’ satisfaction total score can range
from a minimum of 10 (very low satisfaction level) to a max-
imum of 50 (very high satisfaction level).

Description

C. Data Collection

Data were collected on line, using the instruments described
previously, during June 2006. The survey was set to collect re-
sponses using the “phpEsp” survey system, which presents each
question in a similar format to that normally used on paper ques-
tionnaires. This fact is an advantage when designing a Web
survey [35]. Data submission is anonymous, with no link be-
tween a submission and its author.

D. Case Study: the “Communications Networks” Course

The case study reported in this paper takes place in an under-
graduate course on Communications Networks. This course is
part of the core curriculum of Diploma in Telecommunications
Engineering (a specialty in Telecommunication Systems) at the
University of Valladolid (Spain). The course deals with the fun-
damentals of data communication networks (architecture, proto-
cols, and so on) and Internetworking; in terms of the [IEEE/ACM
Computing Curricula 2004 [36], it covers the units CE-NWKO
through CE-NWK3 and CE-NWKS&. This course is placed in the
second semester of the first year (of the three-year course), and
comprises 30 lecture hours (one 2-hr session per week) and 30
laboratory hours (also one 2-hour session per week) during the
15-wk long semester.

The study was carried out from February until June 2006,
with 200 enrolled students. Taking as a criterion the timetable
on which the students chose to attend the course and in order
to be able to assess the pedagogical performance of the QUEST
system, two groups were randomly formed: a QUEST experi-
mental group, whose students would use QUEST, and a control
group, which would work in a traditional way.

Also, the activities with QUEST, which were deployed as
an additional resource, were carried out during the laboratory
hours. Although each challenge was designed to be solved
during a single laboratory session, they all were five days long.
Thus, the challenges could be also resolved once the session had
finished. However, because the QUEST score varied with time,
the teachers recommended students to answer the questions as
soon as possible.

Students were organized in pairs so that they could collab-
orate to solve the questions proposed. Challenges ranged from
short questions to more complex IP design exercises.
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V. ANALYSIS AND RESULTS

A. Analysis

The data collected was analyzed for group comparison using
the Student T-Test for students’ outcomes. This statistic assesses
whether the means of two groups are statistically different from
each other in order to be able to compare them. In addition, in
order to measure the strength of the association between two
variables, Pearson’s Correlation Coefficient was also used. All
the collected data was analyzed with the SPSS 14.0 program for
Windows.

Finally, in order to verify that the two study groups (ex-
perimental and control) have a normal distribution, the Kol-
mogorov-Smirnov test has been used (p > 0.05). The equality
of variances was checked by means of the Levene test. As the
two analyzed groups do not have an equal variance, a correction
of the Student T-Test, which is also implemented in the SPSS
program, was used.

B. Results

The first point to be analyzed in order to determine if the
system is successful, is the level of students’ satisfaction ac-
cording to the survey data. A total of 42 experimental group stu-
dents completed the survey (about 35%). In general terms, the
QUEST experience was positively evaluated by students (with
an average score of 36.5). Moreover, the students were pleased
with the QUEST tool. In short, they liked learning through the
participation in contests in order to improve their positions in the
ranking, and would like to take another course using QUEST.
However, some of them also thought that it was a little stressful.
On the other hand, in spite of the competitive nature of QUEST,
most students were of the opinion that QUEST had facilitated
their relationship with other students.

Maintaining the anonymity of participants is very important
in QUEST. The students were asked how they would like to par-
ticipate in the contests. Forty-three percent answered that they
would prefer to participate “in teams with known identity,” 36%
selected the option “individually and anonymously;” and only
21% preferred to participate “individually with known identity.”

The second result to be analyzed is the role of students as con-
tent generators. The total number of proposed challenges was
15. These challenges could be submitted by the teachers and, as
mentioned above, also by the students. However, in this paper,
only four students proposed challenges; specifically three stu-
dents proposed one challenge and the fourth one proposed two.
That is, the students are still reluctant to take the lead actively
in their learning process and to be generators of content, and
prefer simply to answer the challenges proposed. The average
number of answers of each student was 14.4. Since the QUEST
experience was mainly carried out during the laboratory hours,
most of the students worked on answering challenges instead
of proposing new ones. In fact, students preferred to work on
proposing challenges at home. It would be interesting to see if
the number of challenges proposed by students would increase
in a pure remote contest.

Finally, another important question to be answered is whether
students’ academic results and the use of this new e-learning tool
are correlated or not. In this connection, a first significant result
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TABLE I
GROUP COMPARISON—STUDENTS’ ACADEMIC OUTCOMES AND
PARTICIPATIONE IN QUEST
QUEST group Control group
students students T-Test
(n=126) (n=74)
M SD M SD P
Final exam grade 2.70 1.9968 1.58 0.7343 | <0.001*
* Results are significantly different at p < 0.001 (T-test).
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Fig. 3. Grid of exam-QUEST scores.

is that 56% of experimental group students passed the course as
opposed to only 37% of the control group students.

The data on students’ outcomes and participation in QUEST
were analyzed for group comparison using the T-test. The
results, presented in Table I, show that students’ final exam
grades? are significantly different between the two groups,
indicating that the hypothesis H1 is supported, as the outcomes
of experimental group students are significantly higher than
those of control group students. However, using Pearson’s
Correlation Coefficient for the experimental group data, the
results indicate that the scores in QUEST and the final exam
grades are not linearly related (r = 0.068, p = 0.446), so that
the hypothesis H2 is not supported. As the scores in QUEST
increase the final exam grades of students does not increase,
which can be seen from the diagram represented in Fig. 3.

In short, experimental group students obtain better final aca-
demic outcomes, although these are not correlated with their
score in QUEST. This result could demonstrate what is stated
by students in the survey: QUEST helps students to learn from
their mistakes thanks to other students’ responses and teachers’
feedback, so that those students with worst scores in QUEST
learn more and manage to improve their grades.

2The minimum and maximum final exam score is 0 and 6, respectively.
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VI. CONCLUSION

The following results and contributions were obtained with
respect to the QUEST system, an innovative tool for interaction
and cooperative work based on ICT:

— a new teaching-learning strategy and the corresponding
adapted assessment method, based on competitive active
methodologies;

— innovative strategies, such as the partial assessment of stu-
dents by their classmates, which may be very useful if
properly carried out;

— a new methodology which aims to engender in students
the characteristics required by new professional profiles,
for example becoming active, independent, strategic, re-
flective, cooperative, and responsible;

— integration of the different phases of the learning process
(tutorship, assessment, documentation, and so on) into a
single environment.

In addition, the results of this paper suggest that the use of
competitive e-learning tools have important effects on the stu-
dents. First, the level of satisfaction with a competitive active
e-learning tool, such as QUEST, was positively evaluated by the
students. Second, the students who used QUEST obtain better
final exam grades although these do not correlated with their
scores in the contests. In the future, factors which truly con-
tribute to these positive outcomes should be analyzed. These
future studies will require linking the survey data of individual
students with their final exam grades, in order to analyze the
various factors involved (level of satisfaction, results of exams
and QUEST scores). Such studies will focus on exploring how
and when competitive learning is most effective.
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