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ABSTRACT: Distance learning and e-learning are popular and widely used technology in today’s teaching
environment; monitoring systems allow teachers to assess the learning state of their students. This study
proposes a development of activity generation and behavior observation systems that allows teachers to
assess the learning activities of their students. We use the concept of deterministic finite automaton to define
learning activities. In the proposed system, teachers only need to click the drop-down list items to manage
learning activities. The proposed system also generates an activity recognizer after defining the activity. The
activity recognizer can parse student-learning logs allowing teachers to get the real-time learning activities of
students. When students are in abnormal learning states, teachers can immediately provide them with active
guidance. The experiments in this study demonstrate the feasibility and effectiveness of the proposed system.
Experimental results show that students received higher grades and exhibited less abnormal learning with
the proposed monitoring system. These results demonstrate that the proposed system provides teachers with
a convenient interface for assisting their students. The proposed monitoring system improves the learning
outcomes of students. © 2011 Wiley Periodicals, Inc. Comput Appl Eng Educ 22:52-62, 2014; View this article
online at wileyonlinelibrary.com/journal/cae; DOI 10.1002/cae.20528

Keywords: distance learning; monitoring system; active guiding; learning activity; learning portfolio
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e (1) analyze learning portfolios takes more time and
effort.

e (2) embarrassed to ask questions in front of other

students. Teachers need to know if students are
experiencing any problems during the learning process.

A real-time and adaptive learning activity monitoring

System allow teachers to counsel their students efficiently.
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This study designs and implements an activity generation
and behavior observation system. The proposed system uses the
real-time learning events of students to recognize their learning
activities. The teacher can then monitor these real-time learning
from the learning platform. The proposed system supports an
interface for teachers to manage the activities that they want to
monitor in the course. After defining or modifying the activi-
ties, the system generates an activity recognizer. Using the pro-
posed activity recognizers, teachers can determine students’
learning activities and actively provide real-time guidance when
students experience abnormal learning states.
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Figure 1 The use case of the proposed system.
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Definition 1: The learning activity is a five-tuple, L =
(S, A, I F, P), where

(1) S$={8,,5,,...,5} is a finite set of activity states. Each
learning activity has a set of states that is dependent on

the learning environment. This set includes all the learn- % ;J ?ﬁij“) E]’f] ﬂﬁéﬂ%‘iﬂ
ing activity states > X
(2) A= {A,A;,...,A;} is a finite set of actions for the e :

learning activity. The normal actions for the activity are S%Zj—;% > {ﬁzj] /Ij(,u‘%;
used to transform activity states. To complete the con- A%T —J 'TTZKJJEK

version from initial state(s) to final state(s), a series of

actions are accomplished and the learning activity is Ii%T —J{E‘ZKJJ%DZZA’H(/L» 5
performed. The proposed learning system detects and F%/j_\‘%j YﬁZ\jJH—_X‘ ’Ij(:u\

records all of the actions and events. — a2
(3) I C 8§ is the set of initial states of the activity. A learn- P%/j_\‘% —J {ﬁz‘j]’ﬁ(lu\ IEﬂ EI/(J

ing activity could have one or more initial states, and 9‘%%%0
the activity should begin with one of these initial states.
Thus, all the states that can potentially trigger the learn-

ing activity will be in the set.

(4) F C §is the set of final activity states. These final states
are necessary to determine if an activity is accom-
plished. Until the initial state transforms into the final
state, the activity i1s not accomplished. Therefore, a

teacher can identify which students have accomplished
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Figure 2 (a,b) The examples of learning activities.
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Figure 3 Sequence diagram of reading leaming aclivilies.
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Situation 1: The abnormal activity of Idfe is when the
student stays in the learning system for time t,—f or when
tjir1—1 is higher than the threshold of #,, where 1, is the current
time of system, £, is the time that the student enters the current
state, and #; is the time when the student enters the jth state.
Thus, r,—1#; denotes the current idling time of the student and
ti1—1; denotes the idling time of the student in the jth state. &,
Each activity can have different threshold values of idle time.

These students should be noticed and guided to go back to
the normal learning status. The algorithm to detect students
locating in the Idle situation is defined as follows:

Situation 2: The abnormal activity of Rush is when the
student in the learning system and the frequency of transition
among the states is greater than f,, where f, is the threshold of
the system that determines if the student is rushing or not.
(T(k,i))/t,—1t; is the frequency of transitions from the ith state
to the kth state, and the kth state is the locating state of student.
The term T(k, i) denotes the number of transition times from
the ith state to the kth state, and f; and f; are the times at which
the student enters the ith and kth states, respectively. Different
activities could have different thresholds for the frequency of
transitions among states.
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Algorithm 1: Abnormal Activity Checker for Idle Situation.
Input: The learning portfolio of the student.

Output: The [dle situation of the student.
S, = the state of the student logins the learning system
T, = the time that the student enters S,

while the student studying in the learning system do

if 7} is expired then
§_. = the current state of the student
T. = the current time
if S, = S, then
if T, — T, > 6 then
send the Idle alarm message
endif
else
S,
T, =
endif
endif
endwhile

l.gc

the time that the student enters S,

A

Algorithm 2: Abnormal Activity Checker for Rush
Situation.

Input: The learning portfolio of the student.
Output: The Rush situation of the student.

while the student studying in the learning system do

if the student changes the learning state then
T. = the current time
if Queue is full then
pop T, from Queuer
push T, into Queuer
if ==u > £, then
send the Rush alarm message
endif
else
push T, into Queuer
endif
endif
endwhile

—
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SYSTEM IMPLEMENTATION AND PROTOTYPE

The proposed system was implemented with PHP using Ajax
seripts coupled with a MySQL database. The system consists of
two parts, including a learning system and a management sys-
tem. The learning materials were obtamed from the Cisco net-
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Figure 5 Create or edit the learning activities. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 6 The snapshot of learning activitly management pase. [Color faigure can be viewead in the online issuc,
which 1s available at wileyonlinelibrary com._])
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Back to upper level

Learning Features Information
Activity Name Reading Material

. Student stays in a state over |3 minute(s) will become Idle.
Idle Time :
. Student has 10 times of state changesin 5 minute(s) will become Rush.
us

Figure 7 The learning features of reading material activity. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]
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* The experimental subjects were undergraduate students
from two computer networks classes. Fifty-seven and 58
students were assigned to the experimental and control
groups, respectively.
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Table 1 The Grades of Pre-Test Phase

Experimental group Control group
Number of students 57 58
Average score 68.9 63.6
Standard deviation of score 14.7 14.0
Average number of idle times 6.0 55
Average number of rush times 2.5 2.0
Table 2 The Grade of Test Phase for Experimental Group With
Guiding
Experimental group Control group
Number of students 57 58
Average score 88.1 74.3
Table 3 The Grade of Test for Students in Experimental Group §andard deviation of score 12.2 14.1
. Average number of idle times 4.4 5.1
Students Average number of rush times 0.8 1.2

Advanced guiding Basic guiding

Number of students 12 45

Average scores of pre-test 66.4 71.2
Average scores of test 85.0 88.1
Average number of idle times 50 3.6
Average number of rush times 1.5 0.8
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Figure 9 The distributions of the scores in the experimental group.
[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.
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