On the Effective use of Image-Based Feedback:
Developing an Intelligent Tutoring System for Japanese
Language Particles

Zachary T. Chung
Ateneo de Manila University
Japanese Studies Program (JSP)
Katipunan Ave., Loyola Heights,
Quezon City, Philippines
+63-2-426-6001 local 5248

zchung@ateneo.edu

ABSTRACT

In recent years, an increasing number of Ateneo de Manila
University students have been taking an interest in the Japanese
language. For these students beginning their study of the language
however, Japanese particles are difficult concepts because they
cannot be translated to equivalent words in English. For a
beginner learner, it is inevitable to view a second language with
the lens of a first language as shown by the concept of transfer in
second language acquisition. As a result, learners tend to
misconstrue Japanese particles by attempting to understand them
with respect to non-existent equivalents in English.

In this research, we develop an intelligent tutoring system for
Ateneo de Manila University students taking introductory
Japanese to aid them better understand Japanese particles. The
system assesses the learner’s understanding of Japanese particles
by practice and depending on which particle where most mistakes
are made, the system would give instructional feedback. Feedback
to be implemented in the system use visual prototypes that
represent the meaning of the particle. We hope to see if visual
representations can also teach Japanese particles to students as an
alternative to text-detailed explanations such as those commonly
found in textbooks.
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1. INTRODUCTION
1.1 Context of the Study

Students beginning Japanese in Ateneo de Manila University
encounter difficulty with the following Japanese particles in terms
of proper usage and context: [Z(ni), ~(e), %(0), &(to), T(de),
D (no), I&(wa), h¥(ga).

1.2 Research Objectives

In this paper, we discuss the development of a web-based

Intelligent Tutoring System (ITS) addressing the difficulty of

Ateneo de Manila University students with Japanese particles - a

system that facilitates practice with feedback that clarifies particle

usage and meaning. We attempt the following questions:

1. How do we create an intelligent tutoring system for Japanese
to help students better understand the concept of Japanese
particles?

2. What do these errors imply about the student’s mental model
of Japanese particles?

1.3 Scope and Limitations

Users of the system developed are primarily students of Ateneo de
Manila University taking introductory Japanese. The aim of this
endeavor is to supplement the language knowledge of these
students; instruction in the system is geared towards clarifying
understanding as opposed to teaching anew.

Visual feedback utilized in the system is based on prototypes by
Sugimura. We seek to establish if Japanese particles can also be
taught by animations aside from explanations of their meaning.
For particle and word combinations that do have not have any
visual representations, textual feedback based on Socratic
questioning is used as an alternative. We hope to see if computer
animations and our combination thereof can be an effective means
to clarify these Japanese particles to students.



2. FRAMEWORK

2.1 Visual Prototypes for Japanese Particles
Japanese particles can be taught using images representative of
their meaning. Sugimura demonstrates that each Japanese particle
can be represented by a prototype image and he states that
learners would have less cognitive load learning Japanese
particles in this manner than rote memorization of a definition
[11]. Based on this, we developed visual feedback in our system
based on the five prototype images of the following particles in
introductory Japanese: ni, e, to, no, de.

1. The particle ni
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Figure 2.1: Prototypical meaning of ni [11]

Ni shows the directionality of an agent’s action and its binding
effect to a target [11]; ni can also indicate the place or time of
existence of a subject [11]. These two usages are generalized into
the image of a point, indicating a destination or a point in time
shown above. Compared to e, ni emphasizes the destination as
opposed to the process, depicted by the dotted arrow in figure 2.1.

2. The particle de
The particle de indicates space where an action takes place in the
nominative or accusative case [11]. The prototype for this particle
is illustrated below:
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Figure 2.2: Prototypical meaning of de [11]

The arrow in figure 2.2 above represents some force acting within
an enclosed space. Though de is likewise represented with an
arrow like ni, de emphasizes an action performed within the
bounds of a certain space [11].

3. The particle e

In essence, e is similar to ni for indicating the direction of an
action. Compared to ni, e puts emphasis in the process or means
of an agent to get to a destination [11; Dr. Hiroko Nagai personal
communication, May 5, 2012]. The particle e is represented
according to Sugimura in figure 2.3 below [11]:
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Figure 2.3: Prototypical meaning of e [11]

4. The particle to

According to Morita, the particle to has a unificative meaning
associated to its usage, where two agents work together to
perform an action [11]. In a prototype image, Sugimura depicts
the meaning of the particle to as follows:
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Figure 2.4: Prototypical meaning of to [11]: An action
performed together in companionship.

5. The particle no
No denotes relations between nouns but these have various forms
hence, we only consider no for the following usages in our
research as scoped in the introductory Japanese course of Ateneo
de Manila University:
1. A s the possessor of B (like the B of A or A’s B) such as:
watashi no kaban (My bag)
2. A is the location where B belongs to (B in/at A) such as:
ateneo no gakusei (A student in Ateneo) and;

3. A created B hence B is possessed by A such as: gakuseino

sakubun (A student’s essay)
In all three cases, the particle no connects nouns together, such
that the preceding noun phrase forms a phrase to modify a
following noun phrase [6]. According to Oya, Japanese language
adviser of the Japan Foundation, Manila, the particle no can be
depicted in a prototypical image of a circle (noun 3) inside a

larger circle (noun 2) and so on as below for these three usages:
Firipin
(Philippines)
- Noun 1

Ateneo -
Noun 2

Daigakusei
(University
Student) -
Noun 3

Figure 2.5: Firipin no ateneo no daigakusei: Combining nouns
with no

In figure 2.5 above, the largest circle sets a scope to the circle(s)
enclosed within. In this representation, Ateneo is in the
Philippines and the student is affiliated with the Ateneo, thus a set
of concentric circles. The enclosed nouns are connected by no,
forming one noun, meaning “A University Student of Ateneo in
the Philippines”.

2.2 Visuals as Feedback in Multimedia

Learning

Students learn best by seeing the value and importance of
information presented. It is important to sustain interest using a
feedback medium that coincides with the learning style of a
student, which is “the manner in which individuals perceive and
process information in learning situations” [4].

According to the Cognitive Theory of Multimedia Learning by
Mayer, multimedia instructional messages designed according to
how the human mind works are more likely to lead to meaningful
learning than those that are not [7]. The theory states that humans
seek to make sense of multimedia presentations in relation to their
collected experiences. Visual feedback can be effective given that
it resembles common human experience while depicting the
meaning of Japanese particles. Table 3.1 summarizes the theory
regarding how learners relate visuals to experience.



Table 3.1 Image-related Processes in the Cognitive Theory of
Multimedia Learning: Building Connections between Pictorial
Models with Prior Knowledge

Process Description
Selecting Learner pays attention to relevant pictures in a
images multimedia message to create images in working

memory.

Organizing | Learner builds connections among selected images to
images create a coherent pictorial model in working memory.

Integrating | Learner builds connections between pictorial models
and with prior knowledge.

As guidelines for visual feedback design, we work with the
following according to theory [1, 2]:

1. Focus on Task-Relevant Aspects of Information: Research
shows that guiding learners' attention is only useful if it leads
the learner to a deeper understanding of the task-relevant parts
of the information presented.

2. Limit Unnecessary Information: Each piece of information,
useful or not has to be processed by the learner so it is additive
to cognitive load. According to the Apprehension Principle,
information that is not required for the task or problem solving,
such as seductive details or eye-catching illustrations, produce
extraneous cognitive load that ties attention to less relevant
concepts and therefore reduces knowledge acquisition [1].

3. Attention-guiding Principle: Supporting the process of
selecting relevant information will be useful because it shifts
the learners' attention to those parts of information that are
needed to understand the key concept of presented materials.
Since animation is fleeting by nature, often involving
simultaneous display changes, it is important to guide learners
in understanding the animation so that they do not miss the
change. Highlights, visual cues and color coding seem to be
appropriate visual instructional aids because novice learners
are not able to distinguish between relevant and irrelevant
features.

4. Personalize Instruction: Learner's attention can be activated
in a more effective way if instructions are personalized rather
than anonymous, for example by addressing the learner in the
first person.

2.3 Error Isolation and Feedback

Mistakes are part of the learning process. According to Gass and
Selinker, second language errors do not reflect faulty imitation by
a learner; they are attempts to figure out a system by imposing
regularity on the language being learned. In fact, mistakes are
structured; an underlying generalization is operative for these
mistakes and this shows a certain level of development [3, 9].

Mistakes are akin to slips of the tongue but errors are systematic
and recurring [3]. Errors mean that the learner does not recognize
that it is wrong, and by consistent reproduction, he has
incorporated it into his system of the target language [3]. In our
system, errors are isolated by a pre-test and when an error has
been committed at least twice (same particle and context),
feedback is presented, ensuring that only the faulty knowledge is
targeted as much as possible.

Feedback in our system is designed to allow the learner to realize
his own mistake. The animation of a learner’s erroneous particle
is presented side-by-side with the animation of the correct particle.
Alternatively, questions or hints to challenge the learner are posed
to allow the learner to reconsider his answer when a mistake is
committed. In this manner, the learner is provided the opportunity
to explore and adjust the application of the form or rule he used to
derive his wrong answer to what is correct — restructuring in
interlanguage processes [9]. This is more effective because it does
not interrupt the learner due to fear of being directly corrected [5].

3. METHODOLOGY

3.1 Development Methodology

The Intelligent Tutoring System (ITS) developed in this research
is web-based for simple deployment and testing; Adobe Flash was
used to drive animations.

Identify Problem Initial Requirements—»  Develop Prototype

Working Prototype Feedback from Experts

New Version:

Revise and Enhance
Prototype

Implement and
Use Prototype roblerr >

Figure 3.1: The Prototyping Methodology [8]

Based on consultations with Ateneo de Manila University
instructors, most students have difficulty mastering case particles.
Students tend to confuse the different notions that these particles
provide in sentences. Based on collected feedback, we identified
particle pairs with frequent misconceptions and we developed
prototype animations that highlight their semantic differences.
When animations have been drafted, these were shown to the
instructors for review to ensure that the visual feedback used to
teach the correct notions of Japanese particles are accurate. The
prototyping methodology in software development was observed
during the development of the system (figure 3.1).

3.2 Student Modeling

Student models provide descriptions of learning at a level of
granularity that facilitates the encoding of principles and rules in a
teaching system [12]. Learner models approximate student
behavior by tracking misconceptions in comparison with
substandard reasoning patterns. This is performed with the goal
of supporting weak students’ knowledge and to develop the
students' strengths [13]. To support this, an overlay model was
used to model the student-user of the system. The model is able to
show “the difference between novice and expert reasoning, by
indicating how students rate on mastery of each topic, missing
knowledge and which curriculum elements need more work" [13].
Since an overlay model is a model of a proper domain subset akin
to grammar rules, this was used to evaluate students and give
feedback accordingly.

The disadvantage of overlay modeling is that students may have
knowledge that is not part of an expert’s knowledge, thus it is not
represented in the student model [13]. However, we mitigate this
by creating a multiple-choice based system, where possible
answers are contained only within the domain knowledge taught
in the Japanese course. Since Japanese particles also have distinct
grammatical usages at the level of the course, model creation is



streamlined because the domain knowledge itself is a matter of
conforming to concise grammar rules.

To create the overlay model of the student, the concept of
Japanese particles were broken down into its base knowledge
components'. This is the production rule learned and referenced
by a learner to know how to use a Japanese particle. For example,
a student can have the following knowledge component: “to
indicate the existence of a living or non-living thing, the particle
ni is used”. In total, we have nine (9) knowledge components in
our ITS designed for the target students, resulting from the nine
possible contextual usages of all the Japanese particles in the
Japanese course. Note that the particle e and the particle ni for
indicating a place where something moves (direction) are both
singly counted as one knowledge component, whereas the rest are
considered as individual knowledge components. Students are not
yet taught how to differentiate the nuance of both these particles,
so they are counted as one.

2.2 General ITS System Operation Flow

Students create an account and the ITS presents a pre-test called
“Learning Check 1” (See Figure 3.2). This activity shows a
battery of eighteen (18) Japanese sentences using the Japanese
particles taught in FLC1 JSP; the task for the student in this
section is to complete the sentence by choosing the right particle
to complete the statement.

Learning Check 1
Let's see how much you know about Japanese particles so we can adjust the exercises

questions below by ticking one (1) radio button to indicate your best answer.

. DEH () DEET,

, DKAD Ui () Wb WET,

ol oT ok o® o™ o%

Figure 3.2: Learning Check 1 — Students complete the
sentences by supplying the missing particles using the choices
provided.

Learning Check 1 is used by the system to create an overlay
model of the student. This is used to measure the extent of a
student’s knowledge of Japanese particles. The model works by
assigning points per knowledge component’ and if a student uses
a particle given a context correctly, one (1) point is assigned to the
corresponding knowledge component. The model works like a
table, where points are distributed across rows and each row is a

' A knowledge component is a process or a generalization that a
learner uses alone, or in combination with other knowledge
components to solve a problem [10].

knowledge component. Given nine (9) contextual usages for the
particles taught to students and two questions for each, a total of
eighteen (18) questions for Learning Check 1 are prepared (See
figure 3.3 below):

Indicate a point in time something takes place. 2
Indicate a place where something or someone
Ni exists. 2
Indicate target of an action by an agent
(uni-directional target). 2
ni/e Indicate a place towards which something moves. 2
De Indicate where an event/action takes place. 2
o) Direct objects 2
No Noun phrase modification to indicate property 2
Connect nouns together ‘AND’ 2

To Indicate target of an action by an agent

(bi-directional target). 2

Total | 18/18

Figure 3.3 Overlay Model: Point distribution across
knowledge components. Maximum attainable score is 18/18

Based on the model, the system displays content in the following
section, “Learning Check 2”, where actual tutoring takes place.
Here, another battery of Japanese sentences is selectively
presented about the Japanese particles the student appears to have
a lack of knowledge with, had the student not met the established
minimum number of points in the corresponding row of the
overlay model. While the student is answering, tutoring is now
provided - feedback is presented on-the-fly upon mouse clicks in
Adobe Flash (See Figure 3.4):

Learning Check 2

7 Choose the best answer among the six choices presented

Japanese 101

q.3

Feedback:

Which animation is correct? Click on the square below to select.

Figure 3.4: Learning Check 2 shows another sentence using
‘de’ (above); feedback is shown as needed (below).



Following Learning Check 2, the student is presented a post-test
to measure improvements in knowledge. The post-test also serves
as a follow-up learning opportunity for the student and the
questions used in this section are similar to the questions in the
pre-test in terms of count, particle usage and presentation but
arranged in a different order. Nouns or verbs in the sentences were
simply changed and two questions per context were maintained
also yielding eighteen (18) questions. This allows for comparison
on an equal basis between both sections in terms of scoring. To
mitigate the possibility that the pre-test is more difficult than the
post-test and vice-versa, the questions used in the pre-test and
those in the post-test were swapped at random. After using the
system, a report page is shown to the student evaluating his
performance based on the overlay model’. Grammar points for
review are also prescribed to the student based on his performance
(See Figure 3.5 below).

JAPANESE 101: Japanese ITS Test Report

Ateneo ID:

B

Year & Major:

Score: 16 /18

ted for Review
by the verb takes phce

Figure 3.5: Report Page
3.3 Feedback Design

Feedback is given by animations based on the prototype of
Japanese particles. For Japanese particles and their combinations
thereof with certain words forming an image-based representation,
animations with the correct particle and the incorrect particle
subtituted in the sentences are shown side-by-side. The goal of
this mode of presentation is to allow the student to think the
correct answer before the system explicitly shows the answer with
an explanation. For cases non-illustratable, textual feedback based
on Socratic questioning with cues are provided. The system is
designed to perform direct correction as a last resort because the
goal is to restructure grammar knowledge without being
obstrusive to student motivation.

Which animation s correct? Click on the square below 1o select.

Figure 3.6: Animation Selection: With ‘de’ for the sentence
“juuji _ nemasu (Sleep at 10pm).”, the animation of the
incorrect answer (left) versus the correct answer (right) is
shown.

* Each correct answer in Learning Check 1 is one (1) point. If a
student commits an error, the missed points, synonymous to the
number of errors made in Learning Check 1, can still be earned
back provided that the student answers the corresponding
follow-up questions in Learning Check 2.

If the student chooses the correct animation, he is praised and he
is shown an explanation why his answer is correct. Otherwise, if
the student still chooses the wrong animation, the system shows
an explanation of the error and it allows the student to try
completing the sentence again (See figure 3.6 below).

LwSCThExEd

By T we refer to the span of time before the time
indicated on the sentence (i.e.Cw3L). This
means another action before the act of sleeping

[Z indicates a point in time when an
action is carried out

Figure 3.7 System Responses: Choosing the right animation
leads to praise (left); choosing the wrong animation, leads to
an explanation of the answer (right).

Learning Check 2

7 Choose the best answer among the six choices presented.

COAAMDHBHEFT,

Japanese 101

Feedback:

@ modifies nouns. Hint: What particle indicates a
location where an action or event takes place?

Figure 3.8: Textual feedback for non-illustratable cases
4. Results
4.1 Field Testing

Field testing was conducted with the target students during their
Japanese classes. Students were brought to a computer lab to
access the tutoring system online and a total of forty-five (45)
students participated in testing across classes handled by three
different instructors.

For the results, analysis presenting the results of our pre-test
versus post-test scores is shown to see if the students improved
using the ITS. Student experience was also evaluated
quantitatively in a survey following their use of the system.

4.2 Testing Methodology

Participants were divided into two (2) groups: twenty-one (21)
and twenty-four (24) participants respectively. One group used the
ITS such that at the onset of a mistake, corresponding feedback is
immediately shown in Learning Check 2. Another group used the
ITS such that the pair of sentences per particle and its context in
Learning Check 1 must be incorrect for feedback to be shown in
Learning Check 2. Two test groups were formed to see how much
consideration is adequate before feedback is delivered, although it
is believed that the latter is ideal based on the notion of error
consistency from second language acquisition. A single mistake
may also not necessarily translate to malformed knowledge about
a concept (i.e. a mouse misclick) hence, consistency is important
to isolating true faulty knowledge [3]. During testing, no student
was allowed to use any references regarding Japanese particles
over the internet.



Figure 4.1: Computer Laboratory Setup

4.4 Pre-test and Post-test Comparison

Table 4.1: Group 1 — One Table 4.2: Group 2 — Two
mistake, then Feedback mistakes, then Feedback

ID Pre-test Post-test ID Pre-test Post-test
Number (18) (18) A Number (18) (18) A
120864 8 9| 1 111662 10 1] 1
110882 10 12| 2 114537 11 9| -2
110966 8 4| -4 114553 3 10| 7
111329 6 5| 1 121314 9 14| s

91388 9 13| 4 121359 10 1| 1
122145 7 1| 4 124592 10 8| -2
112807 10 1] 1 114512 5 9| 4
123232 12 16| 4 110866 8 9| 1
123653 8 10| 2 111399 11 9| -2
123743 9 1| 2 91957 9 8| -1
123796 9 1| 2 112107 3 51 2
123800 4 71| 3 112227 8 6| 2
114162 1 2] 1 112017 3 51 2

94060 5 1| 6
120721 10 1] 1
123283 9 9| o

In testing, scores were collated from different sections. The score
in Learning Check 1 is the pre-test column. A separate post-test
was carried out after Learning Check 2 to measure the change in
knowledge of a student after going through the ITS.

4.5 Group 1 Analysis

For participants with a score of 13 and above in pre-testing for
group 1, their results were not counted in the analysis because
among all participants in this group, the highest change in score
was six (6) points. This means that the highest possible
improvement in points can only be measured with scores of
twelve (12) and below. Students who obtained a score higher than
twelve (12) can only get less than six (6) points to make it the
perfect score of eighteen (18) which becomes a cap, hence there is
a possibility of unequal comparison in terms of the maximum
achievable improvement across students in the test group. For
equal comparison, these participants were excluded [Dr. Joseph
Beck, personal communication January 7, 2013].

All participants of group 1 found feedback in the system helpful
with an average of 1.235 and 1.471 for their evaluation of the
animation and textual feedback respectively on a scale of -2 to 2
(-2 as the lowest and 2 as the highest). Standard deviation values
are 0.970 and 0.624 respectively for these averages. These mean
that both forms of feedback used in the system are generally
regarded as helpful by the participants in the group. Ease of use
was evaluated by the students with an average of 1.176 and desire
for a similar system for class use was evaluated with an average of
1.294 on the same scale. Standard deviation values are 0.951 and
0.686 respectively for these averages, which generally shows that
the system is fairly simple to use and the students would like to
have a similar system again in class. Content-wise, all the
participants evaluated the system difficulty with 0.765 (from -2,
easy until 2, hard) and the standard deviation is 0.437, implying
that the system difficulty is manageable in terms of content. Word
familiarity was evaluated with an average of 0.294 (-2 as least
familiar and 2 as most familiar) with a standard deviation of 0.588.
While the averages tell us that the students are generally
knowledgeable with the words in the system, it is neither high to
indicate an excellent understanding of words nor the students are
unfamiliar with the words in the system. Based on the raw
answers collected through the system, knowledge of words may
pose as a factor behind student errors because to use the correct
particle, understanding the words lead the decision to use the
correct particle to relate them in sentences.

4.6 Group 2 Analysis

As with group 1, students who received a score of twelve (12) and
above in pretesting were not considered in our analysis to yield an
equal and consistent comparison.

It appears that group 2 participants had a lower average for word
familiarity at 0.000, yet the same participants found the system in
terms of difficulty easier with an average of 0.615, compared to
group 1 on the same scale of -2 to 2. Standard deviation values are
both 0.100 and 0.650 respectively for these averages. These mean
that while the participants are generally familiar with the words in
the system, it also varies greatly per individual. On the other hand,
system difficulty is moderate for the participants of this group.
Lower averages were attained with 0.667 and 1.083 regarding
feedback helpfulness in animation and text respectively. Ease of
use and desire for use of the system in class gained lower averages
at 0.846 and 1.077. For these lower scores, it is possible that
because participants received feedback less in this group, they
found the system less helpful and more difficult.

5. Conclusion
Table 5.1: Average Delta in Scores (Pre-test vs. Post-test)

1 Mistake (Group 1)
2 Mistakes (Group 2)

1.75pts.
1.38pts.

Findings show that the ITS is effective for both test groups as
shown by the positive increase in average delta scores for both
test groups. However, more aggressive feedbacking seem to lead
to a better perception of the ITS and higher improvement in scores
among participants are evident in group 1 than in group 2. In
computer-based teaching, it appears that immediate feedback is
favored whenever an error is committed at the onset, contrary to
belief based on the concepts in second language acquisition,
stating that error production must be consistent prior to feedback.



In classroom-based teaching, direct correction is not advised,
however in computer-based teaching where correction is already
indirect by nature through a computer, immediate correction
appears more effective at the onset of an error. Importantly, an
effective intelligent tutoring system centered on animations for
Japanese particles works when it guides the self-discovery
learning of students. Success is notable when the students
themselves can reproduce the correct answer on their own on a
similar question immediately after feedback.

As initial work in the field, improvement can still be done to
further this research. Follow-up questions with the animations,
confirming if the user understood as intended what is being taught
right after feedback can be further studied. From theory to a direct
application of image-based teaching of Japanese particles by
Sugimura, more research regarding the feedback design could be
carried out because our theoretical translation of the theory into
animations could mean differently in the perception of the student.

Finally, to have a more in depth understanding of the causality of
learner errors, we plan to conduct follow-up interviews with select
participants to factor in how a user understands certain aspects of
the system in relation to a participant’s understanding of Japanese.
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