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1 Introduction

Word learning is one of the most time consuming
parts of language learning, especially when master-
ing languages to advanced level. For example, N1,
the most difficult level of Japanese Language Pro-
ficiency Test requires knowing about 10000 words.
Furthermore, learners need not only know the words
independently, they also need how words are used in
context: together with other words.
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Figure 1: Flashcards for the word “ffi”

Word learning is often done using flashcards — a
way of organizing information into question-answer
pairs. An example of a flashcard for the word “fii” is
shown on the Figure [l} An answer card has several
fields: kanji writing, reading, definition and reference
example sentence. A question card usually has only
one of those fields. A student is expected to remem-
ber remaining information. We denote a flashcard
that has only the specified field for a question as a
<field> card. For example, we call the card on the
Figure[I]a reading card because the question contains
only reading field.

Flashcard systems frequently use Spaced Repeti-
tion technique to optimize learning process. The
technique is based on observation that people tend
to remember things more effectively if they study
in short periods spread over time (spaced repetition
practice) opposed to massed practice (i.e. cramming)
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[5L 2]. Ankﬂ is probably a most widely known open
source Space Repetition System (SRS). One of draw-
backs is that a learner has to create all flashcards to
learn. There exist decks created by community of
various quality, however they are not as effective as
manually created ones. The more serious problem is
lack of context in flashcards. Cards usually have the
form like displayed on Figure Namely, the ques-
tion card has no context information. Even if there
is an example sentence present, it is static (it does
not change from repetition to repetition) and can not
show the full spectrum of word usage.

We have developed a Kotonohaﬂ Spaced Repeti-
tion system which uses automatically extracted ex-
ample sentences to form flashcard questions. Its
sources are available on githul’} Kotonoha shows
a new example sentence on each flashcard repeti-
tion. Also, it makes adding and keeping flashcard
deck process easy by requiring learners to input only
writing information of words. Kotonoha adds lexical
information like meaning, pronunciations and glosses
from dictionary automatically. Example sentences
are attached without any learner intervention as well.

Kotonoha is a useful system for learning Japanese
language. However, it is also designed to be a
very useful source of research data. For example,
Kotonoha makes it possible to evaluate effect of ex-
ample sentences on learning words of a foreign lan-
guage. Usually, methods of evaluating quality of ex-
ample sentences are often subjective (researchers ask
learners of their opinion) or time consuming (need to
perform tests on large number of participants). In
contrast to that, a spaced repetition system can be
used to directly measure whether example sentences
are useful for remembering words or not without fre-
quent manual intervention from researchers.

Thttp://ankisrs.net
%https://kotonoha.ws
Shttps://github.com/kotonoha/server
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2 Spaced Repetition
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Figure 2: Learning process with flashcards

Spaced repetition is based on spacing effect. It is
an phenomenon first documented by Ebbinghaus in
1885. People tend to remember things more effec-
tively in long term if they use short study periods
which are spread over time. Moreover, it was shown
that if spacing between practices increases, people
remember things even better [3].

Learning process using spaced repetition is done
in short sessions. In each session a student reviews
several flashcards. A flashcard can be shown to user
from two sources: either it is a new one, so it was
never reviewed before, or it is an old one, so it was
reviewed before. Old cards are shown only after a
certain period of time passes from the previous repe-
tition. The period of time is computed based on card
repetition history and algorithm-dependent. For a
brief review of scheduling algorithms for spaced rep-
etition systems please refer to the paper [6].

A repetition process sketch for a single flashcard is
shown on the Figure[2] The process consists of three
repeated steps. In each step, a student:

1. Views a question card

2. Tries to remember the answer

3. Views card’s answer

4. Evaluates own confidence in the answer
5. Proceeds to the next card

After the repetition, each card is scheduled based
on the confidence score reported by learner. Cards
with high confidence are scheduled after intervals
which are exponentially increasing. In contrast,
cards with low confidence are scheduled after a short
interval.

3 Kotonoha SRS

Kotonoha is a web-based open-source Spaced Repe-
tition System. It’s main distinctive feature is that it

uses example sentences for reading and writing ques-
tion cards. Kotonoha uses algorithm for Spaced Rep-
etition from SuperMemo family [9] similarly to Anki.

Reviewing: session - 1, today - 1 Reviewing: session - 1, today - 1
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Rate your confidence in this word

i Show answer l

Figure 3: Screenshot of reading card for the word
“¥ L7 in Kotonoha SRS

Figure[3]shows question and answer sides of a read-
ing card for the word “#%%3”. Because it is a reading
card, the question, which is an example sentence, has
the target word written in hiragana. Hiragana read-
ing is estimated using Kytea analyzer [4]. Answer
cards for verbs has information about polite and -te
form verb inflections which can be exceptions from
usual rules. For example, J#% having I 9 3 polite
form while ZZ % has X £7.

To add new words enter them below, one per line.

Add all words Add only new

) RE i) ®
N o) Lo RO B,RND
to indulge in; to ¢ jet black (v5r,vi) to sleep (

Figure 4: Fragment of word add form of Kotonoha

Process of adding new words to Kotonoha is de-
signed to be batch by default. For example, in Anki
users have to create cards one by one. In contrast,
Kotonoha lets learners to input a list of words one
per line. Figure 4 shows word add form of Kotonoha
with three words to add. Screenshot shows that the
learner has not added ¥ % or #HE before, but has
already added HX%. For the words, which are al-
ready added, Kotonoha give the learner an option
to mark the word as forgotten (down arrow in the
top-right of word card). In this case, the word will
be scheduled earlier than spaced repetition algorithm
had computed. Dictionary information for words is
filled from JMDict [I]. It is a Japanese — multi-
language dictionary. Examples on screenshots have
glosses in English and Russian.
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FARD (RAKLY) B (CANA) D (DNRA) L BRLY (ThLY) F (RANK)
(n, vs) diligence, (kH. | | (n, vs) industry, dilige: | (n, sl) without studyi : | (adj-i) tough, stiff, ha |  (n, vs) study, pursuit
) npunexaHwue, ycep nce, (KH.) ycepaue, ¢ | ing rd, TBEpAbIN, )écTku | : of knowledge, yuéba,
Ave, ctapanve, {~9 TapaTenbHoCTb; TPyA L :3aHATUS; CTapaTesNbH
B H P Lo
Word card (1/1) ® Tags
Writing f@‘gﬁ VfreqI x| ¥nx | | Svsx |  ®verbx
Reading RAUETEDS Click a dictionary entry to fill word
entries with it
Meaning @ (n,vs) study; 1) 3aHsTUA (Haykoit), JMDict
usyyeHue, yuenue; {~93} yuntbcs, FR(NAE & D)
3aHMMaTbCs: 2) NbunexaHue, vcepave; Y @ (n,vs) study; 1) 3aHATUS (HayKoW),

usyyeHue, yuenue; {~9 3} yuntbcs,
3aHMMaTbCS; 2) NpUexaHue, ycepave;
Tpyaoniobue; {~7k} npunexHoii,
crapatenbHblif; 3): {~9 %} npogasatb
nelieBne: veTvnaTh (B LieHe): nponasaTbh

Figure 5: Word approval process

After adding words, a learner goes over the list
once more, approving them for learning. Approval
process is shown on the Figure In this step, the
learner can edit flashcard, assign tags or assign a
different dictionary entry for the word if there are
several ones with the same writing. Kotonoha also
shows several recommended words containing same
kanji characters which were not yet added by the
learner, so those words could be easily added for
learning as well.

BEZ EBAD

B % WA %

(v5rvi):to be cured; to get well; to be healed to get mended; to (vi,vt):to furnish; to provide for; to equip; to install to have
be repaired; to be fixed; nonpaniTscs; Bu3nOpaBnMEaTS;  ready; to prepare for to possess; to have; to be endowed with;
YNYUWATLCS; CTPABNATBCA to be armed with

) )
(VBTvt):to tun over; to assign; to hand over; to transmit; o (v5rvt):to break; to fracture; to break off; to snap off; to pick

convey; to sell; to dispose of to yield; to surrender; to (e.g. flowers) to fold; to bend to make (origami) to interrupt; to
concede; ycrynars end

Figure 6: Writing practice output

In the learning process there could be words diffi-
cult to remember for the first time. Kotonoha sup-
ports outputting such words in a form suitable for
writing practice with stroke order. Figure [6] shows
several words in such form.

All these features makes Kotonoha a useful and
interesting system for learning Japanese words.

4 Example Sentences

Example sentences for Kotonoha are added to cards
completely automatically. They come from a web
corpus which contains around 700M sentences. Ex-
traction process is described in the thesis [7]. The
process is done in two steps. In the first step, the sys-
tem creates a search query based on the target word
and its part of speech and makes search request to
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DepFinder [8] selecting up to 10k example sentence
candidates. The second step selects sentences which
are non-similar to each other, representative, and the
target word should be the most difficult one in the
sentence.

Example extraction was evaluated by Japanese
learners. Each learner has reviewed example sen-
tences by the system and two baselines for 14 words.
For each word there was three lists of sentences pre-
sented: one for each method. Learners preferred the
list produced by the system in 50% of cases.

Still, the evaluation was subjective and the process
was very time consuming. Participants were select-
ing example sentences they like, not ones that would
be helpful for remembering the target word.

In contrast to that, Kotonoha can be used to evalu-
ate which example sentences were actually helpful for
language learning. In spaced repetition participants
report confidence of card knowledge for each card.
We suppose that reported confidence would depend
on multiple parameters of last repetition, including
the shown example sentence. In the case when flash-
cards content was the same, with exception of ex-
ample sentences, and students were of similar profi-
ciency, we hypothesize that confidence scores could
be used for evaluating whether the example sentence
from the previous flashcard was helpful for remem-
bering the word. Of course, to get the estimation
statistically significant we need to have many learn-
ers using the system. Still, we believe that getting
a large number of students to use a spaced repeti-
tion system is easier than performing a large scale
experiment.

5 Limitations and Problems

Example sentences extraction uses JUMAN dictio-
nary, which has different word segmentation com-

All Rights Reserved.O O O

Copyright(C) 2017 The Association for Natural Language Processing.
goOoOOoOoOobDoooooooooo



pared to JMDict. Presently, example sentences are
extracted for words which have one-to-one correspon-
dence in JUMAN and JMDict.

For the test users of Kotonoha, example sentences
could be found for approximately 70% of added
words.

Words without examples could largely be divided
into following groups.

e Words which consist of more than one JUMAN
morpheme. This group has two subcategories.

The first one contains mostly multi-morpheme
expressions which are usually added into dictio-
naries with glosses, but are not useful in dictio-
naries of morphological analyzers. This group
includes entries like “JiiiZ X457, “4ERELE",
“UF T EMIT B or Ak Z A7 Handling multi-
morpheme expressions of this kind is a future
work for the example extraction.

The second one are compound verbs which are
divided into independent morphemes by JU-
MAN. The problem with compound verbs is
that it is very difficult to balance semantic con-
sistency and usefulness for search engines in one
standard. Compound words which have finer
granularity (are split into multiple morphemes)
could be handled similarly to the first subcat-
egory. Compound words which have rougher
granularity require modification of either dictio-
nary or tokenization process, which is not triv-
ial.

e Words of unsupported parts of speech. In the
present, example extraction supports only four
parts of speech: nouns, verbs, adjectives and ad-
verbs. Words like counter suffixes, while being
very useful to learners, are not supported yet.

e Words which do not exist in JUMAN dictionary.
Those words need to be added into the dictio-
nary to be supported.

6 Conclusion

This paper presents a new spaced repetition sys-
tem which uses automatically extracted example sen-
tences to create question cards. In our best knowl-
edge, this is the first spaced repetition application
which automatically assigns example sentences from
huge corpora to flashcards and shows a new exam-
ple sentence for each repetition. Most of other apps
use manually prepared example sentence corpora or
show only a single example sentence for a word.

We theorize that it would be possible to use the
system as a source of data for objective evaluation of
example sentence quality. Also, the learning log from
the system should be useful for general improvement
of example sentence quality.
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Lastly, example extraction and spaced repetition
methods are language independent. The same ap-
proach could and should be done for other languages
except Japanese.
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