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Abstract

This project implements an automatic crossword puzzle generator
in Python and a JavaScript solving interface that allows users to tailor
the puzzle to suit their preferences. The crosswords are multilingual
with the hints and solutions in different languages as it makes use
of the Open Multilingual Wordnet which has linked the WordNets
of many different languages together. It aims to provide a fun and
effective way for language learners to acquire vocabulary.
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1 Introduction
The objective of this study is to implement an automatic multilingual

crossword puzzle generator that makes full use of WordNet’s capabilities
to help language learners master vocabulary effectively. It is targeted at
beginning students of the foreign language, as more advanced learners may
find monolingual puzzles in their target language more effective.

As a machine-readable dictionary-thesaurus of words interlinked with one
another, WordNet has many applications in the field of computational lin-
guistics. This project aims to explore its potential and to facilitate vocabu-
lary acquisition in language learners.

The crossword puzzle is a language game of great educational and enter-
tainment value, and its automatic generation will allow users to customise
the puzzle as desired to suit their individual requirements. With regards to
its entertainment value, “(the) benefit of using crossword puzzles in the class-
room is that they are associated with recreation, and can be less intimidating
for students as review tools. Students who might normally balk at practice
tests, flashcards, or review sessions with the teacher find puzzle solving to be
much less threatening and more like game play.” (Alimemaj, 2010)

The educational value of the crossword puzzle lies in its similarity to
flashcards as both are essentially paired associate learning tasks, making use
of associative memory to recall the corresponding response when a stimulus
is presented. The items used in the pairs may not necessarily be single
words, they could also be definitions, lists of synonyms, etc. “Studies have
shown that in a paired-associate learning task, large numbers of words can
be memorised in a very short time (Fitzpatrick, Al-Qarni, & Meara, 2008;
Nation, 1980; Thorndike, 1908). Vocabulary learnt in a paired-associate
format is also resistant to decay (Fitzpatrick et al., 2008; Thorndike, 1908)
and can be retained over several years (Bahrick, Bahrick, Bahrick, & Bahrick,
1993; Bahrick & Phelps, 1987). Recent studies have also suggested that
flashcard learning may transfer to normal language use and is a valuable
learning activity (Elgort, 2007; Webb, 2002, 2009).” (Nakata, 2011) The
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advantage crossword puzzles have over flashcards is that the former is a more
active type of rehearsal, requiring users to actually write or type out their
answer rather than just reading it, “(engaging) students with the material
more than passive types of review techniques do.” (Alimemaj, 2010)

Previous research has been conducted on automatic crossword puzzle gen-
eration with WordNet (Aherne & Vogel, 2006). This project will take it a
step further by introducing multilingual puzzles, made possible by the linking
of different languages in the Open Multilingual Wordnet.

The program is written in Python, using CGI and JavaScript to allow
users to play in a web browser for greater cross-platform accessibility. It
works best in recent versions of browsers like Mozilla Firefox, Opera and
Google Chrome.

To clarify the terminology pertaining to crossword puzzles used in this
paper:

Solutions are the answers to each item of the crossword puzzle with which
players fill in the puzzle boxes

Clues are shown at the side or below the puzzle grid to help players guess
the solutions, and in this program they relate to the meaning of the
solutions

Hints are not a standard part of the crossword puzzle, but they may be
used by players when they give up on guessing the solution through
clues alone, and in this program they relate to the word structure of
the solutions

Although there are other crossword generation tools on the Internet, they
only do the work of placing the words on a crossword grid, requiring users
to devise the puzzle themselves by providing a word list. While still allowing
users the option of using custom word lists, this project aims to remove that
step by making use of WordNet, and also allows users to customise the puzzle
in the following ways.



3

Users may select any two languages from the languages in the Open Mul-
tilingual Wordnet as the language pair to be used for the crossword solutions
and clues. Although the Open Multilingual Wordnet features a variety of lan-
guages and the program is designed to be flexible enough to accommodate all
of them, this project will focus on English and Japanese as trying to perfect
the user experience for all the other languages would take a lot of time. Solu-
tions in Japanese are written in hiragana instead of kanji, firstly because the
short character lengths of many Japanese words when rendered as logograms
make them less than ideal in a crossword puzzle, secondly because they are
more appropriate for beginners, and thirdly because the Input Method Edi-
tors (IMEs) (software solutions to allow foreign languages like Japanese to be
typed with a standard alphanumeric keyboard) used on the computer make
the selection of the correct kanji a rather simple task.

Users may also choose the type of clues to be displayed, which could be
translations, definitions, examples or images, all drawn from WordNet.

This report will describe the creation of the program and its features, and
evaluate how it aids in the acquisition of foreign language vocabulary in a
small experiment.

2 Program
This section is an overview of the major steps taken to develop different

parts of the crossword generation program and solving interface, describing
a few of the many changes involved. As suitable scripts were already freely
available as open source programs, we decided to adapt the existing scripts
to our purposes rather than reinvent the wheel. The modified scripts used
in our program will be made available on the crossword website, though
they will not be included in this report due to their length. As of writ-
ing, the program is accessible to users connected to the NTU network at
http://172.21.171.234/~jean0011/cwpz/.
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2.1 WordNet

In its current form, this program uses a modified form of the database
from the Open Multilingual Wordnet. See Bond and Paik (2012) for details
of its creation.

The structure of WordNet is organised around synsets which are linked
to one another by semantic relations like hyponymy, meronymy, etc. Synsets
are sets of synonyms which have approximately the same meaning, otherwise
known as sense in WordNet.

The Open Multilingual Wordnet currently features 117,659 synsets, many
of which are specialised vocabulary unfamiliar even to most native speakers.
To prevent such words from being tested in the crossword puzzles and to con-
centrate on the set of words more useful to a beginner, the synsets used in
automatic puzzle generation were limited to the 5000 core synsets in the orig-
inal Princeton WordNet (Fellbaum, 1998), which are meant to correspond to
the most frequently used word senses. However, these are based on the most
frequent words and phrases in the British National Corpus (Burnard, 1995),
which may result in a bias towards the concepts that appear most frequently
in English and may not necessarily be indicative of the most frequent words
in other languages due to cultural differences. See Boyd-Graber, Fellbaum,
Osherson, and Schapire (2006) for more details on how the list of core synsets
was compiled. Another reason why we had to limit the number of synsets is
that the randomisation process involved in choosing items from a large set of
words significantly slows the program down, and we needed it to be random
to ensure that the automatically generated puzzles would be different for
each run. However, the custom word lists make use of the full WordNet.

As the Open Multilingual Wordnet focuses only on adding lemmas at
the moment, it lacks other information for alternative crossword clues. To
remedy this, synset examples from the English and Japanese WordNets were
copied over, along with definitions from the Japanese WordNet (Isahara,
Bond, Uchimoto, Utiyama, & Kanzaki, 2008).

As a single synset typically features multiple synonyms, some of which
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may be fairly obscure, we added frequency data collated from the NTU Mul-
tilingual Corpus (Tan & Bond, 2012) to the English and Japanese words.
The lemmas of each synset are then sorted by frequency, with the most fre-
quent lemmas being chosen over the more obscure ones to be used as puzzle
solutions.

While importing word frequencies from external lists and corpora for all
the other languages is outside the scope of this project, we came up with a
heuristic to approximate the frequencies for all the words regardless of the
language, using only information already available within WordNet. More
commonly used words tend to have more meanings, either because having
more meanings results in more contexts in which the word can be used, or
because more common words are likely to have their meanings extended. For
instance, the word ‘dog’ has 8 senses, one of which is to chase something,
an action which is commonly associated with dogs. On the other hand, rare
words like ‘dormie’, ‘mudder’ and ‘pelecypodous’ are specialised words with
very precise meaning, hence they have only 1 sense. Hence we use the count
of how many senses a word has as an approximation of its frequency. In a
similar manner, to get the frequency of a synset, we count the number of
languages in which it has words, on the assumption that the more common
a concept is, the more languages would lexicalise it and include it in their
WordNets. Although these methods do not obtain perfect results as there can
be common words with few meanings and rare words with many meanings,
they can still serve as a rough guideline for ordering our words and synsets
by frequency.

In the current Japanese WordNet, the readings of kanji are not included
as part of the words. As the hiragana readings are to be used in place of kanji
when the puzzle solutions are in Japanese, we needed this data in our version
of WordNet. Takayuki Kuribayashi has been working on adding this data to
the Japanese WordNet, and while it is still a work-in-progress, we are using
his data (Kuroda, Kuribayashi, Bond, Kanzaki, & Isahara, 2011) for the
crossword program. However, the readings of words written in katakana will
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not be included, as katakana is often used to spell words borrowed from other
languages, and Japanese learners may be more likely to want to concentrate
on learning native words instead of borrowings which may be from their own
first language (particularly applicable to English speakers). The same process
can also be used to include hanyu pinyin readings for Chinese characters.

To speed up the process of querying the database, we had to create ad-
ditional search indexes on the pronunciation field of the word table, the
language field of the sense table, and the frequency field of the sense table.

2.2 Puzzle Generator

The source to the original Python Crossword Puzzle Generator was cre-
ated by Bryan Helmig and released under the BSD 2-Clause License. (Helmig,
2010)

The puzzle generator section of the script was mostly left unchanged,
save for implementing the suggestion made by Daniel Nögel on a comment
on Helmig’s blog post releasing the source code. The original code suggested
possible co-ordinates for the next word to be placed by iterating over every
box of the crossword grid for each of the letters in each word to find a
match, but the new script uses a Python dictionary to keep a list of co-
ordinates for each letter based on the words already placed, resulting in a
speed improvement.

Original code snippet of definition of function suggest_coord(self, word):

glc = -1
for given_letter in word.word: # cycle through letters

in word
glc += 1
rowc = 0
for row in self.grid: # cycle through rows

rowc += 1
colc = 0
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for cell in row: # cycle through
letters in rows

colc += 1
if given_letter == cell: #

check match letter in word
to letters in row

Modified code snippet of definition of function suggest_coord(self, word):

for glc , given_letter in enumerate(word.word): # cycle
through letters in word

for (colc , rowc) in self.letters[given_letter
]:

if given_letter == self.grid[rowc][
colc]:

Added code snippet to definition of function set_cell(self, col, row, value):

self.letters[value].append((col , row))
self.letters[value] = list(set(self.letters[value]))

The original code was written for English crosswords, so the script had to
be modified to use UTF-8 encoding in order to support foreign characters. All
instances where foreign characters might be in the output had to be encoded,
and input possibly containing foreign characters had to be decoded.

As the original puzzle generator only resulted in puzzles meant for print
media, it had to be connected to the solving interface to allow users to play on
the computer. It achieves this by creating a new webpage with the JavaScript
app specific to each puzzle and jumping automatically to the hyperlink.

The key change that had to be made to allow automatic formulation
of word lists to be fed into the puzzle generator was to link it to WordNet
which is stored as an SQLite database, performing search queries based on the
parameters of a HTML form to formulate a word list for puzzle generation.
The HTML form was added so that users could customise their crossword
puzzle by choosing the size of the grid, the language of the solution, the
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language of the clue and the type of clue. The languages for the solutions
and clues can be chosen from any of the languages featured in the Open
Multilingual Wordnet. The clues can be a list of synonyms, definitions,
examples, kanji characters (with hiragana readings as the solutions when
Japanese is selected), or images. This change involved about 136 new lines
of code.

The word list to be fed into the puzzle generator can either be randomly
drawn from items in WordNet, or user-defined in a custom word list. The
point which distinguishes the custom word lists in our program from other
online crossword generation tools is that we do not require the user to provide
both solution and clue. All that users need to provide is the solution, and the
clue will be drawn from WordNet. The solution may be provided in the form
of a word, a synset, or a combination of both. The user may also provide
their own clue if they wish. The custom word lists allow the user to focus
on studying specific vocabulary of their choice, and can be used to learn set
vocabulary lists like the ones for language tests. Including custom word lists
involved about 254 new lines of code.

2.3 Solving Interface

The source to the original JavaScript Crossword Engine was created by
Pavel Simakov and released under LGPL. (Simakov, 2009)

As the interface was originally intended to be used for solving English
crossword puzzles, it did not allow foreign characters or even accented letters
to be entered as input. Our program was adapted to allow any unicode char-
acter to be entered, by making the function oyCrosswordPuzzle.prototype
.isValidChar(c) return true regardless of input. However, that caused
problems in some browsers like Firefox which interpret directional keys,
backspaces, tabs and delete keys as keypress events, unlike other browsers
which treat them as keydown events. This results in strange characters being
entered into the boxes when the user presses one of those keys. To fix this, we
inserted the following conditional in the if (this.isValidChar(c)){} code
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segment of the function oyCrosswordPuzzle.prototype.handleKeyPress(
x, y, e):

var probkeys = (keyCode >= 37 && keyCode <= 40) ||
keyCode == 8 || keyCode == 9 || keyCode == 46;

if (!probkeys) {
// original code block here

}

The above code ensures that the puzzle boxes will only be filled with text
input when the key pressed was not one of the problematic keys mentioned
above.

Also, after entering an English letter the original program automatically
moved the cursor to the next box of the focused word in the crossword
puzzle, but that function did not work with characters entered through IMEs
(necessary when typing Japanese words on an English keyboard), making it
more troublesome to solve puzzles with solutions in languages like Japanese.
We managed to fix this problem in our version of the program by adding the
following code (split into 2 functions to mirror how keydown and keypress
events were handled in the original code for the sake of consistency):

target.onkeyup = function(e){
return oThis.handleKeyUp(x, y, e);

}

oyCrosswordPuzzle.prototype.handleKeyUp = function(x,
y, e){

if (!e) {
e = window.event;

}
var keyCode = (e.which) ? e.which : e.keyCode;
var target = this.inputCache.getElement(x, y);
if(target.value.length >= 1) {

var nonimekey = (keyCode >= 65 &&
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keyCode <= 90) || (keyCode >= 48 &&
keyCode <= 57) || (keyCode >= 37

&& keyCode <= 40) || keyCode == 8
|| keyCode == 46 || keyCode == 16
|| keyCode == 20 || keyCode == 222
|| keyCode == 192;

if (!nonimekey) {
this.moveToNextCell(x, y);

}
}
return true;

}

The above code works by checking to see if the currently focused box is
empty upon a keyup event. If it finds that the box is not empty, it moves the
cursor to the next box automatically. However, this fix only works in recent
versions of some modern browsers like Mozilla Firefox and Opera, but not in
other browsers like Google Chrome due to the browsers handling JavaScript
key events differently. Pressing the enter key to confirm a character entered
through the Microsoft Japanese IME fires both keydown and keyup events in
Opera and Internet Explorer, but only the keyup event in Firefox and only
the keydown event in Chrome. As the check is triggered by the keyup event,
this function fails in Chrome.

There was a bug in the original program where the last letter of the
solutions could not be easily deleted by pressing the ‘backspace’ key unlike the
rest of the letters in the word. We fixed this by changing the way ‘backspace’
keydown events were handled in the script, adding the following code before
this.moveToPrevCell(x, y);:

e.preventDefault();
this.inputCache.getElement(x, y).value = ""

We also enabled other hotkeys like ‘enter’ and ‘delete’ to make the inter-
face more intuitive and user-friendly. In addition, we inserted the following
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code in the segment to be executed when ‘tab’ is pressed in order to toggle
between horizontal and vertical directions when the focused box is part of
two different solutions:

e.preventDefault();
if (this.dir == 0) {

this.dir = 1;
} else {

this.dir = 0;
}
this.unfocusOldCell();
this.focusNewCell(x, y, true);
break;

The only hint available for the original program was the option to reveal
the entire word. For players who may be stuck on a particular solution but
do not wish to give up altogether, we decided to introduce more hint options.
We gave them the option to reveal a single letter in any position, and also
the option to see an anagram of the entire word, and adjusted the scoring
accordingly to reflect their use of the new hints. Alternative clues are also
available when the player clicks on the number next to the original clue.
These changes involved about 157 new lines of code, as well as many minor
edits to the code in different parts of the script.

Entering input in languages which do not use the Latin alphabet or which
involve accented characters may be difficult on standard keyboards when it
is difficult to install the corresponding IME. Also, some tablet users may
find that the virtual keyboard does not consistently appear when trying to
solve the crossword. To fix this problem, we added an on-screen keyboard.
Using this keyboard also solves the problem where the cursor does not au-
tomatically jump to the next box after entering characters using an IME in
browsers like Google Chrome. Currently only English and Japanese hira-
gana is supported, though the code can be extended to account for other
languages. Each button of the keyboard is created with markup language
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like <input type='button' class='scrnkey' onclick='scrnkey(value
)' value='a'>, and the function ‘scrnkey’ is defined as follows:

function scrnkey(item) {
var x = oygCrosswordPuzzle.xpos;
var y = oygCrosswordPuzzle.ypos;
var target = oygCrosswordPuzzle.inputCache.

getElement(x,y);
if (!target.readOnly){

target.value = item;
oygCrosswordPuzzle.moveToNextCell(x, y

);
}

}

In order to allow the user to learn more about unfamiliar words, we also
added some code to show hyperlinks to the relevant synset in WordNet for
each of the items in the crossword after the puzzle is solved. To that end,
we needed to add ‘synset’ as a new attribute of the ‘word’ class in the puzzle
generator program.

2.4 User System

The login sessions are implemented in PHP, using a table of users in a
MySQL database. Having a user system allows the program to remember
the custom settings for the last generated puzzle, let users use custom word
lists and record user scores. It also allows for the possibility of remembering
clue-solution pairs that the user had trouble with (as they used hints), which
are features that may be useful to implement in future.
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3 Demo
Figure 1 shows the form by which the user customises the crossword and

generates the puzzle by clicking on the button.

Figure 1: Options form for puzzle in Figure 6

Theoretically the grid can be of any size, but for practical reasons the
program limits the width in boxes to numbers from 5 to 50. A 5x5 grid can
accommodate about 5 clues, while a 50x50 grid had 357 clues when tested,
though the numbers will vary with different options chosen. The 50x50 grid
is too large to fit on most monitors, and a 13x13 grid should be comfortable
for most users with about 20 clues when the solution is Japanese and 12
clues when the solution is English, since English words tend to be longer
than Japanese and hence harder to place on a crossword grid.

To reiterate, the languages are all those available in the Open Multilingual
Wordnet, and the clue types are a list of synonyms, definitions, examples,
kanji characters (with hiragana solutions) and images. Alternative clues
may be viewed by clicking on the number in the list of clues in the solving
interface. Ticking the ‘Force?’ checkbox ensures that there will be alternative
clues for every item, but doing so filters out items for which no alternative
clue is available, which may drastically limit the words that may appear in
the solution if the alternative clue type chosen is one for which not many
words have data.

As the current database only has definitions and examples for English,
Japanese and Albanian, if the user selects definitions or examples for any
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other language, they will be given synonyms as clues instead. If kanji is
selected as the clue type, the crossword generator will automatically treat
Japanese as the language of both solution and clue.

Figure 2: What the user sees while playing

Figure 2 shows what the user sees while solving the crossword puzzle.
Empty boxes are white, and remain white even when text is entered, only
changing colour when the solution is either revealed or checked and found to
be correct. In this case, the user has revealed the word ‘fail’ and the letter ‘L’
by using the hint buttons below the grid, and the results are marked in pink
boxes. The user has also correctly guessed the word ‘tell’, which was marked
in green boxes when the user clicked on either the corresponding ‘check word’
or ‘check all’ button. The anagram hint provided above the puzzle appeared
when the user clicked the corresponding ‘get hint’ button. Everytime a hint
or check button is clicked, the score at the bottom is updated.

The on-screen keyboard is below the solving interface. Since the solutions
are in English, the keyboard only shows the English alphabet. When the
solution language is Japanese, the hiragana keyboard in Figure 3 will appear.

After the whole puzzle is solved, a list of the solution words will appear
below the crossword, each containing a hyperlink to the corresponding synset
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Figure 3: On-screen keyboard for Japanese hiragana

in the Open Multilingual Wordnet. This allows the user to learn more about
an unfamiliar word by viewing all the information that WordNet has for that
synset, including synonyms, definitions, examples and semantic links with
other concepts. Also, at this point the full scores are automatically sent
to the server and logged for future reference, including data like the puzzle’s
unique identification number, time taken to solve the puzzle, number of times
each hint or check button was clicked, points gained for correctly guessing
solutions, points lost for asking for hints and overall score.

The word list used to generate the crossword is by default drawn randomly
from WordNet. However, if the user provides a custom word list by entering
it in the correct format in a text box on the site and clicking the ‘save’ button,
that list would be used instead. The easiest way to format the word list would
be to use the ‘w’ tag and provide only the solution word. The word can be
in any of the supported languages as long as the correct solution language is
selected in the options. In the case of Japanese, text can be entered as either
hiragana or kanji, but the solutions will still be in hiragana form. The ‘w’
tag can easily be used to input standard vocabulary lists like the one for the
Japanese Language Proficiency Test (JLPT).

Figure 4 shows a puzzle generated with the JLPT N5 word list written in
hiragana. Even though definitions were selected as the clue, some examples
appear as well as the English WordNet includes the examples in the defini-
tion. As an example of how such custom word lists should look, the first 5
lines are as follows:
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Figure 4: Crossword Example: 7x7, Japanese solution, English definition as
clue with synonyms as alternative, custom word list in hiragana

w あう
w あお
w あおい
w あか
w あかい

Figure 5: Crossword Example: 7x7, Japanese solution, English synonyms as
clue with definition as alternative, custom word list in kanji
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Figure 5 shows a puzzle generated with the JLPT N5 word list written
in kanji, producing results similar to the hiragana version as intended. The
first 5 lines of the custom word list are as follows:

w 会う
w 青
w 青い
w 赤
w 赤い

Instead of providing a word as the solution, users can choose to provide
only the synset instead by using the ‘s’ tag. Alternatively, users can provide
both synset and word with the ‘sw’ tag, with everything separated with a
single space. The user can also define both the solution and the clue with
the tag ‘wc’, with the alternative clue as an optional parameter following
the first clue separated by a ‘|’. The different tags can be combined in the
same word list. As an example, the following word list produces the puzzle
in Figure 6:

wc earth the planet on which we live --- N
wc sun great ball of gas --- N|in the sky during the day
s 04379243-n
sw 09444100-n star

If the text box for the custom word list is empty, the solutions and clues
will all be drawn randomly from WordNet. Figures 7 to 9 are examples of
custom puzzles generated with different settings, with the details provided
in the captions below the figures. The alternative clues shown above the grid
correspond to the highlighted clue.

When images are selected as the clue, the list of images are displayed as
small icons, but bigger images pop up at the top right-hand-corner when the
mouse hovers over the icon.
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Figure 6: Crossword Example: 8x8, English solution, English definitions as
clue with examples as alternative, custom word list

Figure 7: Crossword Example: 9x9, English solution, Japanese examples as
clue with synonyms as alternative, core synsets
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Figure 8: Crossword Example: 9x9, Japanese hiragana readings as solution,
kanji as clue with English examples as alternative, core synsets

Figure 9: Crossword Example: 9x9, English solution, images as clue with
English synonyms as alternative, core synsets
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4 Methodology

4.1 Participants

The participants are 38 students taking beginner-level Japanese courses
in NTU, with 27 from Level 1 and 11 from Level 2. Participants were re-
stricted to only 2 levels of Japanese students as custom vocabulary lists and
tests had to be created for each level and language. The beginner levels
were selected as they have the highest enrolment, ensuring a wide pool of
eligible participants, and also because the multilingual crosswords are pri-
marily targeted at beginners. Participants were recruited by uploading an
announcement calling for volunteers to register for the study on the course
e-learning website, and all those from Levels 1 and 2 who signed up were
accepted provided they were available for the study timeslots.

They were randomly assigned to 6 conditions describing the category of
crossword puzzle they were supposed to solve. The conditions are described
in Table 1.

Group Clue Solution
A English definition Japanese word in hiragana
B English word Japanese word in hiragana
C Japanese word in kanji Hiragana reading
D Japanese word in kanji English word
E Japanese word in hiragana English word
F Control: No crossword puzzles

Table 1: Experimental groups to which participants were assigned

4.2 Procedure

Participants were intended to learn a 25-item vocabulary list through do-
ing crossword puzzles in this study. Since participants were not supposed to
be already familiar with the vocabulary, words included in the school’s vo-
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cabulary list for their level were not used in the study. Words were selected
from the vocabulary lists from the basic levels of the Japanese Language Pro-
ficiency Test (JLPT) to ensure that they were appropriate for the students’
level. Level 1 students were to learn words at the JLPT N5 level while Level
2 students were given JLPT N4 words, with the word lists being taken from
Waller (2010). All words chosen for the study included at least one Kanji
character so we could examine more aspects of the participants’ learning of
Japanese vocabulary. To measure how much the participants learnt, we gave
them a vocabulary test once at the start of the study and again at the end
and calculated the improvement in their scores.

In Week 1 of the study, participants were asked to read and sign a consent
form explaining the relevant details of the study before beginning any activ-
ities. They were then given a pre-activity vocabulary test and allowed up to
30 minutes to complete it, following which they were asked to look through
a review sheet (covering the spellings, pronunciations, translations and defi-
nitions of all 25 words) for 3 minutes. All participants in the same Japanese
level did the same test, which consisted of 25 questions each corresponding to
one Japanese word in the vocabulary list they were intended to learn during
the study. The questions were separated into 5 sections (5 questions each)
corresponding to the categories of crosswords as outlined in Table 1, testing
their knowledge of a different aspect of vocabulary (e.g. spelling, pronunci-
ation, translation and definition). Example questions with the answer key
underlined are as follows:

a. Give the Japanese word that fits the English definition below in
hiragana:

• “Having a temperature slightly higher than usual, but still pleasant;
a mild temperature.” - あたたかい

b. Give the Japanese translation of the English word below in hiragana:

• warm - あたたかい
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c. Give the readings of the Japanese words below in hiragana:

• 暖かい - あたたかい

d. Give the simple English translation of the Japanese word below written
in kanji:

• 暖かい - warm

e. Give the simple English translation of the Japanese word below written
in hiragana:

• あたたかい - warm

In Week 2, they were asked to do 2 crossword puzzles online at their own
convenience. Then in Week 3, they were asked to do 1 crossword puzzle.
No time limits were set and they were allowed to use as many hints as they
liked as they were not expected to know all the answers. The program did
not allow them to do more than the allotted number of puzzles per week,
and records were kept on the server to ensure they met their target for the
week. The timings of the puzzles were flexible and only 3 puzzles were set as
students are likely to be busy with their coursework and requiring too much
of them would likely result in their dropping out of the study.

For the purposes of this experiment, a version of the crossword program
with limited functions was used. Since the experiment was intended to test
how the crossword program could help students to remember new vocabulary,
only the 25-item vocabulary list was used to generate the crosswords, without
allowing users the option of defining their own lists or randomly picking items
from WordNet. Users were also not allowed to customise options like the size
of the crossword grid, and the languages of the solution and clues and the
type of clues were set according to their experimental group.

In Week 3 after all 3 crossword puzzles were completed, participants were
given a post-activity vocabulary test, with the same 25 words but with their
corresponding questions placed in a different section to measure their knowl-
edge of a different aspect of vocabulary. Only one aspect of each word was
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tested in a single test, to keep the test short and to ensure that participants
do not learn the correct answers from the questions themselves.

To ensure consistency in grading, I graded all the vocabulary tests by
myself. Any reasonable answer that fit the wording of the question was
given the full mark, even if it did not match the answer key exactly. If
the part-of-speech of the answer was not clear from the question, alternative
parts-of-speech were allowed. Both polite and plain forms were accepted for
Japanese words. Half a mark was given for answers with spelling mistakes.
If the participant did not give what the question asked for, for instance by
providing the hiragana reading to the kanji when the question asked for
the English translation, no mark was given as each section only measures
one specific aspect of vocabulary knowledge and other aspects are deemed
irrelevant.

5 Results and Discussion
Tables 2 and 3 list the descriptive statistics for the total test scores,

aggregated by level and group. ‘Pre’ refers to the pre-activity test, ‘pos’ to
the post-activity test, ‘dif’ the absolute difference between the two, ‘dip’ the
relative difference and ‘T’ stands for total score of all the sections in the test.
Positive ‘dif’ and ‘dip’ values indicate improvement while negative values
mean that the score worsened. While ‘dif’ is the difference in the actual
marks (PosT - PreT), ‘dip’ is the difference in scores as a percentage of the
potential for improvement, or ((PosT - PreT)/(25 - PreT))x100%, with 25
being full score. The reason for showing relative improvement is that if a
partipant scores 4 marks out of 5 in a section during the pre-activity test
and then 5 marks in the post-activity test, the improvement of 1 mark is
not slight as the scores have reached the ceiling and a greater improvement
might have been possible had there been more questions on the test. There
were about 5 participants per group for Level 1 and 2 for Level 2, but 4
participants dropped out of the experiment.
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Table 2: Descriptive statistics for Level 1
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Table 3: Descriptive statistics for Level 2
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In Level 1, the mean pre-activity test scores for groups A to D were
around 6 to 7, while groups E and F scored around 10 marks on average.
This difference is just noise as the pre-activity experimental conditions were
the same for all groups. The mean post-activity test scores were scattered
from 10 to 17 marks. In Level 2, the mean pre-activity test scores for groups
A to D were around 6 to 9, while the mean score for groups E and F was
about 2 and 5 respectively. The mean post-activity test scores were scattered
from 10 to 18 marks.

As our experiment is designed to test the improvement of vocabulary
after doing the crossword puzzles, we will focus on examining the ‘dif’ and
‘dip’ scores instead of the ‘pre’ and ‘post’ by presenting them in graphical
form. We found that the patterns for Level 1 and 2 were quite different as
they took separate tests which may have been of different difficulty levels
relative to their current language proficiency, hence their data cannot fairly
be merged. As there are only 1 or 2 people in each Level 2 group, we believe
that data set by itself is highly subject to noise and those results are not
significant, so we will only discuss the results for Level 1.

For figures 10 to 13, the capital letters A to F represent the experimental
groups as described in Table 1 with F being the control group, and the
small letters a to e represent the sections in the vocabulary test as described
in Section 4.2. The same letters are used as they correspond to the same
combination of solution/clue and question/answer pairs, with Group A being
assigned crossword puzzles designed to directly improve their performance on
section a. Figures 10 and 11 are broken down by test section while figures 12
and 13 show total scores; and figures 10 and 12 show absolute improvement
while figures 11 and 13 show relative.

Contrary to expectations, neither of the graphs broken down by test sec-
tion show any particular trend that would suggest that the type of crossword
puzzle directly affects the scores of the corresponding test section except for
Group D on section d and possibly E on e, though the patterns for absolute
and relative improvement are largely similar. Due to the small sample size,
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Figure 10: Bar graph for absolute improvement by test section in Level 1

Figure 11: Bar graph for relative improvement by test section in Level 1
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it is unclear if this lack of a trend is because there is no relationship between
puzzle type and section score or due to the pattern being obscured by noise.

Figure 12: Bar graph for total absolute improvement in Level 1

In general, all experimental groups except for Group E show more overall
improvement than the control group F, with a largely similar trend for both
absolute and relative improvement, indicating that the crossword puzzles did
indeed help participants to learn vocabulary. Again, due to the small sample
size it is not clear if puzzle type E is actually ineffective in improving vo-
cabulary or if these results were due to chance. In general, groups A and C
improved the most, followed by B and D which show slightly greater improve-
ment than the control, while E improved less than the control. The relative
effectiveness of the puzzle types A and C might be explained by the fact that
the solutions were in Japanese and hence solving those puzzles forced partic-
ipants to think in Japanese thereby making them more effective in learning
vocabulary, and it may be due to noise that the effect did not transfer to type
B which also had Japanese solutions. In contrast, the solutions for D and E
are in English which might require less cognitive effort to recall (reading the
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Figure 13: Bar graph for total relative improvement in Level 1

Japanese clue only requires them to recognise, not recall, the words), hence
the association between solution and clue might be encoded less deeply in
the memory.

The lack of a definite pattern may also stem from too few crossword
puzzles being assigned rather than point to the inefficacy of crossword puzzles
in aiding vocabulary acquisition. One participant volunteered feedback to the
effect that the number of puzzles might have been too small, and she felt that
she would have improved more had she done 3 puzzles a week instead. It is
true that assigning more puzzles is likely to lead to more conclusive results,
but we decided against it for this experiment because of the risk of losing
participants if the required commitment level were too high.

6 Conclusion
Due to the small sample size the results of this experiment are only in-

dicative. To further evaluate the program and the effects of different types of
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crossword clues on vocabulary acquisition, future experiments could be run
with a larger pool of participants over a longer time period with a greater
frequency of crossword puzzles per week.

In addition, there are many features outside the scope of this study that
could prove useful if introduced in the program, but were unfortunately too
time-consuming to implement during the course of this project.

To begin with, future versions of the program could improve the experi-
ence for users who prefer a monolingual puzzle, with the same language for
both the solutions and the clues. Currently the program removes the solu-
tion word from the list of synonyms in the clue, but it does not account for
alternative spellings of the same word. In future, the edit distance between
two words in the same synset may be calculated to determine if they should
be treated as the same word spelt differently, and alternative spellings of the
solution word can be removed from the list of synonyms. Also, the lemmas
should be removed from the example sentences.

We could make use of the encoded semantic relations between synsets in
WordNet to provide more types of clues like hypernyms, hyponyms, antonyms,
meronyms, etc. where such data is available. In addition, the hypernyms and
hyponyms can also be used to organise vocabulary lists around a common
theme.

Though our study focuses on WordNet as the only word database used
in the program, we could enrich our database with information from other
sources. Word frequencies can be obtained through more accurate frequency
lists specific to each language and based on larger corpora. Also, concordance,
collocation and n-gram information would allow users to study in greater
detail how each word is used in context.

While the current project focuses on crossword puzzles in English and
Japanese, the Open Multilingual WordNet features many other languages.
To provide more support for these other languages, we could add the respec-
tive synset examples and definitions to WordNet to make more alternative
crossword clues available, and also provide on-screen keyboards specific to
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those other languages.
The solving interface does not account for solutions in languages which

are written right-to-left like Arabic, Persian and Hebrew. Though we can
easily reverse the characters in each solution word to make them display
correctly, typing them into the interface would still be difficult as the cursor
would move in the wrong direction. Furthermore, it is unclear how the words
should be represented when the solution is vertical.

Users’ responses to specific solution-clue pairs may be recorded, particu-
larly on custom word lists. As asking for hints indicates some trouble with
solving that item, those items could be scheduled to appear again on subse-
quent puzzles, while items solved without any hints could be made less likely
to reappear.

The game could be made more fun by allowing competition on a few
shared puzzles. As player scores are already recorded, they could be added
to a leaderboard for players to compare their performance with others.

Lastly, while the current website makes use of much screen space, a mobile
version could be made to allow smartphone users to solve crossword puzzles
on the go.
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A Vocabulary Test Questions with Model An-
swers

Pre-activity vocabulary test for Level 1
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Post-activity vocabulary test for Level 1
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Pre-activity vocabulary test for Level 2
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Post-activity vocabulary test for Level 2
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