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Abstract 
 

    The aim of the project is to produce a motivational and engaging application for learning Japanese 

characters.  

 

    Theory on how Japanese characters are learned and methods of teaching are analysed and are 

identified in currently existing flashcard software if present. The problems with the currently existing 

software are identified, and use of motivational techniques and forms of engagement between the user 

and the software are suggested.  

 

     A solution is proposed based on motivation and engagement in games, and the system 

requirements are produced. The product is then designed using the appropriate design documentation, 

which uses primarily UML for the system architecture, and Yourdon style diagrams for the database 

architecture. 

 

    The product was implemented using Unity 4.1 and C#, using a prioritised system of features as the 

chosen development model. After testing, the application was evaluated by three prospective users. 

 

    Although the final product was incomplete, the results of the user evaluation suggested that the 

motivation of the user and their engagement are improved using the techniques followed. However, 

the sample size was too small to be conclusive, and therefore recommendations were made to develop 

the product further and test it with a larger sample size of prospective users, comparatively with other 

software. The evaluation also suggested that users tend to follow ineffective learning methods, and 

therefore must be explicitly encourage to use methods such as the one specified by Heisig. 

 

    Overall, while the project failed to achieve some of its objectives, these are achievable with further 

development of the product. 
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Chapter 1 – Introduction 
 

1.1 Aims and Objectives of the Project 
 

    The aim of the project is to produce a motivational and engaging application for learning Japanese 

characters. 

 

    The main objectives, as discussed in the Terms of Reference (Appendix A), are: 

 

1) Define and give background information on the problem of learning Japanese characters 

 

2) Review educational techniques that can or are being used in educational software 

 

3) Review how motivation and engagement are being used in educational software 

 

4) Identify the requirements of the proposed product. These should propose solutions to problems 

presented by currently existing applications, as specified in the literature reviews. 

 

5) Investigate and select the tools required for the project, including programming languages, IDEs, 

software tools, game engines and plugins. 

 

6) Design the product using appropriate design documentation, using UML diagrams and alternatives 

as appropriate. 

 

7) Design and specify the human-computer interaction (HCI) elements of the application, showing in 

detail how the user physically and virtually interacts with the software. This may be through screen 

designs or prototypes as appropriate. 

 

8) Using the produced design, implement the solution by producing the software using the tools as 

identified in objective five. 

 

9) Carry out developer testing of the product. This can be performed concurrently with the 

implementation, but must also feature full testing of the completed product. 

 

10) Carry out comparative user tests between the product to be developed and currently existing 

flashcard applications. 

 

11) Present the completed software to potential users and evaluate feedback on the effectiveness of 

the software. 

 

12) Evaluate the project process based on the achievement of the above objectives and whether the 

software produced is effective and offers a solution to the original problem. 

 

13) Draw conclusions concerning the solution of the original problem, identifying the wider 

applications of the solution. 

 

1.2 Product Overview 
 

1.2.1 Purpose of the Product 
 

    The purpose of the product is to improve motivation and engagement in the field of language 

learning flashcard applications. This is stated for use in any language, making the product highly 
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extensible and customisable. Japanese is presented as the focus of the initial product due to the 

discussed difficulty in character acquisition. 

 

1.2.2 Scope of the Product 
 

    The scope of the product in its current form is focussed on the learning of characters in the 

Japanese language, specifically kanji. 

 

1.2.3 Main Features and Characteristics of the Product 
 

    The product features a changeable character set, which can be edited and/or created by the end user. 

The character sets are uploaded into a database for use within the application. This is managed by a 

stand-alone storage layer, which is part of a three-tier architecture within the application. Data 

processing is handled by the processing layer, which is unseen by the user, who only has access to the 

interaction layer – the user interface and game screens. 

 

    The product is centred on the use of different minigames, each showing flashcards in a different 

format, or using a different method of learning. Currently only one game has been implemented, 

however further work will be undertaken to increase this to the four that were stated within the report. 

 

    The user interacts with the system using the mouse, clicking, selecting and/or dragging cards on the 

screen to create matches and complete words or phrases. This is what is meant by the interaction layer. 

The processing layer of the application receives information on the user’s answers from the 

interaction layer, and adjusts how the cards are stored. This involves use of the Leitner system, a form 

of spaced repetition learning that places flashcards in several compartments that measure how well the 

user knows a character. This layer also managed the updating of data stored within the database. 

 

1.3 Problem Overview 
 

    Currently, educational language software and flashcard programs appear to present a number of key 

design issues that demotivate a potential user from using the applications. As a result, tools that have a 

use in the teaching of a modern foreign language are not being used effectively by students. 

 

    While using educational techniques that can be applied to the teaching of all languages, currently 

available applications do not take into account the large volume of characters a student is required to 

learn.  

 

    Current applications also fail to identify the complexity in learning these characters. In order to 

learn effectively, a method that forms semantic links in the learner’s mind is required, and this 

technique is not used, with current software relying on the user recognising familiar characters or 

using the application as an aid in copying the characters onto paper. 

 

    Additionally, current applications present a lack of engagement and interactivity between the 

software and the user, with the user interacting with the application in a single way. 

 

    Current applications therefore appear to be aimed at advanced learners and not beginners. 

 

    The aim of the project is to solve these issues by providing a piece of software that is easy to use, 

based on the theory of learning characters, and offers motivation, engagement and interaction. 

 

1.4 Summary of the Approach Taken 
 



Matthew Tinn         CM0645 Individual Project         Project Report         16/07/2013 

                                                                                                                                                                                 3 

    The approach taken involved analysis of how characters are learned, how this theory is applied in 

current software, and how games can be used in educational software. This analysis was used to build 

the system requirements specification and propose a specific solution. The solution was then designed 

using appropriate design documentation, which was used to build the solution. The solution was 

tested and evaluated by prospective users, and conclusions for further development of the application 

were drawn from the evaluation. 

 

1.5 Summary of Tools and Software Used 
 

    The project used Unity 4.1 as the main development tool, using C# as the programming language, 

Visual Studio 2010 as the IDE, and SQLite as the relational database management system. 
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Chapter 2 – Analysis 
 

2.1 Introduction 
 

    The analysis stage of the project is focussed on formulating the system requirements of the product. 

As such, it will be divided into several distinct sections. 

     

    Sections 2.2 to 2.4 cover the three literature reviews, which will be performed in order to 

investigate the following 

 

a) What language learning techniques are available? 

b) How is language learning software using these techniques? 

c) How can users be motivated to use language learning software? 

 

    Each section will offer a part of the system requirements. 

 

a) The learning technique to implement 

b) Requirements on how to improve upon current software 

c) Requirements on how to motivate users to use the software effectively 

 

    The results of these investigations will be used to devise the system requirements specification, the 

commentary on which is specified in 2.5. 

 

    In order to fulfil the system requirements specification, a solution will be proposed in 2.6. This will 

be followed by the selection and justification of development methods and tools in 2.7 

 

    Finally, the selection of the deliverables to be produced will be specified in 2.8. 

 

2.2 Review of Language Learning Techniques that are or could be 
used in Language Software 
 

2.2.1 Introduction 
 

    In the market of educational software and serious games, educational theory is often applied to the 

design of the software. Educational language software focusses on a range of principles that have 

been developed in a subject area known as second language acquisition, which is an area of language 

research “concerned with the general question: How are second languages learned?” (Gass and 

Selinker, 2008). This is in addition to the use of different teaching methods, such as flashcards, 

speaking exercises and conversing with native speakers over the internet. Some applications may 

focus on just one of these methods, or will feature all of them, branding themselves as a complete 

learning package 

. 

    This chapter will discuss several of these learning techniques and propose how they could be 

integrated with software. 

 

2.2.2 Introduction to the Japanese Writing System 
 

    The Japanese writing system is split into three sub-systems: hiragana, katakana and kanji. 

 

    Hiragana is the first sub-system, and is what Japanese school children first begin learning. Hiragana 

is a set of logographic characters dictating a specific sound; each based upon the central vowels: a, e, i, 

o, and u. Hiragana is used to write native Japanese words that have no kanji. 
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    Katakana is the second sub-system, and follows the exact same rules as hiragana; however hiragana 

characters are only used for loanwords that have been imported from foreign countries. 

 

    Appendix C shows the complete kana table for hiragana and katakana. It has been adopted from 

Takebayashi (2003). Hiragana is shown on the left of the sound, while katakana is shown on the right. 

 

    The third sub-system is kanji, which borrows the Chinese logographic alphabet, hanzi. While 

keeping the same characters, kanji characters have different meanings to those in hanzi. Additionally, 

each kanji character can have multiple meanings of its own. For example the character 月 is the 

character for moon, but it can also mean month. 

 

    There are 1945 plus 196 kanji in common use (Heisig, 2011), with “60 or so” reserved for “proper 

names”. Kanji are based on the meaning of the drawn character, unlike hiragana and katakana. 

 

2.2.3 Methods of Learning Japanese Characters 
 

    In terms of learning the characters, there are a variety of different methods available to a learner. 

Some are more effective for a different sub-system than others; and some are more suited to software 

applications than others. 

 

2.2.3.1 Muscle Memory Approach 
 

    Firstly, there is the muscle memory, or copying approach. This approach relies on the repetition of 

action so frequently it becomes instinct. It appears to be a popular classroom teaching method, and I 

have experience of doing so in both Japanese and English. 

 

    However, by some it is regarded as very ineffective. Take James W. Heisig as an example, who is a 

professor and research fellow at the Nanzan Institute for Religion and Culture in Nagoya, Japan; and 

his written several books on character learning theory. 

 

    In his primary work, Remembering the Kanji 1, he heavily criticises the muscle memory approach. 

 

    “One can sit at one’s desk and drill half a dozen characters for an hour or two, only to discover on 

the morrow that when something similar is seen, the former memory is erased or hopelessly confused 

by the new information.” (Heisig, 2011) 

 

    I agree with this to a degree. While some characters are easy to learn through this method, more 

complex characters are quickly forgotten.  

 

    Additionally, with this method having a paper-based approach, it is not well-suited to a software 

application, other than if the user could write on a graphics tablet. 

 

2.2.3.2 Heisig’s Method 
 

    Therefore, an educational method in software is going to need something that links more to the 

mind. This is what Heisig’s method achieves.  

 

    The method was developed through his own practical learning, and has become a popular method 

of learning kanji, not just in Japan, but across the world. The method connects a kanji character with 

“a key word that represents… one of its basic meanings” and then brands “it with an image 

ultimately associated with the key word.” 

 

    Using the method, you take the following steps: 
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1) Take a kanji character 

2) Look at the meaning of the character 

3) Think of a mental image (called a “story” by Heisig) that is based on the meaning of the character,      

not how the character appears. 

4) Link the kanji and its meaning together in your mind through that mental image 

 

    Heisig developed this method in response to his difficulty in remembering characters, which he 

mainly identifies as their large volume, different readings, and their lack of basis on sound. “What 

makes forgetting the kanji so natural is their lack of connection with normal patterns of visual 

memory… The difference is that while these symbols [in various alphabets and number systems] are 

very few and often sound related, the kanji number in the thousands and have no consistent phonetic 

value.” 

 

    The method attempts to avoid linking the meaning of the character with how it looks, although in 

some cases this is unavoidable. Heisig points out that linking the meaning of the character with its 

appearance is a common mistake, and that it offers little help in remembering the character. 

 

    “As charming as it is to see the ancient drawing of a woman etched behind its respective kanji… 

when the character itself is removed, the clear visual memory of the familiar object is precious little 

help for recalling how to write it.” (Heisig, 2011, p. 2) 

 

    Heisig is effectively explaining that a learner may associate a specific image to a character based on 

the shape of the character. It is seen as a poor choice as it works for some characters but not for others 

– it’s not universal. Take moku for example, 木, the kanji for tree. This character does look like a tree, 

and therefore learners will connect this and begin to use the technique for more kanji. 

 

However this technique quickly falls apart due to two factors: 

 

 several characters look very much alike 

 the appearance of a character sometimes has no implication of its meaning, particularly when 

a character has several meanings 

 

    For the former, a good example of two similar characters is the character for fortune telling 占, and 

the character for spot, 点. Both of these can conjure similar images based on their shape, so it is easy 

to become confused over which is which. 

 

    占 is also a good example for the latter, as the shape of the character could be seen as a bath or a 

sink. While it helps in remembering how to write the character, it does not give any indication of its 

meaning. So while the character can be written, it cannot be understood. 

 

    As any piece of software will present the user with a character to translate, it is possible that a 

proportion of users may fall into using this technique. Therefore the user should be made aware of 

how to efficiently remember the characters explicitly by the software. 

 

    It also seems like a technique that could work well for users of the software. However, as the 

method relies on the user creating their mental image, difficulties arise in how to implement the 

method. You cannot give a user an image to link directly, as this counteracts the theory of using self-

created stories. The only way you can implement the method is instruct the user on how to use it, and 

then trust them to take responsibilities for their own learning. 

 

2.2.3.3 Flashcard Systems 
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    Heisig provides a method of remembering the characters. However, we need to connect this with a 

practical application. One common form used both physically and in software is the flashcard system. 

This system is built around presenting information on cards for the user to review. 

 

    The user does not review the cards at any time, however. There are set methods which have been 

established since the 1970s. Two similar methods were proposed by Landauer and Bjork (1978) and 

Leitner (1972). 

 

    Mondria & Mondria-De Vries’ report (1994) into efficiently memorising words explores the 

establishment of flashcard systems, and states the result of Landauer and Bjork’s research as pleading 

“in favour of expanding rehearsal strategy.” 

 

    They continue to explain, “This strategy advocates that a given item should be initially tested after 

a very brief delay. If the subject correctly recalls it, the delay should be systematically increased, 

whereas if (s)he is wrong the delay should be shortened.” 

 

    The principle behind Landauer and Bjork’s theory is to adjust the time between reviews of an item, 

depending on the successful or unsuccessful recall of that item. It can be seen that this can produce 

more effective learning by focussing the learner on what he or she does not know, making it quite 

efficient. 

 

    The system proposed by Leitner follows similar principles, but applies them in a physical format. 

Mondria & Mondria-De Vries describes Leitner’s system as “a deck of cards with word cards with a 

sophisticated repetition system. This deck of cards… is divided into five compartments of increasing 

size… cards are placed in compartment 1… after which they are gone through. What the learner 

knows is moved on to compartment 2, what (s)he does not know is put in the back of compartment 1 

again. When there are only three words left in compartment 1, the compartment is replenished… After 

this has been repeated a few times, compartment 2 is filled up and the time is ripe to repeat the words 

in compartment 2; what the learner still knows goes into compartment 3; what (s)he does not 

immediately know goes back into the back of compartment 1.” 

 

    So the main principle is that known cards move ahead a compartment, while unknown cards are 

moved back a compartment. It follows the same repetition principle as Landauer and Bjork’s method, 

but the cards now have physical organisation. 

 

   This immediately seems very appropriate to apply to a computer-based storage system. The current 

compartment the card is in is simply stored as data, and the data can be changed to move the card 

around.  This has been previously established, with a wide variety of current flashcard software 

choosing to use the Leitner system as the principle system for the reviewing of cards. 

 

    With this determined, it now feels suitable to look at current software to establish which techniques 

are used other than the Leitner system, if any; and which applications use them. 

 

2.3 Review of the use of Learning Techniques in Current 
Educational Software 
 

2.3.1 Introduction 
 

    There is currently a variety of software available for the learning of the Japanese language and 

Japanese characters, ranging from freeware to retail proprietary software. This literature review will 

identify which pieces of software use the Leitner system, and how effectively they use it. The 

software is also being analysed to identify if they provide any form of explicit method in teaching the 

characters, and how well they perform against each other. 
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    The distinct method of analysis I will be using in this literature review is as follows. 

 

1) Research educational language software and identify a selection of freeware and retail applications. 

 

2) Test each piece of software where possible, noting use of the Leitner system, method of teaching, 

how the user interface is presented to the user and how the user interacts with the application. 

 

3) Compare the identified features of freeware language applications in order to establish common 

features, as well as identifying weak areas in the implementation of the applications. 

 

4) Compare the identified features of retail language applications in order to establish common 

features, as well as identifying weak areas in the implementation of the applications. 

 

5) Determine a conclusion that specifies whether language software is effective. 

 

    The software areas are generally broken down into 

 

 Freeware 

 Language Based Applications 

 Language Based Online Tools 

 General Flashcard Applications 

 Retail 

 Low Cost Software 

 Medium Cost Software 

 High Cost Software 

 

2.3.2 Techniques Employed in Freeware 
 

    The freeware market is primarily concerned with flashcard software, which provides a good avenue 

for analysis. There are also some online based solutions which have similar functionality to the 

software that requires installation. 

 

2.3.2.1 Language Based Applications 
 

    Firstly, we have applications which are either built for, or have high support for language learning. 

The majority of these applications are very similar in appearance and functionality. Popular examples 

include Mnemosyne (Bientsman, 2012), shown in appendix D, Anki (Elmes, 2012), shown in appendix 

E, and SuperMemo (SuperMemo, 2012). Mnemosyne and Anki were chosen as the test examples due 

to being relatively easy to find online. 

 

    Each application uses a rating scale in its application of the Leitner system. After reviewing a card, 

the user selects a rating on the scale to specify how well they remembered it. This defines the interval 

between repeated reviews. Higher ratings produce a longer time between reviews. This form of 

implementation was pioneered by SuperMemo, defining that “you don’t decide when to review the 

card -- the program decides for you based on your previous performance.” 

 

    This is different from the specification of the Leitner system that is given by Mondria and Mondria-

De Vries. In the implementation in these programs, the user has a lot more control over in which 

compartment they place a card. This is a useful feature that reduces the time a card takes to get to the 

compartment appropriate to the user’s level. 

 

    However, when using such a method, it doesn’t feel as intuitive as using physical flashcard in this 

way would. You can instinctively place the physical card in the correct compartment, but with a 
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virtual one you have to move the mouse and click an appropriate button. So comparatively, the rating 

system feels more obstructive in the natural thinking process of the user. 

 

    This seems to stem from an HCI problem, rather than an issue with the Leitner system itself. It 

must be addressed that they interaction between the application and the user is limited to browsing to 

the next card and rating if they remembered it. If the application could accept a form of input or other 

interaction from the user and either decide for itself where the card should go, or use the 

implementation of the Leitner system that Mondria and Mondria-De Vries specifies, it would provide 

a more seamless user experience that improves the flow of learning. 

 

    Additionally, Anki features the ability to display the interval for review above the rating scale 

buttons. In an online comparative review, Kenny (2008) finds this feature “a very bad thing.” He 

goes on to explain, “coming from SuperMemo, I’ve learned that the SuperMemo method works and it 

works because the human brain is not very good at guessing when it’s going to forget something.” 

 

    This feature can be switched off, so Anki functions exactly the same as Mnemosyne and 

SuperMemo, but having the feature on by default is potentially a poor design feature. 

 

    The learning process used in these applications is that the user can either instantly recognise the 

card by sight, or have to effectively use the application as a tool in the process of writing the 

characters down on paper to learn them. This is where the applications start to fall down in their 

usefulness; lacking the interactivity and engagement that is normally attached to what users expect of 

educational software. 

 

    The final point to be made about freeware language based applications is that while used for 

language learning, they are not optimised for a specific language. There is no appearance of Heisig’s 

method or an equivalent for another language; meaning that the applications are not quite as 

specialised as they should perhaps be. However the positive side of this is that you can use one 

program for everything, which may be preferable to some users than having multiple applications for 

different languages. 

 

2.3.2.2 Language Based Online Tools 
 

    That previous point is vastly different when applied to online tools. There are solutions available 

online catered towards specific languages, such as Chinese Learning for Kids & Teens (Confucius 

Institute Online, 2009). This is a website which aims to provide an interactive experience for children 

learning Chinese. 

 

    It takes a very different approach from the flashcard programs, not using any spaced repetition 

features such as the Leitner system; instead the website is split into various lessons, each focussing on 

teaching a different aspect of the language. 

 

    Each lesson incorporates different types of activities, beginning with a short cartoon that introduces 

the topic. It’s quite easy to see the target audience from a feature such as this, attempting to capture 

the attention of a younger audience more effectively. It also attempts to use audio, but the sound 

samples are low quality, which may possibly affect clarity. 

 

    What is interesting about this learning tool is that it uses small Flash games in order to test the 

user’s memory of the words and the general topic being covered in the lesson. There is a large concept 

of engagement present, and it is quite easy to see younger learners using such a tool.  

 

    With additional design of good features, this kind of tool could certainly be effective in an 

application aimed at older users. 
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2.3.2.3 General Flashcard Applications 
 

    Additionally to applications more focussed on languages, there are some that are general purpose 

flashcard programs that can be used for any type of flashcard. There appears to be two categories in 

this section: downloadable applications and online based solutions. The two examples that will be 

used are the downloadable application OpenCards (OpenCards, 2012) and the website Flashcard 

Exchange (FlashcardExchange.com, 2012). 

 

    OpenCards is similar to other flashcard programs in its learning processes, featuring the use of the 

Leitner system as its main spaced repetition algorithm. OpenCards differs in design, however, from 

the flashcard programs that have been identified previously. This application uses PowerPoint 

presentation files as its flashcards, rather than holding a database of cards. This clearly promotes to 

the user the feature that they can make their own card sets; which is more important for a general 

purpose flashcard application than a language based application.  

 

    Visually, Flashcard Exchange appears to be the closest online based solution to the style of 

downloadable flashcard applications. However, it differs in its feature set. Most interestingly is the 

inclusion of text field input for the user to input their answers. It is a feature that promotes greater 

interactivity with the flashcard system, while trying to remain as unobtrusive as possible; and it is 

certainly pressing the user to remember the character. However, such a system is pushing user 

reliance onto keyboard input and neglecting the balance between pen and paper and digital methods; 

one which Heisig thinks is important to uphold. 

 

    Flashcard Exchange also does not seem to support any main educational theory behind the 

flashcard system, which reduces its credibility. However, if users of different flashcard applications 

were looking for extra cards, this web application offers a selection which can be copied into another 

program. 

 

2.3.3 Techniques Employed in Retail Software 
 

    The majority of retail language software seems radically different from flashcard programs, 

introducing more interactive solutions and different teaching methods. There is also a greater variety 

of paid software available. 

 

    At the low-end of the price spectrum, there are additional flashcard programs to those that have 

been covered above. However, just because it is a paid product does not necessarily mean it is better, 

as WinFlash Educator (Open Window Software, 2012) shows. 

 

    WinFlash Educator is similar to programs such as Mnemosyne and Anki, but it has a focus on the 

use of flashcards for general learning, rather than being focussed on languages. It offers most of the 

same features that Mnemosyne and Anki do, and is still based on the Leitner system style of spaced 

repetition. However, the rating system in WinFlash differs, in that it uses a yes/no rating, rather than 

the five button rating of Mnemosyne and Anki. This shows that it is using the style of Leitner system 

specified by Mondria and Mondria-De Vries. 

 

    While WinFlash has a concrete learning application, its interface and HCI elements are 

comparatively worse than its free rivals. Instead of keeping everything in a single window, WinFlash 

opens multiple windows when working through cards. Window colour schemes are typically block-

coloured, at times making the application difficult to look at. This is a definite factor of usability that 

may affect use of the application. 

 

    In a similar vein to Flashcard Exchange, WinFlash Educator has text input support, offering 

additional functionality that its freeware rivals do not have. However, at its market price of $39.99, 

this feature does not make up for offering the exact same feature set as free applications which offer a 
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much easier to navigate interface. This establishes the look and feel of the application as a high 

priority in terms of usability.  

 

    An application that frequently sees its usability applauded in its advertising however, is Rosetta 

Stone (Rosetta Stone Ltd, 2010). As I will cover, the application has received some positive reviews, 

which makes it a choice for investigation in the high price point software; however its price is so high 

that the only means of testing the software is via the online demo. 

 

    Looking at this demo, Rosetta Stone takes a different approach to language learning as a complete 

package, in contrast to the flashcard programs detailed above. It focusses on using images and sound 

around a central topic, adding more content as the user progresses; going from a single word to a 

complete conversation in a specific place. This kind of situational learning is something that the 

flashcard programs lack. This can be seen throughout Rosetta Stone in the way it is presented: 

flashcard programs for languages do not tend to make use of sound and graphics. These elements are 

there to try to engage the user, and therefore showing another point at which flashcard programs lack 

this engagement. 

 

    However, even with the benefit of situational learning, Rosetta Stone does have faults, as pointed 

out in a PCMag.com review (Duffy, 2010). It seems to criticise the situational learning in a way that 

makes it seem that too much of it focuses the learner on those situations, and therefore will not be able 

to use any of the language outside of those situations: “generation, or the ability to express original 

ideas, is not likely to happen with Rosetta Stone alone no matter how long you use it.” 

 

    The review is also critical over the application’s long term use, stating: “After a while, though, 

users will experience fatigue from heavy repetition, which is necessary to some extent in language-

learning, but here it comes without any cultural context or explanations.” In a part of learning where 

repetition could be considered mandatory, this is a worry, as having that explanation or wider context 

can help with the image of a specific character, word or phrase in memory, and it gives the learner 

something that they can apply to different situations. From this we can see that even retail software 

suffers from the same long term motivation issues as freeware. 

 

    An alternative piece of software that Duffy recommends is Rocket Languages (Libros Media, 2012). 

This online based application fits into the mid-range of the retail solutions. However, it takes a 

completely different approach once again. As a paid online learning system, it is more focussed on 

learning how to speak a language rather than how to write in the language. The interesting point about 

Rocket Languages is that it also takes the route into trying to engage users; this time with games. 

These will be explored further in the motivation and entertainment literature review. 

 

2.3.4 Conclusions 
 

    From the gathered analysis, the learning mechanism most focussed on in flashcard programs is the 

use of the Leitner system. Effective implementation by various software packages has shown that this 

is a popular and effective technique of learning characters, and also proves the theory behind spaced 

repetition learning methods. 

 

    In retail software, spaced repetition techniques are generally not in use, showing that complete 

packages are not as appropriate for learning characters individually, and are more focussed on 

teaching vocabulary, grammar and speaking. However, retail software packages have some interesting 

features in terms of engagement and motivation, which is the focus of the next sub-chapter in the 

analysis stage. 

 

2.4 Review of the use of Motivation and Entertainment in 
Educational Software 
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2.4.1 Introduction 
 

    From the analysis of current software, it has been determined that they lack the provision of 

motivation and entertainment in order for the user to keep using the software while they are learning a 

language. In this sub-chapter, different methods of motivating learners will be examined for their 

potential to solve this problem. 

 

2.4.2 Motivating Language Learners 
 

    What needs to be defined first of all is the difference between motivating learning and motivating 

the use of the software. Most research into this area primarily focusses on motivating learning; 

however, this research makes suggestions that could be used for motivating learners to use the 

software. 

 

    The first study to examine comes from Dörnyei and Usioda (2009, p.24). They state that motivation 

comes from “travel, friendship, knowledge and instrumental orientation”, “direct contact with L2 

speakers” and “cultural interest”. 

 

    As we have discovered, some of these aspects are already used, mainly in retail software, such as 

direct contact with L2 speakers, and in part, cultural interest, primarily through specific situations in 

situational learning. In a flashcard program, these features aren’t typically present or necessary; 

therefore it is necessary to look further into this problem of motivation. 

 

    The survey presented in the report Multimedia assisted learning of Japanese kanji characters 

(Librenjak et al, 2012) has a clear focus on the area of the project. The survey states that motivation 

and successful acquisition is affected by the following factors: 

 

“ 

 length of learning process 

 immersion in Japanese language environment as much as possible 

 personal affinity and interest towards kanji learning 

 willingness to work on own methods 

 usage of multimedia 

 systemisation of kanji 

” 

 

    The length of the learning process in any language is long, although that length could be affected 

by many different factors. Flashcard programs are designed to be used over a long period of time, at 

least until a point at which the user feels they no longer need to use it. 

 

    The full immersion in the Japanese language environment means that the learner is constantly 

experiencing the language in a variety of ways. Flashcard programs are just one part of this, although 

a greater immersion could be achieved if this point was combined with the usage of multimedia, so 

that the user was experiencing new words and characters in a variety of ways. 

 

    The systemisation of the kanji is one point which flashcard programs fulfil through the use of 

spaced repetition; creating a system for the learning of the kanji. 

 

    The personal affinity of the learner and their willingness to work on their own methods are points 

that cannot be influenced at all by a flashcard program. 

 

    This however is just one grouping of motivations – there are many other interpretations and types 

of motivation. 
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    Van Aacken (1999) informs on how motivations are classified into different types. These do differ 

from report to report, but for the majority they pick up on the same points. Firstly there is the Gardner 

and Lambert (1972) study, which classifies motivation “into two categories: integrative and 

instrumental motivations. The former is defined as an interest in the L2 community, and the latter is a 

desire to learn the L2 as a tool for a career in the future.” Then there is the Brown (1994) study 

which categorises into “global motivations, task motivations and situational motivations”. 

 

    Therefore it can be seen that, in general, motivations for learning a second language cover personal, 

educational or career reasons. Van Aacken discovers this himself in his own case study, where survey 

answers with the highest mean and standard deviation were “for future career”, “likes travelling” 

and “to become a better educated person”. This tells us that when the learner has a definitive goal in 

mind, like a specific career, it is easier to keep motivated during the learning process. 

 

    Such motivations are good to keep in mind when looking at how software motivates the users to 

use it. Actually doing that is the difficult part, as Van Aacken states, “some learners will always 

‘prefer no computer’ no matter how good the program”.  So we can see that it is important to know 

that some users will always avoid computer-assisted language learning (CALL), meaning that we 

have to carefully target those currently using CALL software, and those who would be interested in 

using such a program. 

 

    The key thing here is to look at task motivation, where “learners may be motivated to perform a 

task for their own self-perceived needs and goals or to receive an external award” and situational 

motivation “concerned with affective factors in a learning situation but may affect global motivation 

over time, positively or negatively.”  

 

    In the case study, Van Aacken concludes “if task and situational motivations in the CALL context 

are positive, or even neutral initially, students show a strong desire to use CALL in a self-paced 

manner… The contents of CALL, however, may affect their learning motivation.” 

 

    These findings offer proof for the overall problem, stating that if learners do not find the CALL 

tasks interesting enough, it will reduce their motivation. However, the case study does not indicate 

which areas of a CALL program motivate learners. This is to be investigated through looking at 

motivation and entertainment in different areas. 

 

    The first step is to look further into flashcard programs and discover why they do not have the 

motivation and entertainment value that should be offered. 

  

2.4.3 Motivation and Entertainment within Flashcard Programs 
 

    It has been established through the practical testing that flashcard applications do not offer a form 

of motivation beyond that of the user’s self-motivation and personal interest in learning the language. 

There is a need to increase the motivational value of these programs, and building in different forms 

of entertainment with the learning is one angle that has been taken on the subject. 

 

    This is looked at in Librenjak’s report, which states “one of the most overlooked usages of 

multimedia is so-called raw materials, such as Japanese movies, TV shows, songs, subtitles and video 

games” which “can be beneficial to learning the writing system as well.” With this in mind, it is 

surprising to think that flashcard applications have not attempted to use major Japanese multimedia 

content before. There is, of course, an issue with the licensing of the content – particularly concerning 

the freeware market – but for the learning of characters, books, manga and extracts from magazines 

and newspapers could all be used in some way to provide a more interesting contextual example of 

how Japanese language is used. 
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   This would be particularly effective among intermediate and advanced learners and would give 

them a greater situational experience in their learning. 

 

    This concept of increasing the situational learning and real-world context integration is stated in the 

report; with the case study carried out by Librenjak identifying that participants “wished they 

experienced more integration of a character’s reading in real Japanese context”. The use of 

multimedia and mainstream entertainment is one way that is suggested could fulfil this opinion. 

 

    The practical guidelines that were used in the case study: using a spaced repetition program in 

combination with creating mental stories (an implementation of Heisig’s method in the teaching); 

along with using “videos about kanji development” and “Japanese comics, video games or TV shows” 

seemed to be a beneficial combination in some students, with “two of the participants that actively 

used Anki and wrote stories themselves achieved near 100% acquisition of characters”. 

 

    While it could be argued that these two participants acquired more characters because they were 

practicing more often, even without regular practice with a spaced repetition program, “two 

participants… achieved between 60-80% acquisition” using “multimedia in order to surround oneself 

with kanji”. 

 

    With a small sample size as was used in the case study, the results shown here are inconclusive. A 

minority showed high acquisition of characters using multimedia, which does not give conclusive 

proof over whether multimedia does improve character acquisition.  

 

    However, this does not mean that using multimedia is ineffective. The case study attempted to 

prove that “modern multimedia language learning methods… can improve acquisition and the infinity 

towards learning.” For this to be fulfilled, the principles behind including multimedia require more 

testing, therefore it would be useful to include multimedia in a software project to attempt to give that 

boost to a user’s motivation to continually use the software over other methods. 

 

    It has been seen in retail software to try to include similar types of entertainment to those that have 

been suggested by Librenjak. For example, both the full version of Rosetta Stone and Rocket 

Languages offers forms of games in their implementation. 

 

   With the full version of Rosetta Stone unable to be tested, I will use an example from Rocket 

Languages. One game that seemed particularly effective was Word Master, a game in which the user 

has to arrange the letters of a specific word for a man to get to his rocket. Looking in terms of using a 

game device to motivate learners, it seems to work by making a simple exercise more entertaining and 

goal driven. 

 

    This poses an interesting question: how can flashcard applications make use of such game 

techniques? 

 

2.4.4 Use of Games in Education 
 

    The industry buzzword for this, albeit a slightly controversial one, is gamification. This is a term 

that has been introduced to define using game design ideas in non-game situations. A lot of these 

game design techniques have been identified by Prensky (2001): 

 

“ 

 Games have rules. That gives us structure. 

 Games have goals. That gives us motivation. 

 Games are interactive. That gives us doing. 

 Games are adaptive. That gives us flow. 

 Games have outcome and feedback. That gives us learning. 
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 Games have win states. That gives us ego gratification. 

 Games have conflict/competition/challenge/opposition. That gives us adrenaline. 

 Games have problem solving. That sparks our creativity. 

 Games have interaction. That gives us social groups. 

 Games have representation and story. That gives us emotion 

” 

 

    What is represented here is a list of possible techniques that could be applied to flashcard software 

in order to build motivation using the application. The important point, then, is the use of goals. While 

the language learner has their self-goal of learning the language, there is no internal goal in using the 

application, so there is nothing driving the learner to commit to using the software as part of their 

studies. 

 

    Interaction in the game sense is also missing from flashcard software, as there is no visual 

interaction and no emotional connection between the user and the software. 

 

    Therefore this list presents a specific base for the potential of creating the system requirements for 

the product to be produced. 

 

2.4.5 Conclusions 
 

    Based on the gathered evidence, the ideas that can be taken forward on how to improve motivation 

and entertainment in flashcard programs include: 

 

 The use of interactive games 

 Immersion in the language through multimedia assets, such as comics, TV and music 

 Have a real-world context presented through relevant contextual situations and media 

 

2.5 Commentary on the System Requirements Specification 
 

2.5.1 Introduction 
 

    This chapter will discuss the establishing of the system requirements for the product to be produced. 

The complete system requirements specification is given in appendix F. 

 

    Through the analysis it has been identified that there is a lack of motivation and engagement in 

flashcard software that is outside of the user’s personal motivations for learning the language. To 

address this, a methodology will be formed that will identify faults presented in the analysis and offer 

solutions, some of which may be implemented. 

 

2.5.2 Method of Establishing the Software Requirements 
 

    For the development of the software, I am proposing a game-based approach, as justified by the 

motivation factors presented by Prensky (2001) as referenced above in 2.4.4. 

 

    Throughout the analysis, motivation factors have been proposed that are said to affect the learner’s 

motivation an engagement in the use of a language learning flashcard application. The general method 

to be used is to link the motivating game-based factors specified above and apply them to the 

motivating factors for language learning. This combination will create system requirements for an 

application that is motivating, engaging and educating. 
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    Of the analysed motivators, the set identified by Librenjak (2012) is perhaps the most detailed, and 

Van Aacken is perhaps the most relevant to the subject area, so these will form the primary focus for 

comparison. Other points will be brought forward where relevant. 

 

2.5.3 Key Functional Requirements 
 

2.5.3.1 Specific Features of the Product 
 

2.5.3.1.1 Rules and Structure 
 

    Through practical observation of current flashcard applications, it is possible to see that each 

application follows a similar teaching structure. For example, the typical flow of a program like 

Mnemosyne can be seen as: 

 

1) A flashcard is shown on the screen 

2) The user must remember the meaning of that flashcard 

3) The user checks their answer 

4) The user rates how well they remembered the card 

 

    We can turn this practical set of steps into two main rules: 

 

a) The user must attempt to remember the card 

b) The user must rate their performance to appropriately re-allocate the card to the system 

 

    This is combined with the ordering of the flashcards within the Leitner system, which creates the 

“systematisation of kanji” that was identified by Librenjak as a factor that affects the motivation of 

the user. 

 

    Therefore the product to be produced will have to have a form of organising and presenting the 

flashcards to the users. Based on the popular practical use of the Leitner system in current flashcard 

systems, I see no reason to change this for the product. 

 

    This gives a structure to the storage of the characters but what about use and presentation. This is 

where the game-based solution will be introduced. As Prensky identifies: “Games have rules. This 

gives us structure.” With the proposal of a game-based solution, it is therefore a requirement for such 

a solution to have established rules to ensure that the product remains structured. 

 

2.5.3.1.2 Motivation and Engagement 
 

    In videogames, Prensky links goals with motivation. It has been identified in 2.4.2 that there are 

motivators that act as clear personal goals that learners identify as reasons for studying the language. 

This is specified in Van Aacken’s case study, bringing forward examples such as “for definite future 

career” and “to become a better educated person”. 

 

    Almost all of the literature reviewed on motivation focussed on this type of personal motivation. 

It’s also included by Librenjak, who identifies a key point being a person’s “personal affinity and 

interest toward kanji learning”. 

 

    It is seen that by being interested in the learning activity, the learner is more likely to feel a 

connection towards it, and therefore be motivated to continue with their learning, which is what 

Librenjak’s case study shows, with the “upper half of subjects” showing “a higher satisfaction with 

classes and stated an average 4 out of 5 affinity rating towards kanji learning.” (Librenjak et al, 2012 

p. 1287) 
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    This shows a clear positive reason for choosing to improve how language software motivates the 

users to use them. 

 

    There are a variety of ways of doing so, and just one of these ways is by providing a way to include 

goals within the software. As Prensky identifies: “Games have goals. That gives us motivation.” 

Therefore for a game-based solution, there should be goals involved within the software itself. These 

goals go hand-in-hand with Prensky’s identification of “win states”, with goals being seen as 

motivating targets, while the specific win states, as the end result, give the user some “gratification”. 

 

    Each win state should follow a section of reasonable challenge and offer a reward as an example of 

positive feedback. Offering a reward can be seen as a good thing, as Tyan, Rigby and Przybylski 

identify in The Motivational Pull of Video Games (2006), stating “Provisions of choice, use of 

rewards as informational feedback... and non-controlling instructions have all been shown to enhance 

autonomy and, in turn, intrinsic motivation.” 

 

    Generally, the challenge presented should be adequate enough for the user to learn from it, but as 

Prensky identifies, the balance between the challenge and motivation requires time to stabilise. “In 

the flow state, the challenges presented and your ability to solve them are almost perfectly matched, 

and you often accomplish things that you didn’t think you could, along with a great deal of pleasure.” 

This indicates that the user must persevere until the challenge and skill are balanced. Once that barrier 

is broken, it is safe to assume that the user’s motivation levels will increase. 

 

    Additionally, goals offer outcomes and feedback, which are how “you measure your progress 

against the goals” (Prensky, 2001, p.13). There are a variety of ways of offering this, especially in an 

interactive or game-based environment. Presnky continues and points out that an outcome could be a 

simple whether you “win or lose” and an example in the context of the project is if the user learns the 

card or not. 

 

    With the potential for motivation, offering challenge and flow, and offering outcomes and 

interactivity, it can be concluded that a system requirement is to provide achievable goals within the 

software to utilise these techniques.  

 

2.5.3.1.3 Interactivity 
 

    Players continually interact with games in various ways: 

 

1) Physically, through the primary method of interaction - pressing buttons, which has been used in a 

wide range of titles and genres, from Super Mario Bros. (Nintendo, 1985) to Beijing 2008 (SEGA, 

2008) or through motion control, as in Wii Sports Resort (Nintendo, 2009) 

 

2) Mentally, through in-game tasks and puzzles, as in major titles such as Tetris (Pajitnov, 1984) and 

the Professor Layton series (Level 5, 2007) 

 

3) Emotionally, through the story or the entertainment value presented by the game, as in major titles 

such as The Legend of Zelda: Ocarina of Time (Nintendo, 1998) and Tales of Graces f (Namco Tales 

Studio, 2012) 

 

    Interactivity as a factor in engagement is identified by Presnky using the point “Interaction gives us 

doing.”  

 

    Comparatively, in flashcard programs users interact mentally through remembering the character, 

and physically through the grading of how they remembered the character. Flashcard programs 

therefore lack the emotional category of interaction based on this comparison. They are also focussed 

on repeating the same task continuously, which, while a necessary part of language learning, can be 
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done differently. Perhaps this could be by still using the same characters, but presenting them in 

different ways. 

 

    There are however deviations from this. In his case study, Van Aacken (p.120) uses the program 

“CALL-KQ” which includes “200 kanji quizzes”. He explains the program as comprising of “two 

types of multiple-choice kanji exercises at the word level which require the learner to recognize and 

choose the correct kanji after being presented with several possible readings or to recognize and 

choose the correct readings after being presented with several possible kanji. The goal is to recognize 

the form of the kanji and its reading (with sound) using an audio-lingual approach and stimulus-

response behaviour.” 

 

    From this description it is possible to determine that CALL-KQ is a matching game which focusses 

on the matching of kanji to their correct readings, or meanings. The program is also noted for its use 

of sound. Unfortunately, no copies of the application could be found online, meaning it cannot be 

tested. 

 

    According to Van Aacken (p. 121), attitudes to this kind of software were “quite positive. They 

considered the program ‘beneficial’, ‘interesting’ and ‘enjoyable’”. Furthermore, “the students 

disagreed, not strongly though, that they felt ‘discomfort’ when using CALL [Computer-Assisted 

Language Learning]. This suggests that the CALL-KQ was relaxing and the students did not fear 

using it.” 

 

    From this practical evidence, it can be said that a program where the user interacts even in a simple 

way such as matching cards makes the application more enjoyable to use. 

 

    In addition, Prensky makes the point that interactivity produces feedback from the actions the user 

takes to achieve the goal. He states it is “when something in the game changes in response to what 

you do”. The keyword he uses is “immediate”, which places high priority on getting that feedback 

from a game or application in real-time. 

 

    The point is that if users can receive immediate feedback from the application, they are constantly 

learning and improving their skills, which seems beneficial to an educational piece of software. 

 

    Prensky states that “It is from the feedback in a game that learning takes place. Even games that 

are purely commercial and not at all what I call ‘Digital Game-Based Learning’, there is a great deal 

of continuous learning going on. The player is learning constantly how the game works, what the 

designer’s underlying model is, how to succeed, and how to get to the next level and win.” 

 

    Prensky focusses on the game application of feedback, but as his point focusses on learning, it 

should be transferrable to an application where learning is the main goal. 

 

    Based on the presented practical evidence, showing greater enjoyment using an interactive 

application and the learning effect produced by feedback, interactivity has been identified as a system 

requirement for the product. 

 

2.5.3.1.4 Immersion and Context 
 

    Librenjak’s case study contains two points that could possibly form system requirements, related to 

the immersion in the language and the real-world context in learning. 

 

    Librenjak (p.1289) clearly states that “immersion in Japanese language through Internet 

environment… can improve acquisition of kanji and the affinity towards learning.” However, it can 

be said that this form of learning is dependent on how much the user is willing to expand on their 

knowledge and immersion. But in doing so increases the opportunities for experience language in a 
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real-world context, an opportunity that Prensky says that “participants not currently taking classes in 

Japanese wished they experienced more integration of character’s reading in real Japanese context.” 

 

    It is implied that that the immersion of the learner in multimedia may achieve a better ‘feel’ for the 

character in the real-world context. Therefore, including media in an application to show this would 

perhaps be an effective method of increasing situational learning in flashcard applications; however as 

mentioned previously, there is still the issue of licensing and copyright. 

 

    Taking a step back from Prensky’s points, it is interesting to see that he does not include immersion 

within them. It would seem that instead a lot of those points actually contribute to immersion in a 

game, particularly the interaction with the player and the story involved. Games are quite different 

from typical educational software in this respect, as is stated by Ryan et al, “we also develop a 

measure of presence, or a sense of immersion in the game world”. Immersion when applied to 

languages references maintaining frequent experiencing of the language, but in different forms and 

different contexts. Therefore, as the concept of immersion differs between the two contexts of games 

and language learning, the two cannot be connected in this instance. 

 

    The other way of including context is to take an approach similar to that which Rosetta Stone takes 

– a real-world event context which teaches the verbal language associated with that event. Through 

the use in a retail application, it shows that such an approach does work as a method of including 

contextual situations; however there is the issue of verbal and written Japanese being quite different, 

as is explained in chapter 2.2.2 of this report. However, this does not mean that situational learning 

does not work with text and can certainly be applied to an application where it introduces new 

characters through a specific situation. 

 

    Looking at the presented research, it seems that context is an issue that needs to be resolved and 

therefore will be presented as a system requirement for the product, using situational learning 

techniques. 

 

2.5.3.2 Input, Output and Processing Requirements 
 

    The principle issue involving input, output and processing requirements is the digital storage of the 

character data. The character set(s) to be used in the program need to be stored appropriately on the 

user’s machine in order for the application to use them. 

 

    There are three different methods that can be used to store such data, two of which depend on the 

tools chosen for the implementation of the solution. 

 

1) Database 

 

    A database is the preferred method of data storage, due to its data security, the ability to store a 

large volume of data in ordered, relational tables, and the ability to easily add and extend character 

sets. The negative point to using a database is ensuring that the database system used for data storage 

is compatible with the tools used for the implementation of the solution. 

 

2) Text File 

 

    A Unicode text file can be used to store the character sets, and the application can read and write to 

the file. This would require additional file handling code to be written and the storage of the 

characters in the application at run-time. While this method offers extensibility, it is not as easy to 

update as a database table. 

 

3) Hard-Coded into the Application 
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    The final alternative storage method is to store all of the characters hard-coded into the program as 

an array. This type of storage would be appropriate for a simple application that did not need to store 

how well a user had remembered a character; however as the product requires this functionality, this 

becomes an unfeasible suggestion. 

 

    Therefore the preferred method of data storage is the use of a database, with using text files as a 

back-up solution. 

 

2.5.4 Key Non-Functional Requirements 
 

2.5.4.1 Constraining the Number of Characters 
 

    Chapter 2.2.2 gives an indication of the high volume of characters available in Japanese. While it 

would be appropriate to be able to use all of the characters in several different character sets; the large 

volume makes it unviable at this stage to compile and create those large character sets. Instead, there 

will be a small sample of characters that will be used. 

 

    The volume of this sample depends on the evaluation phase of the project, where participants will 

be asked to use the application once a day over a minimum period of five days. It is recommended 

that learners study around twenty characters a day, and using this figure gives a sample size of one 

hundred characters. 

 

    This however needs to be skill-adjusted. I have chosen three brackets, beginner, intermediate and 

advanced, and will include one hundred characters for each, bringing the character total to three 

hundred. These brackets were chosen as they correspond to the three brackets defined by the Common 

European Framework of Reference for Languages (Council of Europe, 2001): Basic, Independent and 

Proficient. 

 

2.5.4.2 Potential for Extensibility 
 

    The evaluation of current software has revealed that many support flashcards for different uses – 

from different languages to various subject areas. In the timescale available to develop the product, it 

is not viable to offer this option. However, the product should be able to support this feature and be 

able to be extended by myself, or by another. 

 

2.6 Proposal of a Solution 
 

2.6.1 Introduction 
 

    The software requirements have now been established. These software requirements must now be 

used to propose a solution, of which there are two possible approaches: 

 

1) Use the approach taken by established flashcard programs and build upon them using the 

requirements 

 

2) Use a game-based approach to address issues with the established flashcard approach. 

 

2.6.2 Comparison of Flashcard Approach and Game Approach 
 

    The analysis stage of the project has so far clearly presented the approach taken by current 

flashcard applications. Current flashcard applications are presented as a small assisting tool to 

learning the language, and research on how these pieces of software motivate users to use them for an 

adequate period of time focus on the learner’s personal motivation for learning the language. Case 
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studies from both Prensky and Librenjak have made it clear that the applications have a mixed 

reception and have a number of issues associated with them. These have been stated in previous 

chapters. 

 

    Some of these issues could be addressed by improving upon currently existing software, keeping 

the same style of user interface. Specifically, the issue of context and situational learning would be 

addressed through the addition of situational learning exercises. 

 

    However, this approach does not fulfil the system requirement that there should be sufficient 

interaction between the user and the application in order to improve the issue of current software 

lacking user engagement. 

 

    This is where a game-based solution offers benefits over a flashcard style solution. Many of the 

points made by Prensky identifying the motivating factors of games are applicable to this point, in 

particular goals, interactivity, outcomes and feedback, win states, and challenge. 

 

    These points, each increasing the motivation factor of the software, are the main reasons why 

choosing a game-based solution will be more effective than using current software as a base for the 

project. 

 

2.6.3 Suggestions for Game-based Play 
 

    With a game-based solution in mind, I will now suggest a selection of alternative solution for 

game-based play. 

 

2.6.3.1 Game Solution 01 
 

    The first game proposal bases its implementation from ideas that were suggested in Van Aacken’s 

case study using CALL-KQ, and an implementation that was used in the Chinese Learning for Kids 

and Teens website.  

 

    CALL-KQ was determined to be a successful matching game implementation; therefore it is a type 

of game that could be used in the product to be developed. 

 

    In this game, the player will have an arranged set of cards, and will have to match the correct 

character to the correct meaning. The cards will be arranged in two columns of five; with five being a 

suitable factor to break the pool of twenty cards into, producing four rounds. 

 

    There are other ways that the game could be enhanced, such as making the user flip the cards in 

order to view them, or adding a factor of sound. 

 

2.6.3.2 Game Solution 02 
 

    The second solution builds upon ideas used in retail languages, such as Rosetta Stone and Rocket 

Languages. The idea behind this game is that the user will be presented with a phrase with missing 

characters. The missing characters are shown above the phrase in a word pool with other characters 

that are incorrect answers. The user must select the correct cards to complete the phrase.  

 

    The phrases that are used can incorporate situational learning techniques to provide the real-world 

context that current flashcard software lacks. 

 

2.6.3.3 Game Solution 03 
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    The third solution is a variation of the first, but presents the same kind of task in a different way. 

This would present the player with a roulette wheel of characters or meanings, with a character or 

meaning that corresponds to one in the centre. The user is provided with a button to stop the outer 

wheel at the correct time. 

 

2.6.3.4 Game Solution 04 
 

    The fourth solution takes ideas from the Nintendo videogame Dr. Kawashima’s Brain Training, an 

edutainment title for the Nintendo DS. In the game, there was a task that saw you connecting 

randomly arranged numbers in sequence. 

 

    This type of game could be replicated for characters instead of numbers, and would offer something 

more challenging that a user with more knowledge of the language could use. The user would connect 

randomly arranged characters to make a word or phrase. 

 

2.6.3.5 Game Solution 05 
 

    The fifth solution takes ideas from Theatrythm: Final Fantasy, a rhythm game for the Nintendo 

3DS based on the Final Fantasy series; and Typing of the Dead, a PC typing game based on the 

House of the Dead series. The game saw the combination of RPG style gameplay with flicking the 

3DS stylus in time with the music to perform attacks. 

 

    If user input is implemented, the user could translate characters, words or phrases in real-time, and 

watch them cause an effect in an RPG style battle. 

 

2.6.4 Selection of Game-based Play 
 

    With each of these alternative solutions, it is necessary to establish whether they fulfil the main 

functional requirements. 

 

2.6.4.1 Game Solution 01 
 

    The first proposed solution fulfils the following requirements: 

 

 The application must use a structured approach to the repetition of the characters through the 

Leitner system 

 The application must be based on a set of rules 

 The application must be suitably challenging to maintain flow of learning 

 Achievable goal must be provided to offer outcomes and feedback 

 The application must be interactive 

 

    This first solution establishes a rule that in order to complete the exercise, the correct sides of all of 

the cards must be matched. This leads to a goal of matching the correct sides of the cards, which in 

turn leads to positive and negative outcomes. Success and failure in the exercise gives the user 

feedback in their learning. The use of the Leitner system gives the user an appropriate challenge and 

the game is fully interactive. 

 

    Van Aacken’s study established through the use of CALL-KQ that a matching game can be 

effective, which gives grounds for its use in the product to be produced. 

 

    This solution is one that will be implemented, as it fulfils the requirements and follows the 

established analysis. 
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2.6.4.2 Game Solution 02 
 

    The second proposed solution fulfils the following requirements. 

 

 The application must use a structured approach to the repetition of characters through the 

Leitner system. 

 The application must be based on a set of rules 

 The application must be suitably challenging to maintain the flow of learning 

 Achievable goals must be provided to offer outcomes and feedback 

 The application must be interactive 

 The application must use situational techniques to improve the real-world context of the 

learning 

 

    The second proposed solution establishes the rule that the correct character must be placed in the 

correct position in the displayed word or phrase. This leads to positive and negative outcomes, which 

then gives the user feedback on their learning. The Leitner system will be utilised to select the cards, 

which gives the user a challenge appropriate to their level. The game is also fully interactive. 

 

    The main purpose of this solution is to introduce the real-world context of characters, words and 

phrases using situational learning. The analysis identified that the situational learning did not help on 

its own in Rosetta Stone, so combining the situational learning with remembering the characters 

should make this a highly useful game.  

 

    There is also evidence of this type of game being used in other applications, such as Rocket 

Languages.  

 

    Situational learning of the characters and use in other applications gives grounds to implement this 

game. 

 

2.6.4.3 Game Solution 03 
 

    The third solution fulfils the following requirements: 

 

 The application must use a structured approach to the repetition of the characters through the 

Leitner system 

 The application must be based on a set of rules 

 The application must be suitably challenging to maintain the flow of learning 

 Achievable goals must be provided to offer outcomes and feedback 

 The application must be interactive 

 

    The third proposed solution establishes the rule that the correct character must be matched with the 

correct meaning. This leads to positive and negative outcomes, which then gives the user feedback on 

their learning. The Leitner system will be utilised to select the cards. which gives the user a challenge 

appropriate to their level. The game is also fully interactive. 

 

    This solution, while being very similar in functionality to the first solution, is designed to make 

matching the characters more entertaining. The methods to achieving the goal in this game are 

different that in the first – having to be able to stop a roulette wheel type system at the right moment.   

 

    Its game-based implementation makes it a good candidate for implementation, as it has the ability 

of being able to follow, perhaps more closely, Prensky’s observations. 

 

2.6.4.4 Game Solution 04 
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    The fourth solution fulfils the following requirements: 

 

 The application must use a structured approach to the repetition of characters through the 

Leitner system 

 The application must be based on a set of rules 

 The application must be suitably challenging to maintain flow of learning 

 The application must be interactive 

 The application must use situational learning techniques to improve the real-world context of 

the learning. 

 

    The fourth solution establishes the rule that the user must navigate from a starting point, matching 

all of the correct characters with a line to form a phrase or longer word. This leads to positive and 

negative outcomes, which then gives the user feedback on their learning. The Leitner system will be 

utilised to select the cards, giving the user a challenge appropriate to their level. The game is also 

fully interactive. 

 

    This solution, like the second solution, is focussed on providing a situational learning experience, 

but with a different form of interaction than the second solution. Having a large jumble of characters 

is designed to make the user study them closer and improve general reading ability. With this and the 

advantage of situational learning, this solution will be implemented. 

 

2.6.4.5 Game Solution 05 
 

    The fifth solution fulfils the following requirements: 

 

 The application must use a structured approach to the repetition of characters through the 

Leitner system 

 The application must be based on a set of rules 

 The application must be suitably challenging to maintain flow of learning 

 Achievable goals must be provided to offer outcomes and feedback 

 The application must be interactive 

 

    The final proposed solution establishes the rule that correctly input translated characters produce a 

positive outcome on-screen, while incorrect input produces a negative outcome. This gives the user 

feedback on their learning. The Leitner system will be used to select the cards, which gives the user a 

challenge appropriate to their level. The game is also fully interactive. 

 

    The main issue with this proposed solution is the use of user input through the keyboard. With this 

method, users are restricted to translating from the language they are learning to their native language, 

due to the varying support for non-Latin character input on different computer systems. This is a 

particular issue with Windows Vista and Windows 7, both of which require the Ultimate Edition 

release of the operating system for multi-lingual input support. 

 

    Additionally, the potential scope for this game is far bigger than the other proposed solutions and 

would require a different user interface, and the production of a large variety of assets. 

 

    While fulfilling the majority of the system requirements, due to the above two points this solution 

will not be implemented. 

 

2.7 Justification of Methods and Tools 
 

2.7.1 Introduction 
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    This subchapter specifies chosen development methods and tools chosen for the project. The 

choices shown will be justified by comparing with alternatives, explaining why those alternatives 

were not chosen. 

 

2.7.2 Development Methods 
 

2.7.2.1 Chosen Method of Development 
 

    The development of the product will follow a prioritised procedure with a focus on producing the 

next most important part of the product first. It bears similarities with iterative procedures, more so 

with feature driven development, “a short-iteration process… focussing on the design and build 

phase” (Paetsch, F, et al, 2003, p. 4). 

 

    Proposed tasks are listed, and then ordered first by importance, and then by dependency. While the 

most important task is said to be implemented first; if there is a dependency on another component 

existing, then that component is prioritised higher. This ensures a task has all of its pre-requisites 

completed for use.  

 

2.7.2.2 Justification through Comparison with other Models 
 

     There was a large difficulty in finding a development method that was appropriate for one person 

working on a project smaller than what would be seen in industry. Many popular development 

methods, such as Scrum (Schwaber and Sutherland, 2011) and Extreme Programming are based 

around projects that are developed in teams. 

 

    The Scrum Guide specifies Scrum as “a framework structured to support complex product 

development, Scrum consists of Scrum teams and their associated roles, events, artifacts and rules”, 

while the Extreme Programming website states that “extreme programming emphasises teamwork.” 

 

    The team based elements in these agile development models immediately established that they were 

not suitable for a one person project. What I required was an assisting structure that kept development 

on time. 

 

    Feature driven development presented a method similar to the direction I wanted to take. Focussed 

on the design and building of the software, as stated above, and the specification that “the features of 

the feature list are prioritised”; this type of development offers a good method for a single developer.  

 

    Stepwise refinement methods offer a good structured programming technique through the 

development of code stubs – which additionally aid commenting and code documentation. 

 

    A similar development method to stepwise refinement, but refined for testing, was also explored as 

an alternative. In the difficulty of finding single developer focussed methods, research pointed 

towards behaviour driven development, a form of test driven development. 

 

    Behaviour and test driven development follows a set lifecycle to how the code is developed 

(Rimmer, 2010) 

 

“ 

 The developer starts writing unit tests around their code using a test framework like JUnit or 

NUnit. 

 As the body of tests increases, the developer begins to enjoy a strongly increased sense of 

confidence in their work. 

 At some point the developer has the insight (or is shown) that writing the tests before writing 

the code helps them to focus on writing only the code that they need. 
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 The developer also notices that when they return to some code that they haven’t seen for a 

while, the tests serve to document how the code works. 

 A point of revelation occurs when the developer realises that writing tests in this way helps 

them to discover the API to their code. TDD has now become a design process 

 Expertise in TDD begins to dawn at the point where the developer realises that TDD is about 

defining behaviour rather than testing. 

 Behaviour is about the interactions between components of the system and so the use of 

mocking is fundamental to advanced TDD. 

” 

 

    A test driven development method put forwards benefits to both code structure and testing. It also 

has the advantage that principles from test-driven development can be combined with other 

development models. This type of development may be used where possible; however the primary 

development methods are prioritisation and stepwise refinement. 

 

    The end result of investigation into development methods was a focus on feature prioritisation and 

program structure. 

 

2.7.3 Development Tools 
 

2.7.3.1 Chosen Development Tools 
 

The project will use the following tools and software 

 

 Unity 4.1 

 C# 

 Microsoft Visual Studio 2010 

 SQLite 3 

 

2.7.3.2 Justification of Development Tools 
 

    Previous experience with the Unity development environment points to it being suitable for 

development of the product. 

 

    The problem presented within the project is primarily a problem focussed on interaction and HCI. 

The use of the Unity environment has a variety of tools available that will be useful in solving this 

problem. As specified in the Unity documentation, “UnityGUI allows you to create a wide variety of 

functional GUIs very quickly and easily. Rather than creating a GUI object, manually positioning it, 

and then writing a script that handles functionality, you can do everything at once with just a few 

lines of code. The code produces GUI controls that are instantiated, positioned and handled with a 

single function call.” 

 

    This use of the Unity GUI system allows the focus to be on how the HCI is implemented and not on 

how to implement it. 

 

    The Unity environment offers three different coding styles: JavaScript, C# and Boo. C# has been 

chosen as I know the language and it offers comparatively easier to understand code layout and syntax 

than JavaScript – JavaScript being Unity’s default scripting language. This will be using Visual 

Studio 2010 as the IDE, which offers greater debugging facilities and options than the included 

MonoDevelop IDE. 

 

    There were a range of alternatives considered for development tools, including XNA, mobile, and 

C++. 
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    C++ was not chosen due to the long process of finding an appropriate game engine for development, 

and that none seemed appropriate to the style of product that I am aiming for. There were two engines 

that had some appropriate features; however they lacked certain elements that prevented me from 

choosing to use them. 

 

    Haaf’s Game Engine (HGE) (Relish Games, 2008) is a 2D engine used to create some popular indie 

games, such as Hammerfight. The text output system was not quite what I needed for the project. HE 

outputs text through bitmap font files, rather than a dedicated text renderer, as detailed in the engine 

documentation – “Font description file format” (Relish Games, 2008). This would mean producing a 

bitmap image for every character to be used, rather than just using direct text output through the use 

of Unicode. While these bitmap fonts could be created, it produces a disadvantage to the extensibility 

of the software, requiring greater amount of effort to produce extra character sets. 

 

    Ogre3D (Ogre3D, 2012) was another engine that was looked at, and was primarily not chosen due 

to its focus on 3D game development. There was the option of using the engine’s support for “the use 

of sprites in a 3D environment” as detailed in the Ogre Reference Wiki (Ogre3D, 2011). This would 

be appropriate for drawing the cards, however, like HE, Ogre requires the use of pre-created font 

textures, this time in PNG format. 

 

    XNA holds similar problems, having only an inbuilt 2D rendering engine which works with images, 

as demonstrated in Microsoft’s issued demo program (Microsoft, 2012). 

 

    Development for Android using Java was also considered. While benefitting in terms of 

distribution using Google’s Play store, this requires the learning of new hardware and software. The 

project is also designed to be used as a PC application; so while mobile is possible, the focus is on 

improving PC based language applications. 

 

    In order to store the characters, there are two methods that could possibly be used. Firstly, 

characters and data could be stored in a text file and the application would read and write to this file. 

However, this is not the preferred method of implementing storage, as using a relational database 

offers greater extensibility and ease of editing the data. 

 

    The relational database system that had the most popular support across all of the above 

development systems was SQLite. Each development system supported it, and it has seen 

recommendations on user communities, such as Falagard’s recommendation on the Ogre3D forum 

(Falagard, 2006)  

 

2.8 Deliverables to be Produced 
 

2.8.1 Choice of Design Documentation 
 

    A variety of design documentation will be produced to define the system. These will be split into 

the system architecture, system data model, HCI specifications and test plans. 

 

2.8.1.1 System Architecture Design 
 

    The system architecture will focus on an object oriented implementation, and will therefore centre 

on the production of a class diagram. This will show the proposed content of each class, how classes 

within the application inherit from both each other and engine classes, and how such classes interact.  

 

2.8.1.2 Data Model 
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    A data dictionary will be produced to specify the data that needs to be stored by the system. This 

will show the name of each field and its data type. A dataflow diagram will also be used to show the 

flow of data through the system, and how it flows from the database into the application. 

 

2.8.1.3 HCI Specifications 
 

    The HCI specifications must include how the user physically and visually interacts with the system. 

The initial specifications will detail the physical interaction, while the visual interaction will be shown 

through user interface mock-ups. 

 

2.8.1.4 Testing 
 

    When the structure of the system has been designed, it is then possible to begin defining the tests 

for the application. This involves creating a test plan which shows each test, along with its success 

and failure parameters. 

 

2.9 Chapter Summary - Analysis 
 

    With the analysis stage of the project I have determined the following: 

 

    There are a variety of methods of learning Japanese characters, each with positive and negatives. 

Heisig’s method addresses the difficulty in successfully learning and remembering the characters by 

connecting the character to its meaning by creating a mental story or image for the character’s 

primitives. 

 

    In order to build a flashcard application, it was necessary to understand how they worked. My 

research showed that the majority of flashcard applications use spaced repetition learning – repeating 

items after a certain interval – and in particular the Leitner system. Leitner’s system applies structured 

learning to flashcards, placing items into boxes depending on how the user remembered the item.  

 

    On in-depth testing of several flashcard applications, it was determined that they have a complete 

lack of, or very minimal interaction and engagement with the user, and are not language specific, 

lacking the input methods of learning specific languages. 

 

    I then prioritised on the usability of the application, focussing on how the user interacted with them 

and how they fully engaged the learner in their learning. Research indicated that the integration of 

multimedia could be a valid approach. This prompted me to look into the use of games as learning 

aids; which introduced motivational concepts introduced in games that could be used to motivate 

learners using a flashcard application. 

 

    This research was brought together and analysed to form the system requirements specification. 

With this complete; the tools for development and the deliverables for the design stage could be 

chosen. 

     

    The next chapter details the design documentation. 
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Chapter 3 – Design 
 

3.1 Introduction 
 

    The analysis that has been gathered will now be used to design the project product. The 

deliverables listed in 2.8 will produced, ensuring that features described within them conform to the 

system requirements specification. All of the deliverables are included in the appendices.  

 

  This chapter will discuss and provide commentary on the key pieces of design documentation from 

each of the four key areas: system design, data model design, HCI design, and test plan design. 

 

    Each piece of design documentation, when completed, will then be used to create the product, using 

the identified tools and software in 2.7.3. 

 

3.2 System Architecture Design 
 

3.2.1 A Three-Tier Architecture 
 

    The design of the system architecture has to conform to the requirements and deliverables as 

specified in the analysis. At present, we have an implantation that involves the use of four minigames 

that pull cards from a database, which are ordered and accessed using the Leitner system. 

 

    This description defines three sections of the application that conforms to the existence of a type of 

architecture known as the “three-tier architecture”. This is where the software is arranged in three 

distinct layers, typically in client-server systems; for example, in Software Architecture as a Set of 

Architectural Design Decisions (Jansen & Bosch, 2005) a system is described using a similar three 

tier architecture:  “Athena uses a three tier architectural style consisting of the Database, Middleware, 

and Client component.” 

 

    What is present in the product for this project is the database component, the component governing 

the Leitner system implementation, and the visual, interactive component of the minigames. The 

following table shows this in a different layout. 

 

Interaction Layer  

 Minigames 

Processing Layer  

 Leitner System 

Storage Layer  

 Database 

 

    The storage layer is the core of the application, holding all of the data on the characters. This data 

flows up and down through the layers as the application is used. The main advantage of this type of 

architecture is its support for extensibility. As the data flows up to the processing layer, all that the 

Leitner system needs to be involved with is the boxID to withdraw cards from the correct virtual box. 

This is then passed on to the interaction layer, which only needs to display the data in a form 

governed by the HCI. 

 

    The lower layers are therefore abstracted from the interaction layer, in that both the interaction 

layer in the system and the user of the system does not need to know anything about how the data is 

stored or processed. 

 

    The idea of separating each component so that they are mostly independent maximises the 

extensibility of the application, so that it can be used for the teaching of other languages and subjects.  
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This feature was identified in the analysis stage and observed as one of the system requirements, 

specified in 2.4.5.2. Therefore this requirement can be said to be fulfilled through this type of 

architectural design. 

 

3.2.2 Methodology of Developing the Design Documentation 
 

    Therefore, the design is an important part of the systems lifecycle when aiming to fulfil the system 

requirements. The design documentation, listed in 2.8, which will serve to show how this three tier 

architecture can be implemented. The first stage is to know what data needs to be stored. This will be 

represented in a data dictionary. Once the data to be stored has been established, the question needs to 

be answered of how is it going to be stored?  This has already been decided earlier, in the choice of a 

database, but how is that database going to interact with the system? Data needs to flow in and out of 

the database and be retrieved and updated appropriately. To show this, a dataflow diagram will be 

produced. 

 

    Once the in and out points of the data have been established, it is possible to begin to create the 

architectural specifications for the processing layer. This will define classes that handle the extraction 

and processing of the data from the database and how they interact with both the storage layer and the 

interaction layer. 

 

    Once it is known how the processing and interaction layers interact with each other, it will be 

possible to define concrete classes that will be used in the implementation stage. 

 

3.2.3 Defining the Data Model 
 

    The data model is at the core of the system, and therefore the design of the data model was placed 

first on the prioritisation list. This composes of a data dictionary (Appendix G) and a dataflow 

diagram (Appendix H), the former describing what data is required and how the data is stored; the 

latter showing how the data flows between the three layers. 

 

    Firstly, the data dictionary appears to be small for what would be expected for a project; however 

this is due to the small amount of data that needs to be stored. This is: 

 

 A card number to match front and back 

 A number to identify within which box a card lies in the Leitner system 

 The characters to display on the front of a card 

 The characters to display on the back of a card 

 

    The card number and the box number, identified as cardID and boxID respectively, will be integer 

data types and will be used as indexes.  

 

    The front and back are specified as different string data types. In order to support the use of 

Japanese characters, the application and database have to use Unicode. To do this, the database is 

created with Unicode character encoding specified when establishing a data connection, and the front 

of a card has to be an nvarchar data type. Generally in SQL, varchar accepts “variable-length, non-

Unicode string data” (Microsoft, 2012) while nvarchar accepts “variable-length Unicode string data” 

(Microsoft, 2012). The back of the card is therefore a varchar data type with a greater data length, as 

the English meanings do not need Unicode to be displayed, and are comparatively loner than a single 

kanji character. 

 

    The next step in the methodology is to specify how data flows throughout the system and its 

architecture, from the storage layer up to the interaction layer and the end user. The data flow diagram 

is designed to represent this flow of data between components; starting when the user imports their 
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chosen character set, to the user viewing the characters in-game, and changing the cards’ boxID 

values within the database through play. 

 

   Each layer in the architecture has three data-related operations associated with it. Each of three falls 

into the following categories: 

 

 Importing of character data 

 Retrieval of character data 

 Updating of character data 

 

    The importing of data is initiated by the user, and will be handled by a manager component for 

character sets. The user specifies a text file for the character set manager component that contains the 

data for the fronts and backs of the cards.  The use of a text file for the character sets has been 

designed so that the user can extend the application to a variety of different languages, topics and 

character sets. Once again, the system is abstracted so that knowledge of how the application imports 

and uses the character data is not needed. It should also be noted that they character set is designed 

only to be imported once when the user wishes to change or update the character set. These features 

make for a user-friendly experience. 

 

    Both the retrieval and updating of the character data are handled by a deck manager component. 

This manages the deck of cards that is used within the game. The deck is an extraction of twenty five 

unique cards from the database that occurs at the beginning of each minigames. 

 

    After the user has used the cards in the application, the updated boxIDs will be passed from the 

game to the deck manager, along with the cardIDs. The deck manager then interacts with the storage 

layer, correctly updating the cardID with the new boxID using an SQL statement. 

 

    The two central components in the data flow process, the character set manager and the deck 

manager, will be implemented as classes in the application. This is established as the design phase 

moves into the system design. 

 

3.2.4 System Design 
 

    The system design is the final architectural design phase before the implementation. The phase 

produces the class diagram (Appendix I), which shows how classes inherit and interact with each 

other. 

 

    In terms of a standard hierarchy, the interaction layer mostly follows a shallow hierarchy, where all 

appropriate classes derive from a single class or object. 

 

    The hierarchy is mostly dictated by the Unity engine itself. While not directly provided by the 

Unity developers, a Unity user has provided a rendering of the Unity hierarchy, (TeotiGrpahix, 2012). 

They key class to focus on here is the MonoBehaviour class, “the base class that every script derives 

from” (Unity3D, 2013). In the architecture of the application, the classes involved with the interaction 

layer are those that inherit from MonoBehaviour. Therefore these classes are the main classes in terms 

of the application and to what the Unity engine sees as its starting point. 

 

    The majority of the application is handled separately to the Unity engine in this case, with the 

classes that inherit from MonoBehaviour simply including objects from the rest of the class diagram. 

For example, each game class has its own DeckManager. 

 

    The only other class to inherit from a Unity engine class is the Card class, which does so being a 

game object, rather than a class involved with data management, processing or input/output. 
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    The right side of the class diagram represents the storage layer. This primarily contains the 

Database class, which offers the core database functionality. There are a variety of subprograms 

specified for the creation of SQL statements, which are then passed to the ExecuteQuery() method. 

 

    These classes are mainly defined by SQLite (SQLite, 2012), the database plugin chosen for use 

with the Unity application. The decisions in creating the database class were perhaps the most 

difficult due to the large number of varying implementations of various SQL forms. A problem that 

had to be worked around in this area is the fact that Unity bases its main scripting system on 

JavaScript, meaning that code samples for use with C# were rarer, with C# not being Unity’s default 

scripting language. 

 

    The implementation that I decided to use and expand was one written in C# by zumwalt (2009) a 

member of the Unity forums. I referenced the use of his work then expanded on it, adding SQL 

functionality that may be needed, such as performing updates on a table.  

 

    The FileIO class was added to the class diagram at the beginning of the implementation phase, 

when it became clear that while it was possible to use C#’s StreamReader class, but a functional, re-

usable class that implemented it did not exist. The FileIO class is primarily used to read the character 

set file, and is used by the character set manager.  

 

    With the classes defined, the next stage became how to visually represent the interaction layer and 

its associated classes to the user. 

 

3.2.5 HCI Design   
 

    This was decided upon in the HCI design phase, where interfaces that would attach to the TitleGUI, 

MenuGUI, and game classes were created. From the class diagram, it was already known what needed 

to be presented in the user interface, so it was a matter of styling and setting the layout. 

 

    The HCI design itself should follow a set of rules or guidelines that promotes ease of use, while 

giving the application a look and feel that is easy on the eye of the user. There are a variety of these 

rule sets, and one of the more popular seems to be The Eight Golden Rules specified in Shneiderman 

and Plaisant (2010), as shown 

 

“ 

1. Strive for consistency. 

 

2. Cater to universal usability. 

 

3. Offer informative feedback. 

 

4. Design dialog to yield closure. 

 

5. Prevent errors. 

 

6. Permit easy reversal of actions. 

 

7. Support internal locus of control. 

 

8. Reduce short-term memory load. 

” 

 

    The HCI has been designed to follow these rules wherever possible, the key points being 

consistency, feedback, and reducing short-term memory load. 
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    Consistency of design is shown across all of the screen designs, shown in appendix J. Each features 

the same distinct silver/grey background, black body text and styled buttons. In this factor style is 

more appropriate to fill consistency, as each game requires a different layout of its buttons and 

features to perform their individual purposes. However, system command buttons are consistently in 

the same location. 

 

    The feedback within the game is designed to be visual, based on the users actions. Cards move and 

disappear as the user clicks, selects and moves them. As Shneiderman specifies, these would be 

classed as “frequent or minor” actions, while the major actions, such as clearing a round or game, 

would show the user a new screen that informs them that they completed the round or game. While 

difficult to illustrate in the screen designs, this feedback is more sudden and obvious to the user than 

moving cards around the screen. 

 

    The features that are specified to “reduce short-term memory load” appear to be more focussed 

towards allowing the user to learn to use the software in a minimal amount of time. Simple interfaces 

and “sufficient training time” both indicate this. In terms of using this point in the HCI designs, I 

focussed on creating interfaces that were simple enough to understand with minimal instruction. 

 

    Additionally, Shneiderman makes the point that “the rule of thumb is that we can remember “seven 

plus or minus two chunks” of information” at any one time. This provides justification for the choice 

of using five cards. The user has five cards to learn, but each having a front and a back means that that 

is ten pieces of information. Therefore, users are unlikely to remember all of the cards in a short 

period of time. This promotes the use of the application in the long-term. 

 

3.2.6 Summary 
 

    The design of the application has been focussed on the use of a three-tier architecture. The 

application is set into three distinct layers; the interaction layer, the processing layer, and the storage 

layer. Data from the database flows between each of these layers in such a way that higher layers do 

not need to know about the contents of the data, creating abstraction.  

 

    Each layer typically has one major class for processing, transferring, or using the data, and is 

arranged in the system architecture so that each layer is distinct, but uses classes and objects from 

other layers. 

 

    The HCI is the final implementation of the interaction layer and provides the user with a visual 

representation of the data. The HCI is designed so that it follows rules laid out in Shneiderman’s Eight 

Golden Rules, particularly those regarding consistency, feedback and reducing short-term memory 

load. 

 

    The design documentation will now be used to implement the solution, using the tools that were 

identified in 2.7.3. 
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Chapter 4 – Implementation 
 

4.1 Introduction 
 

    This chapter provides a commentary on the implementation phase of the project. This will cover 

how the application was implemented, any risks, problems or issues that appeared during the 

implementation, as well as any changes that had to be made from previous phases in the systems 

lifecycle. 

 

    The commentary is made across all of the three layers in the three-tier architecture, each of which 

maps to a different part of the implementation as shown 

 

 Interaction layer – The use of Unity and the production of the HCI 

 Processing layer – Implementation of the Leitner system and subprograms which interface 

with the database 

 Storage layer – Implementation of the database 

 

4.2 Introduction to Unity 
 

    The application is being implemented using Unity3D, a video games engine and development kit 

from Unity Technologies.  

 

    “Unity is a game development ecosystem: a powerful rendering engine fully integrated with a 

complete set of intuitive tools and rapid workflows to create interactive 3D content” (Unity3D, 2013) 

 

    The main focus of Unity is on the editor, which is used to manage all project assets, options and 

rendering. It is split into several windows, the layout of which can be customised. In Unity 3.x Game 

Development by Example, Creighton introduces each window, or panel. 

 

    The scene window is the focal point of the editor and is “where you can position your game objects 

and move them around” (Creighton, 2011, p. 22). This is often combined with the game window 

which “shows you what your players will see.”  

 

    “The hierarchy panel lists all of the game objects in your scene” (Creighton, 2011, p. 23). 

 

    “The project panel lists all of the elements that you’ll use to create game objects in your project” 

(Creighton, 2011, p. 24) 

 

    Finally, “the inspector… is where you can adjust… game objects… [and]… can display controls 

to configure components that add functionality to game objects.” 

 

    This description of the Unity editor can be seen visually in the screenshot provided in appendix K. 

 

    In general, you create game objects, or prefabs, and add them to the game scene. There can be 

multiple scenes, each acting as a different level or menu. All game objects and scenes can have code 

scripts attached to them. Unity’s default scripting language is JavaScript, but it also offers C# and Boo. 

As stated in 2.7.3.2, the application will be created with C#. 

 

    Full views on the Unity editor and engine will be provided in the evaluation. 

 

4.3 Unity, SQLite and the Risks Involved 
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    Additionally in 2.7.3.2, I stated that SQLite was chosen as the database management system due to 

its wide compatibility and popularity amongst users. However, while knowing that SQLite was 

supported in Unity, I realised during the implementation of the database system that I had not taken 

into account the restrictions Unity places on users of the free version of its development tools. 

 

    I realised that this risk was present after receiving a Unity licence error, stating that “plugins are 

only supported in Unity Pro.”  

 

    Researching the matter on Unity’s website, the licensing table showed clearly that “Native Code 

Plugins Support” was not available in the free version of Unity. (Unity3D, 2013) 

    Before implementing the feature, the risk of Unity not allowing the use of the SQLite plugin was 

high. A failure of the feature to work would have a large impact on the project, in terms of what could 

be implemented, and the time taken to work around the issue, as the project would require a large 

restructuring of code and architecture. 

 

    If the risk was encountered, the contingency plan was to utilise the already existing character set 

text files and the FileIO class to store and manage the Leitner system implementation. The FileIO 

class has the basic facility to write to files; however facilities would have to be put in place to store all 

of the data locally within the program. 

 

4.4 Implementation of the Leitner System 
 

    The Leitner system falls into the processing layer as one of the key components. The use of the 

Leitner system was established in the analysis phase in 2.2.2.3. 

 

    The implementation of the system is centred on the use of the boxID field in the database. This 

digitally stores which ‘box’ or ‘compartment’ a card is currently in. When the DeckManager retrieves 

the cards, it looks for the lowest boxID, and pulls out cards from that box until the deck is full, or 

there are five cards left in the box. In the latter case, the DeckManager moves to the next box to 

perform the same action. This leaves a deck that contains cards appropriate for the user’s level of 

knowledge of the language.  

 

    The user then attempts to match the cards in the games. If the user achieves a correct answer first 

time around, it is assumed that the user knows that card, and the DeckManager updates the database, 

incrementing the boxID. If the user has multiple attempts at the same card, it is assumed that the user 

does not know the card, and the cardID for that card is decremented if the card is in a box with a 

boxID greater than zero. If it is in box zero, then the card stays in the first box. 

 

    It should be noted that at first, all cards in a newly loaded character set begin in box zero, and 

through time, the user filters out the cards to higher boxes. 

 

4.5 Changes to the Original Design 
 

    The user interface elements of the HCI have changed somewhat from the original designs. While 

this has had no effect on functionality as implemented, the layout was altered based on either the use 

of Unity’s GUI system or if UI elements were unfeasible or had poor visual appeal. 

 

    These changes are shown in appendix O. 

 

    The layout of the main menu changed significantly to allow for a placement of the game 

information that could always be seen by the user. The method that was going to be used, a mouse-

over event, hid the game descriptions from the user until they hovered the mouse over them.  While it 

was a good aesthetic feature, it took away some of the usability of being able to see immediately the 

actions involved in each game. It was also not obvious that hovering over produced a description. 
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    The central implemented game, Match-Me, had one slight change, but one aimed at improving 

usability. The centre of the screen shows two cards that store a selected front and a selected back. 

These two blank cards are designed to make it clear to the user that two cards have to be selected. 

 

    Alternative solutions included creating a glow around a selected card or adjusting the card to make 

it appear larger than other cards. The former was not chosen as this effect would have required the use 

of a GUI texture for the entire card, which would not be feasible with using text character output for 

the data read from the database. The latter presents issues with the static size of a card and the 

potential for enlarging a selected card and forcing other cards off the game screen. 

 

    Other planned HCI features were not implemented due to specific issues. 

 

 

4.6 Problems Faced During Implementation 
 

4.6.1 Reading and Displaying Data 
 

    A common issue that was faced during the implementation of the read and update features was the 

invalid row exception. This exception triggered major refactoring of code within the DeckManager 

class, in order for the SQLiteDataReader objects to pull the data from the database. 

 

    Upon investigation of the error, I discovered that IsDBNull() indicates “whether the column 

contains non-existent or missing values. (Devart, 2013). This cleared up my misconception of the 

method that it specified if the database table was null. 

 

    The use of this method was only part of the solution, however. Due to the complexity of the 

implementation of the reading code, more control needed to be added to: 

 

a) Eliminate invalid row exceptions. 

b) Showing the correct characters when there are multiple boxes within the Leitner system.  

 

    These two issues seemed to be linked to the loop control mechanisms in the DeckManager class. 

After reading the data, a loop is initiated to build an array of items to add to the deck of cards. 

Depending on the data field being accessed, the application would call the appropriate 

GetIntTypeData() or GetStringTypeData() method, and then use an SQLiteDataReader object to read 

the data retrieved from the database. 

 

    The latter issue was solved by adding the following if statement and enclose the point at which the 

data from the data reader would be read. 

 
if (!readData.IsDBNull(0)) 

 

    Testing the application then produced interesting results. Instead of moving on to the next set of 

characters after the first set had changed box, the application showed the previous set of characters. 

With the data reading now skipping irrelevant rows, this seemed peculiar. By tracing through the 

named references in the code, I identified that the problem was within the main reading loop. The 

cardIDArray was using the loop counter to access its array indexes. This meant that when storing data, 

the cardIDArray was storing indexes that corresponded to all boxes in the database and not just one. 

 

    The only option available was to add an additional loop counting variable to this section of the code. 

This variable stores the current value of the loop counter, n at the beginning of the loop. It is 

necessary to avoid resetting this variable on every pass, as it cannot increase when there is no data to 
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add. Therefore in addition I also created a Boolean, dataNotFound, which controls the incrementing of 

the additional loop counter. 

 

    With these two variables, testing showed he correct cards being displayed on-screen, showing that 

the problem had been solved. 

 

4.6.2 Reloading a Mini-game within its Game Scene 
 

    The ability to play another round in a single game was dropped from the project due to a late 

lifecycle HCI problem. The round completed prompt method calls re-initialisation methods when the 

user selects that they want to play another round.  

 

    However, while calling BuildHand() to rebuild the hand of cards, the updated characters do not 

appear on the cards. This type of unexpected behaviour could be caused by not assigning the new 

characters to the cards correctly when the game is re-initialised. C# is particular about the way objects 

should be initialised and referenced – objects must be initialised as new, and use assignment 

statements to copy in variables and data from objects of the same type. 

 

    With the replay feature being of a lower priority than other features and a restriction on time, the 

feature has been marked as a candidate for further extension after the project deadline. As such the 

compromise is to allow the user to return to the main menu and reload the game from there.  

 

    All database changes will have been saved and therefore will take effect in either situation. 

 

4.6.3 Random Shuffling of Cards 
 

    In order for the game to be unpredictable and offer variation, the cards were designed to be shuffled 

in a random order before they were placed in the UI.  

 

    The initial method was to generate a pseudorandom number between zero and four and place each 

card at that random card position. This worked until the point at which two cards had been selected 

and were able to be matched. However, instead of both matched cards disappearing from the field of 

play, they remained and two other cards disappeared.  

 

    This pointed towards an issue of the data of the displaying card and the data of the original card not 

matching, and therefore the data cannot be displayed. 

 

    An alternative approach that I attempted was to define three arrays of possible positions, and the 

result of the random number took one of those sets of positions. This seemed to display the characters 

quite well, even though it wasn’t the full random implementation – however the problem with the 

setting of the matched cards remained. 

 

    Editing the array indexes made no change, and there did not seem to be an obvious solution. As a 

compromise, the program displays the characters in order. This will lessen the learning effect on users 

who know some Japanese, but will have no effect on those who have no or very little knowledge of 

the language. This creates an application that is suitable for testing and evaluation, but lacks a specific 

feature that will require solving and implementing in the future. 

 

4.7 Summary 
 

    The implementation stage involved using the design documentation to create the application. 

Specific tools stated for use in the analysis were expanded on in this chapter, including Unity3D and 
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how it interacts with the SQLite database. Risks and problems, and how they were solved were also 

detailed. 

 

    The testing phase will now test the application for major errors and identify any problems that had 

not arisen until the application was built and run. 

 

 



Matthew Tinn         CM0645 Individual Project         Project Report         16/07/2013 

                                                                                                                                                                                39 

Chapter 5 – Testing 
 

5.1 Introduction 
 

    This chapter covers the first phase of testing, the functional testing of the application. This will 

address any immediate issues discovered by the running test of the application, and is designed to 

prepare the application for user evaluation. Not all bugs or errors may be discovered in this testing, 

and may be reported by users in the user evaluation.     

 

5.2 Method of Testing 
 

    There are a variety of ways to test a piece of software; for example dry running, white box, black 

box, unit testing and many other forms. Each testing strategy is designed for testing different things. 

 

   The method of testing that I have chosen is black box testing. Black box testing is a functional 

method of testing. Everett and McLeod (2007) detail “the objective of black box testing is to verify the 

correctness of the software’s behaviour that directly supports daily business activity.” 

 

    Therefore the aim of the testing phase is to establish that the functionality of the program is correct. 

 

   As shown in the test plan in appendix L, the technique of black box testing that is being used is, 

“Expected Results Coverage Technique”.  As detailed by Everett and McLeod, “expected results 

coverage focusses on output test values for associated input values.” This is different to other 

techniques which focus on “input test values”. 

 

    The result of each test will be examined against what the input and expected result was defined as. 

If the actual result matches the expected result, based on the input – the test was successful.  

 

5.3 Issues Presented By Testing 
 

    As presented in the test plan and results, shown in appendix L, only two issues were presented by 

the testing phase. 

 

    Firstly, it was identified that the quit button on the main menu had not been fully implemented. 

This was quickly solved by adding the line of code: 

 
Application.Quit(); 

 

    After which, on the re-test, produced the expected result, and the application could be fully 

terminated from the main menu. 

 

    The second issue experienced was that selecting a second card on the same column as a card that 

had been selected added the card to the selection of cards instead of replacing the currently selected 

card as the selected card. This resulted in four cards vanishing when matched instead of just two. 

 

    Through debugging, the issue was seen to be in the SelectCards() subprogram. When a card of the 

same column was clicked, the number of selected cards was incremented and both cards were being 

set as selected.  

 

    To solve this, more control code had to be added to the program. Four additional variables were 

declared. prevCardIndLeft and prevCardIndRight were created to store the index of the previous card 

selected. Two additional count variables, selectedCardCountLeft and selectedCardCountRight, were 

also created to identify when a card on that column had already been selected. 
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    These latter two variables were then used to create additional else-if statements that would be 

entered when an additional card is clicked. The code within the statement deselects the card 

previously clicked, and selects the card that has just been clicked, while not increasing the overall 

selectedCardsCount. 

 

    The code that was used in the solution can be found in appendix M. 
     

    This solution produces the correct functionality with the swapping of selected cards. 

 

    No other issues were immediately observed at this stage, although problems could have been 

missed that may become apparent in the user evaluation. 

 

5.4 Summary 
 

    The application was tested using black box testing, producing good test results that showed that the 

majority of the application was working correctly. Two errors were identified, which were promptly 

solved. 

 

    With testing complete, the application is ready to proceed to user evaluation. 
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Chapter 6 – Evaluation 
 

6.1 Introduction 
 

    This chapter covers the evaluation of the product and the development process. Prospective users 

will be chosen to evaluate the product, and their responses will be analysed. The fitness for purpose 

and build quality of the product will be analysed, and the project management will be evaluated, along 

with a discussion of whether the methods and tools used during the project were suitable. 

 

6.2 User Evaluation 
 

6.2.1 Methodology 
 

    Initially, there were to be two test groups, each containing five people. The first test group would 

learn characters using the product, while the second test group would learn characters using existing 

software. Each group would have a mix of those with experience in Japanese and flashcard programs, 

and those without. Comparisons would then be drawn between the two test groups to find if the 

product was more engaging and motivating than current software. This would be tested by analysing 

the number of characters the participants were able to learn over the test period of one to two weeks. 

 

    However, due to delays in the project, only three people could be found to test the application in the 

time available. The method of testing that was initially proposed is recommended for use in further 

work. 

 

    Each user was given a copy of the program, along with instructions on how to run and use it and a 

short survey to record their findings, and were instructed to use the program once a day for the two to 

three days allocated for the user evaluation. The users were instructed to complete the survey (shown 

in appendix N) at the end of the evaluation, in order to identify whether key areas of the program 

fulfilled system requirements and corresponded to the analysis. 

 

    This provides an initial indication into the performance of the application, however the limited 

evaluation time does not provide truly accurate results, as the application is designed for use over a 

long period of time.  

 

6.2.2 Results of the User Evaluation 
 

    The results of the user evaluation indicated a mixed reception to the product, showing a variety of 

areas where the product succeeded and failed.  

 

    The surveys used to collect feedback from users are divided into distinct parts and categories. Part 

one determines which users have previous experience, flowing into part two, which evaluates the 

application’s design and implementation, focussing on HCI; how motivation and engagement were 

used in the application; and if the user encountered any problems, errors and bugs. Part three assesses 

whether the program conforms to the theory identified in the analysis stage in the project. 

 

    The majority of the participants had never formally studied Japanese previously and had never used 

a currently existing flashcard program. While this gives good feedback from a group that corresponds 

to beginners in learning the language, there is a lack of experienced users, so comparisons with other 

applications could not be stated. 
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    The ease of use of the application was generally well-received, with participants rating ease of 

navigation and character set importing highly (5, 5 in survey A; 5, 4 in survey B). The HCI design for 

the menus can therefore be seen as generally good, and specifically consistent. 

 

    The feedback then goes on to note some of the issues discussed in the implementation stage, which 

confirms that they halt the progress of the product in terms of achieving all of the requirements. The 

shuffling issue presented the game with no form of difficulty, with participants rating this poor. The 

modification of the program that correctly shuffles the cards is expected to solve this and produce an 

appropriate level of difficulty in determining the matching cards. 

 

    The surveys also reported that feedback was slightly lacking, with one noting that “stating whether 

each pair the user makes is either correct or incorrect would be helpful”. This kind of feature has to 

be mindful of the HCI design, and not interrupting the flow of the game and the flow of learning. This 

would be quite simple to implement as a counter display, showing the user how many cards they have 

matched correctly. 

 

    The last question of part one asked users if they encountered any errors, bugs or issues; and users 

were helpful in identifying issues that had not be identified in the testing phase. The fact that some 

errors and bugs were not identified in the testing phase points to an ineffective or incomprehensive 

test strategy. 

 

    The notable issue encountered was one involved with the selection of the cards. All surveys noted 

this issue, but it was most clearly stated by survey C: “In Match Me mode, when matching a pair 

before matching the first pair from the top, the first pair from the top will also disappear.” 

 

    This issue is game-breaking, in that it prevents the game from being completed correctly, and 

should therefore be corrected before use of a final version of the application. 

 

    Evaluation of the theory was disadvantaged through the shuffling issue, but results from the survey 

are initially positive in terms of wanting more engagement through multimedia, however they showed 

that more should be done to fully implement the theory of learning characters.  

 

    Instead of explicitly getting the user to use Heisig’s method, I opted for an approach that gives the 

user a free choice of how they want to learn the characters. The majority of users specified that they 

used the visualisation method of seeing images within characters that Heisig criticises, remembering 

the characters by seeing images within them. This indicates it is perhaps more natural for a user to 

learn in this way, and that they must be guided to adapt to a new, more efficient method. 

 

    All participants concluded that with more development and bug fixes the application could be used 

long-term as a language learning tool. 

 

6.3 Product Evaluation 
 

    The product evaluation focusses on an assessment of the fitness for purpose of the product and the 

build quality of the product. The criteria specified in the terms of reference will be noted and 

compared to the final product.  

 

6.3.1 Fitness for Purpose 
 

    The fitness for purpose criteria is defined in the Terms of Reference (Appendix A) in section 11.3 

of the Marking Scheme. 

 

    Fitness for purpose is defined as “the application should work educationally, and the characters 

can be learned effectively.” The user evaluation shows that this has partly been fulfilled, as the 
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characters can be learned, however, the characters are not being learned as efficiently as I hoped the 

product would allow. None of the users stated that they used Heisig’s method of learning characters, 

which shows that the method needs to be implemented explicitly into the product. Using images 

directly within the product is an incorrect form of implementation, due to Heisig’s recommendation 

that users should create their own stories; therefore explicit instructions are needed to direct the user 

in how to learn characters in the most effective way. 

 

    In terms of the application fully meeting the requirements, this has not been fully achieved, as some 

requirements that have not been met. Specifically stated in the user evaluation was the lack of 

challenge, inadequate amount of feedback, and that the other games were not available. If shuffling of 

cards was implemented before the user evaluation, users believed that this would produce the level of 

challenge that was aimed for, and implementing the other minigames would give the game the correct 

amount of variety.  

 

    While these objectives were not fulfilled, the processing and non-functional requirements were, 

including data processing, hardware, software and network requirements, distribution, and 

extensibility. The greatest successes out of these were data processing and extensibility. The former of 

which functioned as it was designed, holding all of the character data, with the ability to retrieve and 

update it. This is also a key component in extensibility, with the user being able to define their own 

character sets and import them into the database. 

 

    This stored data could then be shown adequately through the HCI, which combined interactivity 

between the user and the system and the visual user interface to create a consistent, clean feel to the 

application. The GUI capabilities of Unity were less suitable for the project than I originally observed, 

however, which led to a user interface that felt too sparse or uninspiring.  This was noted in user 

evaluation survey C, “Improving the use of colour would be helpful to the application’s user 

friendliness. For example adding colour to the feedback tiles in Match Me mode would assist in 

differentiating them from the regular tiles.” While this criterion can be considered to be achieved, 

there is potential for improvement. 

 

   In summary, the application is fit for purpose in data storage, I/O and processing, extensibility and 

HCI, while it requires major improvements to meet specific requirements. 

 

6.3.2 Build Quality 
 

    The build quality criteria are specified in section 11.3 of the marking scheme in the Terms of 

Reference. In general, the build quality reflects the majority analysis and design, and is relatively 

error-free, however lacks a specified code standard. 

 

    The system requirements were designed in a way that reflected the analysis stage of the project, in 

order to produce a product that improved on currently existing software. As discussed above in the 

fitness for purpose analysis, a number of failed requirements mean that the product does not 

completely reflect the analysis, particularly when it comes to Heisig’s method of learning characters. 

 

   In particular, the lack of a followed code standard reduces the build quality significantly, as less 

consistent code makes the code harder to understand and follow for other readers or users, and myself 

when looking at the code after a long period of time away from it. 

 

    Hoff (2008) focusses on readability in his C++ Coding Standard; while a different language from 

what was used to create the product, some things still apply, such as allowing programmers to “go 

into the code and figure out what’s going on” and making “fewer mistakes in consistent 

environments”. 
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    While a coding standard increases readability, Hoff also notes that coding standards have some 

negative points, in that they “reduce creativity”, “enforce too much structure” and that they are 

“unnecessary as long as people are consistent”. 

 

    So coding standards can be both a good and a bad thing. In a large project worked on by multiple 

people, the standardisation and consistency may be a benefit, but in a one man project this could be 

seen as less important as long as you are consistent with your code. This is something I have 

attempted to do, using consistent naming conventions, layout options and commenting style. However 

the maximum number of characters on a line is something that could be improved, as some lines of 

code are extensively long, which makes it harder to read than the rest of the program. This mainly 

occurs in lines where buttons and user interface elements are being drawn, such as:  
 
if (GUI.Button(new Rect(Screen.width - (cardLeft * 2), cardTop, cardWidth, cardHeight), 
hand[backIndexArray[k]].GetBack())) 

 

    There is a lack of consistency across long lines such as this throughout the program, with varying 

line lengths. Such lines reduce readability of the code enough to justify that a coding standard should 

have been developed. 

 

    The final criterion in the Terms of Reference for the build quality is the suitability and 

completeness of testing. As discussed in the testing phase of the project and in the user evaluation, the 

testing was carried out using black box testing, which when carried out by the author of the code, 

limits the value of the testing, as the author only looks for what aspects of the product are working. 

When the user evaluation is combined with the functional testing, however, this criterion is passed, as 

the user evaluation was useful in identifying errors that I had missed in the testing phase. 

 

    In summary, the build quality could be improved through the use of a coding standard, and 

following more closely the system requirements specification during the implementation stage of the 

project.  

 

6.4 Process Evaluation 
 

6.4.1 Introduction 
 

    The process evaluation evaluates the processes, methods and tools used in the project. Project 

management processes will be evaluated, based on documentation produced with the Terms of 

Reference, in particular the project schedule. The effectiveness of methodologies used will be 

analysed, and tools will be critically reviewed. Finally, personal development over the course of the 

project will be assessed. 

 

6.4.2 Evaluation of Project Management Processes 
 

    The management of the project was primarily centred on the following of the project schedule, as 

shown in the Terms of Reference (Appendix A). This was set out to allow a set amount of time for 

each stage of the project, and was designed to be strictly followed so that a single part of the project 

did not delay other areas that would require a greater amount of time, such as the implementation and 

testing. User evaluation was particularly critical in this respect. As the product is designed to be used 

for a long period of time, it was established that test users should have a suitable amount of time to 

complete the user evaluation, estimated to be around one week; although even this was a very short 

allocation of time compared to the amount of time the program should be used to acquire accurate and 

valid test results. 

 

    Failure to follow the project schedule began to appear late in semester one, where the start date for 

the implementation phase was passed with the project still in the late stages of the analysis phase. This 
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extended period spent in the analysis phase has since delayed the entire project, with the beginning of 

new phases consistently missing their start dates. 

 

    The delay was mainly due to an underestimate of the amount of time the analysis stage of the 

project would take to complete, and the production of a lot more analysis than perhaps was required 

for the project, even while the analysis was still relevant. 

 

      This kind of issue is common in the software and IT industry, as is identified in Why Software 

Projects Escalate: The Importance of Project Management Constructs (Keil et al, 2003), 

“underestimation of necessary resources has often been a common problem in information systems 

projects. When estimates are frequently wrong, it is easy to ignore deviations from a plan as a sign of 

serious difficulty.” 

 

    However, even though the amount of analysis that was produced was substantially more than 

required, it significantly improved the design of the product by showing what was feasibly possible 

with the tools and time that I had. 

 

6.4.3 Evaluation of Methods 
 

    The methods used to implement the application were focussed on feature prioritisation. Features 

were prioritised as to how dependant they were with other features, and how critical they were as part 

of the functionality of the program. 

 

    This method of development seemed to work well, with the focus on developing the storage and 

processing layers being a logical decision. The database is essentially the data core of the application, 

in which the application cannot function without the storage layer holding the character data to be 

used by the games.  

 

    The disadvantage of this method was that when a problem occurred in one of these key areas, it had 

to be overcome before it was possible to progress to a feature that was of a less priority, as the 

dependencies on the lower layers of the system were too great. 

 

    When taking this into account with the delay in the analysis stage, it can be suggested that there 

was a need for a more rigid development method and structure that promoted stricter deadlines. 

Therefore an iterative method of development may have been more suitable to the project than the 

analysis stage suggested, even though such methods are typically focussed on teams. 

 

    It was noted earlier in the evaluation that the test strategy was not comprehensive enough, and 

resulted in users finding errors that should have been identified earlier. The method of the author of 

the code is criticised by Everett & McLeod (2007), who say “It is reasonable for anyone … to do the 

black box testing as long as the person doing the testing is not the person who authored the code. 

Software developers usually focus their black box testing on validating expected behaviour of the 

code against use cases, which gives the tendency to ignore unexpected behaviour.”   

 

    Therefore a different test strategy should have been chosen, and the black box testing carried out by 

a specific test user. 

 

    In conclusion, both the development method and test strategy had major weaknesses. 

 

6.4.4 Evaluation of Tools 
 

    The chosen development tools were specified in 2.7.3, and included Unity 4.1 using C# and Visual 

Studio 2010, and SQLite as the relational database management system. 
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    Unity was chosen due to previous experiences that were positive; however over the course of the 

project it has revealed several limitations. 

 

    Firstly Unity seems to rely on the developer producing everything through the Unity editor. 

Attempting to create objects within the code tends to lead to null reference errors, as objects specified 

in the code need to be assigned to an object that was directly created within the Unity editor. This was 

evident when attempting to create textures for the title screen logo and main menu text. While this 

seems easier from the design point of view, it gives the programmer less control of where and how the 

objects and textures are rendered on-screen. For example, if the programmer would like to change the 

colour of one particular button, it would require the setting up of multiple ‘GUISkin’ objects – objects 

which define the appearance of a user interface – and changing between them when drawing the 

buttons, which is less convenient than simply creating a button and being able to specify in code 

directly what its colour is. 

 

    Secondly, the engine’s focus on the use of ‘scenes’ makes it difficult to pass values between them, 

as variable scope is limited to a single scene. For example, if a results screen had been implemented, it 

would have required being in the same scene as the actual game, unless all of the data in that scene 

was stored in a file and read in at the results screen. The data would then have to be re-processed 

before it could then be displayed to the user. The former method combines too much functionality into 

a single class, having multiple purposes instead of one.  

 

    Using C# as the programming language put the project at a distinct disadvantage when looking for 

sample code and documentation for Unity, with its default scripting language being JavaScript. 

However, the functionality provided by the use of C# and the ability to integrate the database with the 

project showed that C# was the correct choice. 

 

    The risk of the SQLite plugin not working due to the licensing limitations of Unity was not realised, 

after the application worked with the plugin when built as an x86 Windows application. This was 

highly beneficial to the project, meaning that the database could be used, offering the extensibility that 

the product required for its character sets. Therefore it can be said that the free version of Unity is 

suitable for indie applications that require the use of specific plugins, such as SQLite. However, as the 

DLLs required for the plugin were already included in the Unity package, this may be an exception, 

and perhaps other plugins may not work, however the SQLite plugin is the only one that is within the 

scope of the project. 

 

    Generally, the SQLite implementation worked well, and there were no specific problems when it 

came to performing SQL operations on the database. 

 

6.4.5 Evaluation of Learning and Development 
 

    Over the course of the project I have come to realise not just how critical time management is, but 

how motivation and interest can affect time management. While the project has an interesting theory, 

the development of the application has produced code that isn’t quite interesting, even though it is 

suitable for solving the problem. In this sense, while the theory and idea behind the project were 

stimulating, the development of the application was not. This is something that goes towards 

confirming that Unity was perhaps not the right choice of development tool for the project, and that 

personal development could have been furthered by producing the interface myself, rather than 

choosing tools that were designed for creating game environments. 

 

    The question that such a suggestion produces is “What, aesthetically, is a game?” For what has 

been produced does have elements based on the theory of games, motivation and engagement; 

however it doesn’t need to look like a game you would see on a gaming platform. 

 

6.5 Summary 
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    The evaluation of the project as a whole has produced interesting results that give good scope for 

improvement and further learning, as will be discussed in the conclusions and recommendations. 

 

    The user evaluation of the product identified that with further development, the product will be 

suitable for its purpose, one which in its current state does not meet all of the requirements. The build 

quality, while not poor, can certainly be improved by using better methodology and coding standards 

during implementation, and time management should be focussed on with the following of the project 

schedule. 

 

    While C# and SQLite worked very effectively, Unity was not the best solution for producing the 

user interface, and a more suitable solution should be chosen. This should promote development of 

personal skills. 
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Chapter 7 – Conclusions and Recommendations 
 

7.1 Introduction 
 

    This chapter assesses the success of the project and determines what objectives have been met, 

drawing any conclusions from the project as to whether the product that has been developed solves 

the original problem. Recommendations for further study will be explored, including 

recommendations for further development of the product and how the product can be applied in the 

wider field. 

 

7.2 Meeting of the Project Aims and Objectives 
 

7.2.1 Meeting of the Objectives as Presented in the Terms of Reference 
 

    The original aim of the project was to construct an application suitable for learning Japanese 

characters that was motivating and engaging. This application has been constructed and is presented 

as the final product. User evaluation was conducted on the product, which can be seen in 6.2, and 

determined that the application carries some motivation and offers engagement, but this could still be 

improved. 

 

    The project has defined the background to the problem that the currently available applications for 

learning Japanese characters have a lack of interaction and engagement with the user, and do not 

motivate the user to use the application in the long-term. This was identified in the literature reviews, 

covering the use of motivation and engagement in language learning software, the theory that is used 

in language learning software, and how motivation and engagement can be improved in educational 

software. This analysis was then used to build the system requirements for the application. 

 

    Based on the analysis and the system requirements, the application was designed using appropriate 

design documentation, including a class diagram, data dictionary, dataflow diagram, and HCI screen 

designs. The designs were then implemented, with some changes as specified in 4.5, into the final 

product. 

 

    The final product was tested using functional black box testing, which found two errors. The 

following user evaluation produced two errors that were not found in the testing phase, and gave 

critical feedback on how the application could be improved, some of which is included in 7.4. The 

user evaluation established that while some requirements had been met, others had not, but with 

further development these requirements could be met. 

 

    The final product was then evaluated on its success. 

 

7.1.2 Success of the Project 
 

    The project as a whole has not been as successful as hoped. The results of the project as established 

through the user evaluation are inconclusive, due to the small sample size, short amount of time for 

the trial, and the incompleteness of the product. The latter meant that objective eight could not be 

fulfilled, and as a result weakened the rest of the project and the fulfilment of later objectives. 

 

    The three participants in the user evaluation each noted on the survey that they did not “connect the 

character with its meaning by creating a visualisation or story” in their head, showing that while the 

theory was used in the production of the project, there was nothing to direct users to utilise that theory. 

Therefore users are not learning the characters effectively. 
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    While interactive, the application was noted for its bland visual style, which lessened the impact of 

the visual engagement with the application. This indicates that objective seven was partially fulfilled. 

Limitations with the use of Unity proved it to be unsuitable for the project in terms of producing a 

visually engaging interface, which in turn leads to a decreased level of interest and engagement from 

the user. 

 

     Determined by motivation and engagement, the project has therefore not been successful; however 

the project gives a base for further development. 

 

7.3 Conclusions from the Project 
 

    This subchapter discusses other conclusions that can be drawn from the work undertaken in the 

project. 

 

    It can be seen that the game based solution has the potential to improve the motivation and 

engagement in language learning software. The majority of test users stated that it could be used in 

the long-term when complete. In comparison, current applications, with the minimal amount of 

engagement between the user and the application, are designed for the short-term. 

 

7.4 Recommendations for Further Study 
 

7.4.1 Recommendations for Further Development of the Product 
 

    Firstly, the application needs to be completed so that all four games are functioning and all of 

requirements and objectives have been met. Feedback from the user evaluation was critical on this 

point, particular with the question of challenge showing low results without the cards being shuffled.     

 

The user evaluation produced some suggestions for the further development of the product. However, 

the limited evaluation time does not provide accurate results as the application is designed for use 

over a long period of time. Ideally in future work, the user evaluation would be carried out over a 

period of a few months with a much large sample size. 

 

    Survey A suggested using a limited number of attempts at matching the correct character in order to 

promote motivation for the user to remember the card. This is a motivation that introduces 

consequences of failure to the application, which provides an alternate form of providing feedback. A 

feature like this could be used to increase the challenge of a game and increase the pressure on the 

user to get the character correct. 

 

    Both surveys B and C commented on the bland visual style of the application, suggesting making it 

more engaging and having better use of colour. In terms of the user interface and visual style, it can be 

concluded that additional analysis needs to be undertaken to identify a method of developing the 

product that offers the ability to create 2D applications such as this, with a user interface that is bold 

and engaging to the user, and more closely follows the Golden Rules presented by Shneiderman 

(2010) (see 3.2.5). The gameplay and the visuals need to be combined to create an engaging, fun 

experience. 

 

    The structure of the gameplay progressions and rewards should also be looked into further. A 

reward is a positive outcome of the user performing an action, and outcomes are referenced as 

Motivators by Prensky, as was stated in 2.4. This recommendation was presented by survey B, which 

suggested the use of “unlockable game modes”. This suggestion seems appropriate as it adds more 

variety to the application, beyond the four games that were originally selected for implementation. 

 



Matthew Tinn         CM0645 Individual Project         Project Report         16/07/2013 

                                                                                                                                                                                50 

    Additionally, the user evaluation recommended a feedback prompt after each match in order to 

improve progressive feedback to the user. While this would be the case, it may reduce the flow of 

interaction between the user and the application. In this situation, it may be useful to produce two 

builds, each with a different form of feedback, and compare to find which form users feel most 

comfortable with. 

 

    Finally, the Heisig method of learning Japanese characters needs to be explicitly implemented 

within the application so that users are able to learn characters more effectively. The surveys showed 

that users tended towards the ineffective methods that were discussed in 2.2.3.2, such as seeing 

particular shapes within characters and using them to remember a character, regardless of its meaning. 

Finding an effective way of conveying this method to the user will be difficult, as it is advised that 

users create their own stories, rather than use ones dictated for them, as the personal link helps the 

user to remember the character more easily. This would require more specifications in the analysis. 

 

    These recommendations create a plan of action to create a complete and well-featured application 

that is motivating, engaging and assists in an effective learning style. 

 

7.4.2 Recommendations for Further Study in the Wider Field 
 

    The main application of the product is within teaching modern foreign languages. As a specific 

learning tool, it would be beneficial to the improvement and development of the application to test it 

with real learning situations with students that are learning Japanese. This is the kind of evaluation of 

the application that would assess the suitability of the application for use in the long-term, which is 

something that could not be assessed in the scope of the project. 

 

    This would also be applicable to testing the use of Heisig’s method of learning characters, and 

performing comparative tests against different methods to find whether such theory is beneficial 

towards language learning software when compared with other products. 

 

    Overall, however, such testing could show how motivation and engagement is effected by game-

based learning tools in comparison to other software and traditional learning methods; and perhaps 

offer a suitable form of character acquisition for both beginners and advanced users. 
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Appendices 
 

A – Terms of Reference 
 

[Omitted from online edition]
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12 Project Plan 
 
The following Gantt chart and project schedule shows the estimated timescale for the project. 

 

Task Mode Task Name Duration Work Start Finish Predecessors Resource Names 

Manually 

Scheduled 
Project Initiation Document 4 days 4 hrs Mon 24/09/12 Thu 27/09/12 

  

Manually 

Scheduled 
Terms of Reference 11 days 20 hrs Fri 28/09/12 Mon 08/10/12 1 

 

Manually 

Scheduled 

Define and give background 

to the problem of the 

learning of Japanese 

characters 

1 day 2 hrs Tue 09/10/12 Tue 09/10/12 2 
 

Manually 

Scheduled 

Write a critical literature 

review, identifying 

educational techniques and 

theories in current 

educational language 

software and how those 

techniques are applied. 

16 days 30 hrs Tue 09/10/12 Wed 24/10/12 2 
 

Manually 

Scheduled 

Write a critical literature 

review on the use of 

motivation and 

entertainment in educational 

software. 

7 days 20 hrs Wed 24/10/12 Tue 30/10/12 2 
 

Manually 

Scheduled 

Write the System 

Requirements Specification 
1 day 5 hrs Wed 31/10/12 Wed 31/10/12 3,4,5 

 

Manually 

Scheduled 

Evaluate and select the tools 

required for the project 
3 days 10 hrs Thu 01/11/12 Sat 03/11/12 4,5,6 

 

Manually 

Scheduled 

Design the system by 

completing appropriate 

design documentation 

14 days 45 hrs Sun 04/11/12 Sat 17/11/12 4,5,6,7 
 

Manually Implement the solution by 101 days 280 hrs Sun 18/11/12 Tue 26/02/13 8 
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Scheduled developing the software 

Manually 

Scheduled 
Test the Software 6 days 20 hrs Wed 27/02/13 Mon 04/03/13 9 

 

Manually 

Scheduled 

Present the Software to 

Users for Evaluation 
14 days 25 hrs Mon 04/03/13 Sun 17/03/13 9 

 

Manually 

Scheduled 

Write the Project Process 

Evaluation 
5 days 15 hrs Thu 14/03/13 Mon 18/03/13 9,10 

 

Manually 

Scheduled 

Write the Project 

Conclusions, Introduction 

and Abstract 

4 days 15 hrs Sat 16/03/13 Tue 19/03/13 9,10 
 

Manually 

Scheduled 
Final Hand In Deadline 1 day 0 hrs Thu 21/03/13 Thu 21/03/13 
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B- Ethics Form B 
 

[Omitted from online version] 
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C – Kana Table 
 

Key: 

 

Hiragana                                 Katakana 

Sound 

   

あ                  ア 

A 

い                  イ 

I 

う                  ウ 

U 

え               エ 

E 

お               オ 

O 

か               カ 

KA 

き               キ 

KI 

く               ク 

KU 

け               ケ 

KE 

こ               コ 

KO 

が               ガ 

GA 

ぎ               ギ 

GI 

ぐ               グ 

GU 

げ               ゲ 

GE 

ご               ゴ 

GO 

さ               サ 

SA 

し               シ 

SHI 

す               ス 

SU 

せ               セ 

SE 

そ               ソ 

SO 

ざ               ザ 

ZA 

じ               ジ 

JI 

ず               ズ 

ZU 

ぜ               ゼ 

ZE 

ぞ               ゾ 

ZO 

た               タ 

TA 

ち               チ 

CHI 

つ               ツ 

TSU 

て               テ 

TE 

と               ト 

TO 

だ               ダ 

DA 

ぢ               ヂ 

JI 

づ               ヅ 

ZU 

で               デ 

DE 

ど               ド 

DO 

な               ナ 

NA 

に               ニ 

NI 

ね               ヌ 

NU 

ぬ               ネ 

NE 

の               ノ 

NO 

は               ハ 

HA 

(WA as particle) 

ひ               ヒ 

HI 

ふ               フ 

FU 

へ               ヘ 

HE 

(E as particle) 

ほ               ホ 

HO 

ば               バ 

BA 

び               ビ 

BI 

ぶ               ブ 

BU 

べ               ベ 

BE 

ぼ               ボ 

BO 

ぱ               パ 

PA 

ぴ               ピ 

PI 

ぷ               プ 

PU 

ぺ               ペ 

PE 

ぽ               ポ 

PO 

ま               マ 

MA 

み               ミ 

MI 

む               ム 

MU 

め               メ 

ME 

も               モ 

MO 

や               ヤ 

YA 

 ゆ               ユ 

YU 

 よ               ヨ 

YO 

ら               ラ 

RA 

り               リ 

RI 

る               レ 

RE 

れ               ル 

RU 

ろ               ロ 

RO 

わ               ワ 

WA 

 を               ヲ 

O as particle 

 ん               ン 

N 
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D – Screenshot of Mnemosyne 
 

 
 

E – Screenshot of Anki 
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F – System Requirements Specification 
 

1 Functional Requirements 
 

The following requirements specify the application behaviour, each with inputs and outputs; along 

with data processing requirements. 

 

1.1 Input Requirements 
 

The application will store a character. 

 

The application will store a character’s meaning. 

 

The application will store how well the player knows a character, which is input when the user 

attempts to remember the character in the main application. 

 

The application will allow the user to input the correct character or meaning through mouse selection. 

 

1.2 Processing Requirements 
 

The application will retrieve cards using the Leitner system. 

 

The application will determine whether the user remembered the character. 

 

The application will assign a virtual box to a character, which defines how well the user remembers 

the character. 

 

1.3 Output Requirements 
 

The application will display a set of characters to the user using four different arrangements. 

 

The application will deliver instantaneous feedback on the success or fail of the user. 

 

1.4 Specific Features 
 

1.4.1 Rules and Structure 
 

The application shall implement a set of rules which defines its structure. 

 

The application shall follow the Leitner system in the production of cards. 

 

1.4.2 Motivation and Engagement 
 

The application shall offer challenge and flow to engage the user. 

 

The application shall produce constructive positive and negative outcome to provide feedback and 

motivate the user. 

 

The application shall provide achievable goals to motivate the user. 

 

1.4.3 Interactivity 
 

The application shall produce interaction between it and the user. 
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1.4.4 Immersion and Context 
 

The application shall use situational learning techniques to provide a real-world context to the user. 

 

1.5 Game Features 
 

1.5.1 Match-Me 
 

This game must display characters arranged in two grids, side-by-side. 

 

The user must be able to select a card in the left grid. 

 

The user must be able to select a second card in the right grid. 

 

The user must receive feedback on whether the two characters that they have selected match correctly. 

 

If the user matches correctly, then the character is known. 

 

If the user initially matches incorrectly, but later matches correctly, the character is partially known. 

 

If the user matches incorrectly, the character is not known. 

 

1.5.2 Complete the Phrase 
 

The game must display a phrase or word with gaps. 

 

The game must display a set of characters that the user can select and drag into a space in the phrase 

or word shown below. 

 

The user will be timed on how long it takes them to complete the phrase or word. 

 

Characters in the correct position will be classed as known, while characters in the incorrect position 

will be classed as not known. 

 

1.5.3 Character Roulette 
 

The game will display a character or meaning in the middle of the screen. 

 

The game will surround the centre piece with a range of either characters or meanings. 

 

The game will rotate the surrounding characters or meanings around the centre piece. 

 

The user will have a button to press when the correct match is directly above the centre piece. 

 

If the user is correct, the character is moved up in the Leitner system. If the user is wrong the 

character is moved down. 

 

1.5.4 Shuffle! 
 

The game will place character cards in random locations on the screen. 

 

The user will identify characters on the screen that match to a given meaning. 
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The user will select a card and drag lines between correct characters to produce the correct word or 

phrase. 

 

The time between moving between characters will be measured as the performance indicator. 

Characters missed are classed as not known. 

 

1.5.5 General 
 

The user has the ability to click a button which defines that they have finished early without matching 

all of the cards. The unmatched cards will be classed as not known through the Leitner system. 

 

The user has the ability to click a quit button which returns them to the main menu, without adjusting 

card levels.  

 

A results screen will be displayed when either 

 

• all cards have been matched 

• the user finishes the game using the finish button 

 

 

2 Non-Functional Requirements 
 

The following requirements specify how the application operates in regard to what has been identified 

within the analysis, as well as constraints placed upon the system, performance requirements, 

extensibility of the application and how the application will be deployed. 

 

2.1 Constraints 
 

2.1.1 Volume of Characters to be Stored 
 

The application will initially limit the number of available characters to three hundred; however the 

application must have the feature of adding new characters at any time. 

 

2.2 Hardware Requirements 
 

2.2.1 Processor 
 

1.5GHz single core processor or 2.0GHz multi-core processor or higher. 

 

2.2.2 Graphics 
 

The application requires a DirectX 9.0c compatible graphics card. 

 

The user should have suitable graphics hardware in order to run the application. Based on the estimate, 

and also based on the specifications provided for Unity, the system requires a “graphics card with 

DirectX 9 level (shader model 2.0) capabilities” that has been produced in the past five years. This 

puts the hardware requirement at an NVIDIA GeForce 9 series or above, or an AMD/ATI equivalent. 

 

2.2.3 Sound 
 

The application requires a sound output device. 

 

2.2.4 RAM 
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The user should have a minimum of 1GB of RAM. 

 

2.2.5 HDD 
 

The user should have a reasonable amount of space available on their hard drive. At this point it is 

only possible to estimate the space needed to install the application. Based on the size and scope, the 

maximum size of the application will be set at 1GB.  

 

2.2.6 Peripherals 
 

The user will require a mouse or similar pointing device, such as a laptop touchpad. 

 

2.3 Software Requirements 
 

2.3.1 Operating System 
 

Multi-platform compatibility is not seen as a requirement, and therefore the user will require a 

currently supported version of Windows. This includes Windows XP or higher. 

http://support.microsoft.com/lifecycle/default.aspx?LN=en-gb&x=15&y=7&c2=1173 

 

2.4 Network Requirements 
 

The user requires an active internet connection in order to download the application. 

 

2.5 Extensibility 
 

The application should be extensible to a greater volume of characters and other languages. 

 

2.6 Deployment 
 

The application will be delivered digitally as an executable over the internet. 
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G – Data Dictionary 
 
Data Field Name Type Description Range of 

Permitted Values 

Card ID cardID Integer The ID of a single 

card 

X >= 0 

Box ID boxID Integer The number of a 

box in the Leitner 

system 

0 >= X <= 4 

Front Front String The front of the 

card 

Up to 5 kanji 

characters 

Back Back String The back of the 

card 

Up to 50 

characters 
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H – Dataflow Diagram 
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I - Class Diagram 
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J – HCI Design 
 

1 Title Screen 
 

 
 

2 Main Menu 
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3 Match Me 
 

 
 

4 Complete the Phrase 
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5 Character Roulette 
 

 
 

6 Shuffle! 
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K – Example of the Unity Editor 
 

 
 



Matthew Tinn         CM0645 Individual Project         Project Report         16/07/2013 

                                                                                                                                                                                                                                                                                   78 

L – Test Plan with Test Results 
 

Title        

Test Number Details Typical Data Erroneous Data Boundary Data Expected Result Actual Result Retest Reference 

1-1 Load application User input: 

launch 

application 

None None The application 

loads 

Application 

loads 

N/A 

1-2 Load application 

logo 

Image file to 

read: Title 

Logo.png 

Image file to 

read: Title 

Logo.png 

None The application 

logo appears on-

screen 

Application logo 

loads 

N/A 

1-3 Load start button Object to 

declare: start 

button 

Any other object 

than start button 

None The start button 

appears on-

screen 

Start button loads N/A 

1-4 Start button can 

be clicked 

User input: Click 

button 

 

Load level: 

MenuGUI  

Any LoadLevel 

string other than 

“MenuGUI” 

None The start button 

responds and 

loads the main 

menu 

Start button can 

be clicked and 

loads main 

menu. 

N/A 

Main Menu        

Test Number Details Typical Data Erroneous Data Boundary Data Expected Result Actual Result Retest Reference 

2-1 Game select 

image appears 

Image file to 

read: MainMenu 

Logo.png 

Image file to 

read: MainMenu 

Logo.png 

None The scene loads 

from the title 

screen and the 

game select logo 

appears 

Game select 

image appears 

N/A 

2-2 Game 1 button 

appears 

Object to 

declare:  game 

button 1 

Any button other 

than game button 

1 

None The button for 

game 1 appears 

Game button 1 

appears 

N/A 

2-3 Game 1 

description 

appears 

Object to 

declare: game 1 

description 

Flavour text that 

does not describe 

game 1 

None The flavour text 

for game 1 

appears 

Flavour text 1 

appears 

N/A 

2-4 Game 2 button 

appears 

Object to 

declare:  game 

button 1 

Any button other 

than game button 

1 

None The button for 

game 2 appears 

Game button 2 

appears 

N/A 
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2-5 Game 2 

description 

appears 

Object to 

declare: game 1 

description 

Flavour text that 

does not describe 

game 1 

None The flavour text 

for game 2 

appears 

Flavour text 2 

appears 

N/A 

2-6 Game 3 button 

appears 

Object to 

declare:  game 

button 1 

Any button other 

than game button 

1 

None The button for 

game 3 appears 

Game button 3 

appears 

N/A 

2-7 Game 3 

description 

appears 

Object to 

declare: game 1 

description 

Flavour text that 

does not describe 

game 1 

None The flavour text 

for game 3 

appears 

Flavour text 3 

appears 

N/A 

2-8 Game 4 button 

appears 

Object to 

declare:  game 

button 1 

Any button other 

than game button 

1 

None The button for 

game 4 appears 

Game button 4 

appears 

N/A 

2-9 Game 4 

description 

appears 

Object to 

declare: game 1 

description 

Flavour text that 

does not describe 

game 1 

None The flavour text 

for game 4 

appears 

Flavour text 4 

appears 

N/A 

2-10 Game button 1 

can be clicked 

User input: Click 

button 

 

Load level: 

Game1 

Any LoadLevel 

string other than 

“Game1” 

None The button 

responds and 

loads the first 

game 

Game button 1 

can be clicked 

and loads game 

N/A 

2-11 Game button 2 

can be clicked 

User input: Click 

button 

 

Load level: 

Game2 

Any LoadLevel 

string other than 

“Game2” 

None The button 

responds and 

loads the second 

game 

Game button 2 

can be clicked. 

Linked to 

unimplemented 

feature 

N/A 

2-12 Game button 3 

can be clicked 

User input: Click 

button 

 

Load level: 

Game3 

Any LoadLevel 

string other than 

“Game3” 

None The button 

responds and 

loads the third 

game 

Game button 3 

can be clicked. 

Linked to 

unimplemented 

feature 

N/A 

2-13 Game button 4 

can be clicked 

User input: Click 

button 

 

Load level: 

Game1 

Any LoadLevel 

string other than 

“Game4” 

None The button 

responds and 

loads the fourth 

game 

Game button 4 

can be clicked. 

Linked to 

unimplemented 

feature 

N/A 
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2-14 Character import 

button appears 

Object to 

declare: 

character import 

button 

Any button other 

than the import 

character button 

None The character 

import button 

appears 

Character import 

button appears 

N/A 

2-15 Characters are 

imported into the 

database 

Import all data 

from the 

character set file.  

 

String: front 

String: back 

Erroneous data 

from a text file 

may still be input 

into the database, 

but will read as 

strings.  

 

To perform error 

checking on text 

files a text file 

parser would 

need to be 

implemented. 

0 = Front 

character length 

> 5 

 

0 = Back 

character length 

> 50 

The characters 

are successfully 

imported into the 

database 

Characters are 

imported 

successfully 

N/A 

2-16 Exit button 

appears 

Object to 

declare: exit 

button 

Any button other 

than the exit 

button 

None The exit button 

appears 

Exit button 

appears 

N/A 

2-17 Exit button quits 

the application 

User input: 

Button click 

None None The application 

closes 

Initiates test 

code, but exit not 

implemented 

R-2-17 

Generic Game        

3-1 A game can 

contact the deck 

manager to 

retrieve card data 

Request for 

cards: array of 

cards, passed by 

reference 

 

Request for 

update: Array of 

cards 

Array of card 

with invalid data 

None The front and/or 

back of the 

characters is 

displayed on the 

card buttons 

within the 

application 

Card data can be 

retrieved 

N/A 

3-2 Card details can 

be updated in the 

database 

Update request 

for cards: array 

of cards, passed 

Array of cards 

with invalid data 

None The  target card 

is changed in the 

database to have 

Card details can 

be updated 

N/A 
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by reference 

 

Request for 

update: Array of 

cards 

a boxID of the 

one sent by the 

deck manager,  

Deck Manager        

4-1 Deck manager 

can retrieve card 

data and pass it 

back to the game 

Input: Database 

name 

 

Output: 25 

unique entries in 

the database 

arranged by box 

ID 

Invalid database 

name 

None The deck 

manager 

retrieves a 

minimum of 5 

cards from each 

progressive box 

until the card 

array is full. 

Deck manager 

retrieves cards 

and adds them to 

an array to pass 

back to a game 

N/A 

4-2 Deck manager 

can take data 

from the game 

and upload it to 

the database 

Single card ID 

that is to be 

updated with a 

new single box 

ID 

Invalid card ID None The boxId for the 

card belonging to 

the sent cardID is 

updated 

Deck manager 

successfully 

updates card data 

N/A 

4-3 The cards in a 

deck can be 

randomly 

shuffled 

Array of cards to 

be shuffled 

0 < cardsInDeck 

> 24 

 

0 < cardsInhand 

> 4 

cardsInDeck = 0 

cardsInDeck = 

24 

cardsInHand = 0 

cardsInHand = 4 

Cards are 

shuffled into a 

random order 

Cards could be 

shuffled, but 

failed to work 

with matching. 

Rolled back. 

- 

File I/O        

5-1 The file I/O class 

can read the 

character set 

Input: Character 

set file 

Output: 

Characters 

Erroneous data 

from a file may 

still be input into 

the database, but 

will read as 

strings.  

 

To perform error 

checking on text 

files a text file 

None Sends the read 

data to the 

calling 

subprogram 

Character set can 

be read  

N/A 
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parser would 

need to be 

implemented. 

5-2 The file I/O class 

can send the 

character set data 

to the database 

Input: Data to 

store 

Any data that 

cannot be stored 

in the location 

specified 

Can hold any 

major type that 

can be used with 

data output. e.g. 

strings, chars, 

number values 

Writes data 

passed in from 

the calling 

program to a 

specific location 

Character set can 

be written to the 

database 

N/A 

Character Set 

Manager 

       

6-1 Can import a 

character set 

using the File I/O 

class 

Input: Characters Any data that is 

not specifically 

character data 

None Using the file I/O 

class, 

successfully 

imports the 

character data 

Data successfully 

imported 

N/A 

6-2 Can insert the 

character set data 

into database 

Output: 

Character data  

Any data that is 

not specifically 

character data 

and cannot be 

stored in the 

location 

specified 

Can hold any 

major type that 

can be used with 

data output. e.g. 

strings, chars, 

number values 

Inserts the 

character set into 

the database 

Successfully 

inserts the data 

into the database 

N/A 

 

Match-Me 

       

Test Number Details Typical Data Erroneous Data Boundary Data Expected Result Actual Result Retest Reference 

7-1 The game can be 

entered from the 

main menu 

User input: Click 

button 

Any LoadLevel 

string not 

‘MatchMe’ 

None Game is loaded Game loaded N/A 

7-2 A deck can 

created and filled 

with cards 

Object to 

declare: deck 

 

Input: 25 Cards 

from 

DeckManager 

Any other object 

than deck 

 

0 < card count > 

24  

Card count = 0 

Card count = 24 

Deck is created 

and loaded with 

25 unique cards 

Deck loaded with 

25 unique cards 

successfully 

N?A 
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7-3 A hand can be 

created 

Object to 

declare: hand  

Any other object 

than hand 

None Hand is created Hand created. N/A 

7-4 The hand can be 

filled with a 

group of 5 cards 

Input: 5 cards 

from deck 

0 < card count > 

4 

Card count = 0 

Card count = 4 

Hand loaded 

with 5 unique 

cards 

Hand loaded 

with 5 unique 

cards 

successfully 

N/A 

7-5 Buttons for the 

cards load 

Output: card 

fronts and backs 

Anything other 

than a card front 

or back 

Card front, Card 

back 

Buttons for the 

cards appear on 

screen 

Buttons for the 

cards 

successfully 

appeared on 

screen 

N/A 

7-6 Quit button 

appears 

Object to 

declare: exit 

button 

Any other object 

than exit button 

None Quit button 

appears 

Quit button 

successfully 

appears 

N/A 

7-7 Card buttons can 

be clicked 

User input: Click 

button 

Any other object 

than a card 

button 

None A card button 

can be clicked 

Card button can 

successfully be 

clicked 

N/A 

7-8 Clicking a card 

button selects a 

card 

User input: Click 

button 

 

Output: Card 

front or back 

Any other object 

than a card 

button. 

Strings must be a 

card front or card 

back 

 

 

Card front, Card 

back 

Card can be 

selected 

Card can 

successfully be 

selected 

N/A 

7-9 Selected card 

appears on one 

of the central 

card spaces 

Output: Card 

front or back 

displayed 

Anything other 

than card front or 

card back 

Card front, Card 

back 

Selected card 

appears on one 

of the central 

card spaces 

Selected card 

successfully 

appears on one 

of the central 

card spaces 

N/A 

7-10 Selected cards go 

blank after a few 

seconds 

Time: Selected 

cards go blank 

after frame count 

0 < frameCount frameCount = 0 Selected card 

will show on the 

central card 

spaces and then 

will disappear 

Selected card 

disappears after a 

short time 

interval 

N/A 
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7-11 Matched cards 

vanish from the 

gameplay area 

Output: cardID, 

boxID 

0 < cardID > 

maximum 

number of stored 

characters 

 

0 < boxID > 4 

cardID = 0 

cardID = max 

number of stored 

characters 

 

boxID = 0 

boxID = 4 

When two card 

faces are 

matched, they 

will both vanish 

The two selected 

cards vanish 

from the play 

area 

N/A 

7-12 Matched cards 

have boxIDs 

updated 

Input: Enter new 

boxID for card in 

database 

0 < boxID > 4 boxID = 0 

boxID = 4 

The cardID will 

be updated with 

the new boxID 

The cards were 

updated correctly 

N/A 

7-13 Selecting a non-

matching pair 

does nothing 

Input: cardID 0 < cardID > 

maximum 

number of stored 

characters 

cardID  = 0 

cardID = max 

number of stored 

characters 

 

The application 

will do nothing 

and the cards 

will remain in 

their original 

positions 

The cards 

remained in their 

original 

positions. 

N/A 

7-14 Selecting a 

second card on 

the same column 

switches to that 

card 

User input: Click 

button 

Any other object 

than a card 

button. 

 

None Selected card 

should switch to 

new card 

Card added to 

queue of 

selection cards, 

resulting in 4 

cards vanishing 

when matched. 

R-7-14 

Retest        

R-2-17 Exit button quits 

the application 

User input: 

Button click 

None None The application 

closes 

Exit quits the 

application 

N/A 

R-7-14 Selecting a 

second card on 

the same column 

switches to that 

card 

User input: Click 

button 

Any other object 

than a card 

button. 

 

None Selected card 

should switch to 

new card 
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M – Code Sample – SelectCards() 
 

    The code that was used in the solution of the problem is highlighted in bold below: 

 
if (playAllowed) 
    { // If the user can play 
      if (sideClicked == 1 && selectedCardCountLeft == 0) 
      { // If the user clicks the left column and there is not  
        // currently a card selected from it 
 
        // Set that card as the selected card and increment the click count 
        hand[cardIndex].setSelected(); 
        hand[cardIndex].IncrementClickCount(); 
 
        // Increment the overall number of cards selected and the number of 
        // cards selected from the left column 
        selectedCardCount++; 
        selectedCardCountLeft++; 
 
        // Store this card as the previously selected card 
        // for if the user selects another card from the same column 
        prevCardIndLeft = cardIndex; 
 
        // Set the selected card in position 0 to the current card 
        // in the hand 
        selectedCards[0].SetCardID(hand[cardIndex].GetCardID()); 
        selectedCards[0].SetBoxID(hand[cardIndex].GetBoxID()); 
        selectedCards[0].setFront(hand[cardIndex].GetFront()); 
        selectedCards[0].setBack(hand[cardIndex].GetBack()); 
      } 
      else if (sideClicked == 1 && selectedCardCountLeft > 0) 
      { // If a card is clicked in a column with a selected card 
 
        // Deselect the current card 
        hand[prevCardIndLeft].setUnselected(); 
 
        // Set the crad just selected as the selected card 
        hand[cardIndex].setSelected(); 
        prevCardIndLeft = cardIndex; 
 
        // Set the selected card in position 0 to the current card 
        // in the hand 
        selectedCards[0].SetCardID(hand[cardIndex].GetCardID()); 
        selectedCards[0].SetBoxID(hand[cardIndex].GetBoxID()); 
        selectedCards[0].setFront(hand[cardIndex].GetFront()); 
        selectedCards[0].setBack(hand[cardIndex].GetBack()); 
      } 
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N – User Evaluation 
 

1 Example Survey 
 

Individual Project – Evaluation Documentation - Survey 
 

This survey is a way for you, the participant to offer you feedback. Answer all questions, unless 

specified. Please answer as truthfully as you can. 

 

Please answer in bold orange text. You can use the format painter if you wish. 

 

There are three parts to this survey. When you reach the end of a part, please proceed to the next page 

for the next part. 

 

Important – Anonymity  
 

This survey is anonymous. Please do not reveal any personal information about yourself or others. 

The information you give may be used after the end of the academic project to further develop the 

application. 

 

Please state if you DO NOT want this information to be used for further development. 

 

a) I DO NOT want my responses to be used in further development. 

 

b) I want my responses to be used. 

 

 

 

 

Next Page: Part One – Previous Experience 
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Part One – Previous Experience 
 

These questions identify if you have had previous experience with learning Japanese or have used a 
flashcard application before the use of the project application. 
 

1) Have you studied Japanese previously, whether tutored privately, tutored on a course, or self-

taught? 

 

Yes 

No 

 

2) Have you had previous experience with flashcard applications, such as Mnemosyne and Anki? 

 

Yes 

No 

 

 

 

 

 

Next page: Part Two - Using the Application 
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Part Two – Using the Application 
 

These questions ask you about the usability of the application. 
 

1) How easy is it to navigate the application? 

 

0 1 2 3 4 5 

 

(0 = Impossible, 5 = Very Easy) 

 

 

2) How easy was it to load the character set? 

 

0 1 2 3 4 5 

 

(0 = Impossible, 5 = Very Easy) 

 

3) Do you think that physically clicking on the cards made you more physically and mentally engaged 

with the application? 

 

Yes 

No 

 

4) How challenging did you find the games in terms of the difficulty of knowing which character to 

match with which meaning. 

 

0 1 2 3 4 5 

 

(0 = Not challenging at all, 5 = Far too challenging) 

 

5) How would you rate the feedback on your progress as reported by the application? 

 

0 1 2 3 4 5 

 

(0 = No feedback at all, 5 = Lots of feedback) 

 

6) Was the goal of each game obvious? 

 

Yes 

No 

 

7) Was the goal of each game achievable? 

 

Yes 

No 

 

8) If you answered yes to Part One, Question 2, how does the application compare with other 

flashcard programs in terms of its interface and how the application is used? 
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9) Do you have any comments on how the application could be improved, in terms of offering 

motivation for using the application, engagement between the user and the application, and how the 

user interacts with the application? 

Using a limited number of tries at matching the cards may motivate the player to remember 

characters with words.  Also stating whether each pair the user makes is either correct or 

incorrect would be helpful. 

 

 

10) Note any problems or bugs encountered with the application. 

-Cards were not shuffled and were easily matched. 

-If the second pair of cards were selected before the first, the first pair would disappear with the 

second pair 

-If a pair of cards disappeared due to the bug stated above, then the game cannot be completed 

properly 

 

 

 

 

 

 

 

 

Next page: Part Three - Theory 
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Part Three - Theory 
 

These questions determine whether the application developed was relevant to the analysis gathered 
for the project, and explore options for further study or expansion of the project. 
 

1) As a rough estimate, how many characters did you match correctly first time on the first day? 

These are the characters that disappeared from the columns when matched. Do not include cards that 

you selected but did not disappear after clicking a card in the opposite column. 

 

None 

Very Small Amount (1 or 2 cards) 

Small Amount 

About Half 

Large Amount 

Very Large Amount (95% of all cards) 

All 

 

2) Thinking about the second day; compared to the first day, did you remember more characters? 

 

Yes 

No 

 

3) When using the program do you: 

 

a) Connect the character with its meaning by creating a visualisation or story in your head  

 

b) See particular shapes within characters and use them to remember the character, regardless 

of its meaning 

 

c) Click the characters using little or no effect to build a visual relationship between the character and 

its meaning 

 

4) Do you write the characters on paper while using the application? 

 

Yes 

No 

 

5) As part of learning a language, would you use multimedia, such as anime, manga, games, TV, 

magazines and newspapers to improve your language skills? 

 

Yes 

No 

 

6) Do you agree that there should be a balance between applications teaching characters as just 

flashcards, and using flashcards in a way that involves everyday situations? 

 

Yes 

No 

 

7) Overall, do you feel that the application could be used long-term to learn Japanese characters? 

 

Yes 

No 
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7b) If no, please comment why. 

 

 

 

8) Finally do you have any other comments about the application? 

A good application with a little development, some bug fixes and all games working, could be 

beneficial in teaching foreign languages such as Japanese to beginners. 
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2 Example Consent Form 
 

Northumbria University 

CEIS Research Ethics Sub-Committee 

CONSENT FORM – C 

 

Project Title: Develop a Piece of Educational Software for the Learning of Japanese Characters 

 

Name of the Researcher or Project Consultant: Matthew Tinn 

 

Name of participant: 

 

Participating Organisation: 

 

I consent to take part in this project.  

 

I have had the project explained to me by the researcher/ consultants and been given  

an information sheet.  I have read and understand the purpose of the study.  

 

I am willing to be interviewed.  

 

I understand and am happy that the discussions I will be involved in may be  

audio-taped and notes will be taken. 

 

I understand I can withdraw my consent at any time, without giving a reason and  

without prejudice. 

 

I know that my name and details will be kept confidential and will not appear in any 

printed documents. 

 

The tapes and any personal information will be kept secure and confidential. They will be kept by 

the researcher/project consultants until the end of the project. They will then be disposed of in line 

with Northumbria University’s retention policy. 

 

Anonymised summaries (if required) will be produced from the discussions to be used in the project 

report and in other publications. None of the participants will be identified in the project report or in 

other publications based on this project. Copies of any reports or publications will be available on 

request to participants. 

 

I have been given a copy of this Consent Form. 

 

 

Signed:                                                                                          Date: 

 

 

 

Researcher/Project consultant: I confirm that I have explained the project to the participant and have 

given adequate time to answer any questions concerning it. 

 

Signed:        Date: 
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3 Example Information Sheet 
 

Northumbria University 

CEIS Research Ethics Sub-Committee 

Information Sheet – F 

 
Project Title: Develop a Piece of Educational Software for the Learning of Japanese Characters 

 

Name of the Researcher or Project Consultant: Matthew Tinn 

 
Name of participant: 

 

Participating Organisation: 

 
Project overview: 

 

The project is set to solve the problem of current educational software for learning Japanese 

characters being ineffective, and having a lack of factors of motivation and entertainment. 

 

Project aims: 

 

To construct and evaluate a fun and engaging piece of educational software for learning Japanese 

characters. 

 

Information required and outline of any potential risks involved: 

 

The information required from the participant is how effectively the can use the developed application 

to learn Japanese characters. 

 

The developed application is designed to be a long-term tool assisting learning of Japanese characters. 

It is expected that in the time given for evaluation you will not have sufficient time to show these long 

term effects.  

 

The application is designed to use learning principles based on spaced repetition learning. You may 

have used this method previously during school language lessons. The application uses a set of virtual 

‘boxes’ which store cards. Higher boxes contain cards that you know, while lower boxes hold cards 

you don’t know. If you remember a card, it moves to the next box. If you forget a card it moves to the 

previous box. 

 

Begin using the program on day one. Each time you play a game you will be presented with 5 cards. 

For proper use, it is advisable not to play more than 5 games using the application, as you should be 

aiming to review no more than around 25 cards per day. 

 

At the end of use on day one, complete survey one. At the end of use on day two, complete survey 

two. These surveys are a way to report your comments on the application, which will be used to 

evaluate the effectiveness of the application. Your comments may be used for further development of 

the application. 

 

There are no potential risks involved with using the application.  

 

How the information will be stored and published (if applicable): 

 

The information gathered will be anonymous, and participants will not be identified by name. The 

format “Participant x” will be used. 



Matthew Tinn         CM0645 Individual Project         Project Report         16/07/2013 

                                                                                                                                                                              94 

 

Information gathered will be stored digitally. As the information gathered features no personal data 

other than personal opinions, if it is agreeable with the participant information gathered will be stored 

past the end of the academic timeline of the project so that their feedback may be used in development 

of the application after this time. 

 

Any data that identifies an individual or that failed to receive a participant’s consent on storage must 

be deleted after the academic scope of the project. This includes any form of communication, 

including digital and traditional. 

 

Any other information deemed relevant to the project: 

 

The project is centred on improving engagement and motivation in flashcard applications, particularly 

for the use of languages. The language that the project focusses on is Japanese; however the theory 

may be applied to any spoken language. 

 

You may find the program easier to use if you have previously studied Japanese or have previously 

used a flashcard application such as Mnemosyne or Anki. If you have used these applications you 

may be able to give more thorough evaluation. If you are interested in comparing the applications 

with the application developed as part of this project, these applications are available online under 

GPL licenses. 
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O – Changes to HCI 
 

1 Main Menu 
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2 Match Me 
 

 
 

 

 

 

 

 


