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ABSTRACT

Manual flashcard creation for spaced repetition systems such as Anki remains a time-inten-
sive and technically demanding process, particularly when working with morphologically
complex languages like Estonian. The study addresses the significant challenges associated
with various methods of flashcard creation, which are often time-consuming and technically

demanding due to the complexities of custom templates in Anki.

The primary objective of the research is to enhance the efficiency of flashcard creation by
reducing the time and cognitive load associated with technical tasks, thereby enabling us-
ers to concentrate on educational content. The developed application, Anki Deck Creator,
streamlines the process by providing an intuitive user interface, automating template for-
matting, and ensuring data format compatibility with Anki. Key functionalities include deck
and flashcard management, structured data entry for dictionary entries and word forms, and

automated export functionality.

The study evaluates the effectiveness of Anki Deck Creator through empirical testing in-
volving 16 participants with varying levels of technical proficiency. The results of evaluation
demonstrate that the automatic method significantly outperforms manual and semi-automat-
ic approaches, reducing deck creation time by over 40% and improving user satisfaction and
interface intuitiveness. Participants reported a significant reduction in cognitive and physical

load, validating the application’s ergonomic design and usability.

The study underscores the practical significance of the developed solution, demonstrating
enhanced accessibility and efficiency of spaced repetition tools for language learners. The
thesis concludes with recommendations for further research, including expanding the appli-

cation’s functionality for other languages and conducting larger-scale usability studies.

Keywords: spaced repetition, Anki, flashcard automation, Estonian language learning,

usability evaluation.
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INTRODUCTION

Spaced Repetition

The rapid growth of available information has intensified the challenge of effective knowl-
edge retention. The concept of spaced repetition originates from the pioneering work of the
German psychologist Hermann Ebbinghaus, who first described the laws of forgetting in the
late nineteenth century (Ebbinghaus, 2003). Based on his empirical observations of memory
decay, Ebbinghaus proposed that information should be reviewed at strategically increasing
time intervals — a principle that laid the foundation for what is now known as spaced repe-
tition. This technique, grounded in cognitive psychology, has proven effective in enhancing
memory retention and reducing forgetting rates, and has been widely applied across domains

including foreign language acquisition and professional training.

The spaced repetition technique involves the periodic review of information at increasing
time intervals, thereby activating the mechanisms of long-term memory (Cepeda et al.,
2006). Empirical research confirms that distributed practice is significantly more effective

than massed practice for long-term retention (Kornell, 2009).

Given the growing adoption of spaced repetition in educational practice, a number of ded-
icated software tools have been developed to implement this methodology. The following
section examines the most widely used platforms to identify their strengths, limitations, and

suitability for language learning contexts.

Objective of the Thesis

The objective of this thesis is to develop software capable of automating the creation and

formatting of flashcards in Anki using a dedicated template for Estonian language study.

The application under development has been meticulously designed to address the following
problems:
e Optimize the input and structuring of linguistic material through an intuitive
user interface.
e Automate the application of a specialized flashcard template for Estonian
language learning.

e Ensure formatting consistency with the prescribed template and export data in a format
compatible with Anki.

The practical significance of the work lies in its potential to enhance the efficiency of creat-
ing educational materials by reducing the time allocated to the technical aspects of preparing
flashcards. This, in turn, enables users to prioritize the content component of the educational

process.



The present implementation is deliberately scoped to a single Estonian language template;
however, the application architecture is designed to support extension to additional languag-

es and templates with minimal modification to the codebase.

Tasks of the Thesis

Conduct a comparative analysis of existing methods for creating Anki decks.

Define the functional and non-functional requirements for the application.

Develop the Anki Deck Creator application.

Conduct empirical testing with a target group.

Evaluate the effectiveness of the automated method based on time metrics and custom
usability metrics (described in Appendix 3).



1. COMPARATIVE ANALYSIS OF SPACED REPETITION
SOFTWARE TOOLS

This section presents a systematic comparative analysis of four spaced repetition software
tools — Anki, Quizlet, SuperMemo, and Memrise — evaluated against criteria derived from
software engineering quality models (ISO/IEC, 2023) and educational technology research
(Nakata, 2011). The evaluation criteria are presented in the following section and draw on

software engineering quality standards (ISO/IEC, 2023).

1.1. Evaluation Criteria

The selection of tools for analysis was guided by the following criteria, grounded in estab-

lished software engineering principles (Sommerville, 2016):

e Algorithmic sophistication: Evidence-based scheduling mechanisms that support long-
term retention.

e Functional completeness: Support for diverse content types (text, media, formulas) and
customization options.

e Usability and learnability: Interface design adhering to user-centered principles.

e Cross-platform compatibility and offline functionality: Accessibility across devices
and varying network conditions.

e Extensibility and community support: Availability of plugins, shared content, and ac-
tive development.

e Licensing and cost structure: Transparency of pricing and alignment with open-access
principles.

e Data portability and privacy: User control over content and independence from propri-
etary cloud services.

1.2. Comparative Analysis

1.2.1. Anki

Anki implements a variant of the SuperMemo SM-2 algorithm (Wozniak, 1990), with re-
cent integration of the FSRS, which models memory states using retrievability, stability,
and difficulty parameters (Ankitects Pty Ltd., n.d.). The tool supports heterogeneous con-
tent formats and extensive customization via user-developed add-ons, satisfying criteria of
functional completeness and extensibility. Data are stored locally by default, ensuring user
control and portability. However, the interface exhibits limited adherence to contemporary
usability heuristics, resulting in a steeper learning curve (Surapaneni, 2023). The absence of
integrated gamification or multimedia instructional support may reduce engagement among

novice learners.



1.2.2. Quizlet

Quizlet prioritizes usability through a contemporary interface and multimodal learning ac-
tivities (e.g., matching games, adaptive quizzes). Its extensive repository of user-generated
content supports rapid content deployment. However, the spaced repetition implementation
lacks the algorithmic granularity of Anki or SuperMemo: the platform’s own data indicate
that the majority of users engage with content over too few sessions for the long-term learn-
ing algorithm to function effectively (Mooney, 2017), and the dedicated spaced repetition
feature was discontinued in 2020 (Seibert Hanson & Brown, 2019; FLTMAG, 2024). Ad-
vanced features require a paid subscription, and offline functionality is restricted, potentially

limiting accessibility in low-connectivity contexts.

1.2.3. SuperMemo

SuperMemo employs the proprietary SM-17 algorithm, designed to optimize inter-repeti-
tion intervals based on empirical memory research (SuperMemo World, n.d.). The platform
supports complex knowledge structures and provides detailed analytics for progress moni-
toring. Nevertheless, the interface complexity and Windows-centric platform optimization
reduce cross-platform usability. The limited availability of pre-existing content and higher

cost structure may constrain adoption in educational settings with budgetary limitations.

1.2.4. Memrise

Memrise emphasizes language acquisition through curated multimedia content and mne-
monic strategies, with an interface designed in accordance with modern UX standards (Na-
kata, 2011). However, the tool’s scope is predominantly linguistic, with limited applicability
to other domains. Customization of repetition schedules is restricted, and core functionality
requires an active internet connection or paid subscription. The underlying scheduling algo-

rithm is less transparent and less configurable than those in Anki or SuperMemo.

1.3. Synthesis and Selection Rationale

Based on the evaluated criteria, Anki demonstrates the strongest alignment with require-
ments for a research-oriented SRS tool: it combines algorithmic transparency — demonstrat-
ed through native FSRS support — functional extensibility, data portability, and zero-cost
access. While its usability presents initial barriers, these barriers are mitigated by com-
prehensive documentation and community support (Surapaneni, 2023). In contexts where
immediate usability and multimodal engagement are prioritized over algorithmic control,
Quizlet or Memrise may serve as supplementary tools. SuperMemo remains a viable option

for users requiring advanced analytics, provided platform constraints are acceptable.



1.4. Anki as a Spaced Repetition Tool

For the purposes of this study, Anki was selected as one of the most flexible and functional
tools that support the creation of custom card templates and for its balance of pedagogical
efficacy, technical flexibility, and adherence to open-science principles (Nakata, 2011; Kar-
picke & Roediger, 2008).

The application supports the creation and review of digital flashcards through an evi-

dence-based learning approach'.

The program functions on the principle of active recall, whereby the user creates cards con-
taining a question on one side and the answer on the other. During the learning process, the
program displays the question, and the user attempts to recall the answer. The user subse-
quently verifies the answer by flipping the flashcard to its reverse side using the ‘Show An-
swer’ button (Figure 1).

o User 1 - Anki

File Edit View Tools Help

Decks Add Browse Stats Sync

Crona [Ha BepXxy] Bajsiach Ky

5+0+

Show Answer

Figure 1. The front side of the flashcard with the question.

The user then evaluates the ease with which the information was recalled using the rating
buttons labeled ‘Again’, ‘Hard’, ‘Good’, and ‘Easy’. The program determines the optimal time

for the subsequent repetition of the flashcard, based on the user’s evaluation (Figure 2).

A core feature of Anki is the implementation of the SuperMemo SM-2 algorithm; recent
versions additionally support the FSRS algorithm, which models memory states through re-
trievability, stability, and difficulty parameters (Ankitects Pty Ltd., n.d.). This enables users
to allocate more review time to difficult material while progressively extending intervals for
well-retained content. This approach thereby improves learning efficiency relative to conven-

tional study methods.

1 Evidence-based learning approach refers to instructional methods grounded in empirical research on hu-
man memory and cognition, as opposed to intuition-based or traditional practice.
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o User 1 - Anki
F

le Edit View Tools Help

Decks Add Browse Stats

Crona [Ha Bepxy] Bansnace Ky

Ha croie Bansdjiach CTOIIKA KHHT.

Laua peal vedeles kuhi raamatuid.

&3 kuhi kuhja kuhja
€5 kuhjad Kkuhjade Kkuhje
kuhja

2.6mo

Easy

Figure 2. The back side of the flashcard with the evaluation buttons.

1.5. The Problem

Despite the extensive functionality of the Anki application, there are a number of significant
limitations in working with custom card templates that considerably reduce the efficiency of

using this tool compared to using standard templates.

The primary challenge associated with custom templates pertains to the substantial time
investment required for their customization and maintenance. This limitation stems from the

following factors:

1. The process of creating and modifying custom templates necessitates a foundation of
knowledge in web technologies, specifically HTML and CSS. Individuals lacking profi-
ciency in web development may encounter substantial challenges when attempting even

minor alterations to card design, often requiring additional training.

2. The built-in editor has significant functional limitations. Despite the integration of a ba-

sic visual editor, its functionality does not provide sufficient tools for creating complex

11



types of cards®. This forces users to edit template code directly, substantially increasing

the application’s complexity of use.

The automation of processes is inadequate. The absence of integrated automation tools
for custom template updates and edits necessitates manual execution of routine opera-

tions, thereby increasing error rates and operational overhead.

The complexity of the content fulfillment process is a significant challenge. The utiliza-
tion of custom templates frequently gives rise to numerous interrelated fields, accompa-
nied by intricate display logic. This introduces significant challenges during data entry,

requiring constant verification of each field’s content.

In the context of this project, a custom template is employed, incorporating a field con-
taining data on word forms of the lexeme under study. The arrangement of word forms
in the template is carefully structured, ensuring a consistent sequence that is paramount
for maintaining the uniformity of all cards. Users are required to verify and adjust the
placement of specific word forms within the designated sections of the template. Erro-
neous placement of word forms necessitates further correction, which entails time and

labor costs.

Furthermore, the fields for literal and literary translations, as well as for the original
phrase, are structured identically. To ensure accuracy, users are cautioned not to enter,

for instance, the text of the literal translation in the original phrase field.

The software is deficient in its lack of a data validation system. The software does not
provide built-in mechanisms for checking the correctness of data entered into user tem-
plates, which can lead to incorrect card rendering and complicate the process of detecting

and correcting errors, especially when working with large amounts of data.

The aforementioned factors combine to result in a marked decline in the efficiency of work

with the program, thereby diverting the user’s attention from the educational process to the

resolution of technical issues. This effect is particularly pronounced among novice users,

potentially undermining their motivation to continue using Anki.

Addressing these limitations has the potential to substantially improve the accessibility of

custom templates and, consequently, enhance the functionality of Anki software as an edu-

cational tool.

For the purposes of this study, a “complex type” of flashcards is defined as a configuration retaining the

standard two-sided structure but employing complex formatting elements on the answer side, including tabu-

lar data, hierarchical lists, part-of-speech markers, and multi-level content structure.

12



2. DECK CREATION METHODOLOGIES

2.1. Manual Method

The manual method of flashcard creation involves sequentially entering data into the fields
of a flashcard template using Anki tools. The process requires the user to perform repetitive
operations: entering formatting commands into the appropriate fields (Figure 3) and popu-
lating those fields with lexical data by copying from a linguistic source (e.g., a dictionary,
textbook, or language corpus) or typing manually. This procedure must be repeated for each

field of every flashcard to be created.

The primary limitation of this method is the high time expenditure associated with repetitive
manual data entry for each individual flashcard field (Figure 4).
&
Type SCTOHCKWA (c obpaTHoR CTopoHO) g# Uldtekk
Fields.. Cards.. %
Front
Y Hero KpynHbIiA 1 YeTKMIA NoYepK.
class="sentence":>¥ Hero KPYMHbIA M YeTKMA noyepk.
Translation
Y Hero KpynHbIA 1 YeTKUIA NoYepK.
Original
Tal on suur ja selge kaekiri.
SpeechPart
npunaratensHoe = omadusséna

* NpyWnaraTenbHoe = omadussdna

Forms

AIN.
suur
suure
suurt
MIT.

Tags .
o

Figure 3. The Add screen prompting the user to input the pertinent fields
(‘Front’, ‘Translation’, ‘Original’, ‘SpeechPart’, ‘Forms’, and others). If HTML
formatting is deemed necessary, it can be applied to the content of the fields
(such a field — Front — is highlighted in blue in this figure).
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Manual Method

O
ki qg) Copy data
>3 for a specific
5 (%] flashcard field
i ?
. T
! |
! |
Time ! | Linguistic Source data
consuming ! |
P ~ | | H
Flashcard ‘I 5
adding 1 . () N8 End
—l—»l formattinpl:eym lates — Get data : Paste data
X 9 femp for the field into the field
\ . to the field A
1 . J
S , |
z
[=
<
Go to next field No the ne\?vaf\llaleshcard
All fields
are filled
All flashcards
are added

Figure 4. The diagram shows the process of adding a new flashcard using the Manual
Method. The red border marks the process that consumes the most time and effort.

2.2. Semi-Automatic Method

This method is similar to the manual method, but differs in that the fields of the card are
organized in a tabular format (Figure 5). Both the data and the formatting code for each field

are entered manually into the corresponding cells of the table.
This method requires the use of a spreadsheet application (Figure 6).

The data structure is organized as follows:

1. Each row in the spreadsheet corresponds to a row in the exported CSV file. The first two
rows constitute the file header, containing Anki’s field delimiter and HTML formatting
directives. The remaining rows represent the individual flashcards in the deck.

2. Each column in the spreadsheet row that describes a flashcard corresponds to a separate
field of the flashcard template.
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jlll #separator:tab
Pl htrml:true
<div class="sentence">Kak <span *<div class="sentence">Kak <span F<div class="sentence">Kuidas <spkrnaron <span==</sp
il <div class="sentence">lNaTumeHT *<div class="sentence">MNauneHT <k<div class="sentence">Patsient <skrnaron <span=s</sp
<div class="sentence">Wrpan Amct<div class="sentence">Wrpan mank<div class="sentence">Mangin Amkrnaron <span>s</sp
<div class="sentence">Manbunk 6 <div class="sentence">Manbunk B <div class="sentence">Poiss oli er*cywecTenTensHoe <
il <div class="sentence"><span>Cse* <div class="sentence">W3 - za <s F<div class="sentence"><span=Kilf rnaron <span==</sp
il <div class="sentence">CuTyayun *<div class="sentence"><span>Hec" <div class="sentence">0lukora <#Cyl|ecTBMTENLHOE <
Il <div class="sentence">[Criva Kan* <div class="sentence">buTea Kan# <div class="sentence">Kalevipoja * cywecTEMTENLHOE <
il <div class="sentence">MyxumnHa nt<div class="sentence">MyxumHa n*<div class="sentence">Mees palu? cyWwecTBMTENLHOE <
<div class="sentence">3akoH <sp k<div class="sentence">B 3akoH Ouk<div class="sentence">Seadust < rnaron <span>-</sp
il <div class="sentence"><span>yauk<div class="sentence"></div> <div class="sentence"></div> Hapeuyue <span>=</:
<div class="sentence">[B HebGecax* <div class="sentence">B Hebe nac* <div class="sentence">Taevas kaz cyl|ecTEUTENBHOE <

=]

T

Figure 5. A deck created using a spreadsheet software.

Sequence of deck creation:

4.

5.

Add a CSV file header.

Insert a row describing a single flashcard into the formatting code of the flashcard tem-
plate field in the corresponding column.

If the number of flashcards in the deck is known in advance, copy the previously created
row describing a single flashcard into the specified number of rows.

Paste the data from the linguistic source into the corresponding places of the formatting
code of the flashcard template field marked with a placeholder.

Export the table to a CSV file.

The method eliminates the need for constant manual entry of formatting codes for flashcard

data fields, allowing the user to focus solely on importing data from the linguistic source.

In addition, this approach provides the possibility of simultaneous processing of multiple

flashcards. However, this approach increases the cognitive load, as users must carefully track

the placement of input data within the formatting code of each flashcard field.

2.3. Automatic Method

Automatic method involves the use of the developed application, Anki Deck Creator. Unlike

manual and semi-automatic methods, this approach eliminates the need for auxiliary files

and requires no direct interaction with the formatting code of the card fields. The application

automates both the formatting and the data structuring process, substantially reducing the

time and cognitive load associated with deck creation (Figure 7).

A detailed description of the application’s operating principle is provided in Section 4 (“Op-

erating Principle”).
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Semi-Automatic Method

Copy data
for a specific
flashcard field

Linguistic
Source

i 7
' I
e e e e m e m e EmEm e m - ————— - I
,’,_ ................... \ | :
1 I Preparing a data structure \ : | |
1
Flashcard | - | :
addin 1 .
g 1 I Add a row =
. Add . s | Get data
——  with formatting )
1 | a header value templates | 1 for the field
1
-
1
" I ol
ST T T T T T T
Time All fields Linguistic
consuming are filled T"ﬁ Source
5 data
29 Paste data
29 into the field
© O
o0 \ _
Sa
()
Yes
)
Export data
— S———> PR
No ve into a CSV file 'ﬁ
All flashcards Flashcard
are added ng’?/c?_?”
file
End

Figure 6. The diagram shows the process of adding a new flashcard using the Semi-Auto-
matic Method. The red border marks the process that consumes the most time and effort.
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Automatic Method

Linguistic
Source

Copy data
for a specific
flashcard field

Anki Deck Creator

! |

' |

: | Linguistic
! | -----ﬁSource

' | : data

! |

i

Paste data
into the field

Flashcard
adding

=

Get data
for the field

A
All flashcards
are added
) Export data
Go to next field Ye info 2 CSV file
All fields No T
are filled e H
Flashcard End
collection
CSV-file

Figure 7. The diagram shows the process of adding a new flashcard
using the Automatic Method.

17



3. APPLICATION DEVELOPMENT

3.1. Justification of Development Tool Selection

The selection of software development tools is governed by the project requirements, which
prioritize cross-platform compatibility, long-term maintainability, type safety, and efficient
data interchange. The evaluation criteria were derived from established software engineer-
ing practices and include ecosystem maturity, community support, licensing model, archi-
tectural alignment with proven design patterns, and interoperability with external systems
(Sommerville, 2016). Based on these criteria, the development stack comprising C# with the
NET runtime, the Avalonia UI framework, and JSON is justified as follows.

3.1.1. Programming Language and Runtime Environment

C# was selected as the primary programming language due to its strong static typing, ob-
ject-oriented paradigm, and structured exception-handling mechanisms, which collectively
enhance code reliability, testability, and static analysis capabilities (Microsoft, 2023). The
language’s tight integration with the NET platform provides a standardized base class library,
significantly reducing implementation overhead for routine operations such as file system in-
teraction and data serialization. Furthermore, .NET’s transition to a unified, cross-platform
runtime enables deployment across Windows, Linux, and macOS without platform-specific
code branches, directly satisfying the project’s portability requirements (Microsoft, 2023).
The framework’s permissive MIT/Apache licensing and sustained vendor stewardship en-

sure predictable long-term ecosystem stability.

3.1.2. User Interface Framework

Avalonia Ul is adopted for desktop UI development to fulfill the requirement for a unified,
cross-platform presentation layer. The framework enforces the MV VM architectural pattern,
ensuring strict separation between business logic and interface components, which improves
modularity, unit testing coverage, and long-term maintainability (Negi et al., 2023). Avalo-
nia utilizes XAML for declarative Ul definition, offering a development experience consis-
tent with WPF while extending hardware-accelerated rendering across multiple operating
systems and desktop environments (AvaloniaUI, 2024). Its actively maintained codebase,
comprehensive control library, and extensibility through third-party plugins reduce imple-

mentation time and mitigate technical debt.
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3.1.3. Data Interchange Format

JSON is designated as the primary data serialization and exchange format. Standardized as
a lightweight, text-based notation (RFC 8259), JSON provides human-readable syntax and
native parsing support across modern runtimes, facilitating debugging and interoperability
with heterogeneous systems (Bray, 2017). Compared to verbose alternatives such as XML,
JSON reduces payload size and parsing computational overhead, which is advantageous for
network transmission and configuration management. Its schema-flexible design supports it-
erative development and seamless integration with RESTful APIs, aligning with the project’s

roadmap for third-party service integration.

3.1.4. Comparative Analysis and Final Justification

When evaluated against alternative stacks, the selected tools demonstrate optimal alignment
with the project constraints. While languages such as Python or JavaScript offer rapid pro-
totyping, C# provides superior compile-time type checking and performance predictability
for business logic. Compared to native UI frameworks (WinUI, Cocoa, GTK), Avalonia de-
livers true cross-platform parity with a single codebase, avoiding the maintenance burden of
platform-specific branches. In data serialization, JSON balances developer ergonomics and
processing efficiency more effectively than binary formats — which require strict schema
versioning — or XML, which incurs higher parsing overhead. Consequently, the C#.NET +
Avalonia UI + JSON stack satisfies all defined selection criteria, ensuring sustainable devel-
opment, reduced integration friction, and compliance with industry-standard architectural
practices. This ensures that the resulting application remains accessible, maintainable, and

extensible in the context of Estonian language flashcard automation.
3.2. Application Requirements
Requirements for the application being developed were structured in accordance with estab-

lished software engineering practices (Wiegers & Beatty, 2013; Sommerville, 2015; Interna-

tional Institute of Business Analysis, 2015).

All user interface element names retain their original Russian-language form, as implement-

ed in the application. English translations are provided in the Glossary (Appendix 1).

3.2.1. Functional Requirements

This section presents the functional requirements that define the core behaviour of the ap-

plication.
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3.2.1.1. Deck and Flashcard Management

L.

The system should allow the user to select a deck to edit.

2. The system shall provide for the creation of a new flashcard through a dedicated data

AR

0 00 N

11.

12.

13.

14.

entry interface.

The system should allow the user to initiate editing of a new flashcard.

The system shall provide storage of a list of flashcards in the deck.

The system shall allow the user to select one or more previously created flashcards from
the list of flashcards in the deck.

The system should allow the user to add a new flashcard to the deck.

The system shall allow the user to remove an individual flashcard from the deck.

The system shall allow the user to remove all flashcards from the deck.

The system shall prompt the user to confirm the removal of an individual flashcard from
the deck before executing the operation.

. The system shall prompt the user to confirm the removal of all flashcards from the deck

before performing the operation.

The system shall allow the user to confirm a request to remove an individual flashcard
from the deck.

The system shall allow the user to reject a request to remove an individual flashcard from
the deck.

The system shall allow the user to confirm the request to remove all flashcards from the
deck.

The system shall allow the user to decline the request to remove all flashcards from the
deck.

3.2.1.2. Work With the Flashcard Template Data

L.

2.

10.

The system shall provide the ability for the user to change the value of the ‘/3zyuaemoe
cnoso unu evipaxcenue’ field of the flashcard template.

The system shall provide the ability for the user to change the value of the ‘Yacms peuw’
field of the flashcard template.

The system shall limit the selection of values for the ‘Yacmw peuw’ flashcard template
field to a single value.

The system shall allow the user to change the value of the ‘/Imenumenvrwiii naoexc’ tem-
plate field for singular number.

The system shall allow the user to change the value of the ‘Pooumensusiti nadesc’ word
card template field for singular number.

The system shall provide the ability for the user to change the value of the ‘Ilapmumus’
flashcard template field for the singular.

The system shall provide the ability for the user to change the value of the ‘menumenvhurii
naoexc’ flashcard template field for the plural.

The system shall provide the ability for the user to change the value of the ‘Pooumenvhuuii
naoeaxc’ flashcard template field for the plural.

The system shall provide the ability for the user to change the value of the ‘Ilapmumus’
template field for plural.

The system shall allow the user to change the value of the ‘Kopomkas ¢popma urnamuea’
field of the flashcard template.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

The system shall provide provide the ability for the user to change the value of the ‘MA-
ungunumus’ flashcard template field.

The system shall allow the user to change the value of the ‘DA-ungunumus’ flashcard
template field.

The system shall provide the ability for the user to change the value of the flashcard tem-
plate field ‘U3vasumenvroe naxnonenue (3 1uyo)’.

The system shall allow the user to change the value of the ‘Ilpuuvacmue (cmpadam.
npows.)’ field of the flashcard template.

The system shall provide the ability for the user to change the value of the flashcard tem-
plate field ‘/3vas6umenvroe naxnonenue (3 1uyo, npout.)’.

The system shall provide the ability for the user to change the value of the ‘Ilpuuacmue
(oeticms. npowt.)’ field of the flashcard template.

The system shall provide the ability for the user to change the value of the flashcard tem-
plate field ‘Tloserumenvroe naxnonenue (ed.u.)’.

The system shall allow the user to change the value of the ‘Cmpadamenvnvie 3anoe
(nacm.)’ field of the flashcard template.

The system shall provide the user with the ability to select one or more values for the
‘Vnpasnenue wacmoio peun’ field of the flashcard template.

The system shall allow the user to select multiple values for the ‘Vnpasienue uacmoio
peuw’ field of the flashcard template.

The system shall provide filtering of the list of values of the flashcard template field
‘Vnpasnenue wacmoio peun’ by the first letter of the value.

The system must display all list values for the ‘Vnpasienue uacmoro peun’ flashcard tem-
plate field if the user has not selected a filtering criterion for the list of values.

The system shall provide the ability for the user to reset all applied filters for the flashcard
template field ‘Vnpasienue uacmoio peuw’.

The system shall allow the user to change the value of the /Jocrosnuwiii nepesod’ field of
the flashcard template.

The system should allow the user to change the value of the Ylumepamypuwiii nepesood’
field of the flashcard template.

The system should allow the user to change the value of the ‘Opueunan’ field of the flash-
card template.

3.2.1.3. User Interface Requirements

L.

2.

>

% N o

The system should provide a special interface in the ‘Konmexcm’ tab where users can
mark key words within the learned word’s usage context.

The interface for marking the learned word in the text of the context of use should pro-
vide a choice of one or more words for formatting.

The interface of marking the learned word in the text of the context of use should ensure
that previously selected words are deselected when the marked word is clicked again.
The system should center the main application window in the center of the screen after
the initial boot.

The system should allow the user to resize the main application window.

The system should allow the user to minimize the main application window.

The system should allow the user to maximize the main application window.

The user interface should be divided into two screens: the Deck Selection Screen, the
Edit Screen.

21



10.
11.
12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

The system shall display the deck list on the Deck Selection Screen as horizontally ar-
ranged buttons.

The deck selection button within the Deck Selection Screen must display the national flag
corresponding to the language being learned.

The system should place the Button Bar on the left side of the Edit Screen.

The system should place Tabs Bar on the right side of the Edit Screen.

The system should display the following buttons on the Button Bar in the following order
from top to bottom: ‘Hosas’, /lobasumy’, ‘Yoarumy’', ‘Ouucmumy’, ‘Oxcnopm’, ‘Bvixoo’.
The system should arrange the tabs on the Tabs Basr in the following order: ‘Crosapnas
cmamos’, ‘©opmwi crosa’, ‘©opmwi enazona’, ‘Konmexem’, ‘Cnucok kapmouex’.

The system should hide the ‘@opmsr crosa’, ‘©opmer enacona’ tabs if the user has not
selected any value for the ‘Yacms peun’ field of the flashcard template.

The system must display the ‘@opmsi crosa’ tab if the user selects any value from the
list of values for the ‘Yacms peun’ field of the flashcard template other than ‘/iaeon’ or
‘Inacon cocmasHou’.

The system must display the ‘@opmwr enacona’ tab if the user has selected ‘/nacon’ or
‘Inacon cocmaenot’ from the list of values in the “Yacmw peun” field of the flashcard
template.

The system should display the following tabs after the Edit Screen is displayed:
‘Cnosapnas cmamos’, ‘Konmekcn’, ‘Cnucox kapmouyex’.

The system should group the following fields of the flashcard template on the ‘Crosapnas
cmamus’ tab: ‘Uzyuaemoe cnoso unu svipasxcenue’, ‘Yacms peuu’.

The system shall group the following fields of the flashcard template on the ‘@opmuw
cnosa’  tab:  ‘Umenumenvhviii nadedxc (eouncmeennoe uucio), ‘Hmenumenvolil
naoesic (MHodcecmeennoe uucino)’, ‘Pooumenvuviii nadeoxc (eouncmeennoe uucio)’,
‘PooumenvHulil nadedxc (MHodcecmseenHoe yucio)’, ‘[lapmumue (eOuncmeennoe uucio)’,
‘Ilapmumue (MHodNcecmseHnoe uucio)’, ‘Kopomxas popma unramuea’.

The system shall group the following fields of the word card template on the ‘@opmuwr
enazona’ tab: ‘Da-ungunumus’, ‘HUzvsasumenvroe naxionenue (3 auyo)’, ‘Ilpuwacmue
(cmpao. npows.)’, ‘U3vssumenvroe naxionenue (3 auyo, npout,)’, ‘Ilpuuacmue (Oeticms.
npowt.)’, ‘llosenumenvrioe HakioHenue (edy.)’, ‘Cmpadamenvhuiti 3anroe (Hacm.)’,
‘Ynpasnenue uacmoio peun’.

The system should group the following fields of the word card template on the ‘Konmexcm’
tab: Jocnoeuwiii nepesod’, Jlumepamyphuiii nepesod’, ‘Opucunar’.

The system must provide for each text field responsible for editing template field data a
text label identifying the type of input data.

The system must provide for each text field responsible for editing of template field data
the presence of control element for inserting data from the system clipboard in one action.
The system shall display the list of part-of-speech names on the ‘Crnosapnas cmames’ tab
as independent switches.

The system shall provide the elements of the list of values of the ‘Vnpasnenue uacmoio
peun’ flashcard template field with independent switches, so that the user can select the
elements only by mouse without using the keyboard.

The system shall provide the element of the list of values of the field value list of the
‘Vnpasnenue uacmoio peuu’ flashcard template with a text label displaying the current
value of the list element.

The system shall display the text values of the value list items of the ‘Vnpasnenue uacmoio
peuw’ flashcard template field in lower case.
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28.

29.

30.

31

32.

The system shall sort the elements of the list of values of the ‘Vnpasienue uacmoro peun’
flashcard template field alphabetically in descending order.

The system should display all flashcards of the deck as a list on a separate tab of the user
interface — ‘Cnucok kapmouex’.

The system shall display an information label with the text /[éotinou wenuok onsa npasxu
kapmoukxu’ below the list of flashcards in the current deck on the ‘Crucox xapmouex’ tab.
The system shall display the quantity count of the current deck’s flashcards in the header
of the ‘Cnucox xapmouex’ tab.

The system should sort the items on the ‘Cnucox kapmouex’ tab in the order in which
they are added to the deck: earlier cards are displayed first, then later cards.

3.2.1.4. System Requirements

L.

D

10.

11.

12.

The system shall allow the user to paste text from the system clipboard into text fields in
a single action.

The system must sanitize unwanted characters from data pasted from the system clip-
board into text fields.

The system shall store the flashcard template structure in a separate file.

The system must store the values for the ‘Yacms peun’ flashcard template field in a sep-
arate file.

The system must store the values for the flashcard template field ‘Vupasrenue uacmoio
peuw’ in a separate file.

The system must load the list of values for the ‘Yacms peuw’ flashcard template field
when the application is loaded.

The system must load the list of values for the flashcard template field ‘Vnpasrenue
yacmouio peuu’ when the application is loaded.

The system shall allow the user to correctly end the application through the button on the
Deck Selection Screen.

The system must allow the user to correctly end the application on the Edit Screen
through the button on the Button Bar.

The system should prompt the user to export the deck to a file when exiting the applica-
tion if the deck has not been exported previously.

The system should notify the user when the deck has been successfully exported.
The system must support exporting decks to a CSV file.

The system should allow the user to select the file path where the current deck will be
exported.

3.2.2. Non-Functional Requirements

Given the defined scope of this study, the primary methodological focus was placed on user

interaction scenarios and functional requirements. Non-functional requirements including

performance, security, and reliability — were addressed at a baseline level in accordance with

standard software engineering practices (Sommerville, 2016).

The application is required to operate on Windows, macOS, and Linux; no authentication

mechanism is implemented, as the application processes locally stored data exclusively.
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3.2.3. Graphical User Interface

In accordance with the principles of cognitive ergonomics and human-machine interaction
theory, the application user interface design incorporates several key tenets (Nielsen, 1993;
Norman, 2013). The application architecture is predicated on a two-level navigation model,
incorporating the Deck Selection Screen (Figure 9) and the Edit Screen (Figure 8).

The layout of the Edit Screen is predicated on the binary division of functional zones: the
Button Bar (left panel) and the information-manipulative area (right panel). This segmenta-
tion aligns with the principles of Gestalt psychology concerning the aggregation of related

elements, thereby supporting the formation of a coherent mental model of system interaction.

The left panel of the Edit Screen consolidates data manipulation functions at both the in-
dividual flashcard and deck levels. It also includes export and session termination controls.
The right-hand area, organised into thematic tabs, provides access to the various fields of the
flashcard template.

The segmentation of input fields into thematic tabs represents an implementation of the prin-
ciple of cognitive decomposition, which serves to minimize the mental load on the user. This
approach establishes an intuitive correlation between the semantic elements of the dictionary
and the corresponding interface areas, such as morphological forms or the contextual use of

lexical units.

AnkiDeckEditor

CnoBapHas cTaTbs DopMmbl cnoBa  KoHTeKcT  CnvcoK KapTouyek

[Oo6aenTe

Wsyyaemoe cnoso Mnn BolpaxeHune:

YacTe peun:

¥ cywecrauTensHoe

B +apeuve

B rpvnararensroe

- MeCToOUMEHNE
Buixog BB rnaron

B rnzron cocrashoi

[

- nocnenor

Figure 8. Edit Screen with Button Bar
and the Tabs of the editing steps.
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Each input field is equipped with a dedicated clipboard paste mechanism. This mechanism
eliminates the need to use the context menu of the input field and reduces the physical effort
required to interact with the interface. This solution is based on the principles of minimizing

physical user actions.

The visual design of the interface is characterized by minimalism and high contrast, which
corresponds to the principles of perceptual ergonomics. The minimalist design reduces
cognitive noise, allowing the user to concentrate on the primary task. Concurrently, the

high-contrast design optimizes visual search for controls.

The initialization of the editor in a state of readiness to create a new flashcard is predicated
on the principle of anticipation of user actions. Removing the requirement to manually acti-

vate the new flashcard mode via the ‘Hogas’ button eliminates a redundant interaction step.

The interface architecture thus reflects a consistent application of ergonomic design prin-

ciples aimed at maximising interaction efficiency while minimising cognitive and physical
load.

3.2.3.1. Colors

Dark gray-brown (the main window background): The reduction of text contrast to a com-
fortable level has demonstrated minimized eye strain during extended periods of visual
task performance (Hall & Hanna, 2004). Unlike a white background, which increases lumi-
nance-related eye strain, this approach reduces visual discomfort during prolonged use (Hall
& Hanna, 2004). This feature enables users to distinctly highlight controls and work areas,

enhancing visibility and ease of use.

Rich orange (icons on the buttons): this color’s high visibility against the Button Bar’s dark
background draws attention to controls, making them easily identifiable. Furthermore, rich
orange is associated with positive affect, activity, and energy (Valdez & Mehrabian, 1994).

In addition, unlike red, the color does not elicit comparable visual tension.

Dark purple (the Button Bar background): The visual separation of the Button Bar from
the main workspace is achieved by implementing a color scheme that differentiates these
two elements. Dark purple generates sufficient contrast with the orange button icons, does
not compete with the main content for attention, and establishes a coherent visual hierarchy

within the interface.

The combination of the colors listed above provided several benefits in a professional setting:

e Facilitates effective navigation within the interface.

e Reduces visual fatigue during extended use.

e Enables users to swiftly locate essential controls.

e Fosters a comfortable work environment by avoiding excessive brightness and contrast.
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The selected color scheme aims to balance functionality and visual comfort. Significant at-
tention was devoted to mitigating visual strain during extended work periods, facilitating
intuitive navigation, and establishing a clear visual hierarchy of interface elements. A notable
feature of this scheme is its accessibility for users with color vision deficiencies, achieved

through emphasis on luminance contrast rather than hue differentiation.
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4. OPERATING PRINCIPLE

4.1. Selecting a Deck

Prior to launching the application, the user must select the ‘Eesti Keel’ (est., ‘Estonian Lan-
guage’) deck from the list present on the Deck Selection Screen (Figure 9). The Deck Selec-

tion Screen also contains a button that allows the user to exit the application.

BobiBepu1Te TN KONOALI:

Eesti Keel

Beixog

Figure 9. The Deck Selection Screen of the app with a
list of decks (currently the only deck is ‘Eesti Keel’).

4.2. Flashcard Creation

Following deck selection on the Deck Selection Screen, the application transitions to the Edit

Screen.

The process of creating a flashcard entails a series of steps, each requiring the user to enter
data into specific fields of the flashcard template. The sequence and execution of these steps
may be adjusted at the user’s discretion. Each step is delineated on a designated tab of the

user interface (Figure 10).

Users may navigate between tabs in any order. Each tab contains a dedicated set of UI con-

trols.

CnoeapHan ctatbA KoHTekcT CnMncok KapTodek

Figure 10. The flashcard editing steps tabs.
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The editing process involves entering the following data:

e Data about the dictionary entry.
e Data on word forms (optional).
e Data on context of use.

4.2.1. Entering Dictionary Entry Data

At this stage of the process, the user is required to enter the word or expression that is the
subject of learning in the ‘U3yuaemoe cnoso unu svipasxcenue’ field (Figure 11).
This field is required by Anki for the following purposes:

e as a value when displaying the list of flashcards in the deck;
e as a criterion when searching for a flashcard in decks.

CnosapHas cTaTba ®opmsbl rnarona KoHTekcT Crvcok KapTouek

Wayyaemoe CNOBO UMK BeIpaXeHue:

YacTe peum:

. CyllecTBUTENEHOE
. Hapeuve

. npunararensHoe
. MECTOUMEHWe

»| rnaron

. rnaron cocTaBHOM
. npeanor

. nocnenor

Figure 11. The data about the learned word ‘edendama’ (est, ‘develop’,
‘promote’) is introduced and the part-of-speech type ‘I nacon’ is selected.

When a user creates a flashcard for a single word, it is recommended that they select a value
from the ‘Yacmw peuw’ list. Conversely, if a flashcard is created for an entire expression,
selecting a value from this list is unnecessary, as the expression as a whole — comprising

heterogeneous grammatical elements — is memorized as a single unit.

The data entered in this step will be displayed on the front and back of the flashcard (Figure
13 and Figure 15 respectively).
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4.2.2. Entering Data on Word Forms

If any value from the ‘Yacmo peun’ list was selected in the preceding step (“4.2.1. Entering
Dictionary Entry Data”), the application displays an additional tab for the corresponding
data entry step.

Depending on the part of speech selected by the user, the following tabs will be displayed:

® ‘@opmul crosa’ tab when selecting any values except ‘I nacon’ and ‘I iacon cocmasnow’
(Figure 12).

® ‘@opmul enaeona’ tab when selecting ‘I nacon’ and ‘Inacon cocmasnow’ (Figure 14).

CnosapHas ctatbsl QopMbl cnosa KoHTekcT Cnucok KapTouek

MMeHuTENLHBIA Nagex

PopurensHbiil nagex

Maprutue

KopoTkaa ¢opMa unnatuea

Figure 12. The ‘©@opmer crosa’ tab is displayed.

IIpoGiemsl [Ha peumieHyH] [6pu10 OBI] [B Ccya] oOpallieHre KpalHHE Mepa.
OOpaleHHe B ¢y ObU10 OBl KpaHHEH MEpPOH I pelleHHs IIpo0IeMEL.

Probleemi lahendamisel oleks kohtusse poordumine darmuslik abinou.

abinou abinou abinou

abinoud abinoude abinousid

Figure 13. Forms of the word ‘abinou’ (6 meanings) at the bottom of
the back of the flashcard.
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CnoBapHad cTaTes QopMbl rnarona  KoHTekcT Cnvcok KapTouvek
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Figure 14. Data on verb-type word forms.

4.2.3. The ‘©opmwi crosa’ Tab

In this tab, users are prompted to enter data concerning forms of words that do not constitute
verbs. All fields in this tab are optional. The data from this tab is displayed on the back of
the flashcard (Figure 15).

4.2.4. The ‘©opmwi enazona’ Tab

In this tab, the user enters data on the forms of the word being a verb. All fields in this tab are
optional. In addition to the verb forms, the user may select one or more values for the verb

government type from the ‘Vnpasnenue uacmoio peun’ list, if applicable.

The data obtained from this step will be displayed on the back of the flashcard (Figure 15).

4.2.5. Filtering the ‘Vnpasnenue uacmoio peun’ List

If needed, the user may filter the ‘Vnpasrenue uacmoro peun’ list using a dedicated filter con-
trol (Figure 16). Filtering is performed by the first letter of the list entry. The user applies the
filter by selecting the relevant criterion via the filter button. In the absence of any specified
filter criteria, the list will present all available values. The ‘Copoc’ button resets the current
filter criteria. The filtered list displays only entries whose first letter matches the selected

criterion.
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Kak PAa3BHEATE 3MOITHOHAJIEHYIO HUHTeJUIETeHTHOCTE?

Kak Pa3BHBATL SMOITHOHA/IEHYIO HWHTeJUIETeHTHOCTE?

Kuidas ed da emotsionaalset intelligentsust?

edendama J edendas
edendada edendanud
edendab A edenda
edendatud edendatakse

Figure 15. The verb forms displayed on the back of the flashcard.

NCOK KapTo4eK

anaanekue YacTkH peJu:

©unetp: E K M Cbpoc

[Jet

Figure 16. The list is filtered by the first letter
(‘E”) of its values.

4.2.6. Entering Context of Use Data

At this stage, the user enters data regarding the context of use of the word or expression being

learned (Figure 17).

Subsequent to entering data concerning the context of use in the designated text field, the
user may highlight one or more instances of the studied word within the context using the
‘Mapxep’ control. The selected words will be highlighted in a distinct color on the flashcard
(Figure 18).

4.2.7. Saving the Flashcard to the Deck

After entering the required data, the user adds a new flashcard to the deck by activating the
Jlobasumy’ button located on the Button Bar. The application then adds the new flashcard to

the list displayed on the ‘Cnucok kapmouex’ tab.
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CnoBapHas ctated ®opMbl rnarona KoHTekcT Crvcok KapTouek

[ocnoBHeIA nepesoa;

Kak pasBnBaTbh 3MOLMOHANBHYHO MHTENNEreHTHOCTE?

Kak PasBHMEaTE 3IMOLMOHANBHYIO  HWHTENNEereHTHOCTb

JuTepaTypHbIi Nnepesog;:

Kak pasBnBaTbh 3MOLMOHANBHYHO MHTENNEreHTHOCTE?

Kak ' pasBuBaTb 3MOLMOHANbHYIO HMHTENNEereHTHOCTb

OpuruHan:

Kuidas edendada emotsionaalset intelligentsust?

Kuidas ' edendada emotsionaalset intelligentsust

Figure 17. Context of use of the studied word with marked meanings
(highlighted in orange).

4.2.8. Working With the Flashcard List

Once added, flashcards are accessible via the ‘Cnucox kapmouex’ tab. Flashcards added to

the deck are displayed in the list on the ‘Cnucox xapmouex’ tab (Figure 19).

The ‘Voarums’ and ‘Ouucmums’ buttons on the Button Bar (Figure 8) facilitate the removal
of a flashcard from the deck and the clearing of the entire list, respectively. Furthermore,
the list items are accompanied by checkboxes, enabling users to select one or more required
list items. By double-clicking a list item, users can initiate the editing process for a specific

flashcard, as indicated by a status label at the bottom of the list.

4.2.9. Exporting And Importing the Deck

To add the flashcards created in the application to Anki, the user must perform a sequence
of export and import operations. The first step involves exporting the deck to a file. During
the export process, the user is presented with the option to specify the target directory for the
exported file (Figure 20). Thereafter, the exported file must be imported into Anki (Figure
21), enabling the deck’s flashcards to be reviewed within Anki (Figure 22).
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Preview

Kak PA3BUBATE 3MOITHOHAITEHYIO HHTEJJIETEHTHOCTE?

Kak PA3BHBATE SMOITHOHAIIBEHYIO HHTEJUIeTeHTHOCTE?

Kuidas edendada emotsionaalset intelligentsust?

edendama edendas
edendada edendanud
edendab edenda
edendatud edendatakse

Figure 18. The yellow highlighted learned word is on the back of the
flashcard at the top.

CJ'IOBaDHaFI ctatba KoHTekcT Cnucok KapTo4ek

edendama

[IBOAHOIA LWEeNYoK ANA NPABKW KAPTONKM.

Figure 19. List of flashcards in the collection on the ‘Cnucox kapmouex’ tab.
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Figure 20. The dialog for selecting a path for exporting a deck.

Import File

estonian_collection.csv

File
Field separator

Allow HTML in fields

1 2 3

Kuidas edendada emotsion...

KaK paseuBars JMOUMOHa..
TaTUVEHT XaNoBancs nnox.

Urpan AMcrepaamom - Hass.

Maneumk 6bin [Ha ce6s] cu...

CBepCTaHHbI MaTepwan oc...

Kak pasBnBaT 3MOLMOHaI...
TauveHT XanoBancs Ha nno...
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Figure 21. The dialog for importing a deck of the Anki program file.
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Figure 22. Flashcards successfully imported from a file.
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5. HYPOTHESES

The formulation of hypotheses for the study was based on an analysis of deck formation

methods, including manual, semi-automatic, and automatic methods.

5.1. Hypothesis 1

Anki Deck Creator reduces the time required to create a deck of 10 flashcards by at least 40%

compared to manual and semi-automatic methods.

Rationale: The time required for flashcard creation can be substantially reduced by automat-
ing the following steps in the process:
e Applying a uniform card template, thereby eliminating the need for manual formatting

of each card.
e Automatically allocating input data to the corresponding card fields.

5.2. Hypothesis 2

The application reduces the cognitive and physical load on the user when creating a deck of

10 cards as measured by the custom usability metrics (Appendix 3).

Rationale. Anki Deck Creator provides the following advantages:

e simplifies deck creation through a structured workflow, reducing both physical and cog-
nitive load on the user;

e facilitates vocabulary card creation, thereby reducing user fatigue and improving moti-
vation to maintain decks regularly;

e improves the overall user experience of working with Anki.

36



6. STUDY METHODOLOGY

6.1. Target Group

The survey participants were Estonian language learners who use Anki in their educational

practice.

The study included 16 participants representing diverse age groups (Table 1). The respon-

dents were characterized predominantly by a high level of technical competence.
The mean age of the participants was 29 years.

With respect to their experience with computers, participants demonstrated varying levels of

proficiency, as shown in Table 2 (Appendix 3).

Table 1: Distribution of participants Table 2: Distribution of participants
by age. by computer skills.
Age Number Level Number
Up to 30 10 Basic 1
31-45 5 Junior 0
46 and over 1 Middle 4
Senior 7
Expert 4

6.2. Experimental Environment

All participants provided informed consent prior to the study. No personally identifiable data

were recorded; results were anonymised at the point of collection.

6.2.1. Common Data Set

In accordance with the experimental protocol, each participant was provided with a pre-gen-
erated data set (Appendix 4), comprising vocabulary items derived from an Estonian lan-

guage lexicographic source.

This methodological decision enabled the exclusion of the following variables from the tem-

poral measurements:
1. The influence of individual differences in input device skills, such as speed and manner
of typing on a keyboard and interaction with a mouse.

2. Interaction with the lexicographic data source (electronic dictionary or printed edition).
3. The time required to search for information to be entered into the corresponding flash-
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card fields. In particular, it refers to the selection of authentic contextual example (for the
‘Original’ flashcard field) of the lexeme under study in case of its absence in the dictio-
nary source.

6.2.2. General Conditions

Standardized experimental conditions were established for all participants to ensure compa-
rability of results. The work environment was configured to minimize cognitive and physical
load when switching between applications. To ensure a seamless experience, participants
were permitted to utilize personal peripheral input devices, such as keyboards and mice,

promoting familiarity, particularly in face-to-face sessions.

The study, contingent upon the participants’ capabilities, was conducted in two formats:
in-person and remote. The remote format was implemented using remote desktop software
(TeamViewer, RustDesk) to provide access to the test environment. During the preparatory
stage, all participants were acquainted with the structure of the flashcard and instructed on

the utilization of template tags to format its elements.

Participants with no prior experience with spreadsheet software received brief training in
basic cell and sheet editing operations, reducing the time required to complete the semi-au-

tomatic method tasks.

In order to prevent potential distortion of results and to minimize the number of errors due
to rushed performance, participants were not informed prior to the test that the time taken to

create and compile the deck was being recorded.

6.3. Process of Creating a Deck

Each participant created three identical flashcard decks from the provided data set using each
of the three methods: manual (Anki), semi-automatic (spreadsheet software), and automatic
(Anki Deck Creator).

All participants performed the three methods in the same sequence: manual, semi-automatic,
automatic. This introduces a potential order effect, which is acknowledged as a limitation of
the study (Section 7.1).

6.4. Data Collection and Analysis

The time spent on flashcard creation was measured using an independent timing device.
However, this functionality was not integrated into the spreadsheet software or Anki Deck
Creator due to technical limitations of the Anki application itself. The Anki application does

not currently support such measurement capabilities.
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When calculating the time cost of creating flashcards, the duration of the preparatory phase
related to the configuration of software for processing user input is not taken into account,
since this indicator varies significantly depending on the level of user competence in working

with the relevant tools.

In the manual method, the preparatory phase consists of pasting the test formatting code from
the pre-defined vocabulary card template into the corresponding fields of the Anki application.
The preparatory step in implementing the semi-automatic method consists of formulating
a tabular data structure in which the number of rows corresponds to the expected number of
flashcards in the deck. The cells of this structure contain formatting code for each flashcard

field, in accordance with the prevailing flashcard template.

Furthermore, qualitative user experience testing was conducted to evaluate the usability and

functional effectiveness of the considered deck creation methods.

User interviews were conducted to assess two key aspects of interaction with the system:
the intuitiveness of the user interface and the degree of user satisfaction with the flashcard

creation process.
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7. STUDY RESULT INTERPRETATION AND ANALYSIS

7.1. Limitations of the Study

Several limitations of the present study should be acknowledged when interpreting its find-

ings.

Sample size and its implications

The study involved 16 participants, which represents a relatively small sample for quantita-
tive comparative research. While prior work in usability evaluation has demonstrated that
small samples can be sufficient for identifying usability problems in qualitative assessments
(Nielsen, 1993), Virzi (1992) notes that quantitative comparisons of performance metrics
require larger samples to achieve adequate statistical power. Consequently, the numerical
results reported in this study should be treated as indicative rather than conclusive, and rep-

lication with a larger sample is recommended.

Non-representative skill distribution

The participant pool was characterised by a pronounced overrepresentation of technically
proficient users: 68.75% of respondents were classified as Senior or Expert level (Section 7.3),
with no Junior-level participants. This distribution does not reflect the broader population of
Estonian language learners, which may include users with limited technical skills. As Cre-
swell (2014) notes, convenience sampling — the method employed in this study — frequently
results in samples that are not representative of the target population, thereby limiting the

generalisability of findings.

Possible order effect

All participants performed the three methods in the sequence: manual, semi-automatic, auto-
matic. In within-subjects experimental designs, repeated exposure to similar tasks can intro-
duce practice effects, whereby performance on later tasks is improved due to familiarity with
the task structure rather than the method itself (Shadish et al., 2002). This may have contrib-

uted to the lower time scores observed for the automatic method, which was performed last.
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Single language and single deck template

The application was developed and evaluated exclusively in the context of Estonian language
learning, using a single, predefined flashcard template. The results therefore reflect the per-
formance of the automatic method under these specific conditions and may not generalise
to other languages or template structures. As noted in the Introduction section (“Objective
of the Thesis”, p. 6), the application architecture supports the future addition of further

decks, which would enable comparative evaluation across different linguistic contexts.

Statistical testing

A Wilcoxon signed-rank test was applied to the time measurements, confirming the statis-
tical significance of the observed differences (Section 7.2.3). However, the analysis of user
experience data (Sections 7.3.1—7.3.2) remains descriptive. The custom ordinal scales de-
veloped for this study (Appendix 3) have not been formally validated, and the sample size
(n=16) further limits the applicability of inferential statistics to those measures

7.2. Estimating the Time to Create a Deck

The experimental study revealed significant differences in the temporal characteristics of the
flashcard creation process when applying the three methodological approaches. The charts
in Figure 23 (p. 41) and Figure 24 (p. 42) depict the time it took each study participant
to create a deck using the different methods, as well as showing the average time required to

complete this task within each method.

2500
2000
S 1500
(O]
w
o Manual
£ 1000 — Semi-automatic
[ .
- Automatic
500
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Participant

Figure 23. Total time to create a deck for each participant.
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Figure 24. The mean time required to create a deck.

7.2.1. Manual Method

Average deck creation time: 1244.875 sec., 00:20:44.

This method is characterised by high levels of manual effort and time expenditure. It in-
volves manual handling of flashcard data, which is prone to errors, and requires sustained
user engagement with template formatting strings of the flashcard template fields, thereby

increasing task completion time and cognitive load on the user.
7.2.2. Semi-automatic method

Average deck creation time: 1537.25 sec., 00:25:37.

Contrary to expectations, the automated approach exhibited a prolonged duration in compar-
ison with the manual method. This can be attributed to the complexity of data preparation in
the spreadsheet software and the necessity of executing numerous sequential operations. Of
particular note is the probability of errors in this process is comparable to that of manual data

entry, which underscores the need for rigorous attention to detail in both methods.
7.2.3. Automatic method

Average deck creation time: 571.75 sec., 00:09:31.

Within the scope of this study, the automatic method was determined to be the most time-ef-
ficient among the three approaches evaluated. The principal advantage of this approach is
the minimization of manual intervention and a significant reduction of time costs relative to
alternative methodological approaches. Among the study participants, the manual method
required 117.73% more time and the semi-automatic method 168.88% more time to complete

the task compared to the automatic method.
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The observed reduction of 54.1% exceeds the 40% threshold stated in Hypothesis 1.

To assess the statistical significance of the observed differences, a Wilcoxon signed-rank test
was applied to the paired time measurements (n=16). The test confirmed a statistically sig-
nificant advantage of the automatic method over the manual method (W=0.0, p=0.0000305),
and over the semi-automatic method (W=0.0, p=0.000434). The value W=0.0 indicates that
in all 16 cases without exception, the automatic method required less time than either alter-

native. These results provide statistical support for Hypothesis 1.

Hypothesis 1 is therefore supported.

7.3. Evaluating user experience

User experience was assessed using a custom ordinal scale developed for this study; its scope

and limitations are described in Appendix 3.

The distribution of respondents according to their computer competence level demonstrates a
significant predominance of experienced users (Figure 25): precisely 11 respondents (68.75%)
were classified as either Senior or Expert. A single case is represented by a Basic-level user,

with a complete absence of representatives of the Junior category.

6,25%

25,00%
0,
25,00% M Basic
 Junior
Middle
M Senior
W Expert

43,75%

Figure 25. The distribution of respondents by computer usage experience.

7.3.1. Analyzing the intuitiveness of the user interface

Intuitiveness was assessed using a custom ordinal scale developed for this study; its scope

and limitations are described in Appendix 3.

The provided diagrams — Figure 26 and Figure 27 on p. 44 — illustrate the findings from
an evaluation of user interface intuitiveness across various deck creation methods. The first

diagram displays the distribution of individual user ratings for each method, enabling an
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analysis of the variability in perceived intuitiveness. The second diagram presents the mean
scores for each method, offering a consolidated measure of their overall intuitiveness as as-

sessed by users.
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User assessment

Figure 26. Evaluation of user interface intuitiveness.
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Figure 27. The mean evaluation of the intuitiveness of the user interface.

7.3.1.1. Manual method user interface

The interface posed challenges for the majority of users: Precisely 56.25% of respondents
(9 respondents) characterized it as unintuitive. Conversely, a mere 12.5% of respondents
(2 respondents) found the interface acceptable.

7.3.1.2. Semi-automatic Method User Interface

This interface received the least favourable ratings: 13 respondents (81.25%) characterised

it as unintuitive. While 25% (4 respondents) offered positive ratings, this did not offset the

predominance of negative evaluations.
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7.3.1.3. Automatic Method User Interface

This method received the highest rating in terms of intuitiveness: specifically, 87.5% of re-
spondents (14 out of 16) characterized the interface as intuitive. The absence of negative

ratings further supports the effectiveness of the implemented approach.
7.3.2. Analysis of User Satisfaction

User satisfaction was assessed using a custom ordinal scale developed for this study; its

scope and limitations are described in Appendix 3.

Figure 28 presents a distribution of users based on their satisfaction with the deck creation

process for each method, while Figure 29 illustrates the mean user satisfaction score.

Manual
B Semi-automatic
B Automatic

Very Unsatisfied  Neutral Satisfied Very
dissatisfied satisfied

-

Number of users
O—_NWPAPAOTONOOOWO

User assessment

Figure 28. Evaluation of user satisfaction with the deck creation process.

Manual
B Semi-automatic
B Automatic

1 2 3 4 5
User assessment

Figure 29. The average score of user satisfaction with the deck creation process.
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7.3.2.1. Manual Method

The method is characterized by predominantly neutral evaluation: 56% of respondents (9 re-
spondents) expressed a neutral attitude, while 37.5% (6 respondents) gave a positive evalua-
tion. A single instance of dissatisfaction was recorded, amounting to 6.25% of the total. This

method can be characterized as functionally acceptable, but not optimal.

7.3.2.2. Semi-Automatic Method

The method received a predominantly critical reception, with 56.25% of respondents (9 re-
spondents) expressing dissatisfaction. Conversely, a mere 6.25% of respondents offered a
favorable evaluation. These findings suggest that there are substantial deficiencies in the

implementation of this approach.

7.3.2.3. Automatic Method

Within this study’s sample, the automatic method received notably high user satisfaction
ratings. A substantial majority of participants rated the method positively: 93.75% (15 out of
16) expressed satisfaction. Notably, 43.75% of participants (7 out of 16) selected the highest
possible satisfaction rating. The complete absence of negative ratings further indicates the

approach’s effectiveness.

7.4. Result of the study

The findings of the analysis demonstrate a direct correlation between the time required to
create the deck and the mastery of digital information processing tools, such as the ability
to work with text and a spreadsheet processor. A particularly salient factor complicating the
process of working with the spreadsheet software was the lack of functionality for syntax
highlighting of HTML tags of the flashcard field formatting, which necessitated additional
cognitive and temporal resources from users for preliminary adaptation of the visual data
structure (using colour-coding and cell formatting styles). Conversely, Anki tools with in-
tegrated formatting support enhance the user experience by reducing the time-consuming

manual manipulation of pre-formatting the word card field code.

Analysis of the observational data revealed the predominant cognitive challenges encoun-
tered by participants. The predominant error observed pertained to the erroneous placement
of information blocks within the flashcard field structure. Users inserted some data into the
fields intended for other data. It is noteworthy that the prior familiarity of some participants
with the principles of HTML markup enabled them to adapt more rapidly and to focus more

intently on the content aspects of the work.
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The results of the empirical study indicate a consistent superiority of the automatic method
across all investigated parameters among the participants of this study. The ergonomic de-
sign of the user interface and the high satisfaction scores of the automatic method demon-
strate a significant reduction in the cognitive and physical load on users, thereby supporting
Hypothesis 2. The substantial difference in quantitative scores (approximately 2 points) be-
tween the automatic and semi-automatic methods suggests that the semi-automatic approach

requires fundamental revision or discontinuation.
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CONCLUSION

The present thesis is primarily applied in nature, contributing a working software tool and
an empirical comparison of deck creation methodologies, rather than advancing theoretical

knowledge in the fields of HCI or educational technology.

Specifically, Hypothesis 1 was supported by a 54.1% reduction in deck creation time, and
Hypothesis 2 was supported by consistently high usability ratings for the automatic method.

The results not only support the initial hypotheses of the study, but also demonstrate the
significant potential of automating the process of creating flashcards. Within this study, the
application demonstrated effectiveness in reducing task completion time and cognitive load

among participants.

The present study involved a diverse sample of participants with varying levels of computer
competence and experience with the Anki application. Despite the variation in skill levels,

the automatic method demonstrated a consistent advantage in flashcard creation efficiency.

The findings provide a basis for recommending the application as an effective tool for creat-
ing learning materials for Estonian language learning using the principle of spaced repeti-

tion, particularly when regular preparation of large flashcard sets is required.

In light of the study’s findings, the following recommendations can be made:

1. Adopt the application in educational practice for Estonian language learning.

2. Refine the automation algorithms to further improve flashcard creation efficiency.

3. Conduct additional research to validate the results with a larger and more representative
participant sample.

4. Conduct dedicated usability testing with entry-level (Basic) users to assess accessibility
across all proficiency levels.

Future research could focus on extending the application’s functionality and adapting it for

additional languages.

48



REFERENCES

Ankitects Pty Ltd. (n.d.). What spaced repetition algorithm does Anki use? https://fags.
ankiweb.net/what-spaced-repetition-algorithm (accessed April 27, 2025)

AvaloniaUl. (2024). Avalonia documentation. https://docs.avaloniaui.net/ (accessed April
27, 2025)

Bray, T. (2017). The JavaScript Object Notation (JSON) Data Interchange Format (RFC
8259). Internet Engineering Task Force. https:/www.rfc-editor.org/rfc/rfc8259

Brooke, J. (1996). SUS: A “quick and dirty” usability scale. In P. W. Jordan, B. Thomas, B.
A. Weerdmeester, & 1. L. McClelland (Eds.), Usability evaluation in industry (pp. 189—
194). Taylor & Francis.

Cepeda, N. J., Pashler, H., Vul, E., Wixted, J. T., & Rohrer, D. (2006). Distributed practice
in verbal recall tasks: A review and quantitative synthesis. Psychological Bulletin, 132(3),
354-380. https://doi.org/10.1037/0033-2909.132.3.354 (accessed April 27, 2025)

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods ap-
proaches (4th ed.). SAGE Publications.

Ebbinghaus, H. (2003). Memory: A contribution to experimental psychology. In M. Wert-
heimer & C. W. King (Eds.), The history of psychology: Fundamental questions (pp.
168—177). Thomson/Wadsworth.

Field, A. (2013). Discovering statistics using IBM SPSS statistics (4th ed.). SAGE Publica-

tions.

Hall, R. H., & Hanna, P. (2004). The impact of web page text-background colour com-

binations on readability, retention, aesthetics and behavioural intention. Behaviour and
Information Technology, 23(3), 183—195. https://doi.org/10.1080/01449290410001669932
(accessed April 27, 2025)

International Institute of Business Analysis. (2015). BABOK: A guide to the business analy-
sis body of knowledge (3rd ed.). https://www.iiba.org/babok-guide (accessed April 27, 2025)

ISO/IEC. (2023). ISO/IEC 25010:2011 Systems and software engineering — Systems and
software Quality Requirements and Evaluation (SQuaRE) — System and software quality
models. International Organization for Standardization. https://www.iso.org/standard/78176.
html (accessed April 27, 2025)

Karpicke, J. D., & Roediger, H. L. (2008). The critical importance of retrieval for learning.
Science, 319(5865), 966—968. https://doi.org/10.1126/science.1152408 (accessed April 27,
2025)

49



Kiligkaya, F. (2014). Technology & language learning. AATSEEL Newsletter, 57(3), 12—14.

Kornell, N. (2009). Optimising learning using flashcards: Spacing is more effective than
cramming. Applied Cognitive Psychology, 23(9), 1297-1317. https://doi.org/10.1002/acp.1523
(accessed April 27, 2025)

Microsoft. (2023). .NET documentation. Microsoft Learn. https://learn.microsoft.com/en-
us/dotnet/ (accessed April 27, 2025)

Microsoft. (2023). Welcome to C# 12. Microsoft Learn. https:/learn.microsoft.com/en-us/
dotnet/csharp/whats-new/csharp-12 (accessed April 27, 2025)

Nakata, T. (2011). Computer-assisted second language vocabulary learning in a paired-as-
sociate paradigm: A critical investigation of flashcard software. Computer Assisted Lan-
guage Learning, 24(1), 17-38. https://doi.org/10.1080/09588221.2010.520675 (accessed April
27, 2025)

Negi, A. S. & Vaidya, H. & Chauhan, R. (2023) Design and Development of a LMS with
MVVM Architecture, 2023 International Conference on Sustainable Emerging Innovations
in Engineering and Technology (ICSEIET), Ghaziabad, India, pp. 820-823, doi: 10.1109/
ICSEIET58677.2023.10303333 (accessed April 27, 2025)

Nielsen, J. (1993). Usability engineering. Morgan Kaufmann.

Norman, D. A. (2013). The design of everyday things (Revised and expanded ed.). The MIT
Press.

Schafer, S. M. (2005). Web standards programmer’s reference: HTML, CSS, JavaScript,
Perl, Python, and PHP. Wrox.

Seibert Hanson, A. E., & Brown, C. M. (2019). Enhancing L2 learning through a mobile
assisted spaced-repetition tool: An effective but bitter pill? Computer Assisted Language
Learning, 33(1-2), 1-23. https://doi.org/10.1080/09588221.2018.1552975 (accessed April 27,
2025)

Shadish, W. R., Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimen-

tal designs for generalized causal inference. Houghton, Mifflin and Company.
Sommerville, L. (2016). Software engineering (10th ed.). Pearson.

SuperMemo World. (n.d.). SuperMemo algorithm. https://help.supermemo.org/wiki/Super-
Memo_Algorithm (accessed April 27, 2025)

Surapaneni, K. M. (2023). Factors to consider while implementing spaced repetition soft-
ware applications like Anki as a learning tool in medical education. Medical Science Edu-
cator, 33, 1297. https://doi.org/10.1007/s40670-023-01864-2 (accessed April 27, 2025)

50



Valdez, P., & Mehrabian, A. (1994). Effects of color on emotions. Journal of Experimental
Psychology: General, 123(4), 394—409. https://doi.org/10.1037/0096-3445.123.4.394 (ac-
cessed April 27, 2025)

Virzi, R. A. (1992). Refining the test phase of usability evaluation: How many subjects is
enough? Human Factors, 34(4), 457-468. https://doi.org/10.1177/001872089203400407
(accessed April 27, 2025)

Wharton, Ch. & Wozniak, P.A. (1994). SuperMemo. CALICO Journal. Vol. 12, No 1, p. 66-
70.

Wiegers, K., & Beatty, J. (2013). Software requirements (3rd ed.). Microsoft Press.

Wozniak, P. A. (1990). Optimization of learning [Master’s thesis, University of Poznan)].

51



APPENDICES

Appendix 1. Abbreviations and Glossary

Abbreviations

XNk WD
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API — Application Programming Interface

CSS — Cascading Style Sheets

CSV — Comma-Separated Values

GUI — Graphical User Interface

JSON - JavaScript Object Notation

FSRS — Free Spaced Repetition Scheduler

HCI — Human Computer Interaction

HTML - HyperText Markup Language

IEC — International Electrotechnical Commission

. ISO — International Organization for Standardization
. MVVM — Model-View-ViewModel

. REST — Representational State Transfer

. SRS — Spaced Repetition Scheduler

. UI — User Interface

. UX — User Experience

. XAML - eXtensible Application Markup Language
. WPF — Windows Presentation Foundation

Glossary
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DA-ungpunumue — DA-infinitive

MA-ungpunumue — M A-infinitive

Buvibepume mun xonoowt — Choose deck type

Buixoo — Exit

Inazon — Verb

Inacon cocmasnoii — Compound verb

eouinotl wenuox ons npasku kapmouxu — Double-click to edit card
Jlobasumv — Add

Jlocnosnwiti nepesoo — Literal translation

. Eouncmeennoe uucno — Singular

. M3yuaemoe cnoso unu svipascenue — Word or phrase being studied

. M3vaeumenvroe naxnonenue (3 auyo, npowt.) — Indicative mood (3rd person, past)
. Umenumenvuwiti nadesc — Nominative case

. Konmexcm — Context

. Kopomras ¢popma unnamuea — Short illative form

. Jlumepamypnuiii nepesoo — Free translation

. Mapkep — Highlight marker

. Muoowcecmeennoe uucno — Plural

. Hapeuue — Adverb
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20. Hosas — New

21. Opueunan — Original

22. Ilapmumue — Partitive

23. Ilosenumenvhoe Hak1oHenue (ed.u.) — Imperative mood (singular)
24. Ilocnenoe — Postposition

25. Ilpeonoe — Preposition

26. Ilpuuacmue (deticms. npout.) — Participle (active, past)
27. Ilpuuacmue (cmpaoa., npow.) — Participle (passive, past)
28. Ilpunazamenvroe — Adjective

29. Pooumenvnsiti nadesc — Genitive case

30. Cnosapnas cmamusa — Dictionary entry

31. Cnucox xapmouex — Card list

32. CmpaoamenvHulii 3a102 (Hacm.) — Passive voice (present)
33. Cywecmeumenvroe — Noun

34. Yoanumw — Delete

35. Vnpasaenue uacmoio peuu — Grammatical government
36. Qunvmp — Filter

37. @opmul 2nazona — Verb forms

38. @opmul cnosa — Word forms

39. Yacmw peuu — Part of speech

40. Sxcnopm — Export
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Appendix 2. Overview of the formatting code for the flashcard template

The code presented in this appendix is part of the Anki application and defines the visual

layout and appearance of flashcards. A simplified version of the code is provided below.

The HTML and CSS syntax used follows established web standards (Schafer, 2005).

The Front Side

<div class="front-container”>
<p class="section-description®”> [ocnoBHbii NepeBof: </p>

{{Front}}

</div>

The Back Side

<div class="front-container”>
<p class="section-description®> [locnoBHbii nepeBoA: </p>
{{Front}}

</div>

<div class="translation-container”>
<p class="section-description®> JinutepaTypHbii nepeBos: </p>
{{Translation}}

</div>

<div class="translation-container”>
<p class="section-description®”> OpuruHan: </p>
{{Original}}

</div>

<div class="speech-part-container”>
<p class="section-description®> YacTb peuun: </p>
<div class="speech-part”> {{SpeechPart}} </div>

</div>

<div class="forms-container”>
<p class="section-description®”> ®opmbl cnoBa: </p>
{{Forms}}

</div>

<div class="verb-control-container”>
<p class="section-description”> YnpasneHue rnaronom: </p>
{{VerbControl}}

</div>
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The Styles Table

.card {
font-family: “Roboto Slab”, “Noto Serif”;
font-size: 20px;
text-align: center;
color: black;

background-color: red;

}

.front-container, .translation-container, .word-forms-container {
margin-bottom: 16px;

}

.section-description {
text-align: center;
font-size: 0.6em;

color: #665C54;

}
.sentence span { color: #D79921; }

.sentence 1 {
color: #D3869B;

font-style: normal;

}

.word-forms-container {
display: grid;
column-gap: 8px;
grid-template-columns:
max-content max-content max-content max-content;

justify-content: center;

}
.grid-item {

padding: 2px;
margin-right: 16px;
color: black;
text-align: left;

}
.grid-item.form, .grid-item.form-short-into { color: #D5C4Al; }
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Appendix 3. Evaluation Scales

The following scales were developed specifically for this study. They serve two distinct pur-

poses.

The Computer Expertise scale is a classificatory instrument used to characterise participants’
self-reported level of technical proficiency. It is an ordinal scale comprising five levels and
was employed solely to describe the skill distribution of the participant pool (SSection 7.3),
not to evaluate the deck creation methods. As a self-report measure, it reflects participants’

own assessment of their competence rather than an independently verified skill level.

The Degree of Satisfaction and Degree of Intuitiveness scales are custom five-point ordi-
nal instruments designed to capture participants’ subjective experience of the deck creation
process and the user interface respectively. As self-report measures, they reflect perceived
experience rather than objective behavioural indicators such as error rates or time-to-first-
success. Neither scale has been formally validated; their use is therefore exploratory in na-
ture. In particular, the intuitiveness scale represents a single self-reported dimension of a
multi-faceted construct that in validated instruments — such as the System Usability Scale
(Brooke, 1996) — is typically assessed through multiple items. Future studies are encouraged

to employ validated usability instruments to enable cross-study comparison.

Computer Expertise

This scale assesses the user’s level of proficiency in working with computer programs and

devices.

Basic — The user is in the early stages of computer use. Their knowledge is limited to fun-
damental actions: turning the device on, using a mouse and keyboard, and accessing basic

applications such as web browsers and text editors. Ongoing assistance is typically required.

Junior — The user can operate basic software applications, including text editors, web brows-
ers, and email clients, and perform simple tasks such as creating documents, using social

media, and searching the internet. More complex tasks require prompts or guidance.

Middle — The user confidently uses computers for a range of everyday tasks, including
file management, configuring programs and system settings, and using advanced software
features. While occasional difficulties may arise, the user is generally able to resolve them

independently.

Senior — The user has a thorough understanding of operating systems and can customise
programs and system settings, troubleshoot technical issues, and optimise computer perfor-
mance. The user is comfortable multitasking across multiple applications and performing

advanced operations such as creating backups and configuring security settings.
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Expert — The user demonstrates a high level of proficiency across specialised programs and
systems. They are capable of resolving complex technical issues, optimising system perfor-
mance, and applying computers to advanced tasks such as programming and data analysis.

They frequently provide guidance and training to other users.

The Degree of Satisfaction with the Flashcard Creation Process

This scale assesses the user’s perceived convenience and effectiveness of the flashcard cre-

ation process.

Very dissatisfied (1) — The flashcard creation process was complicated, inconvenient, and

time-consuming, with frequent difficulties.

Unsatisfied (2) — The process was cumbersome and presented notable challenges, though the

task was ultimately completed.

Neutral (3) — The process was neither particularly convenient nor inconvenient. No signifi-

cant difficulties were encountered, but no notable comfort was perceived either.

Satisfied (4) — The flashcard creation process was efficient, with no significant issues en-

countered.

Very satisfied (5) — The process was fast and intuitive, with no obstacles encountered. The

overall experience was positive.

The Degree of Intuitiveness of the User Interface

This scale assesses the ease with which the user interface can be understood and used with-

out additional instructions.

Very unintuitive (1) — The interface was difficult to understand and required frequent assis-

tance or guidance.

Unintuitive (2) — The interface was initially difficult to understand; however, after several

attempts, the user was able to grasp its functionality.

Neutral (3) — The interface was not particularly challenging, but lacked clear visual cues for

immediate comprehension.
Intuitive (4) — The interface was simple and intuitive, facilitating ease of use.

Very intuitive (5) — The interface was entirely intuitive, with all functions readily apparent

at first glance, requiring no explanation.
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Appendix 4. Test Data Set

Study participants were provided with the following datasheets to facilitate the formation of

decks.

Kaprouka 1

H3yuaemoe cJI0BO HJIH BbIpaKeHUe

kiiljendama

Yactb peun

Tjaroj

MA-uH(pUHUTHB

HN3bsaBUTEIbHOE HAKJIOHEHHE
(3 im0, mpor.)

kiiljendada kiiljendas

DA-nnpuHuTHB I[IpuyacTue (geicTB. Mpol.)
kiiljendada kiiljendanud

N3bsaBuTEIbHOE HAKJIOHEeHHE (3 JIM10) IloBesuTeIbHOE HAKJIOHEHHE (€/1.4.)
kiiljendab kiiljenda

IIpuyacrue (cTpaga., npouu.) Crpagarte/ibHBbIN 32J10T (HACT.)
kiiljendatud kiiljendatakse

JocJioBHBIN nEepeBoj
[He mpouuTaH].

CeepcraHHbIi MaTepuai octaics(liv) [B oTcyTcBUE BpeMeHU]

JluTeparypHblii M3-3a HEXBaTKK BPEMEHHU CBEPCTAHHBIN MaTepHras He ObLT
nepeBoj MPOYHTAH.
Opurunan Kiiljendatud materjal jii ajapuudusel iile lugemata.

Kaprouka 2

H3yuaemoe cJI0BO HJIH BbIpaKeHUe

kétte maksma

Yactb peun

rJ1aroj COCTaBHOU

MA-uH(pUHUTHB

N3bsaBUTEIbHOE HAKJIOHEHHE
(3 im0, mpor.)

kétte maksma

maksis kétte

DA-nnpuHUTHB

IIpuuacTue (aeicTB. Mpol.)

kétte maksta

kétte maksnud

HN3bsaBUTEIbHOE HAKJIOHEHHE (3 JIUI0)

IMoBesnTeIbHOE HAKJIOHEHHE (€/1.4.)

maksab kitte

maksa kitte

IIpuyactue (cTpaaa., npoii.)

Crpanarte/ibHbIii 32J10T (HACT.)

kétte makstud

makstakse kétte

YupapJ/ieHue 4acThI0 peqyu

| kellele; mille eest

JocJioBHBIN NepeBoj

Wrpan AmctepaaMoM-Ha3BaHHOTO MAJIBYUUKOM, KTO IIJIATUT
[B pyku| cBOETO OTIIA CMEPTH 3a.

1sa surma eest.

JlureparypHblIii Urpan manpunka no uMmeHu Amcrepaam, KOTOPbIA MCTHUT 3a
nepeBoj CMEpPTh CBOETO OTILIA.
Opurunan Maingin Amsterdami-nimelist poissi, kes maksab kétte oma
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Kaprouka 3

I/I3yqaeM0e CJIOBO UJIM BBIPAKCHUE

seletus

Yactb peun

CYIIECTBUTEIBHOE

EanHcTBEeHHOE YUCJI0

MHokecTBEHHOE YHCJIO0

HNMeHuTEIbHBIH NMaxex seletus seletused
PoauresibHBIN Majgek seletuse seletuste
MMapTuTHB seletust seletusi
Koporkas ¢opma niiiaTupa | seletusse
JocJioBHBIN nEepeBoj My>KurHa TOMPOCUJT [C HET0] MUCEMEHHOE OOBSICHEHHE.
JlutepatrypHbIii My>K4rHa TOMPOCUIT OT HETO MTUCHMEHHOE OOBSICHEHHE.
nepeBoj
OpuruHaja Mees palus talt kirjalikku seletust.

Kaprouka 4
H3y4yaemoe cJ10BO WM BbIPAKEHUE sarvik
YacTs peun CYIIECTBUTEIBHOE

Exuncreennoe uncao | MHoOKeCTBEHHOE YHCJIIO
HNmenuTeNbHBIH NMaJEK sarvik sarvikud
PopureanHBINH mage:xk sarviku sarvikute
IHapTuTuUB sarvikut sarvikuid
Koporkas ¢popma miiiatusa |
JocJioBHBIN NepeBojL [Ceraa KaneBa] 6utBa [c Oecamul].
JluTepaTypHbIii butsa Kanera c 6ecamu.
nepeBoj
Opurunan Kalevipoja vaitlus sarvikuga.

Kaprouka S
H3yuyaemoe cJI0BO H/IH BbIPasKeHUE mitmetdhenduslikkus
YacTs peun CYIIECTBUTEIBHOE

EQuHCTBEHHOE YHCJI0

MHokecTBEeHHOE YHCJIO0

HNMeHuTeNLHBIN MaaeK mitmetdhenduslikkus mitmetdhenduslikkused
PopureanHBINH mage:x mitmetdhenduslikkuse mitmetdhenduslikkuste
IHapTuTuUB mitmetdhenduslikkust mitmetdhenduslikkusi

Koportkas ¢popma miiiaTusa

mitmetdhenduslikkusse

JocJioBHBIN nepeBojT CuTtyanuy HEOTHO3HAYHOCTH OBIJIO TPY/THO HETOOIICHHUTH.

JlurepatypHblii HeonHo3Ha4yHOCTH CUTYaIIUK TPYAHO OBLIIO HETOOIIEHUT.

nepeBoj

Opurunana Olukorra mitmetahenduslikkust oli raske alahinnata.
Kaprouka 6

H3yuyaemoe cJI0BO H/IH BbIPasKeHUE tillatavalt

YacTts peun MpHUJIaraTeabHOE

EQuHCTBEHHOE YHCJI0

MHoKecTBEHHOE YHCJI0

HNMeHuTeIbHBIN MAaNEK

ullatavalt

PoauTtesbHbIi Magex

IMapTuTuB
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Koporkas ¢popma niiiarusa

JocoBHBIN nepeBoj YAUBUTEIBHO
JlureparypHbli
nepeBoj
Opurunan
Kaprouka 7
H3yuaemoe cJI0OBO HJIU BbIPAsKEHHE koorem
YacTts peun CYIIECTBUTEIEHOE
EanncrBeHHoe yncao | MHOKeCTBEHHOE YHCJI0
NMeHnTEeNLHBIN MaJEK koorem koormad
PoaurenbHbBIN Magek koorma koormate
MMapTuTHB koormat koormaid

Koporkas ¢popma miiiatusa

JocJioBHBIN nepeBoj

Maunbuuk Obu1 [Ha ce0st] CTUIIKOM OOJIBIION TPY3 CIIUHY

3arpysui.

JlutepatrypHblii ManbpyuK B3BaJIMI HA CeOs CIMIITKOM OOJBITYIO HOIIY.

nepeBoj

Opurunana Poiss oli endale liiga suure koorma selga ladunud.
Kaprouka 8

H3yuaemoe cJ10BO WJIH BbIPAKEHUE kaebama

Yacrb peun TJ1aroi

MA-uH(pUHUTHB

N3bsaBUTEIbHOE HAKJIOHEHHE
(3 siuo, mpor.)

kaebama

kaebas

DA-nnpuHUTHB

I[IpuuacTue (aeicTB. Mpol.)

kaevata

kaevanud

HN3baBuTEIbHOE HAKJIOHEHHE (3 JIUI0)

IMoBesnTeIbHOE HAKJIOHEHHE (€/1.4.)

kaebab

kaeba

IMpuuactue (cTpaaa., npoii.)

CrpanareibHbIii 32J10T (HACT.)

kaevatud kaevatakse
YnpasieHue 4acTbl0 peqyu | mille iile; mida; et; kelle; kuhu; kelle peale; kellele
Joc1oBHBIH nepeBoj [TanueHT xanoBajics MIOX0e CaMOYyBCTBUE HA.
JlurepaTypHbIi [TanueHT xanoBajics Ha IJIOXOE CAMOYYBCTBHUE.
nepeBoj
Opurunana Patsient kaebas halva enesetunde iile.
Kaprouka 9
H3yuyaemoe cJI0BO H/IH BbIPasKeHHE tdiendama
YacTe peun IJ1aroJ

MA-unpuauTH

N3bsaBUTEIbHOE HAKIOHEHNE
(3 1Mo, mpomr.)

taiendama

tdaiendas

DA-ungpuHuTHB

I[Ipuyacrtue (FeiicTB. Mpoil.)

tdiendada

tdiendanud
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N3bsaBUTEIbHOE HAKJIOHEHHE (3 JIUI0)

IMoBeanTeIbHOE HAKJIOHEHHE (€/1.4.)

taiendab

tdienda

IIpuyacTue (cTpaaa., npou.)

Crpanarte/ibHbIii 32J10T (HACT.)

tdiendatud

tdiendakse

YnpasieHue 4acTbi0 peqyu

| mida + millega

HocJioBHBIN nepeBoj 3aKoH JOMOTHUIIN HOBBIM maparpadom.

JluTeparypHblii B 3akoH Ob111 100aBIEH HOBBIN MTYHKT.

nepeBoj

Opurunan Seadust tdiendati uue paragrahviga.
Kaprouxka 10

H3yyaemoe cJ10BO WJIH BbIPAKEHUE edendama

Yacrb peun TJ1aroi

MA-uH(pUHUTHB

HN3bsaBUTEIbHOE HAKIOHEHHE
(3 im0, mpor.)

edendama

edendas

DA-nnpuHUTHB

I[IpuuacTue (FeicTB. Mpol.)

edendada

edendanud

HN3baBUTEIbHOE HAKJIOHEHHE (3 JIUI0)

IMoBesnTeIbHOE HAKJIOHEHHE (€/1.4.)

edendab

edenda

Ipuuactue (cTpaaa., npoii.)

CrpanareibHbIii 32J10T (HACT.)

edendatud edendatakse

YupasiieHue 4acTbi0 peqyu | mida

Jloc/10BHBIN NepeBo/ Kaxk pa3BuBaTh SMOIIMOHAIBHYIO HHTEIIETCHTHOCTD?
JlurepaTypHbIii Kaxk pa3BuBatTh SMOIMOHAIBHYO UHTEJIETEHTHOCTD?
nepeBoj

Opurunana Kuidas edendada emotsionaalset intelligentsust?
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Appendix 5. Example of CSV File Contents of Exported Deck

A fragment of a text file generated by the application and imported into Anki. The lines are

numbered. Long lines are wrapped and indicated with the ‘¢’ symbol.

The excerpt shows the file header (lines 1 and 2), containing the card field delimiter specifi-
cation (the ‘|” character) and a directive instructing Anki to apply HTML formatting to card
fields; and one flashcard’s data (line 3).

1. #separator: |

2. #html:true

1 B33

“<div class="”sentence””’>bpaT <span>gan</span> Knw4u mMou [B O
pyku].</div>”|”<div class=""sentence””>BpaT <span>fan</span> MHe &
Koumn.</div>”|”<div class="”sentence””>Vend <span>andis</span> &
votmed minu katte.</div>”|”Tnaron <span>=</span> Tegusdna”|”<div &
class=""word-forms-container””><div class=""grid-item declension®” o

>MA</div><div class="”grid-item form””>andma</div><div class=""’griditem o

declension””>3P.MIN</div><div class="”grid-item form””>andis</div><div o

class=""grid-item declension®”>DA</div><div class="”grid-item form””’> o

anda</div><div class=""grid-item declension””>NUD</div><div class=""grid-o

item form””>andnud </div><div class=""grid-item declension®”>3P</div> o

<div class=""’grid-item form””>annab</div><div class=""grid-item declension o

»»52p KAS</div><div class=""grid-item form””>anna</div><div class=""grid-o

item declension®”>TUD</div><div class=""grid-item form””>antud o

</div><div class="”grid-item declension””’>AKSE</div> <div class="”grid-o

item form””>antakse</div></div>”|””|”andma”
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