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Abstract
The object of the study is the process of project assessment and control.
During the study, the task of assessing the complexity of an IT project for video 

game localization was solved. In this direction, there has been little research re
cently conducted in the IT industry, mainly aimed at solving organizational problems 
of managing relevant IT projects. Research aimed at solving problems of assessing 
time spent on implementing IT projects for video game localization is mainly of an 
applied nature. Therefore, there is a constant need to conduct scientific research and 
process the experience of individual specialists and IT companies acquired during 
the planning and implementation of IT projects for video game localization.

According to the results of the study, a set of main factors that influence the im-
plementation of a third-level IT project for video game localization was identified, 
and a system for their classification was proposed. Based on the results of identifying 
and classifying these factors, a method for assessing the complexity of an IT pro
ject for video game localization was developed. This method consists of four stages, 
which, in turn, are divided into 12 activities. The features of each of the activities of 
the developed method are described in detail.

Experimental verification of the obtained results was carried out in two stages. 
At the first stage, the developed method was used to assess the duration of the 
Ukrainian localization of the video game "Don't Starve Together". The predicted 
assessment of the translation duration of this game was 32 hours 57 minutes. The 
actual translation duration was 26 hours 26 minutes. The predicted translation du-
ration exceeded the actual one by 24.7%. At the second stage, the effectiveness of 
using the localization characteristics obtained during the assessment of previous 
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IT projects was tested in the project on the Ukrainian localization of the game "Sid 
Meier's Civilization® VI". The predicted translation duration was 11 hours 11 min-
utes. The actual translation duration was 9 hours 57 minutes (the difference with the 
predicted value was 12.1%).

Additionally, the assessment results obtained using the developed method were 
compared with the assessment results obtained using the common methodology for 
assessing time spent on software localization. The results showed that using the de-
veloped method allows for the most accurate estimates of time spent on third-level 
IT projects for video game localization.
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4.1  Introduction

Developers of modern IT products are increasingly focused on consumers from 
the global, rather than local market. However, the adaptation of IT software prod-
ucts to local markets (localization) remains a necessity caused by the prevalence of 
languages, cultural diversity and the specifics of local legislation. One of the most 
complex types of such IT products, from the point of view of localization, are com-
puter games  (or video games). The term "computer game" should be understood 
as a  separate class of application software that involves the interaction of the 
user (player) with other players or a computer in order to achieve a goal set by the 
rules of the  game [1].

Video game localization is a relatively new area of activity in the IT industry. Re-
searchers have recognized that since the 2000s. IT companies have begun to apply 
a new approach known as "deep localization" [2, 3]. This approach requires bring-
ing the game closer to the consumer in each individual localization (everything that 
does not contradict the game world itself and can facilitate player immersion can be 
revised and adapted in accordance with what is considered a more successful local 
influence) [3]. Therefore, modern research suggests dividing the global problem of 
"deep localization" into two separate aspects [2, 4, 5]:

– "linguistic" localization (which mainly concerns the translation process);
– "product localization" (which consists in adapting a product or service to the 

culture and language of customers in a specific target market  [4,  5], even deeply 
changing the relevant structural and artistic aspects of the product).

IT projects for video game localization also differ significantly from other IT pro
jects for the creation, modification or development of IT products. Among the 
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differences of IT projects for video game localization, it is worth noting the special 
requirements that are imposed on the planning of such projects. In particular, during 
planning, an important task is to assess the complexity of video game localization. 
Such an assessment requires a deep understanding of the various factors that affect 
the successful implementation of relevant IT projects. An objective and accurate as-
sessment of the complexity of video game localization allows for increased accuracy 
in planning time and personnel needs for an IT project, and also affects the accuracy 
of assessing financial costs for this IT project.

The current state of research in the field of software localization for IT products 
and video games, as a separate class of such products, demonstrates some progress 
in the development of methods and tools for assessing the complexity of IT projects. 
Separate works by such leading institutions and organizations as the Localization 
Industry Standards Association (1990–2011), the International Game Developers 
Association (IGDA), and some localization service providers are devoted to solving 
the issues of effective management and assessment of localization projects. How-
ever, the problem of increasing the accuracy of assessing the complexity of IT pro
jects for video game localization has not been fully resolved, in particular, due to the 
growth of globalization processes and the complexity of video games. At the same 
time, given the high requirements for translation quality and technical adaptation, 
correct assessment of complexity becomes critically important for the successful 
management of modern IT projects. Accurate forecasting of localization operations 
is critically important, since errors in assessment can lead to underassessment or 
overassessment of resources (team, budget, etc.) or time required for project imple-
mentation. These errors, in turn, negatively affect project planning processes and 
end-user satisfaction. Therefore, research on the development of new and improve-
ment of existing methods for assessing the complexity of IT projects for video game 
localization is relevant from both theoretical and applied points of view.

4.2 � Analysis of current research in the field of software and video 
game  localization

In general, the number of studies in the field of software and video game local-
ization should be recognized as insufficient. Thus, in [2] it was recognized that for 
the period 1981–2021 in well-known journals, conferences and seminars indexed 
in the three main scientific search engines (Scopus, WoS and Google Scholar), only 
45 studies were published on this topic. A similar conclusion was made in [6]: out of 
468 researched scientific articles devoted to the processes of game development, 
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localization was considered in only a few of these articles. At the same time, atten-
tion was mainly paid to the following issues [6]:

– research on regional aspects of game localization;
– research on individual concepts related to game localization.
An important problem was and remains the problem of effective organization 

of localization work. An equally important issue is the possibility of connections be-
tween localization and other work of an IT project on video game development. Un-
fortunately, in the early 2010s, the relationship between localization and software 
development processes was largely ignored in research. In practice, localization was 
often separated from development  [4]. In 2013,  [7] proposed an extended video 
game value chain diagram that included a game localizer (Fig. 4.1).

Hardware 
Manufacturer

Game 
Developer

Game 
Localizer

Publisher Distributor Retail Consumer

Fig. 4.1 Diagram of the extended video game value chain
Source: [7]

As can be seen from this diagram, the game localizer function is excluded from 
the main chain of the IT company. In the process of localizing a game, the localizer 
could interact with the publisher, the game developer, and the hardware manu
facturer [7].

The reasons for this separation are the perception of localization as a labor-
intensive and expensive activity, often performed by external partners of IT soft-
ware development companies. Such external partners have limited access to devel-
opers and rely on documentation and formalized processes. This contrasts with the 
minimal documentation and on-site presence cultivated in Agile IT project manage-
ment methods [8].

This situation has hardly improved in the first half of the 2020s. In [9] it is noted 
that as of 2023, there are almost no studies that analyze localization from the per-
spective of video game development. According to the results of a survey of develop-
ers of video games available in Spanish on Steam, in [9] it was found that the choice 
of translator is influenced by the size and experience of the development company. 
The earlier the localization is planned, the greater the likelihood that the game will 
be translated by a professional who cannot play the game before its translation.  
In general, from the results of the processing of the surveys presented in [9], it is 
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possible to conclude that it is desirable to consider the localization of a video game as 
a subproject or a separate IT project, which is carried out in parallel with the IT pro
ject for the development of the video game. However, the models and methods of 
managing an IT project for the localization of a video game are formed exclusively 
on the basis of the private experience of individual specialists and IT  companies 
and have hardly been studied by scientists.

This conclusion is confirmed by the results of field research by a specialist in 
the field of video game localization M. Toftedahl. Based on the results of this re-
search, published in [10], he proposed to present the organizational structure of an 
IT company for the development of games in the indie sector in the form of a  dia-
gram shown in Fig. 4.2.
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Fig. 4.2 Structure of an indie game development company based  
on field research in Sweden and China

Source: [10]

As can be seen from the diagram in Fig. 4.2, game localization is a work or sep-
arate IT project that is performed both by the IT development company and by the 
external (relative to the IT development company) environment. The interaction of 
the IT development company with such external projects in [10] is proposed to be 
organized through the management of the competencies of the performers of these 
external projects. However, in the studied cases of video game localization, the re-
sults showed that localization is a more demanding IT project than initially planned. 
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Even if the support of competencies from the external environment is used, manage-
ment and development should also largely take place in the internal environment of 
the IT development company [10].

In general, based on the results of the research conducted in [10], the following 
general conclusions were formulated:

–  game localization is one of the important development tasks that must be 
planned in a timely manner;

– game localization is a task which complexity is underestimated;
– localization is not the main (critical) element of the IT project for developing an 

indie video game, it is implemented as needed;
– in the context of indie game development, game localization is synonymous 

with translation, more complex aspects of localization related to game mechanics 
and game design (the so-called culturalization of the gameplay) require addi
tional  research.

The factors identified as contributing to success in game localization in [10] are:
– cultural sensitivity;
– effective communication and collaboration;
– use of localization tools and technologies.
The author of [10] believes that these factors are likely to be relevant to game 

localization efforts in different contexts and game genres.
Among the problems faced by game localization professionals,  [10] specifi

cally  mentions:
– tight localization deadlines;
– the need for effective localization project management.
These problems, according to the author of [10], are likely common to the en-

tire  industry.
The main tools used in the process of video game localization will remain ma-

chine and automated (computer-aided translation, CAT) translation systems. How-
ever, the use of such systems has its own characteristics, which depend on both 
the translator and the language into which the text is translated. The experience 
of using machine translation systems in the process of software localization under 
the conditions of daily work of professional translators for languages with low re-
sources and rich morphology (Czech, Estonian, Hungarian, Latvian, Lithuanian and 
Polish) is reviewed in [11]. The results of experimental studies showed that the 
use of machine translation suggestions in addition to the use of CAT increased the 
productivity of translators in all assessment experiments. However, significant dif-
ferences were observed in the productivity of different translation tasks and in the 
results of different translators. In [11] it was proposed to explain these differences 
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by the work mode and skills of individual translators. It should also be noted that 
the error rate increased in all of the experiments (except one), while remaining at 
the "Good" quality level. This result was explained in [11] by the fact that transla-
tors tend to trust the suggestions coming from the machine translation tool and do 
not check them sufficiently, even if they are marked as machine translation sugges-
tions. It should be recognized that with the development of the capabilities of arti-
ficial intelligence tools, interest in the use of such tools in the field of software and 
video game localization has increased. Thus, in [12] an example of tuning the orig-
inal neural machine translation model RNN-encoder-decoder with the addition of 
categorical information related to the problem of rare words (words that relate to 
a certain subject area, which is a common phenomenon in the text of software) is 
considered. However, this model has not been tested for video game localization 
and, according to the authors, provides successful translation results mainly for 
English and other official languages used by the United Nations [12].

The use of GPT capabilities for video game localization was investigated in [13]. 
The results show that the GPT-4 model is capable of providing multilingual out-
put in a structured form. The GPT-4 model seems to have the ability to support  
the resolution of transcreation-related problems such as brainstorming, compar-
ison, and coherence, although the results are not always satisfactory, and there 
are errors including conceptual repetition, formatting issues, and inappropriate 
or unusual portmanteau. In terms of output quality, the English-Chinese combina-
tion appears to be less creative compared to adaptations from English into French 
or Spanish. However, to draw any conclusions on this issue, further comparative 
qualitative and quantitative studies are needed, as well as reception studies 
among users to find out their preferred translations, as creativity is a highly sub-
jective matter [13].

However, the use of GPT-4 for video game localization is not free from many 
drawbacks, among which [13] particularly highlight the following:

– the strong dependence of localization performance on the specific arrange-
ment of tokens in the GPT-4 model;

– the limitation of the amount of context that can be used to improve coherence 
can lead to transcreations that deviate from previous work or do not correspond to 
the setting of the video game;

– GPT models can produce hallucinatory or nonsensical results or contain gram-
matical or spelling errors;

– GPT models may not take into account culturally sensitive issues, which can 
lead to the perpetuation, reproduction, and even reinforcement of stereotypes and 
prejudices that were present in the training data of these models;
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– the different amount of data available in different languages affects the qual-
ity of results for certain language pairs during translation and cultural adaptation;

– GPT models risk violating copyright and intellectual property laws, which can 
expose users to financial and legal consequences;

– GPT models are currently limited by paid access, and the number of monthly 
messages allowed by more powerful models is limited, which negatively affects the 
localization market and workforce;

– opacity, together with the randomness of the results, limits the interpretabil-
ity and applicability of the GPT model, as well as the reproducibility of the results.

However, the authors of the study [13] note that the results obtained and the 
identified limitations of the application of GPT models for video game localization 
were established by them on the example of one video game. Therefore, additional 
research is required to clarify the conclusions regarding the possibility and feasibility 
of using GPT models for video game localization. In general, [13] recommends using 
the capabilities of GPT models to interact with such categories of localization special-
ists as interns and beginners. Thanks to the capabilities of GPT models, these cate-
gories of specialists can increase their productivity and creativity, while maintaining 
control over the result using spoken machine transcreation based on prompts [13].

Summing up the interim results of the analysis of research on game localiza-
tion tools, it should be recognized that the main localization tools remain the hu-
man translator and the CAT and machine translation tools he/she uses. The main 
advantages of using such tools are their speed and cheapness compared to human 
translation. However, the use of machine translation has a number of disadvantages, 
among which it is especially worth noting:

– the impossibility of a complete and high-quality understanding of the context;
– the inability to interpret idioms and cultural features;
– the inability to convey the literary features of the text;
– difficulties with the translation of highly specialized texts;
– the inability to be creative.
Therefore, it is impossible to fully localize a video game using machine trans-

lation tools, especially while maintaining the consistency of terminology, ensuring 
its correctness, and taking into account textual and linguistic features. Editing such 
a  text requires a large number of editors, and its result will contain more undetected 
errors. To combine the advantages of each method, machine translation tools can 
be used in some cases at the translator's discretion to speed up the translation of 
individual translation units, rather than the text as a whole. The term "translation 
unit"  (TU) should be understood as the smallest indivisible text that can be repre-
sented by a word, phrase, sentence, or set of sentences [14].
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Thus, based on the results of the analysis, it is possible to conclude that there 
is a need for a modern perception of video game localization as a separate type of 
IT  project. The main resources of these IT projects are game text translation spe
cialists and CAT and machine translation tools. Modern Agile and hybrid method
ologies can be used for the general management of such IT projects. However, spe-
cific methods and models for assessing, planning, and managing the work of such 
projects remain almost unexplored.

Therefore, the aim of this study is to develop a method for assessing the complex-
ity of video game localization work with increased accuracy. This increase is planned 
to be achieved by taking into account a larger number of factors affecting the com-
plexity of localization work than in currently existing methods.

To achieve the aim, it is proposed to solve the following objectives:
–  develop a method for assessing the complexity of an IT project for video 

game  localization;
– carry out experimental verification of the developed method.

4.3  Basic research method

The object of the study is the process of project assessment and control. The pur-
pose of this process is to ensure the balance and feasibility of plans, determine the 
status of the project, its technical implementation and implementation of processes, 
ensure implementation according to plans and schedules within the projected bud-
gets for technical tasks [15].

The main hypothesis of the study is the hypothesis of the possibility of increasing 
the accuracy of forecasting the duration of the IT project for video game localization 
by means of:

– research of factors that affect the complexity of localization work;
– development of a method for assessing the complexity of the IT project for 

video game localization.
The main assumption of the study is the assumption about the method of im-

plementing the IT project for video game localization. According to the results of 
the analysis of modern scientific research presented in Section 4.1, this method is 
considered as the translation of game texts by a human translator using machine 
translation tools.

A study of current experience in quantitatively assessing time costs as an 
indicator of the complexity of an IT project for video game localization [16–19] 
showed that the main method of such assessment remains the method based on 
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the number of words. This method is based on calculating the indicator of transla-
tion time costs test according to the formula

test = w/s,	 (4.1)

where w – the number of words in the text being translated; s – the recommended 
translation speed.

Different variations of this methodology can use different analogues of the in-
dicators of the number of words in the text being translated and the recommended 
translation speed. Thus, instead of the indicator "Number of words in the text being 
translated", the following indicators of text volume can be used:

– "Total number of words in the localization file" (indicator W1);
– "Number of unique words in the localization file" (indicator W2);
– "Number of words in unique TUs of the localization file" (indicator W3).
The software translation speeds recommended in [16–19] can be characterized 

by the following indicators:
– "Interface translation speed" (indicator S1) [16, 17];
– "Speed taking into account the complexity of the text" (indicator S2) [18];
– "Baseline speed" (indicator S3) [19].
A comparison of the above speed indicators is presented in Table 4.1.
The considered indicators W1–W3 and S1–S3 can be compared depending 

on whether they take into account certain factors of localization complexity. The 
results of the comparison of the complexity factors considered in [16–19], which 
are taken into account by variations of the method based on the number of words,  
are given in Table 4.2.

The variants of the translation duration assessment methodology defined 
in [16–19] offer slightly different indicators for assessing the translation duration. 
However, all of these variants state that the duration of editing is equal to half the 
duration of the text translation work.

Table 4.1 Comparison of translation speed indicators proposed in [16–19]

Indica-
tors

Recommended 
speed, words/day

Recommended 
speed, words/hour Availability of variability

S1 2000 250 Present (depends on the type of content)

S2 1200–4000 200–500 Present (depends on difficulty)

S3 2500 300 Absent

Source: [16–19]
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Table 4.2 Results of the comparison of the complexity factors, taken into account 
by  variations of the method based on the number of words

Factor
Indicator

W1 W2 W3

Text volume Takes into 
account

Takes into 
account

Takes into 
account

Text complexity Doesn't count Doesn't count Doesn't count

Speed of the method application Very high High High

Need for preliminary data processing Absent Necessary Necessary

Taking into account the linguistic  
features of the text

Doesn't  
count

Doesn't  
count

Doesn't  
count

Uniqueness of the text Doesn't  
count

Takes into 
account

Partially takes 
into account

Factor
Indicator

S1 S2 S3

Text volume Takes into 
account

Takes into 
account

Takes into 
account

Text complexity Partially takes 
into account

Takes into 
account

Doesn't  
count

Speed of the method application High Low Very high

Need for preliminary data processing Absent Necessary Absent

Taking into account the linguistic  
features of the text

Doesn't  
count

Partially takes 
into account

Doesn't  
count

Uniqueness of the text Doesn't  
count

Partially takes 
into account

Doesn't  
count

The main drawback of the considered indicators of text volume and translation 
speed is that they do not take into account the complexity of the text (with the ex-
ception of S2). The factors considered in Table 4.2 are sufficient for comparing the 
indicators with each other. However, the list given in Table  4.2 is not an exhaus-
tive list of factors that determine the duration and complexity of translation work.

According to the data in Table 4.1, it can be concluded that in [16–19] the recom-
mended translation speed is set at or close to 300 words per hour. In cases where the 
translation work is already in progress, the average translation speed can be taken 
as the recommended speed. However, this indicator will be individual for each indi
vidual translator.
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The review of the methodology based on the number of words allowed to draw 
the following conclusions:

– this methodology was and remains the most common means of calculating the 
duration of an IT project for the localization of an IT product;

– this methodology does not take into account a number of indicators that di
rectly affect the duration of translation;

– this methodology is a quick, but not accurate way of calculating the predicted 
duration of translation in an IT project for the localization of an IT product;

– among the studied variations of this methodology, only variations based on the 
S2 indicator take into account the complexity of the text when calculating the dura-
tion of the localization of an IT product.

Therefore, when developing a method for assessing the complexity of an IT pro
ject for the localization of a video game, the considered features of the methodology 
based on the number of words should be taken into account in order to eliminate the 
identified shortcomings of this methodology.

It is proposed to divide the experimental verification of the research results into 
two stages:

– the main stage;
– the additional stage.
The purpose of the main stage is to verify the effectiveness of the developed 

method for assessing the complexity of an IT project for video game localization in 
comparison with the existing method based on the number of words. To verify this 
effectiveness, it is proposed to use the following indicators: absolute localization du-
ration, relative error in the prediction of localization duration, relative average error 
in the translation duration of localization files.

The purpose of the additional stage is to verify whether the values of the pro-
posed individual translation speed coefficient (ITSC), which were obtained within 
the IT project for the localization of one video game, can be used in the IT project for 
the localization of another video game. This will allow to investigate the possibility of 
applying the proposed ITSC in games that differ in genres and text styles.

Crowdin [20] was chosen as the CAT tool for video game localization used during 
the experimental verification of the research results. It is a cloud platform for man-
aging translations and localization. It is suitable for localizing desktop and mobile 
applications, websites, and software documentation. Crowdin is a Ukrainian devel-
opment and performs the same functions as Phrase Strings [21], but has both a paid 
subscription and a free version. The free version allows to create public and private 
projects up to 60,000 words. Crowdin contains information on over 176,000 local-
ization projects and over two million registered users.



140

Management of a modern IT company: theoretical and technological aspects

4.4 � Results of the development of a method for assessing the complexity 
of an IT project for video game localization

4.4.1 � Identification of factors affecting the complexity of video game 
localization work

As noted above, the list given in Table 4.2 is not an exhaustive list of factors that 
determine the duration and complexity of translation work. Therefore, to develop 
a  method for assessing the complexity of an IT project for video game localization, 
a  special study was conducted to identify the main classes and groups of factors 
that can affect the progress and results of such an assessment [22].

According to the results of this study, it is proposed to divide the entire set of 
main factors that affect the progress and results of assessing the complexity of an 
IT  project for video game localization into three main classes (Fig. 4.3):

– class of technical factors;
– class of factors set by the customer;
– class of factors determined by volume and content limitations.
It is proposed to include a set of limitations in the class of technical factors, 

which are primarily determined by the architecture of the IT product being local-
ized, as well as the capabilities of the software used for localization. It is proposed 
to divide this set into the following groups of factors:

– "Selected CAT tool";
– "Localization file structure";
– "Variable organization";
– "Limitations on the number of characters".
The group of factors that describe the selected CAT tool characterize the envi-

ronment in which the members of the localization team will work. A common feature 
for all CAT tools is that they allow to upload localization files in the original language, 
translate and edit text in a convenient interface, and at the output receive already for-
matted localization files in the target language. Most of these tools have the ability to 
connect translation memory and machine translation, distribute tasks between em-
ployees, track project progress, and allow to create and use dictionaries and glossaries.

The main differences between CAT tools are in tariff plans and functional fea-
tures, such as: version control systems, automatic payment generation, project and 
participant statistics, etc.

The group of factors "Localization file structure" is determined by the developer. 
It is proposed to divide this group into the following subgroups of factors: distribu-
tion of TUs by files, quality of description of individual TUs.
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Factors affecting the complexity 
of computer game localization work

Technical factors Customer-defined 
factors

Factors due to volume 
and content limitations

Selected 
CAT toolkit

Localization 
file structure

Variable 
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limits

Volume of data 
for localization

Text 
complexity

Translators' 
familiarity with 
the subject area

Translators' 
experience

Completeness 
of translation 

memory

Unit substitution 
and formatting

Language 
pair

Localization 
level

Glossary 
availability

Translation quality 
requirements

Use of machine 
translation

Fig. 4.3 Classification scheme of the main factors that influence the progress and results 
 of the assessment of the complexity of an IT project for video game localization

The subgroup of factors "Distribution of TUs by files" characterizes how exactly 
TUs are distributed by developers across the file system. This distribution can occur 
in one of three ways:

– all TUs are contained in a single localization file;
– TUs are distributed across a set of several files;
– TUs are stored in a folder tree, where each folder is responsible for a separate 

group of localization files, united by common features.
The quality of the description of individual TUs involves their meaningful naming. 

Such naming simplifies the translator's understanding of the context and simplifies 
finding the TU's place in an IT product (in particular, in a video game).

If the localization files are organized as a tree, it is possible to determine the pur-
pose of each TU group. Each TU has a key by which it is stored and inserted into the 
IT  product. If the keys have meaningful names, the localization team can automati-
cally distribute TUs to localization files. This will allow each employee to be respon-
sible for translating files containing related TU groups. In addition, such a structure 
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allows to quickly understand the context of the TU being translated and, if necessary, 
find the desired TU in the IT product.

The subgroup of factors "Variable organization" characterizes the quality of 
variable naming and the number of these variables. This affects readability and un-
derstanding of the context. A large number of variables in a TU negatively affects 
its readability, as does their meaningless naming. High-quality organization of vari-
ables allows to better understand the context in which the TU is used, simplifies 
the coordination of words in a sentence, and increases its readability by translators 
and editors.

The subgroup of factors "Character Limits" characterizes the correspondence 
of the size of the translated content to the interface element in which it needs to be 
placed. First of all, the restriction is imposed on those TUs that are used to describe 
user interface elements. This achieves the correctness of the display of interface el-
ements and texts. However, such coordination complicates the localization process 
by the need to fit the translated text into a limited set of characters. This may require 
the use of synonyms, alternative forms, abbreviations, but should not affect the con-
tent embedded in the TU.

The class of factors established by the customer proposes to include a set 
of restrictions that guide the localization process of an IT product and are deter-
mined by the customer. This set is proposed to be divided into the following groups  
of factors:

– "Language pair";
– "Localization level";
– "Localization quality requirements";
– "Permission to use machine translation";
– "Glossary availability".
The group of factors "Language pair" characterizes the pair of languages with 

which the translator works, namely: the original language and the target language. 
The analysis showed that today for most software products that are localized, the 
original language is English, however, in some cases the original language may be dif-
ferent. The localization process can be complicated depending on the language pair, 
namely the features of the target language and the original language, which differ. 
Such features may include:

– belonging of a pair of languages to different groups that determine the way 
words are formed in the language (agglutinative, inflectional or root languages);

– differences in the agreement of parts of a sentence depending on the gender 
and number of the noun;

– direction of writing the text, etc.
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The group of factors "Localization level" characterizes the type of content that 
will be localized. In total, it is proposed to consider four levels of localization of video 
games, the choice of which depends on the volume of content to be localized [23].

The first level of localization involves the availability of the product in the local 
market in its original form. With the advent of digital distribution platforms such as 
Steam, Xbox, etc., the distribution of games has become much easier and does not 
require additional costs for delivering physical media to stores.

The second level of localization involves the localization of the game packaging 
(in the case of digital media – the store page) and documentation, but not the game 
content itself.

The third level of localization involves full text localization of the game, but not 
the sound. In this case, the interface and subtitles of the game must be fully localized.

The fourth level of localization involves full localization of the game, which in-
cludes text localization, localization of sound, graphical elements of the game, local-
ization of documentation and other additional materials.

Thus, the first level of localization does not require translation, the second and 
third levels affect the amount of data for localization, which depends on the size of 
the project team. However, if the localization level is defined as the fourth, then the 
localization project team is joined by voiceover specialists (voiceover team), which 
will require additional interaction and cooperation with this team.

This study proposes to focus on the third localization level.
The group of factors "Localization quality requirements" is determined by the 

customer and depends on the budget and time allocated to the IT localization project. 
Depending on these requirements, such factors characterize the features of testing 
and elements of the software product that must be tested. Thus, testing of local-
ization results can include both individual game elements and the game as a whole.  
In addition, if additional resources are available, additional stages of localization 
testing and text verification (so-called proofreading) can be carried out. Depending 
on the availability of human resources, testing of localization results can be car-
ried out by the localization team, customer employees, or third-party contractors.

The group of factors "Permission to use machine translation" can be determined 
depending on the requirements set by the customer. Using machine translation can 
significantly speed up the translation process, but it increases the number of errors 
in it, because machine translation tools cannot yet understand the context, unlike 
humans. Thus, a text translated by machine translation will require additional at-
tention during editing. Because of this, most often, machine translation is used by 
translators to speed up the translation in the following form: a quick translation 
of a  separate TU is performed by machine translation, immediately after which  
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the TU  is edited by the translator in order to correct errors, agree on proper names, 
take into account the character limit, etc.

The group of factors "Glossary availability" characterizes a document containing 
a list of terms and proper names that occur in the game, their transcription and expla-
nations. The glossary should be translated before the localization files are translated. 
The glossary can be formed as follows:

– provided by the localization customer, since it is enough to form it only once in 
the original language, after which it can be provided to all localization teams;

– formed (developed) by the localization team "from scratch", which will require 
additional time.

The class of factors caused by volume and content restrictions is proposed to include 
a set of restrictions that are linguistic in nature and depend on the content that needs 
to be translated. This set is proposed to be divided into the following groups of factors:

– "Volume of data for localization";
– "Text complexity";
– "Translators' familiarity with the subject area";
– "Experience of translators";
– "Completeness of translation memory";
– "Unit substitution and formatting".
The group of factors "Volume of data for localization" consists of one indicator 

with the same name. This indicator is the main indicator that characterizes the re-
quired amount of work that needs to be done. On its basis, it is proposed to assess the 
time that will be spent on the implementation of a video game localization project. 
Most often, this indicator is measured in the number of words, but can also be mea-
sured in the number of TUs or characters.

The group of factors "Text complexity" shows how specialized the text being 
translated is. If the text contains a lot of technical terms or specialized vocabulary, 
localization may require finding or creating equivalents for these terms in the target 
language. For this, special industry dictionaries can be used or specialists working in 
a related field can be involved for additional consultations.

In video games, most often, the complexity of the text is associated with the liter-
ary features of the genre. Games set in the Middle Ages are characterized by the use 
of archaisms, historicisms, and archaic languages. Games set in fictional worlds are 
characterized by references to the original sources of the genre (if any) and the use 
of the appropriate terminology base.

The group of factors "Translators' familiarity with the subject area" in the case of 
video games characterizes:

– familiarity with the game itself or with the genres to which the game belongs;
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– level of understanding of the context and plot of the game, which affects the 
understanding of the terminology and context of the terms used in the game;

– assessment of different translation options;
– course and result of choosing the translation option that best matches the orig-

inal, helping to preserve the authenticity and atmosphere of the original.
Some games use special game systems (for example, such as Dungeon & Dragons). 

In such cases, it is necessary to coordinate the terminology with the localized original 
source (if the latter is available).

The group of factors "Translators' experience" characterizes the impact on the 
technical understanding of localization aspects and the speed of decision-making by 
the translator. Experienced translators who have knowledge of the gaming indus-
try, its terminology, trends and features can better understand the context of the 
game and provide higher-quality localization. At the same time, the ability to work 
with CAT tools and effective management of their own resources can speed up the 
localization process. The group of factors "Completeness of translation memory" 
characterizes the impact on localization of previously acquired experience. Transla-
tion memory is a database containing a set of previously translated texts. It allows 
the user of the CAT tool to substitute a translation from memory when the current 
translation unit matches a previously translated one and, if necessary, refine it. The 
fullness of the translation memory significantly speeds up the localization process. 
Translation memory is filled by translators during the translation process of the 
game, but it can be transferred from previous localization projects that were car-
ried out by the team. Such a transfer is useful for accelerating the translation of 
terms that are common to many games, but it is even more useful when transferring 
between games belonging to the same genre, since the terminological bases of such 
games overlap.

The group of factors "Replacement and formatting of units of measurement" 
characterizes the possibility or necessity of switching from one system of measure-
ments to another (for example, from the metric system to systems of measurements 
based on the English system and vice versa). Such a transition includes formatting 
of measures of weight, length, as well as monetary units, date and time format, etc. 
Such formatting may include making changes to the text that is directly related to the 
units of measurement.

The proposed system for classifying factors that affect the progress and re-
sults of assessing the complexity of an IT project for video game localization al-
lowed to establish the main factors that should be taken into account when de-
veloping a method for assessing the complexity of an IT project for video game  
localization.
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4.4.2 � Results of determining the content of the stages and activities of 
the  method for assessing the complexity of an IT project for video 
game localization

The developed method for assessing the complexity of an IT project for  
video game localization is proposed to be presented as a sequence of the follow-
ing  stages:

– Stage 1: preliminary data preparation;
– Stage 2: assessment of the complexity of translating TUs contained in the lo-

calization files;
– Stage 3: obtaining the predicted duration of translating localization files;
– Stage 4: calculation of the total predicted duration of the project).
In accordance with the provisions of PMBOK [24], each stage of the developed 

method was divided into separate activities as follows:
Stage 1:
– Activity 1 "Preliminary preparation of data for further processing".
Stage 2:
– Activity 2 "Determination of TU similarity";
– Activity 3 "Assessing the complexity of the TU translation and calculating the 

complexity of the localization file".
Stage 3:
– Activity 4 "Calculating the baseline predicted translation speed of the localiza-

tion file";
– Activity 5 "Calculating the baseline predicted translation duration of the local-

ization file";
– Activity 6 "Determining the ITSC";
– Activity 7 "Calculating the individual predicted translation speed of the local-

ization file";
– Activity 8 "Calculating the individual predicted translation duration of the lo-

calization files".
Stage 4: "Calculating the overall predicted duration of the project":
– Activity 9 "Calculating the overall predicted duration of the translation work";
– Activity 10 "Calculating the overall predicted duration of the editing";
– Activity 11 "Calculating the predicted duration of the IT project";
– Activity 12 "Calculating the average translation speed".
The activities are defined as follows:
1. Activity 1 "Preparation of data for further processing" consists in analyzing the 

input data and bringing it into a form convenient for further processing.
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The input data of Activity 1 are provided in the form of localization files received 
by the technical specialist from the customer or from the program itself.

Pre-preparation of data involves structuring the TU (if this has not been done) 
and bringing the localization files to the sizes determined by the experts (members 
of the localization team) convenient for further processing.

The result of Activity 1 is structured localization files prepared for further 
processing.

2. Activity 2 "Determination of TU similarity" consists in determining the simi-
larity of sets of words included in different TUs using the Jaccard measure.

The input data set for Activity 2 is the result of Activity 1.
The Jaccard measure (coefficient) J A B,� � is calculated using the formula

J A B
A B
A B

,� � � ∩
∪

,	 (4.2)

where A – the set of words included in the first TU being compared; B – the set of 
words included in the second TU being compared.

The second TU is considered similar to the first if the Jaccard coefficient value 
exceeds 0.69. Then the same score will be applied to the second TU as for the first. 
This Jaccard coefficient value was obtained as a result of a study of the Crowdin 
CAT system settings [20].

The result of Activity 2 is a set of TUs that require further assessment.
3. Activity 3 "TU translation complexity assessment and localization file com-

plexity calculation" consists in assessing the translation complexity of each unique 
TU  included in the localization file. Based on the assessment results, the file com-
plexity score and the predicted translation time are calculated.

The input data set for Activity 3 is the results of Activity 2.
The assessment of the complexity of the TU translation is proposed to be carried 

out by an expert on a nine-point scale. Possible assessments of complexity on this 
scale and their explanations are given in Table 4.3.

The localization file complexity assessment gradef is proposed to be presented as 
a weighted average assessment of all elements included in the file and determined 
by the formula
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where gradei – the expert assessment of the complexity of the i-th TU; ni – the size 
of the i-th TU (number of words); m – the number of TUs in the localization file.

The result of the execution of Activity 3 is a set of localization file complexity 
assessments.

Table 4.3 Developed scale for assessing the complexity of the translation of 
translation  units

Difficulty 
group

Common 
features

Expert as-
sessment Excellent signs

TUs of 
low com-

plexity

Translation of 
the TU does 
not require 

searching for 
additional 

information

1 Variables do not complicate the understanding of 
the TU, there is no need to adapt the text

2 Variables make it somewhat difficult to understand 
the TU, there is no need to adapt the text

3 Variables make it somewhat difficult to understand 
the TU, there is a need to adapt the text

TUs of 
medium 

complex-
ity

In the TU, 
there are terms 

that require 
clarification, or 
non-standard 

lexical and 
grammatical 

constructions

4 Variables make it somewhat difficult to understand 
the TU, there is no need to adapt the text

5 Variables to some extent complicate the un
derstanding of the TU, there is no need to adapt 
the text

6 Variables greatly complicate the understanding of 
the TU, there is a need to adapt the text

TUs of 
high com-

plexity

In the TU, there 
are terms that 

need to be 
clarified, and 
non-standard 

lexical and 
grammatical 

constructions

7 Variables make it somewhat difficult to understand 
the TU, there is no need to adapt the text

8 Variables to some extent complicate the un
derstanding of the TU, there is no need to adapt 
the text

9 Variables greatly complicate the understanding of 
the TU, there is a need to adapt the text

4. Activity 4 "Calculation of the basic predicted translation speed of the localiza-
tion file" consists in calculating the basic predicted translation speed of the local-
ization file vf .

The input data set for Activity  4 is the results of Activity  3 and data on the 
size  (number of words) of the assessed localization files.

According to [18], a translator can process 500 words per hour in the case of 
the simplest texts and 200 words per hour in the case of the most complex texts.  
For texts of average complexity, this indicator is 300 words per hour [16–19].

To establish the dependence of translation speed on the assessment of the com-
plexity of the translation of the text, it was proposed to build a special model.
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According to the developed scale for assessment (Table 4.3), it was established 
that the expert assessment of translation complexity 1 corresponds to a speed of 
500 words per hour, the assessment of 5–300 words per hour, and the assessment of 
9–200 words per hour. Thus, when the value of the function argument is 1, the func-
tion value is 500, when the value of the function argument is 5 – the function value 
is 300, and when the value of the function argument is 9 – the function value is 200.

Given the nonlinear nature of the relationship between the assessment of com-
plexity and translation speed, the method of function approximation was used and it 
was established that this function is a branch of a hyperbola, which is located in the 
first quarter of the Cartesian coordinate system. Since the difficulty scores range 
from 1 to 9, the graph of the function is limited to the range [1,…,9] along the x-axis. 
Based on these data, a system of equations was developed to determine the parame-
ters of the hyperbola passing through the specified points. This system of equations 
has the form:
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The system of equations (4.4) has the following solution: a  =  4800, h  =  –7, 
k = –1000. Therefore, the basic predicted translation speed of the localization file vf 
is proposed to be determined by the formula
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7
100.	 (4.5)

The result of Activity 4 is the set of calculated basic predicted translation speeds 
of the localization files.

5. Activity 5 "Calculation of the basic predicted translation duration of the lo-
calization file" consists in calculating the basic predicted translation duration of the 
localization file tf .

The input data for Activity 5 are the result of Activity 4 and the size (number of 
words) of the localization files.

The calculation of the basic predicted translation duration tf is carried out by  
the formula
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t
n

vf
f

f

= ,	 (4.6)

where nf – the number of words in the localization file.
The result of Activity 5 is the set of calculated basic predicted translation dura-

tions of the localization files.
6. Activity 6 "Determining the ITSC" consists of comparing the predicted trans-

lation duration value with the actual translation duration value of the data sample, 
which will allow to adjust further estimates of the translation duration of the local-
ization files.

The input data for Activity 6 are sets of values of the actual and predicted trans-
lation duration of the test data sets.

The ITSC for a localization file lf x y( , )
 is defined as the ratio

l
t
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f

f
x y

est

real

( , )
= ,	 (4.7)

where tfest  – the predicted translation duration of the localization file; tfreal  – the actual 
translation duration of the localization file; x – the translator performing the transla-
tion; y – the expert performing the assessment.

The ITSC for pairs "translator-expert" l x y( , ) is calculated by the formula
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where li x y( , )
 – the ITSC value of the localization file obtained for the i-th pair of "trans-

lator-expert"; t – the number of localization files included in the test data set.
This calculation method is due to the fact that in different projects for the same 

pair of "translator-expert" who assess the TU complexity, knowledge in the subject 
area may differ. In addition, it reduces the amount of additional work performed, 
since the test sample is already part of the localization files of the project.

The result of Activity  6 is a set of calculated ITSC for each pair of "transla-
tor-expert".

7. Activity 7 "Calculation of individual predicted translation speed of a localiza-
tion file" consists in calculating individual coefficients of predicted translation speeds 
of localization files.

The input data for Activity 7 are the results of Activity 4 and Activity 6.
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The individual predicted translation speed vf
* is determined by the formula

v l vf test f
* � � ,	 (4.9)

where ltest – the ITSC of the test data set.
The output of Activity 7 is a set of calculated individual predicted translation 

speeds for localization files.
8. Activity 8 "Calculation of individual predicted translation duration for local-

ization files" consists in calculating the values of individual predicted translation 
durations for localization files, taking into account the difference in domain knowl-
edge and experience of the translator and the expert who assesses the complexity 
of the translation.

The input data for Activity 8 are the sizes (number of words) of localization files 
and the results of Activity 7.

The individual predicted translation duration tf
* is calculated by the formula

t
n

vf
f

f

*
*

= ,	 (4.10)

where nf – the number of words in the localization file.
The output of Activity 8 is a set of values for the calculated individual predicted 

translation times for localization files.
9. Activity 9 "Calculate the total predicted translation time" consists of calculat-

ing the sum of the translation times for the localization files into which the input data 
set was divided.

The input data for this activity are the glossary translation time and the results 
of Activity 8.

The total predicted translation time ttranslation is determined by the formula

t t ttranslation glossary f
i

b

j

q

ij
� �

��
�� *

11

,	 (4.11)

where tglossary – duration of glossary translation; tfij
*  – duration of translation of one  

i-th localization file in the j-th category; b – number of localization files into which 
the j-th category is divided; q – number of categories into which the localization files 
are divided.

The result of Activity 9 is the calculated total predicted duration of work on the 
translation of the text provided for by the IT project for video game localization.



152

Management of a modern IT company: theoretical and technological aspects

10. Activity 10 "Calculation of the total predicted duration of editing" consists 
in calculating the total predicted duration of editing in the IT project for video 
game localization.

The input data for Activity 10 is the result of Activity 9.
The total predicted duration of editing is determined by the formula [16–18]

t tediting translation� �0 5. .	 (4.12)

The result of Activity 10 is the total predicted duration of work on editing all the 
text provided for by the IT project for video game localization.

11. Activity 11 "Calculation of the projected duration of the IT project" con-
sists of calculating the projected duration of the IT project for video game local-
ization ttotal.

The input data for Activity  11 are the results of Activities  9 and Activity  10,  
as well as the time allocated by the customer for testing the game localization.

The projected duration of the IT project for video game localization ttotal is deter-
mined by the formula

t t t ttotal translation editing testing� � � ,	 (4.13)

where ttesting – the duration of localization testing.
The duration of localization testing is determined by the resources allocated by 

the customer and can be assessed by the localization team, development staff, or an 
external contractor.

The output of Activity  11 is the calculated projected duration of the entire 
IT  project for video game localization.

12. Activity 12 "Calculation of the average translation speed" consists of calcu-
lating the average translation speed within the entire game localization project vavg. 
The average translation speed in an IT project for video game localization can be 
used for further application in a word-based method to calculate the duration of 
other localization projects.

The input data for Activity 12 is the total volume of translated text and its trans-
lation duration.

The average translation speed vavg is calculated using the formula

v
n

tavg
total

translation

= ,	 (4.14)

where ntotal – the number of words in the video game text for translation.
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The result of Activity 12 is the value of the average translation speed within the 
IT project for video game localization.

The developed method takes into account the following factors that affect the 
complexity of video game localization work:

– "Localization file structure";
– "Variable organization method";
– "Language pair";
– "Translation quality requirements";
– "Volume of data for localization";
– "Text complexity";
– "Translators' familiarity with the subject area";
– "Translators' experience".

4.5  Experimental verification of the obtained results

Based on the proposals of Section 4.3, the experimental verification was divided 
into two stages: main and additional.

The IT project for video game localization "Don't Starve Together"  [25] was 
selected for the main stage. At the same time, as indicated in Section 4.3, it is pro-
posed to use the following indicators:

– absolute localization duration;
– relative error of localization duration prediction;
– relative average error of localization file translation duration.
The localization files for both stages were obtained directly from the game files. 

Thus, in the game "Don't Starve Together", each available language corresponds to 
a  single localization file containing all TUs in this language. 

An example of a TU from a localization file in the original language is shown 
in  Fig. 4.4.

The TU shown in Fig. 4.4 consists of several parts that have a certain meaning:
– keys (lines starting with "#."), which are unique identifiers needed to substitute 

values into the game interface;
– the TU context (lines starting with "msgctxt") indicates the context (application 

element) to which the string belongs;
– the original string (lines starting with "msgid") in English, which needs to be 

translated;
– the translation string (lines starting with "msgstr"), into which the text in the 

target language is placed.
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Fig. 4.4 Example of a Translation Unit in the original language from the "Don't Starve 
Together" game

In the case under consideration, the values of the keys coincide with the values of 
the context. This limits the context provided, but it is sufficient to understand which 
element of the game is being translated. The approach, in which the translation does 
not replace the original text, but duplicates it, increases the size of the localization 
file, but increases reliability (if the translation is missing, the value in the original lan-
guage will be substituted).

During the execution of Activity 1, it was established that in the selected game, 
each available language corresponds to one localization file, which contains all TUs 
in this language. This file contains 72049 TUs with a total length of 515500 words. 
TUs contain meaningful key names, so they were automatically distributed among 
113 localization files, each of which represents a certain subcategory. It was decided 
to reduce the amount of data for testing the developed method. 29 localization files 
were selected and it was decided to do only the translation without editing and 
testing. These files contain 2348 TUs with a total length of 18348 words (3.5% of  
the total number of words in the game). The localization files did not contain a sep-
arate glossary, so it was generated during the translation of the localization files 
using CAT tools.

During the execution of Activity  2, it was found that among the 2348  TUs 
there are 2200 unique TUs with a total length of 17815 words. The Jaccard coeffi-
cient (4.2) was used to determine the similarity of TUs.

Examples of the results of Activity 1 and Activity 2 are given in Table 4.4.
During Activity 3, an expert assessment of the translation complexity of TUs in-

cluded in the localization files was conducted.
During the experimental test, the speed of expert assessment was measured. This 

speed ranges from 80 words per minute to 110 words per minute. This indicator may 
vary depending on the level of familiarity of the expert with the subject area. During 
the work on assessing the translation complexity of TUs, the expert's familiarity with 
the subject area increases. It is expected that the assessment speed will increase 
with the increase in the level of familiarity of the expert with the subject area.

As a result of Activity 3, according to formula (4.3), weighted average estimates 
of the complexity of the specified localization files were obtained.
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Table 4.4 Characteristics of localization files

Name of file Quantity of TUs Quantity of words Average size of TU

boarlord 65 377 5.8

carnival_crowkid 75 555 7.4

carnival_host 35 351 11.2

character_aboutme 19 317 16.68

character_descriptions 22 380 17.27

Name of file Quantity of unique TUs Quantity of words in unique TUs

boarlord 64 375

carnival_crowkid 74 551

carnival_host 34 337

character_aboutme 19 317

character_descriptions 22 380

During Activity  4, according to formula (4.4), the basic predicted translation 
speeds of localization files were determined.

During Activity 5, the baseline predicted translation time for each of the consid-
ered localization files was determined according to formula (4.5).

During Activity 6, the translation time for a test sample of 5 localization files 
with a total length of 1980 words was generated, translated, and measured. A com
parison of the baseline predicted and actual translation times for these files is given 
in Table 4.5.

Table 4.5 Localization file characteristics

Name of file Quantity of 
words

Basic predicted translation 
duration, min

Actual translation 
duration, min

boarlord 377 61 40

carnival_crowkid 555 92 47

carnival_host 351 55 36

character_aboutme 317 56 37

character_descriptions 380 72 49

After comparing the predicted and actual translation times of the localization 
files, the ITSC for long strings (2.5 words and more) was set to l(x,y) = 1.5. Given that 
files with a short average string length (less than 2.5 words) account for 806 words 
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out of a total of 17.815 words, it was decided not to calculate the ITSC for short 
strings using a separate test sample. Experimentally, during translation, the ITSC  
for short strings was found to be l(x,y) = 0.8.

During Activities  7 and 8, individual predicted translation speeds and times 
were calculated and adjusted for a specific translator. In this study, one person acted 
as both the expert and the translator during the experimental validation. Therefore, 
the ITSC obtained as a result of Activity 6 is higher than that which can be obtained 
in a real project. The reason for this is that at the beginning of the translation work, 
the translator, who is also an expert, is already familiar with the text.

Examples of the results of Activities 4–8 are given in Table 4.6. In addition to 
the basic predicted translation speed and duration and the individual predicted 
translation speed and duration, which are calculated using the developed method,  
Table 4.6 contains the actual indicators of translation speed and duration.

The individual predicted translation speed, according to  [18], ranges from  
200–500 words per hour. It was experimentally established that the real translation 
speed is higher than that suggested by the source [18]. The reasons for this may be:

– experience of translators;
– familiarity of translators with the subject area;
– peculiarities of video game translation as a type of software;
– peculiarities of the text being translated.

Table 4.6 Predicted and actual translation speed and duration

Name of file Basic predicted speed of 
translation, words/min

Basic predicted 
translation dura-

tion, min

Individual predicted 
speed of translation, 

words/min

boarlord 367 61 550.5

carnival_crowkid 358 92 537

carnival_host 343 55 514.5

character_aboutme 319 56 478.5

character_descriptions 300 72 450

Name of file Individual predicted 
translation duration, min

Real translation 
speed, words/min

Real translation 
duration, min

boarlord 41.09 565.5 40

carnival_crowkid 62.01 708.51 47

carnival_host 40.93 585 36

character_aboutme 39.75 514.05 37

character_descriptions 50.67 465.31 49
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During the execution of Activity 9, the translation duration in the video game 
localization project was calculated. Since the glossary was generated and trans-
lated during the translation of the localization files, the translation time of the 
glossary was included in the translation time of the localization files. The pre
dicted translation duration, which was calculated using formula (4.10), was 
32 hours 57 minutes.

The video game localization IT project was limited to the translation of the local-
ization files only. As a result, the editing time for Activity 10 is zero.

The testing time is determined by the customer, in this experiment it is also zero. 
Therefore, the predicted duration of the IT project for video game localization, cal-
culated during the execution of Activity 11, is equal to the translation time, namely 
32 hours 57 minutes.

The actual translation duration was 26 hours 26 minutes. Thus, the predicted 
translation duration exceeded the actual duration by 24.7%. The average predicted 
translation speed for the project, which was calculated during the execution of Activ-
ity 12, was 556.6 words per hour.

During the additional stage of the experimental verification, the effectiveness 
of using the ITSC obtained during the main stage in another video game localization 
project was tested.

The game "Sid Meier's Civilization® VI" was selected for localization and 
the ITSC obtained when using the developed method in the IT project for the 
localization of the game "Don't Starve Together" was taken. Games belonging to 
different genres were chosen for comparison in order to minimize the overlap  
of glossaries.

Unlike the video game "Don't Starve Together", the localization files of the game 
"Sid Meier's Civilization® VI" contain only a text string and a key, which is used to 
perform text substitution in the application.

When translating a localization file, the text in the original language is replaced 
with the text in the target language.

The localization files considered in the additional stage of experimental ver-
ification were obtained directly from the game in its original form. They were not 
changed during data preprocessing because the file organization proposed by the 
developer meets the requirements of the developed method. The number of words 
in the localization files was 6287.

The characteristics of the localization files are given in Table 4.7.
As in the main stage, the complexity of the selected localization files was as-

sessed. As a result of the assessment, the basic predicted translation speed and du-
ration were determined.
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Table 4.7 Characteristics of the localization files of the video game "Sid Meier's 
Civilization® VI"

File name Number of 
translation units

Number of 
words

Average size of 
translation units

Buildings_Text 59 1429 24.2

Combat_Text 75 703 9.4

CityStatePicker_FrontEndText 93 1646 17.7

DiplomacyPanel_Text 75 425 5.7

DiplomacyNotifications_Text 66 313 4.7

DiplomacyModifiers_Text 120 884 7.4

DiplomacyDeals_Text 136 887 6.5

ITSC l(x,y) was set to 1.5. This value was obtained at the main stage of experimental 
verification. Since the average TU lengths in the considered localization files are long, 
the corresponding ITSC value was selected.

Based on the obtained indicators of the basic predicted translation duration 
and  ITSC, individual predicted translation speeds and durations were calculated.

The results of comparing the predicted values of translation speeds and dura-
tions with the real values for these localization files are given in Table 4.8.

Table 4.8 Results of comparing the predicted and real values of translation speeds and 
durations (additional stage)

File name

Basic 
predicted 
speed of 

translation, 
words/min

Basic 
predicted 

translation 
duration, 

min

Individual 
predicted 
speed of 

translation, 
words/min

Individual 
predicted 

translation 
duration, 

min

Real 
translation 

speed, 
words/min

Real 
transla-
tion du-
ration, 

min

Buildings_Text 376 228 564 152.02 489.94 175

Combat_Text 341 123 511.5 82.46 602.57 70

CityStatePicker_
Front-EndText

361 273 541.5 182.38 637.16 155

DiplomacyPanel_ 
Text

338 75 507 50.30 520.41 49

DiplomacyNoti
fications_Text

415 45 622.5 30.17 722.31 26

DiplomacyModi
fiers_Text

408 130 612 86.67 964.36 55

DiplomacyDeals_
Text

409 128 613.5 86.75 782.65 68
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The predicted translation duration was 11 hours 11 minutes. The actual transla-
tion duration was 9 hours 57 minutes.

The predicted translation duration for the video game "Sid Meier's Civilization® VI",  
calculated using the ITSC obtained during the localization of the video game "Don't 
Starve Together", differs from the actual one by 12.1%. This deviation is less than that 
obtained for the game "Don't Starve Together" (24.7%).

Transferring ITSC from one IT localization project to another showed higher effi-
ciency than in the original IT localization project for which the coefficient was calcu-
lated. This may be due to the following reasons:

– the peculiarities of working with the text of a particular game have become 
apparent;

– the sample on which the study was conducted is not large enough.
When loading localization files into the CAT tool and further processing them,  

it was found that the Crowdin CAT tool splits TUs stored in the ".xml" format (which 
contains the localization files for the game "Sid Meier's Civilization® VI") by sen
tences. If a translation unit consists of two sentences, then it is represented by the 
CAT tool as two separate TUs.

Splitting TUs by sentences speeds up the translation process of localization files. 
In the case when the level of similarity of TUs is low, the similarity of the sentences 
included in them may be greater. Such similarity expands the possibilities of using 
translation memory. However, such a division of TUs makes it difficult for the trans-
lator to understand the context, as he/she has to check the agreement of sentence 
parts not in a single TU containing several sentences, but in several TUs, each of 
which contains only one sentence.

An alternative reason for obtaining such results may be coincidence caused by an 
insufficient amount of test data.

In the experiments considered, the ITSC value is 1.5 for localization files with 
long lines.

In both experiments, this phenomenon requires further research with an increase 
in the number of games on which the study is conducted and the amount of text data.

4.6 � Discussion of the results of the development of a method for assessing 
the complexity of an IT project for video game localization

The existing methodology for assessing the duration of an IT project for video 
game localization, based on the number of words, did not take into account the in-
fluence of a significant number of factors on this project. Therefore, a study was 
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conducted to identify and classify the main factors that affect the duration of such 
IT projects. The result of this study is a proposed classification system for the main 
factors that affect the IT project for video game localization, and the definition of the 
main groups of factors that make up the selected classes of factors.

Taking into account the proposed classification system for the main factors,  
a method for assessing the complexity of an IT project for video game localization 
was developed. The developed method consists of four stages, the implementa-
tion of which will allow calculating the predicted duration of an IT project for video 
game localization.

Unlike the existing methodology, the developed method takes into account the 
factors that affect the complexity of video game localization work, namely:

– "Localization file structure";
– "Method of organizing variables";
– "Language pair";
– "Translation quality requirements";
– "Volume of data for localization";
– "Text complexity";
– "Translators' familiarity with the subject area";
– "Translators' experience".
During the experimental testing, the developed method was compared with the 

existing method in the following options:
a) in the existing method, the total number of words was selected as the num-

ber of words, taking into account repeated TUs and variables, and as the translation 
speed, the speed recommended by sources [17–19] (300 words per hour);

b) in the existing method, the total number of words was selected as the num-
ber of words, taking into account repeated TUs and variables, and as the translation 
speed, the average translation speed obtained within the same project.

Comparison according to option (a) allows to verify or refute the statement that 
the developed method is more effective than the existing method.

Comparison according to option (b) allows to investigate the possibility of using 
the calculated average translation speed obtained as a result of using the method in 
further calculations of forecasting the duration of operations. In this case, the devel-
oped method can be used at the beginning of an IT project, when there is insufficient 
data to calculate the duration of translation. Then, after translating a certain number 
of localization files, the average translation speed obtained within the framework of 
a video game localization project can be used to predict the duration of translation 
of localization files. Further forecasting the duration of operations in an IT localiza-
tion project based on the average translation speed will simplify the calculation of 
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the predicted duration of translation and will eliminate the need to use resources to 
assess the complexity of the TU translation.

For comparison, it is proposed to use the relative average error of the predicted 
translation duration [26]. Localization files have different sizes, so a relative, not an 
absolute value, was chosen for comparison.

For graphical visualization of the comparison results, it is proposed to use the 
relative error of the translation duration prediction and the square of the relative 
error of the translation duration prediction.

The absolute error of the translation duration of the localization file Dt is calcu-
lated by the formula

� � �t t test real,	 (4.15)

where test – the predicted file translation duration; treal – the actual file translation 
duration.

The relative error of the localization file translation duration δt is calculated  
by the formula

� t
t

treal
�
�

.	 (4.16)

The relative average error of the translation duration µ  is calculated by the 
formula

� ��
�
�1

1q
ti

i

q

,	 (4.17)

where δti – the relative error of the translation duration of the i-th localization file; 
q – the number of localization files.

The results of the comparison of the errors of the developed method and existing 
methods for the localization files mentioned in Tables 4.4–4.6 are given in Table 4.9.

The results of the graphical comparison of relative errors and their squares for 
both options are presented in Fig. 4.5 and Fig. 4.6, respectively. These figures indi-
cate: orange – data from a real IT project; blue – data calculated using the developed 
method; cyan  – data calculated using the existing methodology according to op-
tion (a); green – data calculated using the existing methodology according to option (b).

The obtained data shows that the error in forecasting time costs calculated 
using the developed method is the smallest. In some cases, the results obtained  
using the developed method have a relative error of less than 10% (localization  
files actions_1, boarlord, character_aboutme, etc.). The accuracy of the developed 
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method is especially evident in the conditions of using localization files that con-
tain short TUs.

Table 4.9 Results of the comparison of the errors of the developed method and existing 
methods for examples of localization files

File name
Word count method (basic)

Dt δt δ2t

actions_1 –3.80 –0.1407 0.0198

boarlord 35.4 0.8850 0.7832

carnival_crowkid 64.00 1.3617 1.8542

carnival_host 34.20 0.9500 0.9025

character_aboutme 26.40 0.7135 0.5091

character_bios 293.80 1.2293 1.5112

character_descriptions 27.00 0.5510 0.3036

File name
Developed method

Dt δt δ2t

1 5 6 7

actions_1 0.02 0.0007 0.0000

boarlord 1.09 0.0272 0.0007

carnival_crowkid 15.01 0.3194 0.1020

carnival_host 4.93 0.1370 0.0188

character_aboutme 2.75 0.0743 0.0055

character_bios 69.87 0.2923 0.0855

character_descriptions 1.67 0.0340 0.0012

File name
Methodology based on word count (average translation speed)

Dt δt δ2t

actions_1 –13.8182 –0.5118 0.2619

boarlord 2.8409 0.0710 0.0050

carnival_crowkid 16.0682 0.3419 0.1169

carnival_host 3.8864 0.1080 0.0117

character_aboutme –0.9773 –0.0264 0.0007

character_bios 63.7273 0.2666 0.0711

character_descriptions –5.8182 –0.1187 0.0141
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Fig. 4.5 Results of comparison of relative errors
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Fig. 4.6 Results of comparison of squares of relative errors
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The results also showed that it is recommended to calculate the average trans-
lation speed for localization files with long and short TUs separately. This is due to 
the fact that the translation speed of short TUs is lower than the translation speed 
of long ones, and in video games, most TUs describe the game's scenario elements.

The total predicted translation duration was:
– using the developed method – 32 hours 57 minutes;
– using the existing methodology according to option (a) – 61 hours 9 minutes;
– using the existing methodology according to option (b) – 34 hours 44 minutes.
The calculated total relative average error was:
– using the developed method – 0.1639;
– using the existing methodology according to option (a) – 1.0661;
– using the existing methodology according to option (b) – 0.1739.
The actual translation duration was 26 hours 26 minutes.
The results of the predicted durations of the IT project for video game localiza-

tion were compared with the actual duration of the project. The relative error of 
the forecast duration of the IT project for video game localization μ is calculated by  
the formula

� �
�t t

t
total total

total

est real

real

,	 (4.18)

where ttotalest – the predicted duration of the localization file translation; ttotalreal – the 
actual duration of the localization file translation.

The results of comparing the accuracy of the forecasts of the duration of the 
IT  project for video game localization, obtained by both comparison options, with 
the actual results of the project duration are given in Table 4.10.

Table 4.10 Results of comparing the accuracy of the forecasts of the duration of the 
IT  project for video game localization and the actual duration of this IT project

Calculation method

Accuracy metrics for duration forecasting for an IT video 
game localization project

Absolute 
duration

Relative error of 
duration forecast

Relative average error 
of localization duration

Real translation duration 26 h 26 min – –

Developed method 32 h 57 min 0.24 0.1639

Existing methodology (option a)) 61 h 9 min 1.31 1.0661

Existing methodology (option b)) 34 h 44 min 0.31 0.1739
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Comparison of the obtained results showed that, in comparison with existing 
methods, the developed method for assessing the complexity of an IT project for 
video game localization showed the highest accuracy.

The main limitation of the developed method is the impossibility of its application 
in the case when the developer has not performed the distribution of TUs by local-
ization files and the TUs themselves do not have meaningful names, which makes it 
impossible to automate the distribution of TUs by the localization team. In this case, 
manual implementation of such distribution is possible, but such an approach is not 
advisable for the following reasons:

– complication of input data analysis;
– the need to involve an excessively large number of resources;
– potential ambiguity of TUs;
– impossibility of searching for TUs in the application.
The complication of input data analysis lies in the fact that without a clear struc-

ture of localization files or meaningful names, the process of determining categories 
and subcategories by which TUs should be distributed becomes difficult.

The need to involve an excessively large number of resources is expressed in the 
fact that each TU must be read by an expert and assigned to one of the specified cate-
gories or subcategories. This operation is impractical because it consumes too much 
time that could be used to perform other processes by a team member.

The potential ambiguity of a TU is expressed in the fact that a video game localization 
expert cannot always determine which subcategory a TU belongs to based solely on its 
content. In this case, it must assign the TU to a subcategory based on some assumptions.

The impossibility of finding a TU in the application is that if there are named 
TU  keys, localization team members can quickly and accurately determine the lo-
cation of this TU in the application, which is necessary for verification and testing.

In the case where there are no named keys and the structuring is done by the 
developer, localization team members can only make assumptions about the location 
of the TU in the application based on its content.

Another limitation of this method is that it is intended for third-level localization. 
The amount of content localized at the first and second levels of localization is lim
ited to several thousand words, so the use of the developed method is redundant. 
The fourth level of localization includes both text localization and the work of the 
voice-over team, the assessment of which is not provided for in the method.

The main disadvantage of the considered method is the need to assess the 
complexity of each TU. Such an assessment requires additional time and human re
sources, but allows to increase the accuracy of forecasts of the duration of opera-
tions in an IT project for video game localization.
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The use of machine learning and natural language processing methods for as-
sessing the complexity of TU translation is considered as the main vector for further 
development of the method.

The use of such tools will allow to get rid of the main disadvantage of the devel-
oped method – the time spent by experts on assessing the complexity of TU trans-
lation. In addition, it is expected to reduce ITSC fluctuations for different pairs of 
"expert-translator", since the assessment will be carried out by the same expert.

4.7  Conclusions

A new method for assessing the complexity of video game localization IT projects 
has been developed, which takes into account a larger number of complexity factors 
than the existing method based on the number of words. The developed method takes 
into account not only the number of words, but also other factors that affect the du-
ration of localization. It is effective even in the absence of retrospective data on the 
speed of translation, which is an important advantage for the initial phase of projects.

An experimental verification of the obtained result has been carried out. The 
course and results of the calculations confirm the possibility of using the developed 
method to assess the characteristics of video game localization IT projects. It has 
been proven that using the developed method allows to obtain estimates of the time 
spent on the implementation of an IT project from the third level of video game lo-
calization, which are more accurate than the estimates obtained using the existing 
method. The total predicted duration of the translation was:

– using the developed method – 32 hours 57 minutes;
– using the existing method according to option (a) – 61 hours 9 minutes;
– using the existing methodology according to option (b) – 34 hours 44 minutes.
The calculated total relative average error was:
– using the developed method – 0.1639;
– using the existing methodology according to option (a) – 1.0661;
– using the existing methodology according to option (b) – 0.1739.
The actual translation duration was 26 hours 26 minutes.
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