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ABSTRACT 
In the new context of transitional, mobilised and globalised labour markets, an 
urgent need has emerged for meaningful assessment tools, methods and techniques 
to measure and recognize the workers’ skills. This paper aims to present a novel 
approach in skill assessment developed under NADINE H2020 project1, the indirect 
skill assessment, as an alternative or supplement to the traditional selection 
methods. AI technology is utilised to facilitate the indirect skill assessment via two 
agnostic content serious games (Tetris and 2048), based on the evaluation of an 
individual’s performance in playing a game outside a situational judgement test 
(SJT) context. Novel datasets have been developed, comprised of game sessions and 
the corresponding skill assessments of the players through validated psychometric 
questionnaires, which were the basis for the algorithm training that would provide 
the estimation of a player’s skillset.  The trained neural models for both games 
proved to have strong skill assessment capabilities, indicating that there is indeed 
a correlation between a person’s action sequence and his/her different skills.  
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1 This article is part of the NADINE project, which has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement No 822601. 
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INTRODUCTION 
Skills are recognised as extremely important in the modern economy and in everyday life, 
especially within the on-going structural changes in the global labour market and rapid 
technological change, as well as demographic changes, with ageing populations, and 
workforce’s migration. At the same time, the supply of skills often struggles to match these 
rapidly evolving demands. In this respect, special emphasis is placed at European and 
international level on skills related to adult labour market participation, employability skills 
and life skills, while there are different perceptions and approaches to the definition and 
assessment of ‘skills’. 
 
The new context of transitional, mobilised and globalised labour markets stresses an urgent 
need for meaningful relevant assessment tools, methods and techniques to measure and 
recognize the workers’ skills. The skills-based profiling tools are generally considered to 
improve the matching process, in terms of quality, efficiency, and potential for automation, 
enabling employers to acquire more detailed information on competences, technical, generic, 
and soft skills of applicants, as well as to support jobseekers in broadening their occupational 
job search, increase their self-awareness and self-confidence and support targeted learning and 
mobility between jobs [1].  
 
Several skills-based profiling tools have been developed across Europe, to enable diagnosing 
jobseekers’ strengths and weaknesses in regard to personal career planning, as well as the 
transferability of their skills to new occupational choices and transitional labour markets, 
(re)integration and matching with existing employment opportunities and job vacancies. 
Psychometric assessment tools on the one hand and game-based assessment on the other hand 
have been the main methods used so far from employers in the process of personnel selection, 
having both strengths and limitations as well. For example, questionnaires are typically quite 
lengthy and due to certain obstacles, such as lack of conceptual understanding, makes the 
selection process cumbersome, stressful and time consuming.  
 
This paper presents a novel approach in skill assessment developed under NADINE H2020 
project. AI technology is utilised to facilitate the indirect skill assessment via agnostic content 
serious games, based on the evaluation of an individual’s performance in playing a game outside 
a situational judgement test (SJT) context. The aim is to propose a different skill assessment 
methodology helping to overcome the multiple limitations of existing traditional skill 
assessment tools. 
 

EXISTING SKILLS ASSESSMENT METHODS 
a. Psychometric methods and tools for skill assessment 

According to Wayne [2] several companies have added specific tests to their hiring processes, 
evaluating factors such as aptitude, personality, skills and motivation of potential employees 
and allowing managers to better choose the candidate, as this method can predict the 
individual's performance in a job. 
 
In the area of recruitment, psychometric tests are designed to measure a person's suitability 
for a role based on the required personality characteristics and aptitudes, identifying the extent 
to which a job candidate’s personality and abilities match those required to perform the role. 
They provide an overview of a potential employee’s strengths and limitations, and this makes 
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it easier for the employer to understand if he/she is the right person for the job. The two basic 
types of psychometric assessment are aptitude tests and personality tests.  
 
Aptitude tests are the ones that determine to what extent a candidate possesses a particular 
skill or capability, attempting to predict an individual’s ability to succeed in an intellectual or 
physical endeavor. According to Vargas [3] “they are a structured tool that covers a wide variety 
of fields of work, some of which are more applicable, such as clinical, organizational and 
educational psychology, among others”. These tests are structured instruments, i.e., people 
have to choose from the alternatives the answer that is possible according to their criteria or 
that fits better in their particular case [4]. The psychometric tests aim to achieve a wider 
information of the subject, which will allow to have more knowledge about the subject. The 
results obtained from the intelligence and aptitude tests, are used to measure a person’s 
cognitive abilities and mental, emotional, developmental, and social characteristics and can be 
good predictors of the future performance of the individual in different situations according to 
González [5].  
 
While aptitude tests predict whether a candidate will be able to perform the job, personality 
tests tell us whether the candidate will want to do the job and will be happy in the role. This 
type of psychometric evaluation is mainly oriented to know whether or not a person can adapt 
to a new environment, whether or not they can adapt to change or they have good interpersonal 
relationships and are capable of performing a given task efficiently, under stress and mainly if 
they can look for solutions without being startled or mentally affected [4]. 
 
Advantages and limitations 
Employers use the information collected from the psychometric tests to identify the hidden 
aspects of persons and figure out if the person in question possesses a series of these important 
skills, elements that are difficult to extract from a face-to-face interview or any other selection 
process that contains human contact [6]. As it is common knowledge that people tend to 
portrait themselves differently from what is actually true, in order to achieve a realistic 
mapping of a person's abilities, characteristics and skills for different situations, psychometric 
tests are the most efficient tool according to research, to discover whether a person can fit into 
a specific environment and act according to societal rules and values [7]. Additionally, several 
studies and meta-analyses support not only the validity of cognitive ability and personality tests 
but also their effective combination in predicting job performance [8]. The effectiveness of the 
tests provides a degree of satisfaction in the company since it will recruit the staff with greater 
ability and their skills are consistent with the functions required to perform the functions 
required in the position to meet the objectives [9]. 
 
Furthermore, standardised psychometric assessments constitute a scientific method widely 
used to objectively measure individuals' mental abilities, skills, intelligence, personality traits, 
motivations, interests and behavioural style, as they are designed, administered, and scored in 
a standard, or consistent, manner. A standardized test requires all test takers to answer the 
same questions, or a selection of questions from a common bank of questions, in the same way, 
and is scored in a “standard” or consistent manner, which makes it possible to compare the 
relative performance of individuals. Standardized tests can be administered to large 
populations of the same age or region, or country, and results can be compared across 
individuals and groups of the similar characteristics. 
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While standardized tests may come in a variety of forms, multiple-choice and true-false formats 
are widely used for large-scale testing situations because computers can score them quickly, 
consistently, and inexpensively. Standardized tests are considered to be a fair and objective 
method of assessment mainly because the standardized format, coupled with computerized 
scoring, reduces the potential for favoritism, bias, or subjective evaluations.  
 
Concerning different assessment formats, while standardized tests were traditionally 
presented on paper and completed using pencils, and many still are, they are nowadays 
increasingly computer-based being administered on computers connected to online programs. 
Paper-based methods of assessment are widely used, where the person being tested completes 
written questionnaires, or writes narrative accounts of his/her progress or several skills. 
 
 Although this is appropriate for some target groups, there are circumstances in which the use 
of other assessment formats may be more suitable. Persons with numeracy, literacy or learning 
difficulties may experience problems in undertaking written assessments. One solution may be 
to work in conjunction with clients, using other media that is perhaps more appropriate to their 
needs, using ICT-based assessment tools [10]. 
 
While there is a large body of research which indicates general mental ability and personality 
tests as important predictors of performance, however, traditional selection methods, such as 
personality tests, predict job performance to some extent, whereas, they are prone to faking 
and social desirability [11]; [12]. There is one more issue that pertains to negative reactions to 
psychometric assessments. Hausknecht et al. [13] found psychological assessments are less 
accepted among applicants, which is concerning because psychological assessments tend to 
more strongly predict job performance, or due to fatigue that is cause of long assessment tools. 
Even more, traditional measurement methods, like rating scales, tests are often criticized as 
boring and repetitive [14], while the process of their adaptation to meet the needs of different 
target groups and cultures takes long. 
 

b. Situational judgement tests (SJTs) 
Situational judgment tests (SJTs) have been proposed as one of the complements or alternatives 
to the traditional self-report questionnaires. SJTs were developed to assess an applicant's 
judgment regarding a situation encountered in the work place [15]. SJT items present 
respondents with work-related situations and various response options to deal with the 
situations [16]. 
 
Most SJTs are in form of a written test because the scenarios are given in a written format and 
applicants are asked to indicate the appropriate response alternative.  The video-based SJTs 
consist of a number of video scenarios that describe the way a person handling a typical job-
related situation [17].  
 
Advantages and limitations 
Among the   strengths   of   SJTs   are   that   they   show   criterion-related   validity and 
incremental validity over cognitive ability and personality, while they have less adverse impact 
towards minorities than cognitive ability tests. Furthermore, applicant reactions towards SJTs 
are positive due to the job-relatedness of SJTs and they can also be used to test large groups of 
applicants at once [18].  
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Although SJTs have been advanced as alternative method for assessing skills, they have also 
several limitations. Specifically, SJTs might be prone to faking, practice, and coaching. In 
addition, the contextualized nature of SJT items makes them particularly prone to cultural 
differences as the culture where one lives, influences the interpretation of events and defines 
appropriate behaviours [19]; [20].  Furthermore, as they are context-specific instruments, it is 
necessary to develop different SJTs for assessing skills required in specific jobs or job families 
[18]. 
 

c. Game based skills assessment (GBA) 
In recent years, technology in the employment testing arena has proliferated and diversified in 
ways that have resulted in radically different methods for evaluating candidates’ qualifications. 
It has been recently acknowledged that gamification, that is the use of game elements in non-
game contexts, may be used as a replacement or supplement to traditional performance 
assessments. A serious game or applied game is a game designed for a primary purpose other 
than pure entertainment, generally referring to video games and sharing aspects of simulation 
but explicitly emphasizing the added pedagogical value of fun and competition. It is used by 
industries such as defence, education, scientific exploration, health care, emergency 
management, city planning, engineering, and politics [21]. Serious games are a subgenre of 
serious storytelling, where storytelling is applied "outside the context of entertainment, where 
the narration progresses as a sequence of patterns impressive in quality ... and is part of a 
thoughtful progress" [22].  
 
Game-based assessment (GBA) specifically refers to methods that include multiple game 
elements and measure an individual's abilities [23]. GBAs in an organizational context can 
measure an array of constructs, including cognitive ability, personality, and other well-
established predictors of job performance [24] [25]. Gamified assessment takes the science of 
psychometric tests and applies gaming elements to make the tests more engaging and more 
attractive to test takers and offer greater information to test users. Elements of gaming might 
include progressing through levels, earning points, or getting badges to create a more engaging 
and contemporary looking online test. The result is a psychometric test which works like a 
traditional psychometric test and measures the abilities it needs to measure – but includes 
some gaming components. Results of the gamified assessment indicate candidate 
competencies, skills and personality characteristics. 
 
The application of gamification in employee testing might restrain increasing thus the 
assessment’s predictive validity and utility in practise, while on the other hand, the advent of 
technology has given new perspectives to traditional selection methods, leading to more 
technologically advanced methods capable to reduce the cost of hiring and improve applicant 
reactions [12]. Consequently, serious games and gamification have already gain a place in major 
areas of Work/Organizational Psychology and Human Resources Management (HRM), that are 
recruitment, selection, training, and performance management [26].  
 
A few skills assessment serious games are already in place (e.g. Game-Based Assessment – GBA 
developed by Owiwi, Simformer Business Simulation - SBS, SmartPredict, Underground), the 
majority of which are deeply connected to the content domain [27]. They are mainly situational 
games, meaning that the game mechanics were designed to reflect the features of the specific 
assessment content (i.e., well-defined scenarios). 
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Advantages and limitations 
Serious games and gamified assessment are thought to obtain higher quality assessment data 
for the following reasons. Serious game performance may be more difficult for test-takers to 
fake in an effort to maximize their chances to be hired because desirable behaviours within the 
serious game may be less obvious to players. For example, personality traits might be assessed 
indirectly via game play behaviours, such behaviours may be less susceptible to social 
desirability bias, and due to the ambiguous nature of their measurement, may also be more 
difficult for test-takers to manipulate purposefully, as well as serious games may be better able 
to elicit behaviours than traditional questionnaire-based assessments. On the other hand, 
serious games may also elicit job-relevant behaviour more readily than is possible with 
questionnaires. Non-cognitive survey-based assessment measures (e.g. personality surveys, 
interest inventories) ask that job applicants reflect upon themselves and respond based upon 
their judgment about their own capabilities. The use of situational judgment tests, requiring 
test-takers to predict their future behaviour rather than reflect upon their existing 
psychological traits and states, contributed to the efforts for minimising the effects of 
inaccuracy introduced by this reflection while maintaining their otherwise strong 
psychometric properties. Nikolaou et al. [12] report that “in a gamified Situational Judgement 
Test (SJT) the clothing of the scenarios and answers with game elements might make the 
desirable behaviours less obvious to candidates and as a result, more difficult to distort 
intentionally or unintentionally what their reactions would be in a given situation as it is away 
from real life situations”. In addition, a gamified assessment environment might distract 
candidates from the fact that they are assessed, reducing test anxiety and promoting behaviours 
that are more likely to appear unconsciously instead of the desirable or socially acceptable ones 
[12]. Serious games as assessment tools may show similar benefits and can be used to observe 
and measure valuable predictor constructs, while better prediction of future work behaviour 
may be possible within the context of a serious game, than by using survey-based measures 
alone.  
 
Another advantage of using serious games as assessment tools is their inherent ability to take 
advantage of current technologies. Serious games in digital (as opposed to non-digital forms 
such as board or card games) software environments can be programmed to capture, store, and 
share massive amounts of user data over time through advanced systems and innovative 
technologies that go beyond traditional “one-shot” assessment measures [28]. Building on their 
technological capabilities to capture user “behaviours,” serious games can be further 
programmed using artificial intelligence approaches to act as virtual expert assessors of user 
behaviours and skills. Because they can be programmed to evaluate “behaviours” in a more 
objective way, they may provide more unbiased, reliable, and precise assessments than 
“human” test administrators in traditional testing contexts [29]. In addition, because games can 
provide surrogate “digital” expertise in place of expert “human” assessors, serious games are 
being explored and evaluated as a means to provide more valid assessments of these “real 
world” outcomes in ways that could be more cost effective compared to traditional assessment 
approaches such as pen and paper questionnaires and direct assessment by an expert [30]. 
Also, gamification might increase engagement levels which in turn might lead to retention and 
motivation during the process of selection as well as better predictions about person-job fit 
[31]. Serious games provide a context for measuring and assessing a broader range of skills and 
constructs compared to traditional assessment approaches. These skills and constructs include 
competencies that have been identified in various domains as important for success in the “real 
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world.” Serious games are amenable to assessing these competencies because they can be 
designed to simulate real world environments or take advantage of fictional and fantasy 
contexts to elicit behaviours that demonstrate creativity, decision-making, teamwork, and 
leadership that can be assessed through the paths that are taken, how resources are managed 
and the options chosen. Users’ performance can be tracked, summarized, and then validated 
against other validated measures or similar behaviours in the real world [32].  
 
Regardless the new opportunities offered by gamifying assessment, there are several 
conditions that still should be met, related to ensuring the psychometric properties of the game 
based assessment procedures, referring to reliability, consistency of measurement, validity, 
and fairness as described by the internationally accepted seminal documents on test validation, 
providing specific guidelines for the creation of psychometrically valid assessment tools. That 
is, serious games should produce similar scores for applicants regardless of their past 
experience (or lack thereof) with the game, as the number of times a person completes a 
personality measure not affect their personality score [33]. Also, ensuring validity measuring 
only the constructs intended to be measured and predicting job performance adequately is a 
major concern for serious game development, because most serious games are intended to 
elicit a wide range of highly complex skills. Whereas a psychological measure can be designed 
to assess a single personality trait, designing serious games to measure a single construct may 
be more difficult and is contrary to the typical game design process, which emphasizes a variety 
of interesting tasks to maximize player engagement [34]. Another concern relates to the 
possible unintentional discrimination against members of groups involving race, sex, religion, 
national origin, colour, disability status, and age. Furthermore, situational games may not be 
the appropriate method for assessment of different cultural populations and as content specific 
mechanics cannot be adjusted to different domains, there is an inherent need for different sets 
of mechanics to be built for each game to assess different skills in different domains [35] [36]. 
 
To sum up, while gamification is an appealing concept for employers as it potentially offers a 
fresh approach to selecting job candidates, the existing game based tools are mainly situational 
games, meaning that the game mechanics were designed to reflect the features of the specific 
assessment content (i.e., well-defined scenarios) and cannot be adjusted to different domains 
(i.e., a variety of scenarios). According to Kankaraš [37] the situational judgment techniques 
suffer from limitations, such as respondents’ tendency to provide socially desirable answers, or 
some given situations/scenarios are less appropriate for different populations or cultural 
groups and settings. Furthermore, the effectiveness of the use of game-based assessments in 
employee selection still needs to be scientifically further researched by examining the criterion 
related validity of a game-based assessment measuring soft skills. 
 

A NOVEL METHOD USING (AI) TECHNOLOGY TO FACILITATE CONTENT-AGNOSTIC 
GAME BASED ASSESSMENT 

Taking into account the limitations of the existing traditional and game based assessment tools, 
within NADINE project, we decided to utilize content-agnostic game mechanics using artificial 
intelligence (AI) technology in order to assess a set of skills indirectly taking care also for 
effectiveness of the tools using the criterion related validity method. Our initial hypothesis was 
that a game provides a controlled environment with a clearly defined goal and a set of actions 
through which an individual can implicitly exhibit his/her proficiency of certain skills.  
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Through not for purpose games, which are familiar to our target group and easily accessed by 
different devices, our methodology focus on the indirect skill assessment based on the 
performance of a person, gathering data on the way a person interacts with a game (i.e., plays 
the game) and infer on this person's skills. This indirect skill assessment method will be 
grounded by the psychometric results of valid and standardized skill assessment 
questionnaires using Deep Learning Techniques. 
 
In order to test the effectiveness of the indirect skill assessment tools, the participants in the 
research were guided to play two serious games and respond to a set of standardised skill 
assessment questionnaires evaluating 35 skills. The aim of this process was to combine the 
skills scoring acquired through the questionnaires to the way the participants play the games 
and in this way to export the skills scoring indirectly through the games. The analysis of the 
results will give an overview of the games effectiveness in skills evaluation.  
 
Method 
To perform indirect skill assessment, the NADINE platform uses an artificial neural network 
(ANN) to perform skill assessment by evaluating the participant performance on a game. An 
ANN is a directed network of layers of artificial neurons that simulates the learning processes 
found in biological organisms (ref 10.1073/pnas.79.8.2554). At each layer, the input 
information is processed by the neurons and passed down to the next layers, using the weighted 
connections between them. During the training process, the network is fed with a set of training 
input data (scoring from questionnaires and moves a player makes while playing the game), 
computes its output and has its connection weights adjusted based on the distance between the 
proposed output (scoring from games) and the ground truth (scoring from questionnaires). 
Through this iterative process, the network error is minimized, after which point the model can 
be used to make predictions for data outside the training set. 
 
The proposed model uses a pre-trained I3D network for pattern recognition (ref 
arXiv:1705.07750). The I3D network is a neural network that can be trained on videos to 
recognize patterns that can be used to predict the desired output. Instead of training the 
network from scratch, a process that would require a large amount of data and significant 
amounts of time, an already trained version of the model, pre-trained on action recognition data 
is used. In that state, the network is optimized to recognize patterns defining a set of 400 actions 
from video data. For example, the network can analyze a video and produce patterns that 
predict whether the video contains a person celebrating, hitting a baseball, tap dancing or any 
other of the 397 actions that it is trained on. By modifying only the output layer of the network, 
the previously learned patterns can be utilized not to identify action classes, but to predict skill 
value estimations on a scale of 1-10. Even though the original network is trained on a different 
problem domain, the low level pattern extraction performed at the intermediate layers can be 
utilized to identify patterns in a game session, which in turn are used for the skill assessment. 
During the training process, the neural network is provided with game sessions as a video with 
the frames containing the player’s moves in a sequence, and corresponding ground truth skill 
values from the questionnaire scores. The network uses these training examples to learn how 
the pre-trained pattern recognition segment can be used to predict its new output. 
 
A separate network is trained for each game. The final model is trained for 200 epochs on a 
NVIDIA Tesla T4 GPU using an80/20 training/evaluation split, that means that the data 
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collected from the 80% of our sample were used for the training of the algorithms (the matching 
between questionnaires scoring and players’ moves), while the rest 20% were used in order to 
evaluate the results produced from games in comparison to the questionnaires scores. 
 
Participants and measures 
290 participants completed the NADINE skill assessment questionnaires. 239 individuals 
played the Tetris game and 216 played the 2048 game. Each participant was given instructions 
about each game’s rules and had time to practice with the controls before submitting a formal 
game session. They were also assisted during the questionnaires’ administration by trained 
facilitators.   
 
NADINE skill assessment tool consists of 13 standardised time limited questionnaires assessing 
35 hard and soft skills. The skills that are assessed through the questionnaires are: 
 
Interpersonal skills: Social interaction, Team working, Intercultural competence, Coping with 
authority, Conscientiousness, Extraversion. Organizational skills: Work efficiency, Time 
management, Independent work, Organization. Personal skills: Adaptability, Reliability, 
Willingness to learn, Stress tolerance. Entrepreneurial skills: Creativity, Managerial skills, 
Initiative, Risk tolerance, Leadership. Cognitive skills: Observation, Decision making, Problem 
solving. Numeracy, Mechanical skills, ICT skills, Technical skills: Dexterity, Spatial ability, 
Accuracy, Language learning aptitude. The questionnaires are of different formats, including 
multiple choice questions with two or more options, or Likert point scales. The results are 
provided in a scale 1-10. 
 
As already mentioned in our study we used two content agnostic games: Tetris and 2048 that 
were selected due to the fact that are user-friendly, easy to play, with non-verbal interfaces, 
pleasant and easily accessed by different devices, i.e. mobile phones, tablets, etc.  
 
Specifically, the Tetris game employs a content-agnostic design and can be categorized as an 
action space game characterized by simple rules and a simplistic design. The game rules are 
evident and clear for the player to identify (i.e., the player is aware of all possible actions such 
as rotating and moving blocks, or accelerating their descent) while the game offers the player a 
fully observable action space with no other possible interaction besides going to the menu and 
ending the game [38]. 
 
 A similar design is adopted by 2048, the online puzzle game. The game is played on a four-by-
four square grid with some of the boxes filled with numbers in powers of two (2). The objective 
is to order the randomly generated boxes by merging or sliding them into place so as to create 
a tile labelled 2048 [39].  
 
For Tetris, the collected data was a stream of board frames, each depicting the board state after 
a block was placed. For 2048, each session produced a board frame for every move made. The 
average Tetris session contained 49 frames, while the average 2048 session had 243 frames.  
 

RESULTS 
After algorithms training, each skill was evaluated independently using its mean absolute error 
across all samples in the evaluation sets. The network performance was evaluated using a set 
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of 58 participants for Tetris and 48 participants for 2048 (using 20% of the data set for 
evaluation as indicated above) using mean absolute error for each skill. The results appear on 
the table 1, where the mean absolute error (MAE) reports the average distance of predicted 
value from the questionnaire assessment value, which is considered the ground truth. For 
instance, for the interpersonal skills, the 2048 model will be about 0.77 points off on average in 
either direction from the questionnaire assessment. 
 

Table 1: Mean absolute error per skill, compared to questionnaire results 
Skill Tetris 2048 
Interpersonal skills 1.22 0.77 
Social interaction 1.6 1.4 
Team working 1.6 1.39 
Intercultural competence 1.61 1.51 
Coping with authority 1.73 1.28 
Conscientiousness 1.82 1.23 
Extraversion 1.5 1.18 
Organizational skills 1.32 1.29 
Work efficiency 1.72 1.54 
Time management 1.54 1.53 
Independent work 1.52 1.34 
Organization 1.44 1.31 
Personal skills 1.28 0.74 
Adaptability 1.71 1.77 
Reliability 1.63 1.55 
Willingness to learn 1.51 1.36 
Stress tolerance 1.82 1.42 
Entrepreneurial 1.32 1.13 
Creativity 1.48 1.57 
Managerial 1.85 1.52 
Initiative 1.67 1.4 
Risk tolerance 1.56 1.89 
Leadership 1.76 1.68 
Cognitive skills 1.48 1.66 
Observation 1.79 1.95 
Decision making 1.81 1.85 
Problem solving 2.09 2.09 
Numeracy 1.44 1.37 
Mechanical skills 1.91 1.65 
ICT skills 2.24 2.32 
Technical skills 1.78 1.72 
Dexterity 2.35 2.56 
Spatial ability 2.41 2.07 
Accuracy 1.8 1.89 
Language learning aptitude 1.74 1.88 

 
The models for both games have the ability to make good predictions across all skills, with the 
highest error having a value of 2.41 (spatial ability) for Tetris and 2.56 (dexterity) for 2048. 
Moreover, the average error for Tetris is 1.68, while for 2048 is 1.56. These results are quite 
reasonable, considering the size of the datasets.  
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Comparing the two models, we come to the conclusion that predictions using the 2048 data are 
more accurate on 24 out of 35 skills. While this may seem strange at first, taking into account 
the complexity of the boards of the two games and the fact that there are more training data 
available for the Tetris game, it can be easily explained by observing the average length of each 
game. Tetris games are generally shorter, with the average Tetris session having only 49 
frames, while 2048 sessions tend to go on for much longer periods of time, with an average of 
243 frames.  
 
However, it is possible that by increasing the size of the Tetris dataset or employing techniques 
such as using board data just from the most active sub region of the game, we can bridge the 
gap in performance. 
 

DISCUSSION 
Skill assessment plays an important role in personnel selection and well-validated assessment 
tools can be a great resource in streamlining the process. The need for developing user friendly 
innovative assessment tools, such as serious games, which are easy to play, easily accessed by 
different devices and are effective in avoiding fatigue or anxiety towards testing becomes more 
and more apparent. Furthermore, in times of continuous changes, such as technology 
advancement, organizations should not fell behind from adopting workplace trends, such as 
gamification. Taking also into account that the generation entering currently the workplace is 
highly familiar with video games and technology compared to previous generations [40] [41], 
organizations may supplement or replace their traditional selections methods with gamified 
assessment methods which are likely to increase applicants’ attraction to organization and in 
turn, their recommendation intentions [42]. This study focused on an innovative gamified 
method, the indirect assessment of soft and hard skills via agnostic content serious games, such 
as Tetris and 2048.Through not for purpose games, NADINE main aim is to promote the 
accessibility and user-friendliness for the end-users, as well as to simplify the skill assessment 
procedure, taking into account the specific limitations related to language barriers and other 
difficulties, such as literacy and learning disabilities, providing a cost effective, and less time 
consuming screening procedure of job seekers.  
 
Key results of the study revealed that the trained neural models for both games have strong 
skill assessment capabilities. As indicated by the low error rate across most skills, there is a 
considerable degree of correlation between an individual’s move patterns on the two games 
and his/her skill values. Comparing the two models, even though the Tetris game has a larger 
set of available actions per frame, the 2048 models were able to provide better performance in 
24 out of the 35 skills, due to the higher number of moves per session, which allows for more 
intricate sequences of patterns to occur and be detected by the model. It could also be argued 
that in the 2048 game, providing the player with a goal, makes him/her more likely to exhibit 
his/her skills by developing a long term strategy, working towards that goal. Tetris players are 
generally forced to make short term plans as they are affected by the time pressure and the lack 
of knowledge of the next sequence of blocks, which translates to many of them converging to 
greedy strategies.  
 
Summing up, using the games Tetris and 2048 we proved that there is indeed correlation 
between a person’s action sequence and his/her different skills, by creating our own novel 
game/skill vector datasets, training and evaluating on a separate sample. It came out that for 
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most skills we can expect estimations that are close to the real skills scoring acquired through 
the psychometric questionnaires, especially when using a game with a high number of actions 
per session, like in the case of 2048. These initial results are very encouraging in implementing 
in personnel selection process the indirect skill assessment via games use, under the condition 
that for the algorithms training are used valid and standardized psychometric tools. By using 
content agnostic games, we can assist employers in making a first screening among big 
numbers of candidates within limited time, as using such a method eliminates the need for 
human supervision and significantly reduces the assessment time, and allows for skill 
assessment at scale. 
 
Furthermore, content-agnostic designs can be used across different games as they do not rely 
on visual representations, are independent of game mechanics [43], [44] and can foster tasks 
that are situated in a multitude of domain assessments while allowing for a link between player 
behavior and skill assessment [45]. This new form of assessment includes online games and the 
use of large amounts of big data pulled from many sources, including test responses, test-taking 
behavior, applications. Speedy processing, lower costs, convenient access, and applicant 
engagement are often and rightfully cited as the practical advantages for using this kind of 
selection tool [46]. Also, as the design of the content-agnostic games is simplistic, independent 
of culture-specific content, and features rules that are easy to follow, the games are not in need 
of adaptation of any kind, and are not expected to be problematic for culturally different 
populations in terms of understanding the game objectives or the playing rules, while they can 
easily be accessed by different devices, i.e mobile phones, tablets, etc.  
 
Therefore, indirect assessment through gamification can play here an important role in the 
employee selection process, as an alternative or supplement to the traditional selection 
methods, such as psychometric tests, situational judgement tests (SJTs). Using content agnostic 
games, we might reduce faking and socially desirable responses, since these may be less 
obvious while completing a “game”, and as a result, the quality of information about candidates 
and the prediction of job performance may increase [47]. Moreover, engaging gamification in 
the selection process may make the process more interactive and attractive to candidates, as 
the use of game elements might promote fun, challenge and interaction [42]. 
 
Even though the initial results are encouraging, more research is needed to establish the 
predictive validity of gamified indirect skill assessment above and beyond what traditional 
selection methods evaluate. If the training data was scaled up to even a few thousand entries, it 
is very possible that the resulting models would be able to perform skill assessment with a 
minimal error on most skills. Therefore, there is still need for additional data collection and 
engagement in the survey of more participants, so as to further training the algorithms with 
more data. Additionally, more games could be tested in the same way as Tetris and 2048, so as 
to have a pool of tools that could be used in indirect skill assessment and to increase the 
matching between psychometric skills assessment results and indirect skills assessment 
results.  
 
Though, given the increasing interest in cost effective and valid assessment tools in recruitment 
process, we hope that this study will stimulate further empirical evidence on indirect gamified 
assessment methods and their potential usefulness. 
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