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Abstract. Modern gamified EdTech platforms require a systematic scientific
approach to analyzing large-scale user data. This study proposes a methodology
that combines causal inference, survival analysis, psychometric modeling, and
machine learning to identify factors influencing user retention and to personalize
the learning experience. The research is based on data from the Aqyl Battle
gamified educational platform, which includes more than 500,000 users over a
period of more than three years. Three structured datasets were developed: a panel
dataset for causal analysis, a survival dataset, and a feature-engineered dataset
for machine learning. A difference-in-differences model was used to evaluate
the effect of tournaments on user activity. The Kaplan—Meier estimator and Cox
proportional hazards model were applied for survival analysis, while the three-
parameter logistic Item Response Theory model was used to estimate latent skill.
Churn prediction was performed using logistic regression and XGBoost. The
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results show that the introduction of tournaments increased weekly user activity
by 12.4% (p < 0.01), while the gradient-boosted classifier achieved an AUC of
approximately 0.87 on a temporally separated test set. The matchmaking quality
index and the Gini coefficient of rating dispersion were found to be significant
moderators of retention. When match balance fell below 0.6, weekly attrition
increased sharply. The findings highlight the importance of fairness and balance
in gamified EdTech systems and provide a reproducible analytical framework for
researchers and platform designers.

Keywords: EdTech, gamification, machine learning, churn prediction,
XGBoost, personalization

For citations: Kulatay A.A., Zhaisanova D.S., Daurenbayeva N.A., Mamanova
S.Y, Tolegen M. Machine learning for personalized learning in gamified edtech
platforms: Aqyl Battle case. Academic Scientific Journal of Computer Science,
2026. — No.2. — P.248-262. DOI https.://doi.org/10.32014/2026.2518-1726.437

© Kyuaraii A.A.**, Kaiicanosa [.C.', laypen0aeBa H.A.?%,
MamanoBa C.E.2, TeJsieren M.3, 2026.

'On-®apabu areraaarel Kazak yaTTeIK yHUBepcHuTeTi, Anmatel, Kasakcras;
2XanbIKapalblK aKMapaTThIK TEXHOJIOTHSIIAp YHUBEPCUTETi, AnMarkl, Ka3akcraH;
3KIIC Thousand IT Company, Anmarsl, Ka3akcras.

E-mail: aibolat.kulatay@gmail.com

TEMMUO®UKALASIAHFAH EDTECH IIIAT®OPMAJIAPIA
OKBITYbI KEKEJEHAIPYT'E APHAJIFAH MAIINHAJIBIK OKbITY:
AQYL BATTLE KEWCI

Kynaraii Aiidonat — noxropanrt, on-®apabu areiHaarsl Kazak YITTHIK YHUBEPCUTETi, AJIMATHI,
Kazakcran,

E-mail: aibolat.kulatay@gmail.com, https://orcid.org/0009-0001-6330-6416;

KaiicanoBa [unapa — PhD, on-®apadbu areigarer Kasak yiTTBIK yHHBEPCHUTETi, AJIMATEHI,
Kazakcran,

E-mail: zhaisanova.dinara@kaznu.kz, https://orcid.org/0000-0002-8116-6111;

Jaypen6aeBa Hypkamuas — PhD, XanbikapanblK akmaparThlK TEXHOJOTHSIIAP YHUBEPCHTETI,
Anmarsr, Kazakcran,

E-mail: n.daurenbayeva@iitu.edu.kz, https://orcid.org/0000-0003-0341-4017;

MamanoBa CbhIMOAT — JOKTOPAHT, XaIbIKapalblK AKMapaTTHIK TEXHOJOTHSIAD YHHBEPCHUTETI,
Anmarsr, Kazakcran,

E-mail: s.mamanova@jiitu.edu.kz, https://orcid.org/0009-0001-7277-5492;

Teaeren Myxamen 9au — «Thousand IT Company» XKXIIC, Anmatsr, Kasakcras.

E-mail: muxamed9511171@gmail.com, https://orcid.org/0009-0002-4418-1141.

Annoramusa. Kazipri reiimudukanusnanran EdTech mmardopmanap naiina-
JaHYIIBUIAPABIH YIIKEH KOJIeMJeTi IepeKTepiH KYHel FhUIBIMH TYPFBIIAH Taj-
nayasl KakeT ereli. byl skyMmeicTa maiianaHymbsoiapasl yeran Kairy ¢akropia-
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PBIH aHBIKTAy JKOHE OKY TKIpHOECIH JKEKeIIeNeHipy YIIiH ceOer-caaaapibIK
Tajzay, eMIpIIEHAIK TaJlJaybl, ICUXOMETPHUSIIBIK MOJEIbICY KOHE MAaIIMHAJIBIK
OKBITY 9M1icTepiH OipIKTIPETIH 9/icTeME YCHIHBIIAABI. 3€PTTEY YII )KBUIJIAaH acTam
Ke3eH 11 KaMTHThIH xoHe 500 000-HaH acTam maianaHylibl AepeKTepiHe Heri3-
nenren Aqyl Battle reifimuukanusinanran 6iniM Oepy rutaTgoOpMachIHBIH IepeK-
Tepi OOMBIHIIIA XY PTi3imi. YT KYPBUIBIMIAIFaH AEPEKTEep KUBIHBI JaHBIHIATIb:
ce0er-caIapiblK TajuaayFa apHaJIFaH MaHeIbIiK IePeKTep KUbIHBI, OMIPIICHIIK
TajjlayblHa apHaJIFaH JEPEKTep KUBIHBI JKOHE MAaIlIMHAJBIK OKBITYFa apHalFaH
Oenrizepi eHeNreH AepeKTep *KUbIHbL. TypHUpIIepAiH naiananymsl OenceHaii-
rine acepin Oaramay ymin difference-in-differences moneni Konmansuiasl. OMip-
meHaik tangaysl ymia Kamman—Meiiep Oaramaymibsichl skoHe Koke mpomopimo-
HaJIIbI TOYEKENJIep MOJIeINI MalaiaHbUI/IbI, )1 )KaChIPBIH AaF/bl ICHreliH Oaranay
YILIiH YII TapaMeTpii Joructukansik Item Response Theory Moneni KoaaaHbIIbL.
[NafinamanymbuTapabIH KeTYiH 00JDKay JIOTHUCTUKAIBIK perpeccus skoHe XGBoost
apKbUIBI OpBIHAANABI. HoTmkenep TypHUpIEpi SHri3y anTajblK IMaianaHylbl
Oencenpainirin 12,4%-ra aprreipranbin kepcetTi (p < 0,01), an rpaaueHTTIK OYy-
CTHHT MOJIeJi YakbIT OOMbIHINIA O6iHTeH TecT kublHbIHAa mamameH 0,87 AUC
MoHiHe xeTTi. Kapcbutac colikecTeHIipy canachlHbIH MHIACKC] XKoHE PEHTHHITED
TapanyblHblH JKuHN K0d(h(GUIMEeHTI naiiananymbIapabl YCTal KalyFa eneyii
ocep eTeTiH ¢akropiap 6onabl. Maru Oanancel 0,6-1aH TOMEHCTEH Ke3JI¢ arTa-
JIBIK KETY JICHI€#1 KYPT OCTi.

Tyiiin ce3nep: EdTech, relimndukanns, MalmmHAIBIK OKBITY, KETY/I OOIDKay,
XGBoost, nepbecrenaipy
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Annortauusi. Akmyarvnocms. CoBpemeHHble reiMudunmupoannasie EdTech-
m1atGopMbl TPeOYIOT CHUCTEMHOTO HAyYHOTO TMOAXO0Ja K aHaIu3y OOJBIIMX
00bEMOB  TOJIB30BATENbCKUX JAaHHBIX. (OcoOyl0 3HauMMOCTh mpuoOpeTaeT
MPUMEHEHHe METO0B MAIIMHHOTO OOYy4YeHHs, MPUYUHHO-CIEICTBEHHOTO
aHanM3a W TIOBEJEHYECKON aHATWUTHKU JJIS BBIABICHUS (PAKTOPOB yIepKaHUS
noJb30Batelieil, oreHKH d(PGEKTUBHOCTH MTPOBBIX MEXaHUK W MEPCOHAIM3AINN
oOpa3zoBareinbHOTO  omnbiTa. [[ers. Pa3paboTarh METONONOTHIO — aHAIU3a
MOJIb30BaTENILCKOTO TOBeACHUsT Ha relmudunmupoanHoii EdTech-mutatdopme
Aqyl Battle mist BeisiBiieHUst (hakKTOPOB yAepKaHUI TOIH30BATEICH U IIOCTPOCHUS
MoJieneil mepcoHanuzanun oOydeHusi. Memoowsi. VccnemoBaHnne OCHOBaHO Ha
MaHHBIX TeWMHPHUIIIpOBaHHOW oOpaszoBarensHO mmatrdopmbl Aqyl Battle,
Brurrogatormx 6onee 500 000 monp30Bareneil 3a MepHo/ CBBIIIE TPeX JeT. bbun
c(OpMHPOBaHBI TP CTPYKTYPHUPOBAHHBIX HA0Opa JaHHBIX: TTAHEIBHBIN HA0OD IS
MPUYMHHO-CJIEICTBEHHOTO aHaN3a, HA00p NaHHBIX JUIS aHAJIN3a BBKUBACMOCTH 1
Ha0Op ¢ HHXKEHEPHO C(HOPMUPOBAHHBIMY IPU3HAKAMH JJISI MAIIUHHOTO O0YYCHHUS.
Jlis olleHKM BIUSHUS TYPHUPOB Ha aKTHBHOCTH IOJIb30BaTellel MPUMEHSIIACH
momenb difference-in-differences. Omnenka Kamurama - Meiiepa u  Momenb
MPONIOPIIMOHATLHBIX PHCKOB KoKca Henonp30Basiceh 1Jis aHalu3a BBDKHBAEMOCTH,
a TpexmapaMeTpuueckas Jioructuueckas mozenb Item Response Theory - st
OLIGHKHM JIATEHTHOTO YPOBHS HaBBIKOB. [IpOrHO3MpOBaHHME OTTOKA BBIOIHSIIOCH
C MPUMEHEHHUEM JIorucTuueckoi perpeccuu 1 XGBoost. Pesynvmamut u 6616000l
Pesynbrarel mOKa3anm, YTO BBEACHHE TYPHHUPOB YBEIWYHIIO €XEHEICIbHYIO
aKTUBHOCTH mosib3oBareneid Ha 12,4% (p < 0,01), a rpagueHTHBIH OyCTHHT JOCTUT
3HaueHns AUC okomo 0,87 Ha TeCTOBOW BBIOOpPKE, pa3NeleHHON 1O BPEMCHH.
Wupekc kayectBa mojdopa CONMEepHUKOB M KOdGGuimeHT JKUHI pacipeaeeHus
PEUTHHIOB OKa3aJIMCh 3HAYUMBIMH MojiepaTtopamu yiaepxkaHus. [Ipu cHuxkeHHH
Oananca marueii Hoke 0,6 eXeHeneabHBIH OTTOK pe3ko Bo3pactait. [lomyyeHHble
Pe3yABTATHI MMOMYEPKUBAIOT BAXKHOCThH CIPaBEUIMBOCTH, OajlaHCa M alalTUBHOM
nepcoHanm3anuu B reiMudumpoBanaslx EdTech-cuctemax. Ilpemmoskennas
METOJIONIOTHSI MOXKET OBITh MCIONB30BaHA JUIsl pa3pabOTKU WHTEIUICKTYaIbHBIX
00pa3oBaTeIbHbIX IATPOPM, OPUEHTHPOBAHHBIX Ha MOBBIIICHHE BOBICYEHHOCTH,
yAepKaHUS TOJTh30BATEICH U Ka4eCTBa UHIUBUIYaIbHBIX TPACKTOPUI OOyUCHHUS.

KawueBnsie caoBa: EdTech, reiiMudukanms, wmammHHOEe O0O0y4eHUeE,
nporHo3upoBanue orroka, XGBoost, nepconanuzanus, Aqyl Battle, anamu3
BBDKHBaeMocTH, [tem Response Theory
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Introduction. Educational technology (EdTech) platforms have, over the last
decade, increasingly turned to game design elements as a strategy for sustaining
motivation and engagement. The integration of points, levels, badges, leaderboards
and competitive structures into otherwise didactic content - commonly summarized
under the term gamification - has been shown across multiple meta-analyses to
produce positive effects on motivation, engagement and academic outcomes (Zeng
et al., 2024; Li et al., 2023). For so-called digital natives in particular - learners
who have grown up immersed in interactive applications - gamified formats appear
to align well with preferences for visual presentation, immediate feedback, and
dynamic task structures (Khaldi et al., 2023). At the same time, systematic reviews
continue to emphasize that much of the evidence base on gamification still suffers
from methodological weaknesses, including non-representative samples, missing
control conditions, and selective reporting (Zeng et al., 2024).

In parallel with the rise of gamification, the field has witnessed a rapid expansion
of artificial intelligence (Al)-driven personalized learning platforms. Recent
randomized controlled trials and large systematic reviews report that adaptive
systems that re-route content according to a learner's behavior, prior performance,
and emotional state can produce moderate-to-large gains in cognitive learning
outcomes - with reported standardized effect sizes ranging from g~ 0.36to g~ 0.70
depending on the implementation and the educational level (Patterson and Clark,
2024; Zhang et al., 2025). However, much of this work focuses either on classroom
interventions or on subscription-based learning services. The intersection of two
trends - competitive, ratings-based gamified platforms on one side, and Al-driven
personalization on the other - remains comparatively under-studied.

A second major thread of research, originating from the customer-analytics
literature, concerns the prediction of user attrition (churn). A 2025 PRISMA-
guided systematic review of churn prediction studies published between 2020 and
2024 confirms that ensemble methods such as XGBoost and LightGBM remain
the dominant choice for tabular behavioral data, with deep-learning architectures
gradually entering the mix where sequential information is available (Sharma
and Kumar, 2025). Within the EdTech domain specifically, recent work has
demonstrated that engagement features - including time spent, frequency of paid
activities, and interaction with gamified elements - together with customer tenure,
are the most influential predictors of churn, and that explainable Al techniques
such as SHAP can convert these predictions into actionable retention strategies
(Pereira and Silva, 2025; Kiguchi et al., 2022).

Despite these advances, an integrative methodological gap remains. Existing
studies tend to address gamification, personalization, and churn prediction in
isolation, and rarely combine causal identification with predictive modeling on the
same behavioral panel. For competitive gamified EdTech platforms, four research
questions are still inadequately answered together. (RQ1) What is the causal effect
of competitive game mechanics - for example, tournaments - on user activity and
retention? (RQ2) How fair, in a measurable sense, is the matchmaking process,
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and does fairness moderate the engagement effect? (RQ3) Which behavioral and
financial signals best predict that a given user is about to leave? (RQ4) Can a latent
measure of skill, derived from psychometric theory, improve the personalization
of content, especially for newcomers? The present study addresses these four
questions on a single dataset - Aqyl Battle, a competitive educational platform
with more than 500,000 users - and reports both methodological and empirical
findings.

The contribution is therefore primarily methodological. We assemble
difference-in-differences estimation, Kaplan—Meier and Cox survival analysis,
three-parameter Item Response Theory, and gradient-boosted churn prediction
into a single coherent pipeline that can be reproduced on other gamified EdTech
datasets. We also propose two interpretable platform-level fairness diagnostics - a
match-balance index and a Gini coefficient of rating dispersion - and demonstrate,
on real platform logs, that these diagnostics moderate the effect of game mechanics
on retention.

Literature review. Churn prediction in subscription-based and behavior-based
services has matured substantially in the last five years. A recent PRISMA 2020
systematic review covering 2020-2024 identifies 240 studies for bibliometric
analysis and 61 for qualitative synthesis, and reports that ensemble methods -
particularly XGBoost, LightGBM and CatBoost - together with logistic regression
as a transparent baseline, remain the workhorses of the field, while deep-learning
architectures (LSTM, CNN) are increasingly applied where the input data has a
sequential or unstructured component (Sharma and Kumar, 2025). The review
further documents persistent issues with class imbalance and recommends a
combination of resampling techniques (SMOTE, ADASYN, RUS+SMOTE)
with imbalance-aware evaluation metrics, an approach that aligns closely with
the methodological recommendations in earlier work on educational data mining
(Costa et al., 2021).

Within EdTech specifically, two recent contributions are particularly relevant.
Pereira and Silva (2025) develop a churn-prediction model on anonymized data
from a children's English-learning platform covering April 2024 — February
2025, engineering activity, engagement and financial features over multiple time
windows. They compare logistic regression, random forest, neural networks and
XGBoost under RUS+SMOTE balancing, and use Shapley Additive exPlanations
to identify the strongest predictors. Their findings - that the number of paid
classes, total learning time, engagement with gamified features, and customer
tenure dominate the importance ranking - are directly transferable to competitive
gamified platforms such as Aqyl Battle, where analogous engagement signals
are observable in the platform logs. In the digital game-based learning subset of
EdTech, Kiguchi et al. (2022) earlier proposed a definition of churn that combines
recency with the addition of mean and two standard deviations of inactive time,
and showed that even relatively simple models (logistic regression, decision tree,
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random forest) can deliver useful predictive signal once the churn definition is
correctly anchored to user behavior.

Personalized learning platforms based on Al form the second strand of relevant
work. Zhang et al. (2025), in a randomized controlled trial covering an academic
year on an Al-driven medical learning platform, demonstrate that an integrated
stack of dynamic content optimization, NLP-based emotional support and a
recommendation engine produces statistically significant gains in standardized
post-test scores (84.47 + 3.48 vs 81.72 + 4.37; p = 0.034; Cohen's d =~ 0.72).
Patterson and Clark (2024), in a scoping review of personalized adaptive learning
in higher education, document a converging body of evidence indicating that
adaptive systems improve engagement and academic performance, while Foster
and Green (2024) and Ellikkal and Rajamohan (2025) report similar benefits for
management students. The systematic review by Wang et al. (2025) integrates
these findings into a pedagogical mediation model (PMAISE) and emphasizes the
role of teaching methods as a mediator.

The third strand - gamification and engagement - has been consolidated in
a number of recent meta-analyses. Zeng et al. (2024), pooling 22 experimental
studies published between 2008 and 2023, report a positive aggregate effect of
gamification on academic performance. Li et al. (2023), in a meta-analysis of 41
studies covering more than 5,000 participants, report a large overall effect size (g
=0.822, 95 % CI [0.567, 1.078]) of gamification on learning outcomes. Aliakbari
et al. (2025) extend this line of work toward personalized gamification, showing
that machine-learning models can predict user-specific gamification preferences
from behavioral and demographic features. Adaptive gamification in collaborative
virtual classrooms is reviewed by Rahman et al. (2025), who emphasize the
integration of Self-Determination Theory and Flow Theory in shaping effective
game-element selection.

Finally, the question of fairness in competitive learning environments is
informed by the broader literature on inequality measurement. The Gini coefficient
ranges from 0 (perfect equality) to 1 (maximal concentration) (Cowell, 2023). In
gamified settings, a high Gini over the rating distribution implies that a small
subset of players accumulates a disproportionate share of competitive resources,
linked to motivational drop-off in lower-rated cohorts (Klock et al., 2020). Taken
together, the literature confirms three points: ensemble ML provides reliable churn
prediction; Al personalization improves outcomes when grounded in measurable
learner representation; and gamification works conditionally on fairness and
design quality.

Materials and methods. Data. The empirical material was extracted from the
production MySQL database of the Aqyl Battle platform, a competitive educational
application active in Kazakhstan. The database covers more than 500,000 unique
users over a period exceeding three years and records, for each user, registration
metadata, every match played, every change in competitive rating, financial
transactions, tournament participation events, and per-question outcomes for in-
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game quiz items. From these raw tables, three derived datasets were constructed
in order to support the four analytical components of the study. A summary of the
derived datasets is provided in Table 1.

Table 1 - Derived datasets used in the analysis
Dataset Unit and key fields Used for

user x [SO-week; matches, wins, A-rating, end-rating,

tournament flag, days since last match DiD causal estimation

Panel

user; tenure _days, churned, tournament flag, premium

rvival Kaplan—Mei r ion
Survival flag, total spend apla eier, Cox regressio
user; days_inactive, total_matches, win_rate,
ML / churn rating_volatility, tournaments_entered, total spent, 6" Logistic regression, XGBoost

(IRT)

The panel dataset supports the causal analysis. For every user and every
calendar week, the panel contains the user identifier, the ISO week, the number of
matches played, wins, rating change, end-of-week rating, tournament participation
indicator, days since last match, and tenure controls. The panel was filtered to
retain only users observed for at least four weeks before and four weeks after the
platform-wide tournament launch.

The survival dataset records tenure days (right-censored at the end of the
observation window), a binary churned indicator (inactivity exceeding the user-
specific mean plus two standard deviations of historical inactive periods, following
Kiguchi et al. (2022)), and covariates capturing premium-feature usage and reward
receipt.

The machine-learning dataset contains six engineered features: days_inactive,
total matches, win_rate, rating volatility (standard deviation of weekly rating
changes), tournaments_entered, and total spent. To prevent temporal leakage, the
dataset was split chronologically. After the IRT model was fitted, an additional
feature 0" was appended for users with at least 30 item exposures.

Difference-in-differences (DiD) estimation. To estimate the causal effect of
the platform-wide tournament launch on user activity, a two-way fixed-effects
DiD specification was employed:

Yie = a+ By -Group; + P, - Posty + Bpip(Group; X Posty) + &,

where Y;; denotes weekly matches (or, in robustness checks, weekly retention),
Group; is the treatment indicator, Post; is the time indicator, and Ppip is the
parameter of interest. Standard errors were clustered at the user level. The parallel-
trends assumption was checked visually and via placebo windows.

Survival analysis. Length of active engagement was modeled with the Kaplan—
Meier non-parametric estimator and with a Cox proportional hazards regression.
The Kaplan—Meier curves were stratified by tournament participation; the log-
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rank test assessed differences. The Cox model included tournament participation,
premium-feature usage, total spent (log-transformed), and an interaction between
tournament participation and standardized win rate. The proportional hazards
assumption was assessed using Schoenfeld residuals.

Item Response Theory (IRT). To obtain a measurement-theoretic estimate
of latent skill comparable across users with different exposure, a three-parameter
logistic (3PL) IRT model was fitted to the binary outcomes of in-game quiz items.
The 3PL model estimates discrimination (a), difficulty (b), and guessing (c) per
item, yielding a posterior distribution over user ability 0 (Glas, 2008; Aneni et al.,
2023). For each user with > 30 item exposures, an estimated ¢ was extracted and
added as an additional feature.

Churn prediction with machine learning. Two predictive models were
trained and compared: regularized logistic regression (LR) and gradient-boosted
trees (XGBoost). Both models were tuned by 5-fold cross-validation on the
training period only. SMOTE was applied within each cross-validation fold to
address class imbalance, following Sharma and Kumar (2025). Model quality was
assessed using AUC-ROC, F1-score, log-loss, and recall at fixed precision. Feature
importance was computed from gain and SHAP values (Pereira and Silva, 2025).

Matchmaking quality and fairness diagnostics. The match-balance index for
encounter between players A and B is:

|[Ra—Rp|

MatchBalance =1 — —=—"="—,
max(R4,Rg)

with values close to 1 indicating evenly matched opponents. The Gini coefficient
of the rating distribution was tracked at weekly granularity. Both metrics were
linked to the panel dataset to test whether the tournament effect varied with
platform-level fairness. All analyses were implemented in Python 3.11 (pandas,
statsmodels, linearmodels, lifelines, py-irt, scikit-learn, xgboost, imbalanced-
learn, shap).

Results and discussions. Causal effect of tournaments. The DiD estimator
yielded Bp;p = 0.124 (p < 0.01), corresponding to an increase of approximately
12.4 % in weekly user activity attributable to the platform-wide tournament
launch. The estimate was robust to the inclusion of user fixed effects, week fixed
effects, and time-varying controls. Pre-trend tests on placebo windows failed to
reject the parallel-trends assumption. A parallel DiD model on a binary 7-day
retention outcome yielded a smaller but still significant effect, indicating that the
tournament intervention also lowered short-horizon attrition. Figure 1 illustrates
the weekly evolution of average matches per user in the treatment and control
groups around the tournament launch.
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Figure 1 - Weekly matches per user, treatment vs. control, around the tournament launch

(vertical dashed line indicates t = 0)

The magnitude of these effects is consistent with the gamification meta-
analyses of Zeng et al. (2024) and Li et al. (2023), which report moderate-to-large
positive effects of well-designed game mechanics on engagement and academic
performance, and with the experimental personalization findings of Zhang et al.
(2025), where engagement gains translated into measurable cognitive outcomes. A

summary of the DiD estimates and robustness checks is reported in Table 2.

Table 2 - Difference-in-differences estimates of the tournament effect
Specification p_DiD Std. error p-value
(1) Weekly matches, baseline DiD 0.124 0.018 <0.01
(2) + user fixed effects 0.121 0.020 <0.01
(3) + week fixed effects 0.117 0.022 <0.01
(4) 7-day retention (binary) 0.043 0.011 <0.01
(5) Placebo (pre-launch only) 0.009 0.024 0.71

Note: Standard errors clustered at the user level. Specifications (1)—(4) include a tournament-

launch indicator and treatment dummy.

Survival analysis. The Kaplan—Meier survival curves, stratified by tournament
participation, showed substantial separation: the median active tenure was
approximately 210 days for tournament participants and approximately 150 days
for never-participants. The log-rank test rejected the null of equal survival functions
atp <0.001. Figure 2 displays the two survival curves with 95 % confidence bands.
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Figure 2 - Kaplan—Meier survival curves for tournament participants vs. non-participants
(95 % CI shaded; log-rank p < 0.001).

The Cox proportional hazards model returned a hazard ratio for tournament
participation of approximately 0.75 (95 % CI [0.71, 0.79]), corresponding to a 25 %
reduction in the instantaneous risk of churn. Premium-feature usage and reward receipt
were independently associated with longer survival. The interaction term between
tournament participation and standardized win rate was significant and negative,
indicating that competitive participation produces a stronger protective effect for
users with above-median win rates - consistent with the Self-Determination Theory
mechanism where competence satisfaction sustains engagement (Rahman et al., 2025).

Predictive performance of churn models. The logistic regression baseline
reached AUC-ROC = 0.81 and F1 = 0.68 on the held-out test period. The
strongest positive predictors of churn were days_inactive and rating_volatility;
tournaments_entered and win_rate were negatively associated with churn, in line
with SHAP-based importance rankings reported by Pereira and Silva (2025). The
XGBoost model improved performance to AUC-ROC = 0.87, recovering non-
linear interactions between financial and behavioral signals. Performance metrics
for both models are reported in Table 3.

Table 3 - Churn prediction performance on the held-out test window

Model AUC-ROC F1 Recall@P=0.7 Log-loss
Logistic regression 0.812 0.679 0.541 0.428
(baseline)

Logistic regression +

6 (IRT) 0.823 0.688 0.563 0.418
XGBoost 0.867 0.741 0.642 0.376
XGBoost + ¢ (IRT) 0.874 0.749 0.661 0.369

Note: Bold = best model. SMOTE applied within each CV fold; metrics computed on a strictly
later test period.

The aggregate gain over LR is consistent with the systematic findings of
Sharma and Kumar (2025), and with the e-commerce results of Li (2024), where
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XGBoost reached AUC = 0.987. The inclusion of the IRT-derived latent ability &
produced a small but consistent improvement in recall for newcomer users (fewer
than 50 played matches), confirming that psychometric measurement complements
behavioral features when behavioral signals are sparse (Aneni et al., 2023). SHAP-
based feature attribution is illustrated in Figure 3.

win_rate
tournaments_entered
total_spent
rating_volatility

total_matches

B Positive churn driver

6 (IRT abilit
(IRT ability) Bl Protective / reducing churn

0:0 0:1 (]:2 0:3 0:4
Mean |SHAP value| (impact on churn probability)

Figure 3 - SHAP summary plot for the XGBoost churn model
(top features by mean absolute SHAP value; orange = positive churn drivers, blue = protective
features).

Fairness and matchmaking quality. The match-balance index analysis revealed
a clear monotone relationship between the local fairness of encounters and weekly
retention. Encounters with MatchBalance below 0.6 were associated with a
substantially elevated probability of week-on-week churn, particularly when the
lower-rated player was the loser. At the platform level, the Gini coefficient was
approximately 0.32 at the start of the observation window but drifted upward to
approximately 0.45 in the absence of matchmaking correction. After the introduction
of an Elo-based modified matchmaking algorithm, the Gini coefficient declined to
approximately 0.29, coinciding with measurable improvement in retention among
lower-rated cohorts. The trajectory is illustrated in Figure 4.

0.50
= Gini coefficient (rating distribution)
- Fair threshold (Gini = 0.30) Gini = 0.45

== Unfair threshold (Gini = 0.40) (peak Inequality H
0.45 - Pre-correction period i Matchmaking
Post-corraction period § gomection

Gini = 0.29
(after correction)

Gini coefficient of rating distribution

0.25

10 20 30 40 50
Platform week

Figure 4 - Weekly Gini coefficient of the rating distribution before and after the matchmaking
correction (vertical dotted line indicates the algorithm change).
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Re-estimating the DiD model on subsamples defined by platform-level Gini
revealed that the tournament treatment effect was approximately 40 % larger in
fair-platform weeks (Gini < 0.30) than in unfair-platform weeks (Gini > 0.40). The
result supports the position articulated by Klock et al. (2020) and Aliakbari et al.
(2025) that the engagement benefits of gamification are conditional on the fairness
of the competitive environment.

Discussion. Three implications follow from these results. First, the combination
of causal identification and predictive modeling on a single behavioral panel
materially strengthens the conclusions one can draw from EdTech data. Each
lens - DiD, survival, IRT-augmented ML, and fairness diagnostics - delivers a
distinct and complementary insight that would be unavailable from any single
method. Second, the observed dependence of the tournament effect on platform-
level fairness has direct design implications: investment in matchmaking quality
is not a cosmetic feature but a precondition for the effectiveness of any other
engagement intervention. Third, the model-quality numbers reported here (LR:
AUC = 0.81; XGBoost: AUC = 0.87) sit comfortably within the range reported by
recent EdTech and e-commerce churn studies (Pereira and Silva, 2025; Li, 2024;
Sharma and Kumar, 2025), suggesting that the analytical pipeline is competitive
with the current state of the art.

Limitations should be acknowledged. The available logs do not include rich
demographic data, so the personalization analyses cannot fully separate skill-
related from socially structured behavior. The panel covers a single platform and
a single regional context, and the external validity of the DiD coefficient should
be tested on additional gamified EdTech systems before strong generalization. The
3PL IRT model assumes local item independence, which is approximately but not
exactly satisfied for sequential in-game quiz items. Churn is defined behaviorally
rather than self-reportedly; users who return after long absences are correctly
captured ex post, but the right-censoring induced by the end of the observation
window means that very long survival times are slightly underestimated. Future
work should integrate longer-horizon ethics-of-Al considerations, including data
minimization, transparency of recommendation logic, and the right to opt out of
competitive features (Zhang et al., 2025; Wang et al., 2025), and should explore
neural architectures (LSTMs, temporal transformers) for richer sequential signals
where available.

Conclusion. This study has presented a unified analytical pipeline for gamified
EdTech platforms that combines causal inference, survival modeling, psychometric
measurement, and machine learning, and has applied this pipeline to behavioral data
from the Aqyl Battle platform comprising more than 500,000 users observed over
more than three years. The empirical findings can be summarized in four points.
First, the platform-wide tournament launch produced a causally identified increase
of approximately 12.4 % in weekly user activity, accompanied by a measurable
improvement in seven-day retention. Second, tournament participation reduced the
instantaneous churn hazard by approximately 25 %, with an interaction structure
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consistent with competence-driven engagement mechanisms. Third, a temporally
validated XGBoost classifier reached an AUC of approximately 0.87, materially
outperforming a logistic regression baseline (AUC = 0.81), and the addition of an
IRT-derived latent-ability feature produced consistent gains for newcomer users.
Fourth, two interpretable platform-level fairness diagnostics - match-balance index
and Gini coefficient of rating dispersion - were shown to moderate the engagement
effect of game mechanics, with the tournament treatment effect approximately 40
% larger in weeks of high platform fairness.

The methodological contribution of the paper is the demonstration that four
complementary statistical and machine-learning lenses can be combined on a
single behavioral dataset to move from description to causal explanation and from
causal explanation to actionable personalization. The practical contribution is a
small set of diagnostics - match-balance, rating Gini, and a churn risk score with
SHAP-based explanations - that can be implemented in production by EdTech
platform engineering teams without requiring research-grade infrastructure. Future
research should extend the pipeline to multi-platform comparisons, integrate
sequential deep-learning architectures where richer event streams are available,
conduct randomized A/B trials of personalization policies grounded in the IRT-
based skill estimates, and continue to develop the ethical framework - privacy,
transparency, and equity - under which such systems should be deployed in real
educational settings.
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