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05.01.00 –	Axborot texnologiyalari, boshqaruv va kompyuter 
grafikasi

05.01.01 –	Muhandislik geometriyasi va kompyuter grafikasi. 
Audio va video texnologiyalari

05.01.02 –	Tizimli tahlil, boshqaruv va axborotni qayta ishlash
05.01.03 –	Informatikaning nazariy asoslari
05.01.04 – Hisoblash mashinalari, majmualari va kompyuter 

tarmoqlarining matematik va dasturiy ta’minoti
05.01.05 – Axborotlarni himoyalash usullari va tizimlari. Axborot 

xavfsizligi
05.01.06 – Hisoblash texnikasi va boshqaruv tizimlarining 

elementlari va qurilmalari
05.01.07 – Matematik modellashtirish
05.01.11 – Raqamli texnologiyalar va sun’iy intellekt
05.02.00 – Mashinasozlik va mashinashunoslik
05.02.08 – Yer usti majmualari va uchish apparatlari
05.03.02 – Metrologiya va metrologiya ta’minoti
05.04.01 – Telekommunikasiya va kompyuter tizimlari, 

telekommunikasiya tarmoqlari va qurilmalari. 
Axborotlarni taqsimlash

05.05.03 – Yorugʻlik texnikasi. Maxsus yoritish texnologiyasi
05.05.05 – Issiqlik texnikasining nazariy asoslari
05.05.06 – Qayta tiklanadigan energiya turlari asosidagi energiya 

qurilmalari
05.06.01 – Toʻqimachilik va yengil sanoat ishlab chiqarishlari 

materialshunosligi

05.08.03 – Temir yoʻl transportini ishlatish
05.08.06 – “Gʻildirakli va gusenisali mashinalar va ularni ishlatish” 

(texnika fanlari)
05.09.01 – Qurilish konstruksiyalari, bino va inshootlar
05.09.04 – Suv ta’minoti. Kanalizatsiya. Suv havzalarini 

muhofazalovchi qurilish tizimlari
10.00.06 – Qiyosiy adabiyotshunoslik, chog‘ishtirma tilshunoslik 

va tarjimashunoslik
10.00.04 – Yevropa, Amerika va Avstraliya xalqlari tili va adabiyoti
08.00.01 – Iqtisodiyot nazariyasi
08.00.02 – Makroiqtisodiyot
08.00.03 – Sanoat iqtisodiyoti
08.00.04 – Qishloq xo‘jaligi iqtisodiyoti
08.00.05 – Xizmat ko‘rsatish tarmoqlari iqtisodiyoti
08.00.06 – Ekonometrika va statistika
08.00.07 – Moliya, pul muomalasi va kredit
08.00.08 – Buxgalteriya hisobi, iqtisodiy tahlil va audit
08.00.09 – Jahon iqtisodiyoti
08.00.10 – Demografiya. Mehnat iqtisodiyoti
08.00.11 – Marketing
08.00.12 – Mintaqaviy iqtisodiyot
08.00.13 – Menejment
08.00.14 – Iqtisodiyotda axborot tizimlari va texnologiyalari
08.00.15 – Tadbirkorlik va kichik biznes iqtisodiyoti
08.00.16 – Raqamli iqtisodiyot va xalqaro raqamli integratsiya
08.00.17 – Turizm va mehmonxona faoliyati

Maʼlumot uchun, ОАК 
Rayosatining 2024-yil 28-avgustdagi 360/5-son qarori 

bilan “Dissertatsiyalar asosiy ilmiy natijalarini chop 
etishga tavsiya etilgan milliy ilmiy nashrlar ro‘yxati”ga 
texnika va iqtisodiyot fanlari bo‘yicha “Muhandislik va 

iqtisodiyot” jurnali ro‘yxatga kiritilgan.

M u a s s i s: “Tadbirkor va ishbilarmon” MChJ
H a m k o r l a r i m i z: 
1.	 Toshkent shahridagi G.V.Plexanov nomidagi Rossiya iqtisodiyot universiteti 
2.	 Toshkent davlat iqtisodiyot universiteti
3.	 Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti 
4.	 Islom Karimov nomidagi Toshkent davlat texnika universiteti
5.	 Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti 
6.	 Toshkent davlat transport universiteti 
7.	 Toshkent arxitektura-qurilish universiteti
8.	 Toshkent kimyo-texnologiya universiteti
9.	 Jizzax politexnika instituti



M U H A N D I S L I K  VA  I Q T I S O D I Y O T 2026-yil, iyun.  № 6-son

4

M
U

N
D

A
R

IJ
A

 
 С

О
Д

Е
Р

Ж
А

Н
И

Е
 

 C
O

N
T

E
N

T
S

EPOKSID-DIAN VA FENOLFORMALDEGID GIBRID BOGʻLOVCHISI ASOSIDA YUQORI YEYILISH VA 
KORROZIYABARDOSH ANTIFRIKSION QOPLAMALAR YARATISH.............................................................................10
Bakirov Lutfillo Yuldoshaliyevich 
O‘ZBEKISTONDA TURIZM SOHASIDA DAVLAT-XUSUSIY SHERIKLIKNI BOSHQARISH VA TARTIBGA 
SOLISHNING USTUVOR YO‘NALISHLARI...............................................................................................................................16
Mamayusupova Dilovarxon, Maxmudaliyeva Manzuraxon, Toyirjonov Shokirjon 
FRANSUZ, RUS VA O‘ZBEK TILLARI SPORT TURIZMI TERMINLARINING LEKSIK-SEMANTIK VA 
LINGVOMADANIY TADQIQI.........................................................................................................................................................20
Ma’rupova Gulnoz
МЕТОДИЧЕСКИЕ ПОДХОДЫ К ОЦЕНКЕ ЭНЕРГЕТИЧЕСКОЙ ЭФФЕКТИВНОСТИ СОВРЕМЕННЫХ 
ТЕХНОЛОГИЙ ХРАНЕНИЯ ПЛОДОВ В РЕСПУБЛИКЕ УЗБЕКИСТАН....................................................................24
Муратов Абдулазиз Уктамович
DIGITAL TRANSFORMATION AND EMERGING TRENDS IN INFORMATION TECHNOLOGY...........................29
Daminova Barno, Esmurodova Zarnigor, Boltayev Javohir, Kuziboyeva Lobar
FRANSUZ, RUS VA O‘ZBEK TILLARI SPORT TURIZMI TERMINLARINING LEKSIK-SEMANTIK VA 
LINGVOMADANIY XUSUSIYATLARI..........................................................................................................................................34
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Raximov Alisher Ibragimovich
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Farida Nishanova
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SENTIMENT-BASED EVALUATION OF 
EMOTIONAL EXPERIENCE IN UX: A CASE 
STUDY ON DUOLINGO USER FEEDBACK

Diyorbek Yusufjonov
Junior Lecturer, Department of Management and Marketing,

Tashkent University of Information Technologies
E-mail: yusufjonovdiyorbek@kookmin.ac.kr 

Abstract: This study presents the SEE-UX (Sentiment–Emotion Evaluation for UX) framework, designed to evaluate 
emotional user experience through large-scale sentiment and emotion analysis of app reviews. Applied to 9,742 Duolingo 
mobile app reviews, the framework integrates lexicon-based sentiment analysis (VADER + TextBlob), transformer-based 
classification (DistilBERT), NRC Emotion Lexicon categorization, and UX component mapping. Approximately 76% of 
reviews expressed positive sentiment. Gamification features (streaks) consistently elicited joy and trust, while the hearts/
lives system and monetization features triggered anger and frustration. Results confirm that large-scale sentiment analy-
sis can provide actionable, emotionally-grounded insights for user-centered design in mobile learning applications.

Keywords: user experience (UX); sentiment analysis; emotion analysis; gamification; mobile learning; HCI; NLP

Annotatsiya: Ushbu tadqiqot katta hajmdagi ilovalar sharhlari orqali hissiy foydalanuvchi tajribasini baholash uchun 
SEE-UX freymvorkini taqdim etadi. Duolingo mobil ilovasi bo‘yicha 9 742 ta sharhga qo‘llanilgan ushbu freymvork VADER 
+ TextBlob leksikon tahlili, DistilBERT transformer modeli va NRC Emotion Lexicon kategoriyalashini birlashtiradi. Nati-
jalar umumiy ijobiy kayfiyatni (~76%) ko‘rsatib, o‘yin elementlari (striklar) quvonchni, yurak/hayot tizimi va to‘lovga undash 
esa g‘azab va hafsalasizlikni keltirib chiqaradi. Taklif etilgan yondashuv mobil ta’lim ilovalarida foydalanuvchiga yo‘naltiril-
gan dizayn uchun keng miqyosli UX tahlil imkonini beradi.

Kalit so‘zlar: Foydalanuvchi tajribasi (UX); hissiyot tahlili; gamifikatsiya; mobil ta’lim; inson-kompyuter o‘zaro ta’siri (HCI).

Аннотация: В данной работе представлена система SEE-UX для оценки эмоционального пользовательского 
опыта на основе массового анализа отзывов. Применённый к 9 742 отзывам приложения Duolingo, фреймворк 
интегрирует лексический анализ (VADER + TextBlob), трансформерную модель DistilBERT и эмоциональный 
лексикон NRC. Результаты демонстрируют ~76% положительной тональности: геймификация (серии дней) 
вызывает радость, тогда как система жизней и монетизация провоцируют гнев и разочарование. Предложенный 
подход обеспечивает масштабируемый анализ UX на основе пользовательских отзывов.

Ключевые слова: пользовательский опыт; анализ тональности; геймификация; мобильное обучение; 
взаимодействие человека и компьютера.

I N T R O D U C T I O N
User Experience (UX) evaluation has evolved beyond usability to encompass the emotional and affective 

dimensions that shape how users engage with digital products (Hassenzahl & Tractinsky, 2006). In mobile 
learning, where persistence and motivation are highly sensitive to emotional feedback, capturing the user’s 
affective response is particularly critical. Yet, conventional UX evaluation methods often overlook large-scale, 
in-the-wild data that reflects users’ lived emotional experiences.

With the proliferation of user-generated feedback through app stores, sentiment-rich textual data offers an 
unprecedented opportunity to evaluate UX from the user’s emotional perspective. This is especially relevant 
for mobile educational applications like Duolingo, where emotionally driven engagement — frustration from 
repetitive errors or joy from gamified rewards — can directly affect learning outcomes.

This paper presents SEE-UX (Sentiment–Emotion Evaluation for UX), a novel analytical framework that 
combines lexicon-based and transformer-based sentiment analysis with discrete emotion categorization 
and UX component mapping. The contributions of this work are threefold: (1) a hybrid NLP pipeline tailored 
for UX research; (2) a mapping strategy linking emotional feedback to concrete UX components; and (3) 
empirical insights into how emotional responses shape user experience in a widely adopted language-learning 
application.
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R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
User experience (UX) has evolved from a usability-centered concept to a broader construct encompassing 

users’ emotional, cognitive, and affective responses to interactive systems. Marc Hassenzahl and Noam 
Tractinsky (2006) argued that UX extends beyond efficiency and effectiveness by emphasizing the subjective 
experiences that emerge during human–computer interaction. Their work established the theoretical foundation 
for evaluating emotional aspects of digital products rather than focusing solely on functional performance.

The importance of emotional engagement is further supported by Heather L. O’Brien and Elaine G. Toms 
(2008), who conceptualized user engagement as a multidimensional construct including attention, emotional 
involvement, aesthetics, and perceived usability. Their framework suggests that emotional engagement is a 
key determinant of sustained interaction with digital technologies, particularly in learning environments where 
continued motivation directly influences learning outcomes.

Within educational applications, gamification has emerged as one of the primary mechanisms for enhancing 
engagement. Juho Hamari, Jonna Koivisto, and Harri Sarsa (2014) concluded that game elements such as 
achievements, rewards, badges, and progress indicators generally improve user motivation and participation, 
although their effectiveness depends on implementation quality and user context. These findings align with the 
self-determination theory proposed by Edward L. Deci and Richard M. Ryan (2000), who demonstrated that 
intrinsic motivation is strengthened when digital systems satisfy users’ needs for autonomy, competence, and 
relatedness.

At the same time, UX research has increasingly recognized that certain interface designs may negatively 
affect users despite improving engagement metrics. Colin M. Gray et al. (2018) introduced the concept of 
dark patterns, describing interface designs that manipulate users into unintended behaviors through coercive 
or deceptive interaction strategies. Their work provides an important theoretical perspective for interpreting 
negative emotional reactions toward restrictive design elements and aggressive monetization mechanisms in 
mobile applications.

The rapid growth of user-generated reviews has also transformed UX evaluation by providing large-
scale behavioral evidence. Daniel Pagano and Walid Maalej (2013) demonstrated that app store reviews 
contain valuable information about software quality, usability, feature requests, and user satisfaction. Their 
empirical study established online reviews as an important source for continuous UX assessment and software 
improvement.

Advances in natural language processing have significantly improved the automatic analysis of user 
feedback. The VADER sentiment analysis model developed by C. J. Hutto and Eric Gilbert (2014) offers an 
interpretable lexicon-based approach that performs particularly well on short, informal social media texts. 
Complementing lexicon-based methods, transformer architectures such as DistilBERT, introduced by Victor 
Sanh et al. (2020), provide context-aware sentiment classification with improved semantic understanding and 
higher classification accuracy across diverse textual datasets.

Beyond sentiment polarity, emotion analysis enables a deeper understanding of users’ psychological 
responses. Saif M. Mohammad and Peter D. Turney (2013) developed the NRC Emotion Lexicon, which 
classifies words into eight fundamental emotional categories: joy, trust, anticipation, fear, anger, sadness, 
surprise, and disgust. This lexicon has become one of the most widely adopted resources for interpretable 
emotion mining and provides richer insights than positive–negative sentiment classification alone.

Although previous studies have substantially advanced UX research, several limitations remain. Existing 
research has typically focused either on sentiment classification or on general engagement measurement, 
while relatively few studies integrate contextual sentiment analysis, discrete emotion detection, and explicit 
mapping of emotional responses to individual UX components within a unified analytical framework. Building 
upon these theoretical and methodological foundations, the present study proposes the SEE-UX framework, 
which combines lexicon-based sentiment analysis, transformer-based classification, emotion categorization, 
and UX component mapping to provide a comprehensive, scalable evaluation of emotional user experience in 
mobile learning applications.

R E S E A R C H  M E T H O D O L O G Y
The dataset consists of 10,000 Google Play Store reviews of the Duolingo Android app collected between 

August 19, 2024 and April 9, 2025 (Hadi, 2025). Each entry includes review text, star rating (1–5), timestamp, 
and app version metadata. After filtering for English language (via langdetect), removing short/blank reviews, 
and eliminating duplicates, 9,742 reviews remained as the final analysis corpus.

Sentiment Polarity Detection. Two complementary approaches were applied. On the lexicon side, VADER 
(Hutto & Gilbert, 2014) and TextBlob were combined by averaging their normalized polarity scores, yielding 
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a continuous scale from −1 (strongly negative) to +1 (strongly positive). Reviews were classified as positive, 
negative, or neutral using a threshold of ±0.05. In parallel, a fine-tuned DistilBERT model (distilbert-base-
uncased-finetuned-sst-2-english; Sanh et al., 2020) provided contextual, binary sentiment classification with 
confidence scores.

Emotion Categorization. The NRC Emotion Lexicon (Mohammad & Turney, 2013) was used to categorize 
discrete emotional states across eight dimensions: joy, trust, anticipation, fear, anger, sadness, surprise, and 
disgust. Normalized word frequency counts per category produced an eight-dimensional emotion vector for 
each review. Internal consistency of this measure was high (Cronbach’s α = 0.81).

UX Component Mapping. Each review was coded for references to five key Duolingo UX features: (1) 
Advertisements, (2) Hearts/Lives (the health system), (3) Streaks, (4) Subscription/Super Duolingo, and 
(5) Reliability/Bugs. A rule-based keyword scheme was applied, manually verified for accuracy. Inter-rater 
agreement on a 50-review sample exceeded 90%.

Sentiment scores were correlated with star ratings as an external validity check. The lexicon-based 
score showed moderate correlation with ratings (Pearson r ≈ 0.53), while the DistilBERT predictions achieved 
stronger alignment (r ≈ 0.61). Random spot-checks of 100 reviews confirmed high pipeline accuracy.

A N A LY S I S  A N D  R E S U LT S
The lexicon-based method classified approximately 76% of the 9,742 reviews as positive, 15% as 

negative, and 9% as neutral. The DistilBERT model yielded a more conservative estimate: ~68% positive 
and ~32% negative. Despite the methodological differences, both approaches indicate a strongly positive 
overall distribution. Star rating patterns were bimodal, with 5-star (32%) and 1-star (23%) reviews dominating 
— reflecting polarized user sentiment. Notably, even among 1-star reviews, the mean computed sentiment 
was slightly above neutral (+0.06), reflecting “engaged dissatisfaction” wherein critical users still express some 
positive language.

Positive-valence emotions dominated the corpus. Anticipation and trust showed the highest average 
normalized scores (≈0.12 each), followed by joy (≈0.07). Among negative emotions, anger was most prominent 
(≈0.03), followed by sadness and fear (≈0.03–0.06). Disgust and surprise were minimal (<0.03). This profile 
suggests that, while Duolingo largely generates enthusiasm and confidence, a meaningful minority of users 
experience frustration or anxiety in specific contexts.

Emotion profiles varied significantly across UX feature categories. Table 1 summarises the predominant 
emotional associations (Table 1).

Table 1. Emotional Reactions by UX Component1

UX Component Predominant Emotions UX Impact
Hearts/Lives Anger, Sadness, Fear Punitive; causes disengagement

Streaks Joy, Anticipation Highly motivating; loss causes 
sadness

Advertisements Anger, Annoyance Creates friction; hurts retention
Subscription prompts Anger, Fear Perceived as coercive by free 

users
«Super» Premium Joy, Trust Paying users show higher 

satisfaction
Reliability/Bugs Anger, Frustration Undermines trust and 

engagement

The Hearts/Lives system generated the strongest negative emotional response. Reviews mentioning 
“hearts” showed elevated anger, sadness, and fear — users described the mechanic as punitive and stressful. 
Streaks, in contrast, were consistently associated with joy and pride: 68.5% of gamification-related emotion 
mentions were joy. Advertisements and subscription prompts triggered significant anger, while paid Super 
Duolingo users tended toward satisfaction and trust. Reliability issues (bugs, crashes) produced spikes of 
anger and fear, signalling a breakdown of user trust.

Sentiment scores exhibited noticeable fluctuation across the August 2024–April 2025 data window. A dip 
in average sentiment occurred in late 2024, followed by a recovery in early 2025. While specific causes cannot 
be attributed without release changelog data, these trends underscore the dynamic nature of UX in mobile 

1	  Source: Compiled by the author.
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applications and the value of continuous monitoring.
The strong association between gamification features and positive emotions corroborates persuasive 

design theory (Hamari et al., 2014). Duolingo’s streak system, XP points, and badge rewards tap into intrinsic 
motivation mechanisms identified in self-determination theory (Deci & Ryan, 2000), producing sustained positive 
affect. However, our results also reveal a fragility: streak loss generates sadness, implying that gamification 
mechanisms must include recovery affordances to mitigate emotional downturns.

The intense negative emotional response to the hearts/lives system and aggressive monetization reflects 
broader HCI concerns about dark patterns (Gray et al., 2018). When design constraints restrict user autonomy 
— whether through limited practice attempts or paywall prompts — users perceive the app as coercive, 
triggering anger and undermining long-term trust.

Methodologically, the SEE-UX framework advances prior work by linking specific emotions — not just 
sentiment polarity — to discrete UX components at scale. While prior studies have examined sentiment in app 
reviews (Pagano & Maalej, 2013), few have operationalized emotion-to-feature mapping in an interpretable 
and reproducible pipeline. The combined lexicon-transformer approach balances transparency (lexicon) with 
contextual accuracy (transformer), offering a complementary advantage over either method alone.

Limitations include the reliance on English-language reviews only, the absence of demographic data, and 
the possibility of sentiment drift due to platform algorithm changes in the Google Play dataset. Future work 
should extend the framework to multilingual review corpora and incorporate user segmentation.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
This study demonstrates that large-scale sentiment and emotion analysis of user reviews can yield 

actionable UX insights. The SEE-UX framework — integrating VADER, TextBlob, DistilBERT, and the NRC 
Emotion Lexicon with UX component mapping — identified which design elements of Duolingo most strongly 
influence user affect. Gamified reinforcement features (streaks, rewards) were reliably linked to joy and 
motivation, whereas the hearts/lives system, aggressive advertising, and reliability failures were associated 
with anger and frustration. This emotion-aware evaluation approach scales readily to any app domain and can 
inform evidence-based design improvements that prioritise user wellbeing alongside engagement metrics.
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