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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 (DistiiBERT), 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 tadqgigot katta hajmdagi ilovalar sharhlari orgali hissiy foydalanuvchi tajribasini baholash uchun
SEE-UX freymvorkini tagdim etadi. Duolingo mobil ilovasi bo‘yicha 9 742 ta sharhga qo‘llanilgan ushbu freymvork VADER
+ TextBlob leksikon tahlili, DistiiBERT 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 chigaradi. 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).

AHHoTauus: B pgaHHol pabGote npeacraerneHa cuctema SEE-UX Ons OueHKM 3MOLMOHANbHOrO MoNib30BaTeNbCKOro
OonbiTa Ha OCHOBE MAaCcCOBOro aHanu3a OT3bIBOB. [1puMeHEHHbIN K 9 742 oT3biBaMm npunoxeHust Duolingo, dpenmBopk
nHTerpupyet nekcudeckun aHanu3 (VADER + TextBlob), TpaHcdhopmepHyto mogenb DistiBERT v amoumoHanbHbIv
nekcukoH NRC. Pesynbratbl AeMOHCTPUPYIOT ~76% MONOXWTENBHOW TOHAaNbHOCTU: remmudukaumns (cepuv OHen)
BbI3bIBAET PAAOCTb, TOAA KaK CUCTEMA KU3HEW Y MOHETU3ALMS NMPOBOLIMPYIOT THEB 1 pa3ovapoBaHue. MNpeanoXeHHbIN
nogxopn obecneynBaeT MacLutabupyemeiin aHanm3 UX Ha oCHOBE Monb30BaTENbCKUX OT3bIBOB.

KnioyeBble crnoBa: Monb30BaTeNbCKAA OMbIT; aHanu3 TOHaNbHOCTY; renmudunkauns; MobunbHoe O6y‘-IeHVIe;
B3aMMOOENCTBMNE YerioBeKa 1 KoMMbloTepa.

INTRODUCTION

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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REVIEW OF LITERATURE ON THE SUBJECT

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.

RESEARCH METHODOLOGY

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 DistiiBERT 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 a = 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 DistiIBERT predictions achieved
stronger alignment (r = 0.61). Random spot-checks of 100 reviews confirmed high pipeline accuracy.

ANALYSIS AND RESULTS

The lexicon-based method classified approximately 76% of the 9,742 reviews as positive, 15% as
negative, and 9% as neutral. The DistiiBERT 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 Component!

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.

CONCLUSIONS AND SUGGESTIONS

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, DistiiBERT, 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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