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ABSTRACT

Introduction: Gamification is widely proposed to sustain motivation in digital learning, yet it is unclear which mechanics highly rated edu-
cational apps advertise and whether they differ by the age of the intended users. This study estimated the disclosure of points, badges,
leaderboards and streaks in top-rated educational apps and compared it across target age groups. Methods: Cross-sectional content
analysis of public App Store metadata. Education chart entries from 14 storefronts were restricted to apps first released in 2010-2023 and
rated 4.5 or higher with at least 1000 ratings. Mechanics were detected with multilingual keyword dictionaries applied to names and
descriptions, and audience was classified as early childhood, school age or general or adult. Wilson intervals, chi-square or permutation
tests with Holm adjustment, and logistic regression were used. Results: Of 964 charted apps, 243 were top-rated. At least one core me-
chanic was disclosed by 28 apps (11.5%); leaderboards (4.9%), streaks (4.5%), points (2.1%) and badges (2.1%) were uncommon, and none
differed by audience after adjustment. Rewards or virtual currency were disclosed by 35.3% of early childhood apps versus 2.8% of school
age apps and 3.2% of general or adult apps (adjusted p = 0.006). Conclusions: Listings of top-rated educational apps rarely name the four
classic mechanics, and age group changes little beyond a concentration of rewards in early childhood listings. These results describe
advertised features in one store and require in-app validation.

Keywords: gamification; mobile applications; educational technology; game design elements; app stores.

RESUMEN

Introduccion: La gamificacion se propone para sostener la motivacién en el aprendizaje digital, pero se desconoce qué mecanicas anuncian
las aplicaciones educativas mejor valoradas y si varian con la edad. Se estimo la declaracién de puntos, insignias, clasificaciones y rachas
y se comparé entre grupos de edad. Métodos: Analisis de contenido transversal de metadatos publicos de la App Store. Las listas de Edu-
cacién de 14 tiendas se restringieron a aplicaciones lanzadas en 2010-2023 con valoracién de 4,5 0 mas y al menos 1000 valoraciones. Las
mecanicas se detectaron con diccionarios multilingles en nombres y descripciones, y el publico se clasificé como primera infancia, edad
escolar o general o adulto. Se usaron intervalos de Wilson, pruebas de asociacién con ajuste de Holm y regresién logistica. Resultados:
De 964 aplicaciones en las listas, 243 fueron de alta valoraciéon. Al menos una mecanica central se declaré en 28 (11,5%); tablas de clasifi-
cacion (4,9%), rachas (4,5%), puntos (2,1%) e insignias (2,1%) fueron poco frecuentes y ninguna difirié segun el publico. Las recompensas o
monedas virtuales se declararon en 35,3% de las aplicaciones de primera infancia frente a 2,8% de edad escolar y 3,2% de publico general
o adulto (p ajustada = 0,006). Conclusiones: Las fichas rara vez nombran las cuatro mecanicas clasicas y la edad cambia poco, salvo por
mas recompensas en la primera infancia. Los resultados describen funciones anunciadas en una tienda y requieren validacién interna.

Palabras clave: gamificacion; aplicaciones moviles; tecnologia educativa; elementos de disefio de juegos; tiendas de aplicaciones.
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INTRODUCTION

Gamification, the use of game elements in activities that are not games, has become a default
response to the problem of sustaining learner motivation in digital settings.(1,2) Its research base is
large but fragmented: a systematic review of the theoretical foundations of gamification, serious
games and game-based learning identified 118 different theories,(3)and recent meta-analyses
report mixed effects on learning outcomes.(4,5) Negative effects have been documented as well,
for example lower content knowledge and course satisfaction when assessment activities were
gamified,(6)and a systematic mapping has examined negative effects in educational software.(7)
Part of this heterogeneity may come from the absence of a shared classification of gamification
elements, which makes studies difficult to compare.(1,8) Interest has grown quickly, as bibliome-
tric work shows,(9)and reviews now cover science education,(10)the motivation of high school and
university students(11)and e-learning in higher education, where low completion rates have been
attributed to a lack of student motivation.(12)Studies that sample apps directly from public stores
offer an alternative view, because they describe what users are offered rather than what a trial
tested. In health and fitness, gamification was present in 64% of the 50 top-ranked free App Store
applications, but points and levels appeared in only 6% and 3% of them;(13)stress management
apps from Google Play used an average of 0.5 gamification techniques;(14)and a content analysis
of 754 gamification cases found that points, leaderboards and progress dominated the collection.
(15)Educational apps have received less attention of this kind, although the App Store hosts an
abundance of titles labelled as educational whose claims are often unsubstantiated.(16)

The evidence on educational apps comes mostly from single-app evaluations and reviews.
Duolingo was used in third and fourth grade Spanish instruction,(17)two popular English vocabu-
lary apps were analysed through a mechanics, dynamics and aesthetics framework,(18)a kinder-
garten vocabulary app was built around game mechanics,(19)and reviews cover mobile-assisted
and gamification-based language learning.(20) For primary school numeracy, levels of difficulty
and feedback from the current level made a game version more effective and engaging than a
version without them,(2)whereas among distance university students different gamification user
types were related to different online learning activities.(21)These findings suggest that useful
mechanics may depend on the age of the learner: it is plausible that young children are served
by immediate feedback and reward, whereas adult learners may respond to progress paths and
social comparison, which gamification theory describes as separate functions of game elements.(3)
Top-rated apps deserve separate attention, because ratings and reviews influence downloads(22)
and the apps with the best ratings are therefore the ones most likely to shape how learners meet
gamification. Even so, no study has compared the mechanics advertised by top-rated educatio-
nal apps across target age groups, and it is unknown whether the four classic mechanics (points,
badges, leaderboards and streaks) are in fact the ones that distinguish the best-rated products.
This study aimed to estimate the disclosure of points, badges, leaderboards and streaks, together
with five secondary mechanics, in top-rated educational apps of the App Store, and to compare it
across early childhood, school age and general or adult audiences.

METHODS

A cross-sectional content analysis of public store metadata was conducted. The unit of analy-
sis was the unique app, and the outcome was the disclosure of a gamification mechanic in the
app name or store description. The analysis was descriptive and exploratory, and the items of the
STROBE statement that apply to cross-sectional designs were followed.(23)No human participants
were involved.

Chart entries of the Education genre (genre identifier 6017) were obtained from the public
iTunes RSS feeds of the free and paid charts in 14 App Store storefronts: the United States, United
Kingdom, Canada, Australia, Mexico, Brazil, Argentina, Colombia, Chile, Peru, Spain, Germany, France
and Italy. Each chart supplied up to 100 entries, and the six Latin American storefronts were inclu-
ded to allow a discussion of transferability to that region. Metadata for every chart entry (name,
description, price, average rating, number of ratings, release date, genres and store age rating) were
then retrieved from the iTunes Lookup API of each storefront.(24)All requests were automatic and
required no login, and the data correspond to the snapshot available from the public API. Google
Play was not used because its listings are not exposed through an open programmatic interface
without login, so every conclusion refers to the App Store. The requests were spaced in time to
respect the service limits, and each lookup request carried up to 100 app identifiers. Listing text
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is supplied by the developer, so it reflects what the developer chooses to advertise. Chart-based
sampling follows earlier work on top-ranked apps,(13,25) and store descriptors have been used to
characterise apps in other fields.(26,27)

Apps were eligible when Education was listed among their genres and the year of first release
fell between 2010 and 2023. Apps that appeared in several storefronts were counted once, and the
record with the largest number of ratings was retained, because ratings are storefront specific.
Top-rated apps were those with an average rating of 4.5 or higher and at least 1000 ratings; both
thresholds were fixed in the protocol before any mechanic was coded. Charted apps without ra-
tings were therefore classed as not top-rated. Because presence in a chart depends on seller and
app attributes(25)whereas ratings are shaped by app store strategy,(28)charted apps below the
thresholds were kept as a comparison group for a sensitivity analysis.

The average rating and the number of ratings were taken from the retained storefront re-
cord, price was the list price in the storefront currency (free when zero), and the release year was
the year of the first release date. The store age rating, the list of genres and the storefront of the
retained record were also kept. The Game Center flag, which marks apps connected to Apple's
native service for leaderboards and achievements, was used as a structured indicator that does
not depend on listing text. Store descriptions had a median length of 2,397 characters (P25-P75,
1,452-3,453), none was empty, and each description is written in the language of the storefront
that supplied the retained record, with 72 apps retained from the United States storefront, 33 from
Germany and 30 from Brazil.

Three mutually exclusive target audiences were assigned in a fixed order of precedence. Apps
whose name or first 600 characters of description contained terms for young children (for example
kids, toddlers, preschool, kindergarten or their Spanish, Portuguese, French, German and Italian
equivalents) were classed as early childhood. Among the remaining apps, those with terms for
formal schooling (students, grade, school, classroom, curriculum, teachers and equivalents) were
classed as school age, and all others as general or adult. The store age rating (4+, 9+, 12+ and 17+)
was kept as a descriptive variable, with 12+ and 17+ combined because of the small numbers. Au-
dience classification is therefore based on the stated target of the listing and not on the age rating.

Nine mechanics were defined from published taxonomies of game elements.(1,15) Four were
primary: points, badges or achievements, leaderboards or rankings, and streaks. Five were secon-
dary: levels, rewards or virtual currency, challenges or missions, progress tracking and avatars. Each
mechanic was detected with regular expressions applied to the app name and description in the
six languages of the storefronts. Patterns required a context of action, such as earning points, un-
locking levels or keeping a daily streak, so that ordinary uses of words like point, level, mission or
challenge were not counted. The dictionaries were refined once after reading the matched text
segments of the analytic sample to remove false positives, and they were not validated against in-
app inspection or against independent raters. No artificial intelligence system was used to code the
mechanics. The outcome is therefore the disclosure of a mechanic in listing text, and the absence
of a mention does not prove that the mechanic is absent from the app.

Several sources of bias were anticipated. Chart sampling retains popular apps and misses
highly rated apps that never reached a chart, so the sample describes the visible top of the market
and not all top-rated apps. Keyword detection can misclassify a listing in either direction, and the
effect is likely to differ by language because the dictionaries were written first for English. Audien-
ce misclassification is possible when a listing mentions several groups, in which case the order of
precedence assigns the youngest. Missing data were handled by exclusion: apps without ratings
were not imputed and were not treated as top-rated, and no analytic variable had missing values
among the top-rated apps.

No sample size calculation was performed, because the study analysed every top-rated app
found in the charts of the selected storefronts, and the precision of each estimate is conveyed by
its confidence interval. The number of early childhood apps was fixed by the data, so comparisons
that involve this group have limited power and are interpreted with the effect sizes and intervals
in view, not with significance tests alone.

The dictionaries combined patterns in English, Spanish, Portuguese, French, German and
Italian. Points were matched when a listing referred to earning, collecting or redeeming points or
experience points, or to a points system. Badges or achievements required the word badge, trophy
or medal, or an action verb such as earn or unlock together with achievements. Leaderboards or ran-
kings covered leaderboard, league, weekly or global ranking, high score and competing with other
users. Streaks covered the word streak, consecutive days and days in a row, and their equivalents in
the other languages. Levels required an action context such as unlocking levels, rewards covered
rewards, prizes, coins and gems, and challenges or missions covered daily or weekly challenges,
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guests and missions. Progress tracking covered progress bars, progress reports and phrases about
tracking progress, and avatars covered avatars and character customization. Negated mentions,
such as a listing stating that a game has no high scores, were excluded.

A protocol was written before the analysis. It specified the research question, the unit of analy-
sis, the eligibility window, the top-rated thresholds, the definition of audience, the nine mechanics,
the tests, the multiplicity correction and the sensitivity analyses. Amendments are limited to the
regression outcome described below, and decisions taken after inspection of the listing text are
reported in this section.

Proportions were reported with Wilson 95% confidence intervals. The association between
audience and each mechanic was tested with the chi-square test, replaced by a Monte Carlo per-
mutation test with 3000 permutations and a fixed seed when any expected count was below 5, and
p values were adjusted across the nine mechanics with the Holm method. Cramér V was reported
as the effect size. The number of mechanics per app was compared across audiences with the
Kruskal-Wallis test. The prespecified model was a logistic regression for the disclosure of at least
three of the nine mechanics, but only 6 apps met that outcome and the estimates were unstable,
so after seeing the descriptive counts the outcome was changed to the disclosure of at least one of
the four core mechanics, with audience (school age as reference), price, release period (2010-2016
versus 2017-2023) and the base-10 logarithm of the number of ratings as covariates. This change is
a post hoc amendment. Two sensitivity analyses were run: restriction to the four English-language
storefronts, in which the dictionaries are most reliable, and comparison of the top-rated apps with
the remaining charted apps that had ratings. Tests were two-sided with a significance level of 0.05,
and all analyses were exploratory.

The study was descriptive. No hypothesis about the direction of differences was stated in
advance, and every test is reported, including those that did not reach significance, so that readers
can judge how much of the evidence is null. Percentages use the number of apps of each audience
as the denominator, and the denominator for the overall prevalences is the 243 top-rated apps.
Tables report counts and percentages together, and the figure shows the seven mechanics with
the highest disclosure.

RESULTS

The chart feeds returned 2,774 records from 14 storefronts, which collapsed to 1,403 unique
educational apps, and 439 of them were first released before 2010 or after 2023. Of the 964 charted
apps that remained, 243 (25.2%) met the top-rated criterion, while 84 had no ratings. The analytic
sample comprised 154 general or adult apps (63.4%), 72 school age apps (29.6%) and 17 early child-
hood apps (7.0%). The median rating was 4.73, and the median number of ratings amounted to
15,613 (P25-P75, 3,870-47,951). Free apps were 211 (86.8%), 136 (56.0%) were first released in 2017-2023
and 196 (80.7%) carried a store age rating of 4+, a distribution that did not differ by audience (p =
0.104). Only 1app (0.4%) had Game Center enabled, and 102 (42.0%) were listed in at least one Latin
American storefront (Table 1).

Table 1. Characteristics of top-rated educational apps by target audience.

Characteristic Early childhood School age General or adult All
Apps, N 17 72 154 243
Rating, median 471 473 473 473
Rating count, median (P25-P75) 37202 (12300-78279) | 28492 (6909-85319) | 9584 (3301-37719) 15613 (3870-47951)
Free of charge, n (%) 16 (94.1) 66 (91.7) 129 (83.8) 211 (86.8)
First released 2017-2023, n (%) 12 (70.6) 35 (48.6) 89 (57.8) 136 (56.0)
Store age rating 4+, n (%) 17 (100.0) 62 (86.1) N7 (76.0) 196 (80.7)
Store age rating 9+, n (%) 0 (0.0) 1(1.4) 5(3.2) 6 (2.5)
Store age rating 12+ or 17+, n (%) 0 (0.0) 9 (12.5) 32 (20.8) 41 (16.9)
Game Center enabled, n (%) 0 (0.0) 0 (0.0) 1(0.6) 1(0.4)

Note: Top-rated is an average rating of 4.5 or higher with at least 1000 ratings. P25-P75 = interquartile range. Audience was assigned from
the app name and the first 600 characters of the store description.
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At least one core mechanic was disclosed by 28 apps (11.5%), two or more by 5 (2.1%), and none
disclosed all four. Leaderboards or rankings were the most frequent core mechanic (12; 4.9%, 95%
Cl 2.8-8.4), followed by streaks (11; 4.5%, 95% Cl 2.5-7.9), points (5; 2.1%) and badges or achievements
(5;2.1%). The proportion with at least one core mechanic was 11.8% in early childhood, 8.3% in school
age and 13.0% in general or adult apps, which did not differ (p = 0.594). No single core mechanic
was associated with audience after Holm adjustment, the smallest adjusted p value being 0.296 for
badges. The median number of mechanics was zero in every audience (p = 0.163), and the store age
rating did not separate apps either (p = 0.394). In turn, leaderboards were disclosed by 10 general
or adult apps and 2 school age apps, and by no early childhood app (Table 2).

Table 2. Gamification mechanics disclosed in store listings by target audience.

Mechanic Early childhood | School age Ge:j:‘altl ol All, n (%;95% CI) | p (Holm) Cramér V
Points 0 (0.0) 1(1.4) 4 (2.6) 5(21;0.9-4.7) 1.000 0.06
Badges or achievements 2 (11.8) 1(1.4) 2 (1.3) 5(2.1;,0.9-4.7) 0.296 0.19
Leaderboards or rankings 0 (0.0) 2(2.8) 10 (6.5) 12 (4.9;2.8-8.4) 1.000 0.0
Streaks 0 (0.0) 3(4.2) 8 (5.2) 1 (4.5; 2.5-7.9) 1.000 0.06
Levels 0 (0.0) 0 (0.0) 2 (1.3) 2 (0.8;0.2-3.0) 1.000 0.07
Fovalds er vl 6 (35.3) 2 (2.8) 5(32) 13 (5.3:3.2-8.9) 0.006 037

currency

Challenges or missions 0 (0.0) 1(1.4) 1(0.6) 2 (0.8;0.2-3.0) 1.000 0.04
Progress tracking 2 (1.8) 8 (11.) 24 (15.6) & (]%%)10'2_ 1.000 0.06
Avatars 2 (1.8) 0 (0.0) 1(0.6) 3(1.2; 0.4-3.6) 0.099 0.26

Note: Values are n (%) of apps whose listing text matched the keyword dictionary for the mechanic. Cl = confidence interval (Wilson). The
p values come from chi-square tests, or from permutation tests when expected counts were below 5, and were adjusted with the Holm
method across nine mechanics. Cramér V is the effect size.

Rewards or virtual currency were the only mechanic that varied with audience: 6 of 17 early
childhood apps (35.3%) disclosed them, against 2.8% of school age and 3.2% of general or adult apps
(adjusted p = 0.006; Cramér V = 0.37). Avatars were disclosed by 2 early childhood apps and by one
other app, a difference that did not survive adjustment (adjusted p = 0.099). Progress tracking was
the most frequent secondary mechanic (34; 14.0%), whereas levels (2) and challenges or missions
(2) were rare, and only 5 listings used the word gamification. In the adjusted model, a first release
in 2017-2023 was associated with the disclosure of a core mechanic (OR = 2.56; 95% Cl| 0.99-6.67; p
= 0.053), but audience was not (early childhood OR =1.13; general or adult OR =1.86) (Table 3). Ins-
tead, the 637 remaining charted apps with ratings disclosed a core mechanic at a lower proportion
than the top-rated apps (5.5% versus 11.5%), with streaks differing most (p <0.001). In the 117 apps
retained from English-language storefronts, 12.0% disclosed a core mechanic and audience again
made no difference (p = 0.544), and apps listed in a Latin American storefront did not differ from
the rest (11.8% versus 11.3%; p = 0.920) (Figure 1).

Table 3. Adjusted odds of disclosing at least one core mechanic.

Variable Adjusted OR 95% ClI P
Early childhood (vs school age) 113 0.20-6.34 0.888
General or adult (vs school age) 1.86 0.69-5.03 0.221
Paid (vs free) 0.40 0.05-3.31 0.393
First released 2017-2023 (vs 2010-2016) 2.56 0.99-6.67 0.053
Rating count (per tenfold increase) 1.58 0.92-2.71 0.099

Note: Logistic regression with 243 apps. Core mechanics are points, badges, leaderboards and streaks. OR = odds ratio; Cl = confidence
interval.
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Figure 1. Disclosure of gamification mechanics in top-rated educational apps by target audience.
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Note: Bars show the percentage of apps in each audience whose listing text matched the dictionary of each mechanic. The number of
apps in each audience is given in the legend.

DISCUSSION

The listings of top-rated educational apps seldom name the four classic mechanics, and the
age of the intended audience explains little of what they do name. This indicates that high con-
sumer ratings in education are not tied to an advertised points, badges, leaderboards and streaks
package, and that the language used to sell an educational app is closer to feedback and progress
than to competition, an observation that matters for the transfer of gamification design to Latin
American classrooms, where 42.0% of the top-rated apps were listed in at least one regional store-
front. The pattern fits the theoretical view that gamification works through goals, immediate feed-
back and guided paths, with social comparison as only one of several options,(3)and it agrees with
the observation that gamification depends on context more than on a fixed set of elements.(8)One
reason may be that a listing is written to attract downloads and that the educational label of many
store apps is unsubstantiated,(16)so the vocabulary of a listing is an imperfect window onto design.
The one mechanic that varied, rewards or virtual currency, was concentrated in listings aimed at
young children, and its effect size was moderate to large, which suggests that the audience effect,
where it exists, acts through the type of reinforcement and not through the number of mechanics.
The negative findings for the four core mechanics should not be read as proof of equality across
audiences, because the early childhood group was small: badges, for instance, were disclosed by
11.8% of early childhood apps and 1.3% of general or adult apps, a gap that did not survive adjust-
ment but whose interval is wide. The same reading applies to the secondary mechanics: progress
tracking was the most frequent, and it overlaps with the feedback and progress principles that the
theoretical literature places at the core of gamification design.(3)

Several earlier app-store studies agree with the low disclosure observed here. In the 50 top-
ranked free health and fitness apps, points and levels were uncommon, and the elements most
often present were goal setting, social influences and challenges.(13)Stress management apps used
an average of 0.5 gamification techniques, and the use of techniques was unrelated to behavior
change techniques.(14)Among the most downloaded ecology apps that did use game elements,
levels, achievements, challenges and feedback predominated, with narratives and emotions as
components of the experience.(29)The concentration of rewards in early childhood listings also
matches design reports for young children: a letter writing app rewarded successful handwriting
with an animation,(16)children identified levels of difficulty and feedback as appealing characte-
ristics of games,(2)virtual characters were among the most frequent features of children’s oral
hygiene apps,(30)and gamified diabetes apps built around caring for a character used a similar
logic.(27)In addition, free apps made up most of the sample, in line with the longer survival of free
apps in top charts,(25)which means that the educational apps seen at the top are those whose
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business model favors broad adoption over paid features. Gamification and game-like images are
also used as engagement strategies in nutrition apps intended for children,(31)and the avatars
disclosed almost exclusively by early childhood apps, although not significant after adjustment,
point in the same direction.

Other studies reached different proportions, and the differences can be explained by sam-
pling and measurement. A content analysis of 754 gamification cases found that points, leader-
boards and progress accounted for a large share of the collection,(15)and apps selected because
they were gamified averaged 6.87 of 31 gamification features in children’s oral hygiene(30)or were
grouped into archetypes in a database of 143 health apps.(32)Those samples were built from apps
already identified as gamified, whereas the present sample was defined by consumer ratings in the
Education chart, so a lower prevalence is expected. Studies of language apps also describe richer
mechanics than the listings suggest: two popular English vocabulary apps were more useful to
learners when they rewarded them with in-kind incentives and added social interaction,(18)and
classroom gamification for school-age learners can be designed by teachers around the psycholo-
gical needs of students and not embedded in the app that they use.(33)If that holds for school-age
audiences, it might explain why the listings of apps used in classrooms disclose few mechanics
even when the teaching around them is gamified. A further source of difference is the effect of
rewards themselves: gamification can have unintended effects when assessment is gamified,(6)
extrinsic rewards need to be balanced against intrinsic motivation,(34)and practitioners report ne-
gative effects in educational software,(7)so developers who target children or students may avoid
advertising competitive elements. Taxonomies also differ in what counts as a mechanic,(1)and the
earlier health studies counted elements such as goal setting and social influences that were outsi-
de the nine mechanics used here, so proportions across studies are not directly comparable. The
slightly higher share of leaderboards among general or adult apps than among apps for younger
audiences, which was descriptive and not significant, is compatible with the heterogeneity of ga-
mification user types reported for adult distance learners,(21)but the present data cannot test that
account. These explanations are plausible but were not tested here. The higher disclosure of core
mechanics among top-rated apps than among other charted apps also needs a careful reading,
because ratings and reviews influence downloads and app store strategy influences ratings,(22,28)
and because quality reviews of mental health apps have prioritized clinician and academic views
over those of users.(35)A rating therefore reflects consumer satisfaction and not evidence of edu-
cational effectiveness, which a content analysis of listings cannot assess.

Several limitations qualify these results, and each suggests a specific next step. First, the out-
come is the mention of a mechanic in listing text, not its verified presence or use, so prevalences
are probably underestimated and may be biased toward apps with long descriptions; future stu-
dies should code mechanics inside the apps with two trained raters and report agreement, as was
done for stress management apps.(14) Second, the dictionaries were refined after inspecting the
matched text and were not validated, and the six languages are covered unevenly, so a validation
sample coded by raters and a language-specific sensitivity analysis should accompany any repli-
cation. Third, only the App Store was analysed because Google Play offers no open programmatic
interface, so the results cannot be generalized across app stores, and the apps that dominate one
store may not dominate the other; studies with access to Play data should replicate the design, as
earlier reviews that searched several stores did.(26)Fourth, audience was inferred from the wording
of listings, and the store age rating barely varied, which limits the comparison; developer-declared
target ages or expert coding of the content would give a sounder exposure variable, and a second
classification could be compared with the first to quantify misclassification. Fifth, the early child-
hood group contained only 17 apps, so differences smaller than those found for rewards could not
be detected, and the logistic model had wide intervals; oversampling young-child apps is needed,
together with confidence intervals that make the imprecision visible, as was done here for the ove-
rall prevalences. Sixth, the ratings and counts reflect the snapshot available from the public API,
which includes ratings accumulated after 2023 for apps released earlier, so versioned data would
allow analysis by period. Seventh, each chart supplied only 100 entries per storefront, so apps that
rank lower were never observed; sampling by search across the Education genre and weighting by
downloads, where available, would show whether the pattern holds below the top charts. Eighth,
apps listed in several storefronts were counted once and carried the ratings of a single storefront,
and 95 of the retained apps (39.1%) were listed in more than one, so storefront-level analyses with
ratings kept separate would show whether the pattern differs by market. Ninth, the outcome of
the regression was changed after the descriptive counts were seen, and all tests were exploratory,
so the associations reported should be treated as hypotheses.

For educators and families, the results imply that the listing of a highly rated educational
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app is a weak guide to the motivational design inside it, and that reading a description for points,
badges or leaderboards would miss most of what the app does. For developers, the dominance
of progress tracking and the concentration of rewards in early childhood listings point to a design
space in which feedback is advertised more readily than competition, which is consistent with the
concern about narrow or extrinsic gamification.(6,34) Listings in Spanish and Portuguese make up
most of the Latin American material, and the keyword patterns were not checked separately by
language, so detection may be less sensitive for these listings than for English ones. Only 59 of the
retained records came from the six Latin American storefronts, and 102 apps were listed in at least
one of them, so the regional comparison is limited by its size. For readers in Latin America, apps
listed in the six Latin American storefronts disclosed core mechanics at a similar rate to the rest,
which supports transferability of the pattern, although the Spanish and Portuguese dictionaries
were less tested than the English ones. Dictionaries built on published taxonomies could be shared
and extended to other languages and stores, which would allow the disclosure of mechanics to
be tracked over time and compared across markets. Researchers who work with store data should
treat listing text as a measure of advertised design and not as a measure of use, and should link it
to in-app coding and to learning outcomes, which the heterogeneity of effects in meta-analyses
shows is still unsettled.(4,5) Reviewers of educational apps could add a check of advertised mecha-
nics against in-app behavior to the quality frameworks they already use, so that a listing claiming
a leaderboard or a streak can be verified and so that apps whose engagement relies on rewards
for young children can be examined for the balance between extrinsic and intrinsic motivation.

CONCLUSIONS

Points, badges, leaderboards and streaks were rarely disclosed in the listings of top-rated
educational apps, and their disclosure did not differ by target age group. Rewards or virtual cu-
rrency were the only mechanic that varied, concentrated in early childhood listings, while progress
tracking was the most frequent secondary mechanic. These findings describe advertised features
in one store and require validation inside the apps before they guide design or selection.
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