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Abstract. Memory plays a crucial role in second language acquisition. Howev-
er, the neural mechanisms of memory behind gamified language learning soft-
ware have received little attention in theoretical research and practical devel-
opment. Based on the findings of neuroscience and cognitive psychology, this 
article analyses the memory logic and deep neural mechanisms of ‘Duolingo’, 
which is one of the most dominant and influential language learning applica-
tions in the educational informatization combined technology. The article sug-
gests that understanding and deepening the use of deep neural mechanisms of 
memory is the key to the development of newer and more effective technolo-
gies and applications in this field. The study will further deepen the theoretical 
support for the application of educational neuroscience to language learning, 
and help to deepen the understanding of the feasibility of the use of educational 
informatics and gamification in second language learning. 

Keywords: gamification, neuroscience, memory, foreign language leaning ap-
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1 Introduction  

Memory reflects the continuous representation of information, experiences or actions 
by the human brain [1][2].It is the key for an individual to master a large amount of 
knowledge and skills, and is the basis for people to adapt to the environment for sur-
vival and development. Memory plays a crucial role in language acquisition and is at 
the core of speech acts and speech learning [3][4].Memory, and ways of improving it, 
is an area that has been heavily studied in education, technology , neuroscience and 
now the fledgling field of educational gamification[5]. These fields that are jointly 
interested in investigating memory may have a new companion: gamification. Gami-
fication normally involves using modern technology, such as tablets and smartphones, 
often connected to the internet, and applying specific elements of games to non-game 
settings in the hope of creating lasting and positive changes in behaviors[6]. A variety 
of popular applications focused on helping users improve their skills with another 
language have combined myriad elements of gamification into the user experience, 
which is done improve user memory of the content and ultimately aid in the acquisi-
tion of a new language. It has largely been shown that the application of gamification 
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generally produces desirable outcomes, but this is very much down to the context in 
which gamification features are being applied and the users [7]. Applications focused 
on helping users learn a new language are chiefly concerned with enhancing memory. 
The context is important for the retrieval of many kinds of long-term memory, includ-
ing Pavlovian conditioned responses, word list learning, motor skills and episodic 
memory [8]. Also, background knowledge about a particular language topic influ-
ences how well an individual can process, organize and encode new information re-
lated to that topic, and eventually achieve long-term store of knowledge. 

And, in recent years, gamified learning has been widely applied in language educa-
tion, especially in second language education, which has effectively improved the 
efficiency of second language education[9]. Loewen (2020) showed that learners who 
study Spanish as a second language are able to develop grammar and vocabulary 
knowledge as well as oral communicative ability  by using the game-based leaning 
app named “Babbel”[10]. Park (2020) also conducted research with the goal of im-
proving memory via gamification in users who were learning a foreign language[9]. 
This fairly large study took into account a number of areas that are important to learn-
ing but have been absent from a number of other studies, namely transitioning users 
from explicit learning to implicit learning, the study of user intrinsic motivations and 
how to identify the needs for different target audiences. The program called “Chatty” 
incorporates many of the elements that have been discussed so far, such as providing 
users with ways to practice the target language in low-risk settings, enjoy interactive 
lessons, and receive meaningful feedback in an overall enjoyable setting. An im-
portant note is that these researchers went even further to then test the ergonomic 
design of their application and were able to determine that their platform was efficient 
and intuitive, aspects that likely helped with leaner engagement. Finally, the research-
ers were able to show that individuals who used Chatty were better able to remember 
new material than those who tried to learn the material without the app through more 
traditional means [9]. This type of research that took into account multiple facets of 
gamification, thought critically about user needs and experience and then empirically 
tested their application and then produced positive results regarding memory is exact-
ly the type of promising research the field of gamification and learning needs more of.  

Research involving gamification has been widespread and shown a lot of promise 
in a variety of disparate areas. Between 25-33% of studies on gamification have been 
carried out in the context of education and these have produced some promising re-
sults[5][11]. Gamification is a broad term that has been used to describe classroom 
learning applications, computer programs used in research and, more recently, inter-
net-based applications that encompass a plethora of diverse activities and areas of 
focus[12]. Gamified second language learning software is becoming a typical repre-
sentative of education informatics. However, the neural mechanisms of gamification 
and memory behind language learning software have received little attention and been 
little explored in either theoretical or applied research. Based on Seaborn and Fels' 
2015 journal on gamification[11], the Figure1 shows the cluster of articles associated 
with gamification in the last 10 years, but very little mention of neuroscience and the 
mechanisms behind educational information. Thus, this paper based on how some 
leading language learning apps (take the ‘Duolingo’ as an example, details can be 
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seen Table1), chosen due to their market dominance and desirable learning outcomes, 
have used gamification to enhance user learning, and if these tactics are supported but 
neuroscience.  

 

 

Fig. 1. Cluster of articles associated with gamification in the last 10 years 

Table 1. Language learning applications with over 10 million users 

NAME Logo 
Support 
Systems 

Supported 
language 

types 

Learning 
focus 

Advantageous 
features 

Duolingo 
 

Android, 
iOS, Web 

106 

Grammar, 
sentence 
structure 
and usage 

Most popular 
and largest user 
base; gamified 

learning; contex-
tual interaction; 
language com-
munity; free 

      

Data sources: Duolingo About us: Mission, 2021；Business of APPs, 2022 

Neuroscience Support Gamification Improving Memory             1293



2 Gamification Improving Memory-Based on Neuroscience 
Evidences 

2.1 Neuroscience of memory 

With the development of brain imaging technologies being used in memory research, 
people have a deeper understanding of the brain mechanisms of learning and memory. 
It is thought that learning events are first encoded by the neocortex, such as the visual 
cortex, and then it travels to the medial temporal lobe. The medial temporal lobe and 
the neocortex activate together, start to form a memory trace. After that, temporary 
traces of memory pass quickly synaptic consolidation and slow systematic consolida-
tion in certain regions of the brain[13]. A large number of studies have confirmed that 
the medial temporal lob, including the hippocampus and its related structures, are 
essential for memory formation [2]. Due to its information integration function, it 
occurs in the medial temporal lobe and neocortex temporary synaptic connections turn 
into long-term memory traces. And now, most of neuroscientists hold the hippocam-
pus, retrosplenial cortex and anterior thalamus are key components in a functional 
memory circuit. And it is also well known to be involved in a variety of memory 
functions, including spatial, contextual and episodic memory [14]. 

The hippocampus is located in the lower part of the brain and is responsible for 
memorizing information [13]. During learning, strong hippocampus activation makes 
content easier to remember and recall[15]. In clinical tests, game-based experiences 
have been shown to stimulate further activation in the hippocampus. And different 
subsets of hippocampal neurons were assigned to encode memories experienced in 
different environments[16]. Playing games can also releases endorphins [17]. The 
thrill and excitement of playing a game is the result of endorphins being released. 
Endorphins are the body’s natural painkiller and they can also lower stress and anxie-
ty levels, and even create a sense of euphoria. Combined with other neurotransmitters, 
this helps create an ideal environment for focused learning. It identifying a direct link 
between neural circuit stimulation and play experience is a key step in unlocking the 
potential of game-based tools to stimulate positive behavior and improve health. 

2.2 Gamifed Language Learning Applications Increase Working Memory 

Different language leaning applications that employ gamification frequently utilize 
pictures to illustrate ideas, and illustrating concepts is more memorable and can result 
in greater brain activity[18]. Gamification provides a means of delivering content in a 
more elaborate way that enables deeper levels of processing, such as presenting con-
cepts with additional stimuli. Craik and Lockhart 1972 first described this effect, and 
being able to present individuals with more layered and detailed exposures to infor-
mation has been linked to better memory retention and is certainly viable in gamified 
situations. It has also been shown that if individuals can be shown the relationships 
between important concepts, terms, visualization and specific details, as is the case 
with gamification, it can help their working memory[19]. Gamification allows for a 
more dynamic, interconnected, and enhanced the presentation of stimuli, causing the 
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working memory system to used more effectively. In ‘Duolingo’ learning, the first 
level of each skill usually attempts to teach and test memory retrieval through recog-
nition. Users are presented with multiple choice questions or given the task of trans-
lating sentences, combining the translation with words randomly displayed on the 
screen.  As the user moves to a new level, the task gradually changes and memory 
retrieval begins through the recall test.  For example, learners can translate directly 
from text. From a user experience perspective, this ensures that learners don't get 
frustrated with the frequency of initial errors that they struggle to recall, while also 
giving users the opportunity to transition from easy to difficult tasks by gradually 
consolidating their knowledge. 

It is recognized that rehearsal is a way to keep information in working memory and 
there are two types: maintenance rehearsal (repeating information over and over 
again) and the stronger elaborative rehearsal (connecting previous knowledge in long-
term memory to the information that is trying to be remembered) [2]. In learning theo-
ry, there are two forms of memory retrieval: recognition and recall. Memories re-
trieved through recognition are identified by the brain based on some external clue. 
Gamification also easily enables repetition of material, which is widely believed 
method for encoding information into memory. A key feature of technology is that it 
can allow a person to have repeated, unsupervised practice with a topic and even ad-
just its content and presentation of material to the learner’s changing, and hopefully 
progressing, level of knowledge and abilities. It is not uncommon for gamified for-
eign language leaning software or Apps—such as ‘Duolingo’—to lean on the memo-
rization skills of the players or users. In order to progress, individuals must learn pat-
terns and then be able to recall and apply them later.  

Gamified software normally also allows users to proceed at their own pace allow-
ing for ample time for elaborate rehearsal, as well as being able to expose a user to 
repeated information. ‘Spacing’ (Hermann Ebbinghaus in 1885) is a fairly old yet 
recognized way of improving memory as it involves presenting stimuli for short peri-
ods over the course of longer periods of time, which is easily achieved through gami-
fication. A British language platform called ‘Memrise’ uses spaced repetition to ac-
celerate language acquisition. Spaced repetition is an evidence-based learn-
ing technique that incorporates increasing intervals of time between subsequent re-
view of previously learned material to exploit the psychological spacing ef-
fect[20]. The use of spaced repetition has been shown to increase the rate of memori-
zation. Take ‘Duolingo’ as an example, it is a global language learning app that uses 
gamification to make multiple foreign language learning accessible, and it has em-
bedded spaced repetition into the system, which is, using the rehearsal to increase 
trace of language information which showing in instantaneous memory. Duolingo has 
essentially embedded spaced repetition into the user experience of the app. The ‘Duo-
lingo’ uses spaced repetition of flashcards to increase the rate of learning. For exam-
ple, for each word in a lesson‘Duolingo’  record how many times the user looked at it, 
how how many times they used it correctly, in what circumstances it was used, and 
how long they practiced it.  From a user experience perspective, this helps ensure that 
users do not get bored and that their learning outcomes are not defined by possible 
inconsistencies. Many modern pieces of gamification that are aimed at improving the 
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users memory, or just simply getting the user to remember something, will space out 
content and ensure that the target information is presented many times, often in dif-
ferent ways.  

2.3 Gamifed Language Learning Applications Consolidate Long-term 
Memory 

Gamification can contain adequate infrastructure to provide relevant background 
information to a user, or be able to roughly learn what the users’ background 
knowledge consists of and try to fit content to and associated material with it [21]. In 
line with the skillful incorporation of multimodal stimuli in the main lessons, most of 
the gamified apps and software have added separate sections for reading and listening 
practice for learners based on daily life conditions. For example, ‘Duolingo’ 
intersperses the learning process with images, audio and video files, allowing 
language learners to experience the experience of living in a foreign country face-to-
face and instantly immerse themselves in the language they are learning. In thousands 
of short videos, locals use native language in real contexts, just as learners might hear 
it in a foreign country. It's like these videos bring Spain (or Japan, France, Russia, 
Germany and their languages and cultures) to the learner. However, gamified 
language software that is interested in utilizing memory tends to follow a very 
organized structure in how it delivers its content and often builds upon the 
information that is contained in the app, introducing information that is related to 
what is already known by the user, as far as the software is concerned.  

One of the key elements of an engaging game is a good story. Individuals tend to 
remember stories more easily than a series of unrelated facts.  It's not just a matter of 
preference but biological need. When learners are immersed in a strong story chain, 
their brains release oxytocin, a chemical that produces trust and empathy 
[13][22]. Therefore, when the brain receives information presented in the form of a 
story, it perceives it as more effective. The Duolingo's stories are short, interesting, 
interactive and designed to help users practice reading and see the vocabulary they are 
learning used in the correct context. The stories are also available in audio format, 
giving readers a chance to check their pronunciation. ‘Duolingo’ course is a bilingual 
short course that explains vocabulary and some grammar used in the learning and 
story sections. This aims to strengthen grammar and vocabulary while developing the 
user's listening skills. Considering that the app doesn't have a separate syntax section 
to fit its focus on natural learning, this is a great addition for those who still need 
some simple syntax explanations. These foreign language learning applications are 
based on gamification learning, and without exception, are committed to creating a 
more realistic and diversified learning environment, so that learners can truly transfer 
language knowledge content into the long-term memory system. 

Gamified  foreign language learning apps allow for flexibility and users can access 
the app when it suits them and work at their own pace. Users are given a huge amount 
of autonomy as they are able to track their progress and receive feedback. Using a 
gamified application allows users to be able to practice for long periods with little 
cost attached to failure and encourages repetitive behaviors. Individuals are able to 
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experiment with the app and are free to fail as there is very little consequence to not 
succeeding [23]. This leads to users overcoming perceived stigmas attached to failure 
and allows them to maintain more positive habits. In fact, positive qualities such as 
persistence and resilience may be developed through extended experience of a gami-
fied environment. Making mistakes and working towards success is considered one of 
many ways of creating memories, and also applies in the acqusition of grammer in a 
second language, especially in the long-term memory system. Gamified learning 
software like ‘Duolingo’ also set up periodic challenges and quizzes, it helps ensure 
that learners don't get bored and the learning process isn't slowed down by the sim-
plicity of the task. A timed challenge is essentially a more difficult version of a regu-
lar course with a specific completion time limit. If the foreign language learner suc-
cessfully completes the challenge in time, he or she will receive double points. From a 
learner experience point of view, this helps to ensure that users do not get bored and 
the learning process is not slowed down by the simplicity of the task. 

3 Emotional and Socio-cultural factors in Gamified Leaning 
System 

3.1 Emotional factors enhance memory integration 

Acquiring and holding a user’s attention is vital for a gamified experience to be suc-
cessful in influencing behavior and stimuli that have an emotional charge are more 
likely to get an individual’s attention, and it is largely accepted that such emotional 
stimuli are involved in automatic processing [24]. However, automatic processing of 
emotional stimuli largely focuses on negative emotions, such as fear, that trigger the 
fight-or-flight response. Emotional stimuli seem to benefit from garnering additional 
processing due to their ability to grasp attention and divert processing resources, al-
lowing for emotional stimuli to be processed more efficiently than other forms of 
stimuli [24]. The foundation of emotionally rich content combined with meaningful 
rewards and a backdrop of social interaction, all on a digital framework that incorpo-
rates some of the hallmarks of gamification—leaderboards and an appealing inter-
face—is a recipe for an attention grabbing way of learning. Having a person’s atten-
tion results in activity in the visual cortex, and this activity is strongly correlated with 
activity in the amygdala, suggesting that visual stimuli that has an emotional facet 
will result in greater levels of attention  [25][26]. Content with an emotional tone may 
also have a subliminal effect on individuals and may be able to reduce the tendency 
for people to be unaware of a second stimulus that follows an initial visual stimulus. 
This is conceivably important in a  gamified setting where the developers not only 
want to arrest a person’s attention but also make it so that all of the stimuli they pre-
sent to the user properly registers.  

Gamified experiences have been shown to produce largely positive experiences 
that have high levels of engagement [27].Users are often more motivated to use gami-
fied apps rather than traditional forms of learning. Information presented through 
gamification can be, and has been, coupled with some additional stimuli that activates 
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an emotional response, that could even be tailored to an individual user. Even creating 
an emotional response after information has been presented increases the chances that 
memories will be recalled later, and more accurately. Gamification provides an oppor-
tunity for coupling emotionally significant stimuli with content both during and after 
delivery and could have a positive effect on memory.  

Another way that gamification can create positive emotional responses in users, 
and can also present a variety of meaningful rewards [28]. The use of rewards has 
been shown to have a profound effect on performanceand on memory  [29] . Although 
rewards might be quite different in a software setting when compared to a non-
gamified setting, their implementation may have similar results. A common aspect of 
gamification is the use of goals and rewards to get the user to achieve the goals of the 
gamified software, and this is taken directly from games, where rewards in games are 
directly tied to completing the goals of the game (M). These function as extrinsic 
motivators, and rewards that are in line with the motivations of the individual appear 
to be of greater benefit to influencing their behavior. The “Badges” “Dots” ,“Stars” 
and other Token economy rewards trigger the release of serotonin. Serotonin is a 
hormone that controls an individual's overall mood. Studies have shown that people 
with high serotonin levels have cheerful personalities, and a drop in serotonin levels 
can make people feel a bit grumpy  [17]. Remembering past successes also triggers 
the release of serotonin.  Badges and tokens in gamified learning management sys-
tems allow learners to receive a serotonin boost whenever they see the reward they 
have earned. Instead of giving up on the idea of learning, Duolingo continues to come 
back to the app using different types of rewards to challenge and motivate us-
ers. Examples include "Lingots", "badges" and "dots" (XPs): After completing a chap-
ter, the user can open three closed chests to make one of the gems called "Lin-
gots". The number of gems changes every time. Users can then use the gems to buy 
some extra mini-lessons, streak freezes or personalized avatars in Duolingo's store 
section. In addition, as users practice, level up, or complete streaks they get achieve-
ment badges that other users can see. In addition, Duolingo users can set daily prac-
tice goals (15 minutes a day, 30 minutes a day, etc.) that suit them. As learners get 
closer to completing their daily goals, they get scores that show up on their profile 
and help them compete with other learners. 

Another aspect of rewards is feedback and in gamification it can come in multiple 
forms. Two common instances of feedback are positive-reinforcement, such as con-
gratulating a user for using the app every day, progressing through the tasks, or simp-
ly performing a desired action, and encouragement, which can involve telling the user 
to keep trying and not give up when they don’t perform perfectly, or drawing atten-
tion to how well they are doing and reminding them of all of the progress they have 
made. Feedback can be both predictable and unpredictable, and surprising feedback 
has be connected to better memory performance[30]. In some language learning ap-
plications, such as ‘Duolingo’ [9], users could ask for specific feedback to help them 
clarify their understanding of the content they were learning, or ask for additional 
examples to reinforce their new knowledge. 
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3.2 Socio-cultural factors enhance memory integration 

Many gamified apps utilize aspects of social media to integrate with a user’s social 
networks in order to improve performance[29]. A user can link their account to an 
existing social media profile, such as Facebook, and their progress and achievements 
can be shared so that their friends and family are made aware of their activity, or 
conversely aware of their inactivity. Depending on the user’s situation, this can create 
a form of social reward if a user is doing well compared to their peers, or social 
pressure to perform if the people they know are surpassing them in the application. 
This is a clear way of creating meaningful events and consequences that carry some 
emotional weight. Within some gamified apps it is also possible to create a profile, 
add photos, bios and connect with others within the gamified apps. This enables users 
to find similar others and share their progress with each other, give each other 
feedback and create a sense of community. This may be able to create new layers of 
engagement and motivation to use the application as a part of the user’s social circle 
is tied directly to it and may be unaccessible without it.  

By utilizing a social dynamic, gamification can capitalize on our hardwired 
propensity for social interaction. Humans have evolved an extraordinary aptitude for 
processing social stimuli, with some researchers going so far as to describe 
individuals as having a “social brain”[31]. The social brain includes numerous brain 
areas, but most notably, and again we see, the amygdala and regions of the frontal 
cortex, the ventromedial prefrontal cortex, are vital to its functioning [32]. The 
ventromedial prefrontal cortex has deep connections to the amygdala and has been 
associated with subjective pleasantness and social judgement[31][31]. This makes it 
easy to understand, on a neurological level, why there is so much interplay between 
emotions and social dynamics. This is also seen in the striatum, another brain area 
that is not only involved in processing social information and making decisions in 
social settings, but is also apart of the reward circuitry of the brain. This overlapping 
of functionality of key brain areas for emotion, rewards and social processing 
highlights the value of including ways for users to share information with others in a 
gamified setting. Developers can not only create new kinds of rewards by enabling 
ways for users to exercise their innate social predispositions, but may be able to 
attract, engage, motivate users more easily and create much more powerful emotional 
experiences for those users. Each one of these could be a potent factor in improving 
memory of a given stimuli, but when presented in tandem, it could be one of the most 
powerful weapons gamification has in its armory for improving the user experience, 
making it have more emotional layers and ultimately improving learning.   

Language Learning software and apps like ‘Duolingo’ also rely heavily on social 
features like leaderboards, forums and online events for their gamification 
strategies. Each week there is a list of top learners and users compete with XP in 
various leagues. The more courses a player completes, the better their leaderboard 
position. If they finish in the top 10, they will enter a new league. This helps create a 
sense of competition between users and may motivate individuals to use the 
application more than they usually would. From a user experience perspective, this 
drives the user to put in more effort and keep coming back to the application.  
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The ‘Duolingo’ also has a forum where users discuss different skills, exchange 
learning resources and ask questions about online courses. This is a particularly useful 
resource for learners who use these learning apps as a supplement to their general 
learning plans, or if they are eager to go beyond software and apps, and find resources 
for themselves. Forums are also useful for finding language exchange partners and 
practicing written communication skills. Similar to forums, online gatherings help 
make learning more social and part of a community of language learners. Users of the 
same language can hold events online and communicate in their language. Similarly, 
learners from the same country can organize gatherings and eventually develop their 
local‘Duolingo’ communities by organizing offline events. 

Table 2. cognitive neuroscience basis for the main functions of ‘doulingo’ 

SUMMARY OF 
THE USE OF 
PROGRAM 

GAMIFICATIO
N 

LANGUAG
E 

LEARNING 
FUNCTION

S 

MEMORY 
FUNCTIO

N 

COGNITIVE 
NEUROSCIE

NCE 
FOUNDATIO

NS 

MAIN 
BRAIN 
AREAS 

INVOLVED 

unique user expe-
riences; diverse 

information 
presentation; 

pleasurable and 
sociable 

Visualization 
stimuli 

(images, 
audio) 

Memory 
Coding 

and consol-
idation 

Audio-visual 
access 

Visual asso-
ciation areas, 

prefrontal 
cortex 

Repetition 
and spacing 

Working 
memory 

Language cen-
tre; memory 

system 

Temporo-
parietal asso-
ciation area, 
hippocampus 

multimodal 
stimuli 

Long-term 
memory 

Language cen-
tre; memory 

system, 
Social brain, 

emotional brain 

Hippocampus, 
prefrontal 

cortex, amyg-
dala, prefron-

tal cortex, 
anterior cingu-

late gyrus 

4 Summary 

Gamified second language learning software can create a unique user experience that 
is very different from traditional second language learning and can yield valuable 
benefits. As Table 2 summarized, information can be presented in dynamic and inter-
esting ways, and be able to create emotional responses that will improve memory 
processes; user activity can be tracked, rewarded and content can even be tailored to 
the individual; progress within the application can be shared via social media, creating 
another dimension to the more traditional rewards that are synonymous with most 
gamification; limited-risk experiences are frequently created that encourage user en-
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gagement and even experimentation without the traditional fear of failure; individuals 
can use gamified applications at their own convenience, often with activities being 
designed for shorter periods, creating a convenient experience that encourages en-
gagement and repeated use. In addition, the article is innovative in that it explores the 
neural mechanisms underlying memory in language learning software, based on find-
ings from neuroscience and cognitive psychology: repetitive stimulation increases 
activation of working memory brain areas; multimodal contextual simulation designs 
make it easier for learners to acquire long-term memory; and rewards, emotions and 
social interactions can facilitate language acquisition. The research will further con-
tribute to the development of further integration of brain science, technology and 
educational informatization areas. 
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permission directly from the copyright holder.

Neuroscience Support Gamification Improving Memory             1303

http://creativecommons.org/licenses/by-nc/4.0/

	Neuroscience Support Gamification Improving Memory--Based on foreign language leaning application Duolingo

