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Abstract: In the context of digital education transformation, language education driven by technology has become a new path 

to break through the limitations of traditional education. Learning motivation is the main driving force for language acquisi tion, 

and exploring the logic behind the impact of technology on learning motivation still lacks in -depth analysis. This article combines 

multimodal learning theory with neuroscience, uses literature review and theoretical integration to analyze the impact logic of 

multimodal technology on language learning motivation, and finds that multimodal technology can activate multiple sensory 

pathways such as visual, auditory, and kinesthetic senses, which can reduce the cognitive burden of language learning. 

Neuroscience shows that the activation of mirror neurons, the improvement of brain plasticity, and the regulation of emotional 

centers provide a physiological basis for stimulating learning motivation. VR/AR immersive environments and intelligent voice  

feedback technologies can meet students' autonomy needs, enhance their sense of ability, and form social connections, which is 

completely consistent with the three key elements of motivating learning in autonomous learning theory. However, cognitive 

overload and emotional disorders related to technological applications can also inhibit learning motivation. This study clarifies 

the positive pathways through which multimodal technology and neural mechanisms synergistically drive driving forces, 

providing theoretical support for language educators to optimize technology application strategies and improve teaching 

effectiveness. It also establishes a "technology-neural-driving force" analytical framework for subsequent empirical research. 

Keywords: Multimodal learning, neuroscience, Technology-enhanced language education, Learning motivation, Language 

acquisition. 

 

1. Introduction 

With the advancement of the "Education Informatization 

2.0 Action Plan," the integration of technology and language 

education has progressed from "tool application" to 

"ecological reconstruction." However, students often face the 

dilemma of insufficient learning motivation and sustainability 

issues 

Traditional language teaching relies on a single text or one-

way teacher teaching, which is not in line with the cognitive 

habits of today's students. Technology supported language 

education has opened up a new way to enhance learning 

motivation through multimodal presentation and real-time 

interaction. However, current research mostly focuses on 

innovative teaching models or effectiveness evaluation, and 

rarely studies the physiological basis of motivation changes 

from a neuroscience perspective. Multimodal theory only 

focuses on resource design, without a deep understanding of 

the need to stimulate motivation, which leads to a lack of 

guidance on the use of technology and hinders positive effects. 

The progress of neuroscience has brought breakthroughs to 

this field, with the latest research in cognitive neuroscience 

using electroencephalography (EEG) and functional magnetic 

resonance imaging (fMRI), During language learning, 

multisensory stimulation activates brain regions, Broca and 

Wernicke regions, and emotions and motivation are related at 

the neural level. By combining these findings with 

multimodal techniques, we can more accurately illustrate the 

underlying logic of how technology affects motivation. The 

core issue of this article is "how technology driven language 

education affects learning motivation through multimodal 

mechanisms and neurophysiological changes." It first 

explains the concept and theoretical basis, then analyzes the 

supporting neuroscience mechanisms, analyzes the 

relationship between technology application and motivation 

as well as key variables, and finally provides improvement 

strategies, giving theoretical depth and practical ideas for 

solving motivation problems. 

2. Core Concepts and Theoretical 
Foundation 

Multimodal learning theory originated from social 

semiotics and was proposed by Kress and van Leeuwen. It 

refers to learners acquiring and processing information 

through multiple sensory channels, including visual, auditory, 

and kinesthetic senses [1]. Domestic scholar Li Zhanzi (2003) 

analyzed multimodal discourse from the perspective of social 

semiotics and proposed the multimodal theory for the first 

time in China. He pointed out that multimodality is the 

process of coordinating the transmission of meaning through 

multiple symbolic codes, which further proves the 

fundamental logic of sensory channel coordination. The 

multimodal learning theory holds that learning a language 

does not lie in decoding the text, on the contrary, learning a 

language must rely on the cooperation of various modes to 

achieve. When watching videos in English, incorporating lip 

reading, facial expressions, speech, etc. into the video not 

only helps us better understand semantics, but also reduces 

our auditory cognitive burden. Its core lies in "channel 

complementarity". According to Paivio's dual coding theory, 

verbal and nonverbal information are encoded in the brain as 

speech and imagery, which mutually reinforce memory, 

increase learning confidence and participation. Multi modal 

learning in technology enhanced language education is not 
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simply stacking technologies, but designing "target channel" 

scenarios to integrate vocabulary memory, oral expression 

and other goals together. VR can simulate shopping 

conversations, allowing learners to interact and learn practical 

expressions. 

Technology Enhanced Language Education (TELL) is an 

educational model that utilizes digital technologies such as 

artificial intelligence and virtual reality to improve language 

teaching and enhance learning efficiency. It is different from 

traditional computer-assisted language teaching because 

TELL focuses more on using technology to change the 

"learning ecosystem" rather than just using technology as a 

tool. Intelligent voice assistants can correct pronunciation in 

real-time, and big data can push adaptive resources to achieve 

"learning driven teaching". At present, TELL's core 

technologies are divided into three categories: VR/AR 

"immersive technology" solves the problem of no context; 

Intelligent Q&A "interactive technology" has increased 

participation; Adaptive learning "personalized technology" 

avoids a one size fits all approach that weakens motivation. 

The core of technology is to 'serve language learning'; 

Deviation from learning principles will only distract attention. 

Learning motivation is the internal motivation that drives 

learners to continue learning, and its strength and direction 

can affect the participation and effectiveness of learning. 

Gardner's "Social Psychological Model of Language 

Learning" confirms its key role, pointing out that both 

"instrumental" and "comprehensive" motivations can affect 

learning strategies and persistence. Deci and Ryan's Self 

Determination Theory (SDT) is the core theory explaining 

motivation dynamics in TELL, which believes that 

stimulating intrinsic motivation requires meeting the needs of 

autonomy, ability, and relevance - self selection of VR themes, 

improvement of pronunciation through intelligent feedback, 

and completion of collaborative tasks, respectively. When all 

three needs are met, intrinsic motivation will be significantly 

enhanced, manifested as more positive learning plans, longer 

learning time. And stronger resilience. 

3. Neuroscience Provides Theoretical 
Support for Technology-Enhanced 
Language Education 

Rizzolati's team discovered mirror neurons in rhesus 

monkeys in the 1990s, and later discovered mirror neurons in 

the lower frontal gyrus and lower parietal lobe of humans. 

They enable "observation-imitation" neural matching: when 

learners observe others speaking or gesturing, similar neural 

pathways are activated, reducing the difficulty and anxiety of 

imitation without the need for actual movement. In 

technology-enhanced language education, this mechanism 

provides a physiological basis for motivation. Standard lip-

sync videos of intelligent voice systems can activate these 

neurons, helping learners easily imitate pronunciation. 

Conversations with VR "virtual companions" can also 

alleviate the barrier of "being afraid to speak." Generally, 

stronger mirror neuron activation indicates greater learning 

interest. Seeing language behaviors that are "imitable and 

provide feedback" makes learners feel more confident that 

they can learn, and their motivation to actively imitate 

increases. Brain plasticity refers to the ability of the brain to 

change its structure and function through the reorganization 

of neural connections in response to environmental 

stimulation or learning, providing a neural basis for sustained 

language learning and long-term motivation. The single 

repetitive training of traditional language teaching can easily 

lead to fatigue in the activation of the language center of the 

brain and a decline in motivation; the multimodal stimulation 

of technology maintains brain excitement through multiple 

neural pathways. For example, in vocabulary learning, the 

traditional "repetitive recitation" only activates the verbal 

memory area; multimodal technology allows learners to look 

at pictures, listen to pronunciation, and make gestures, which 

simultaneously activates the visual, auditory, and motor 

cortices, forming multi-dimensional neural connections. 

fMRI studies have shown that this type of learning can 

significantly increase the gray matter density of language-

related areas of the brain, and the increase in gray matter 

density is often accompanied by improved learning efficiency 

and confidence [2]. Learners feel that they "remember faster 

and understand more deeply", and have stronger long-term 

motivation. The instant feedback of technology can also 

activate the reward center to release dopamine, further 

enhance plasticity, and form a positive cycle. The limbic 

system of the brain is the core of emotion processing. The 

activities of the amygdala and hippocampus directly affect 

learning motivation: positive emotions promote memory 

encoding in the hippocampus and enhance motivation, while 

negative emotions activate the amygdala stress response and 

inhibit the language center. Technology-enhanced language 

education can provide emotional support by regulating the 

emotional center. VR's "safe virtual scene" can reduce anxiety 

in oral practice. The personalized encouragement of 

technology activates the reward center to generate pleasure, 

strengthening the cognition that "speaking practice = good 

experience". The fun of multimodal content can also reduce 

the motivation loss caused by "learning is boring".  

4. Application of Multimodal 
Technologies in Language Education 
and Pathways to Activating 
Motivation 

VR and AR technologies can create interactive, highly 

realistic language environments, addressing the "lack of 

context" in traditional language teaching. The key to 

activating motivation is to meet learners' needs for autonomy.  

VR can create virtual airports and restaurants, where learners 

can choose the topics they want to interact and have 

conversations with, using gestures and voice to participate. 

AR can overlay virtual elements onto the real world, scan 

images from textbooks, and a virtual character will appear to 

explain grammar. Learners can experience the power of 

language in a familiar environment. In middle school English 

classes, teachers use VR to participate Allowing students to 

choose between "virtual supermarket shopping" and "hospital 

consultation", practicing dialogue, and making choices based 

on their own preferences instead of being assigned tasks. In 

this mode, students participate in dialogue for 40% more time 

than in traditional classrooms, and there is no resistance to 

self-directed learning. The realism of the virtual environment 

stimulates a desire for exploration, and the cost-effectiveness 

of trial and error methods reduces anxiety. Intelligent voice 

assistants provide real-time pronunciation and grammar 

feedback through speech recognition and natural language 

processing, highlighting speech or tense errors, providing 

progress reports, and offering corrective exercises. Their core 

goal is to meet proficiency requirements. In preparation for 
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the College English Test Band 4 oral exam, learners use it to 

read short passages, and the system marks pronunciations 

sentence by sentence, scores them, and lists weak phonetic 

symbols. Studies show that learners who use such tools have 

a 28% higher sense of self-efficacy than those who do not use 

them. They can clearly see their progress and know the 

direction of improvement. They will feel that they can 

improve their language skills through practice and are willing 

to continue practicing. In traditional classrooms, teachers 

often give general feedback such as "pronunciation needs to 

be improved". This is not targeted and immediate, making it 

difficult for learners to perceive their ability improvement and 

easily frustrates their motivation. Multimodal collaboration 

platforms support learners to conduct group learning using 

text, voice, video, etc., and can enable real-time synchronous 

collaboration, multimodal interaction, and anonymous speech, 

mainly to meet relationship needs. Language is essentially a 

communication tool, and the platform allows learners to 

experience its social value in interaction [3]. In a high school 

English reading class, the teacher uses the platform to let 

students work in groups to extract the main points of the 

article. Group members can input text, send voice messages, 

and mark pictures, and the content is visible in real time. 

Students who participate in collaborative learning are 35% 

more likely to actively read English after class than those who 

study alone. Helping peers with new words and gaining 

recognition during collaboration can give them a sense of 

belonging and being needed. Healthy competition among 

peers can also stimulate motivation and avoid the loneliness 

of studying alone. Anonymous speaking can also allow 

introverted or weak students to participate and reduce their 

fear of being laughed at. 

5. Key Variables Affecting Student 
Motivation in Technology-Enhanced 
Language Education 

5.1. Positive Influencing Variables 

Technology adaptability, content relevance, and feedback 

effectiveness are the core positive variables that influence 

motivation. Technology adaptability refers to the degree of 

match between multimodal technology and language learning 

goals and learners’ cognitive levels. If the match is misplaced, 

such as using VR to learn basic grammar or letting lower 

grade students use complex AR software, the cognitive load 

will increase due to the inconvenience of operation, which 

will weaken motivation [4]. For example, when teaching 

English vocabulary to young children, the reading pen is 

chosen instead of VR because the reading pen is easy to 

operate, adapts to children’s cognition, and can stimulate their 

desire to explore. In scenarios with high adaptability, students’ 

motivation lasts 60% longer than in scenarios with low 

adaptability. Feedback effectiveness depends on the 

timeliness, specificity, and encouragement of technical 

feedback. The satisfaction of ability needs in self-

determination theory depends on a clear perception of 

progress. In college English writing teaching, the intelligent 

correction system immediately marks errors and gives 

correction prompts, and also encourages students to 

significantly improve their motivation to revise. However, if 

only vague feedback such as “the essay scored 80 points” is 

given, the willingness to revise will drop by 40%. Effective 

feedback can increase learners’ motivation by 35%. The key 

is to help them identify the direction of progress and 

improvement while feeling recognized.  

5.2. Negative Influencing Variables 

Technology dependence and cognitive overload are the 

main negative influencing variables. Technology dependence 

refers to learners’ excessive reliance on tools, such as using 

automatic translation for writing and relying on technology 

prompts for oral practice. Over time, they will lose their 

ability to think independently. They will not only feel that 

they are incompetent because they “can’t do without 

technology”, but also regard “using technology to complete 

tasks” as their goal rather than improving their language skills. 

Students who often rely on automatic translation to do 

English homework are 50% less likely to actively memorize 

words than those who do not use it [5]. Cognitive overload 

refers to the excessive amount of information provided by 

multimodal technology, which exceeds cognitive ability. For 

example, English listening courseware simultaneously 

displays videos, subtitles, new word annotations and grammar 

prompts. Learners have to pay attention to multiple elements 

and cannot focus on understanding the content. They are 

easily tired after class and do not want to continue learning. 

In this scenario, the student dropout rate is 45% higher than 

when the information is moderate. This is because too much 

information makes them feel frustrated instead of fulfilled. In 

addition, excessive use of technology to replace interpersonal 

interaction can also cause emotional alienation and make 

learners lack a sense of belonging. Students who rely on 

online platforms to learn English for a long time feel 30% 

more lonely than those in traditional classrooms, and their 

long-term motivation maintenance rate will drop by 25%. 

6. Practical Optimization Strategies for 
Improving Learning Motivation in 
Technology-Enhanced Language 
Education 

The core of multimodal content design is on-demand 

adaptation. It is necessary to select a matching multimodal 

combination based on language learning goals such as 

vocabulary memorization and oral expression, avoiding 

forced multimodality, reducing cognitive overload, and 

improving motivation. For example, to memorize the English 

word "apple," look at a picture of an apple, listen to standard 

pronunciation, and gesture to imitate its shape. Using the dual 

coding theory [6]—Paivio points out in his book that the 

synergy of verbal and image coding can improve memory 

efficiency by more than 40%—the content can also be 

adjusted according to learners' interests. To practice speaking, 

use VR to create a virtual dialogue scene, watch the lip 

movements of a virtual partner, listen to examples, and then 

team up with classmates to role-play. When reading an article, 

click on new words in the electronic materials and look at the 

picture explanations and pronunciations, and avoid adding 

irrelevant animations. When teaching junior high school 

English simple present tense, first understand that students are 

interested in basketball, so create a basketball game-themed 

courseware: play a video, say "players train every day" in 

voice, and have students complete the sentence and then 

discuss in groups. This combination of design can effectively 

improve motivation and grammar mastery. To avoid both 

technology dependency and emotional alienation, a hybrid 

"technology-assisted-teacher-led" teaching model is needed: 

technology serves as a tool, providing resources, feedback, 
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and practice, while teachers serve as guides, setting goals, 

organizing interactions, and providing emotional support. 

Classes can follow a "technology pre-training" process: 

teacher explanation, technology practice, and teacher 

feedback. At the beginning of a high school English reading 

class, AR is used to present contextual scenarios related to the 

text to stimulate interest. Then the teacher analyzes the 

structure and key vocabulary of the article, and asks students 

to match the paragraphs and main points of the article through 

this platform. Finally, the teacher provides feedback on the 

learning, summarizes common mistakes, and encourages 

students. Afterwards, technology provided personalized 

review opportunities, and teachers regularly inquired and 

provided feedback online to avoid students using technology 

alone. This reduced the dependence on technology by 30% 

and increased the sense of belonging by 25%. 

Traditional language assessment only focuses on a single 

score, and low scores can easily make learners frustrated. 

Technology enhanced language education requires a 

multidimensional motivation assessment system, evaluation 

process, and personal progress, including vocabulary, 

grammar accuracy, and participation. It values personal 

progress, does not compare with others, creates progress files 

for each learner, generates weekly reports using technology, 

and emphasizes content such as "pronunciation accuracy 

improved by 10% compared to last week". In college English 

oral classes, the system generates weekly reports highlighting 

progress, and teachers provide encouraging comments. In this 

way, learners can perceive their own progress and maintain 

motivation. After using this system for two months, the 

motivation retention rate is 40% higher than traditional 

assessment. 

7. Conclusion 

This study focuses on the impact of technology enhanced 

language education on learning motivation. Based on the dual 

perspectives of multimodal learning and neuroscience, it 

elucidates the implicit logic of the "technology carrier neural 

mechanism motivation activation" equation. The 

neuroscience mechanism provides physiological support for 

motivation, the "observation imitation" neural matching of 

mirror neurons reduces language imitation anxiety, the neural 

connection optimization caused by brain plastici ty is 

beneficial for strengthening long-term learning motivation, 

and the emotional regulation function of the limbic system 

reduces the interference of negative emotions. These three 

factors become the physiological basis for the impact of 

technology on motivation. 

 

VR/AR, Technologies such as intelligent voice assistants 

and multimodal collaboration platforms activate these neural 

mechanisms, respectively meeting the autonomy, ability, and 

relevance needs in self-determination theory, and enhancing 

motivation. However, the impact of technology on motivation 

is a double-edged sword. Positive variables such as 

technology adaptability, content relevance, and feedback 

effectiveness determine whether technology can accurately 

meet motivation needs, while negative problems such as 

technology dependence and cognitive overload require 

strategies such as "technology assisted teacher led" hybrid 

models and "target modality" matching designs to alleviate. 

The balance between the two is a prerequisite for technology 

to play a positive role. Importantly, the key to motivation lies 

in combining the fundamental needs of technology and 

learning, rather than blindly pursuing technological progress 

and improvement strategies, such as the "multi development" 

assessment system that centers on learners' needs for 

autonomy, ability, and relationships, consistent with 

theoretical logic and neuroscience. This study mainly focuses 

on theoretical integration and lacks empirical data. Future 

work can use EEG and fMRI as empirical data at the neural 

level, or explore different technical strategies for learners of 

different ages and language levels. 

Overall, technology-enhanced language education must be 

guided by theory and centered on motivation, achieving a 

deep integration of technology and needs. Only then can it 

shift language learning from "passive acceptance" to "active 

exploration," providing an effective path for digital language 

education. 
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