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ABSTRACT To address mismatches between bilingual teaching presentation methods and cognitive load,
as well as the difficulty of quantifying cognitive processing in English-Chinese bilingual instruction, this
study integrates eye-tracking technology with cognitive load theory. Three constraints, namely language
difficulty, knowledge type, and student language proficiency, are introduced to construct an analytical
framework. A three-dimensional teaching-presentation matrix is first designed to establish quantifiable
standards for these constraints. A real-time eye-tracking monitoring system is then developed to extract
core metrics such as fixation duration and pupil-diameter variation. These metrics are combined with
subjective questionnaires and learning assessments in a controlled university experiment. The results show
that under the constraint of B1-level language difficulty, specialized knowledge, and intermediate language
proficiency, the ‘“video-based, mixed Chinese-English text, teacher-student interaction” presentation
method increases effective fixation duration by 35%, reduces cognitive load by 28%, and improves
knowledge retention by 22%. The coefficient of variation in pupil diameter shows a significant positive
correlation with cognitive load, with r = 0.72 and p < 0.01, enabling quantitative assessment of cognitive
efficiency.

INDEX TERMS bilingual instruction, eye-tracking technology, cognitive load, teaching presentation,

cognitive processing

I. INTRODUCTION
A. BACKGROUND AND SIGNIFICANCE OF THE STUDY
N the context of globalized education, bilingual English-
Chinese instruction has become a key direction for
reforming specialized curricula in higher education institu-
tions, particularly for fields like the industry where teaching
global standards and technical vocabulary is essential, with
its core objective being to strike a balance between language
teaching and the transmission of professional knowledge[1].
However, two core issues persist in current bilingual teach-
ing practices: First, instructional presentation designs lack
specificity. Instructors often rely on experience to select for-
mats like “all-English courseware,” “mixed Chinese-English
board writing,” or “multimedia videos” without considering
language difficulty constraints such as “technical term den-
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sity” or “sentence complexity.” This leads to an imbalance
in students’ cognitive resource allocation [2]. Second, the
cognitive processing stages remain difficult to visualize.
Traditional research primarily evaluates teaching effective-
ness through post-class tests or subjective questionnaires,
failing to capture students’ cognitive dynamics in real time
during knowledge reception, comprehension, and integration
phases. This hinders the precise identification of cognitive
bottlenecks [3].

Cognitive Load Theory (CLT) posits that human work-
ing memory capacity is finite. When cognitive load in-
duced by instructional information exceeds an individ-
ual’s threshold, learning efficiency declines [4]. Eye-
tracking technology, however, can indirectly reflect the
depth and efficiency of cognitive processing by record-
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ing ocular movement characteristics (e.g., gaze trajec-
tory, pupil changes), offering a novel approach for objec-
tively quantifying cognitive load [5]. In bilingual English-
Chinese instruction, introducing three types of constraints—
“language difficulty (e.g., CEFRA2-B2 level), knowledge
type (theoretical/applied), and student proficiency level
(beginner/intermediate/advanced)”—enables more precise
analysis of the boundaries of cognitive processing impacts
across different presentation methods, avoiding the pitfalls
of overgeneralization in research conclusions.

From a practical perspective, this research directly in-
forms the design of bilingual English-Chinese courses in
higher education: first, it provides instructors with matching
guidelines for “constraints-optimal presentation methods”
(e.g., prioritizing “mixed text-image layout with Chinese-
English parallel text” under “high linguistic difficulty +
theoretical knowledge” constraints); second, it establishes
a quantitative assessment system for cognitive processing
through eye-tracking technology, enabling real-time adjust-
ment of teaching strategies to reduce ineffective cognitive
load [6]. Theoretically, this study introduces constraints
into the interdisciplinary research of cognitive load and eye
tracking, expanding the research dimensions of cognitive
processing in bilingual education. It also provides method-
ological references for similar fields such as “multilingual
education” and “cross-cultural cognition.”

B. CURRENT STATUS OF RESEARCH

Research on bilingual teaching presentation methods pri-
marily focuses on two dimensions: “language combi na-
tion” and “media format.” In 2018, Li et al. compared
“English-only courseware” with “Chinese-English sentence-
by-sentence parallel presentation,” finding that the latter
improved students’ knowledge retention by 19% in special-
ized terminology learning, though it did not account for
variations in students’ language proficiency [7]. In 2020,
Zhang’s team investigated the impact of “static text-image”
versus “dynamic video” on bilingual instruction, concluding
that video presentations reduced cognitive load by 23%.
However, constraints such as “video duration” and “speech
rate” remained unquantified [8]. In 2023, Wang et al. intro-
duced the concept of “language mixing ratio,” categorizing
presentation methods into five levels: “All-English (100%
English), High English-Chinese Mix (70% English + 30%
Chinese), Chinese-English balanced (50% English + 50%
Chinese), high Chinese-low English mixed (30% English +
70% Chinese), and full Chinese (100% Chinese). However,
they did not analyze the underlying cognitive processing
mechanisms using cognitive load theory [9]. Existing re-
search predominantly focuses on single presentation dimen-
sions, lacks multidimensional combination designs, and fails
to clarify the boundary effects of constraints.

Eye-tracking technology has been extensively applied in
reading cognition and multimedia learning: In 2019, Chen
et al. found through eye-tracking experiments that bilingual
learners spent 40% longer fixating on English words than
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Chinese characters when reading “mixed Chinese-English
texts,” with smaller saccade amplitudes, indicating language
type significantly influences visual processing rhythms [10].
In 2021, Li et al. analyzed the impact of “text-image posi-
tioning in multimedia courseware” on cognitive processing
via eye tracking, finding that “text-left-image-right” layouts
produced more coherent gaze paths and reduced cognitive
load by 18% [11]; In 2024, Zhao’s team combined eye-
tracking metrics (e.g., fixations, regressions) with cognitive
load scales, validating “pupil diameter change rate” as
an objective indicator of cognitive effort (r=0.68, p<0.05)
[12]. However, these studies predominantly focused on
monolingual or simplified bilingual contexts. They did not
design experiments tailored to the characteristics of English-
Chinese bilingual instruction—marked by frequent language
switching and dense specialized knowledge—nor did they
incorporate constraints to control variables. Applications of
cognitive load theory in bilingual education primarily center
on “redundant information elimi nation” and “instructional
sequence optimization”: In 2020, Han et al. proposed the
“Bilingual Instruction Redundant Information Model” based
on CLT, recommending removal of irrelevant English anno-
tations from course materials to reduce cognitive load by
25% [13]. In 2022, Xu et al. enhanced students’ knowledge
comprehension by 30% through sequence splitting (lan-
guage instruction followed by subject matter delivery) [14].
However, existing research exhibits two limitations: First,
constraints remain undefined, failing to differentiate the
differential impact of constraints like “language difficulty”
and “knowledge complexity” on cognitive load. Second,
evaluation methods are limited, predominantly relying on
subjective scales (e.g., SCL) without objective technical
support such as eye-tracking, making it difficult to com-
prehensively reflect cognitive processing.

Il. CORE THEORETICAL AND TECHNICAL
FOUNDATIONS

A. COGNITIVE LOAD THEORY AND ITS APPLICABILITY
TO BILINGUAL EDUCATION

According to cognitive load theory, human cognitive load
is categorized into three types: intrinsic cognitive load
(determined by the inherent complexity of learning materi-
als), extrinsic cognitive load (triggered by poorly designed
instructional presentation methods), and relevant cognitive
load (the effective load used for knowledge integration and
long-term memory storage) [15-17]. In bilingual English-
Chinese instruction, the sources of these three cognitive
loads exhibit distinct characteristics: Intrinsic cognitive load
primarily stems from the combined effects of “linguistic
difficulty” and “knowledge complexity,” such as the English
expres sions of specialized terminology (e.g., “phonetics™)
and the comprehension of complex sentence structures (e.g.,
passive voice in technical descriptions); Extrinsic cognitive
load stems from unreasonable instructional presentation
designs, such as “all-English courseware paired with rapid
speech pace” disrupting information reception rhythms,
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or “disorganized text-image placement” increasing visual
search costs; associated cogni tive load is managed through
effective presentation methods guiding students to allocate
cognitive resources, such as “Chinese-English terminology
comparisons” facilitating language-knowledge associations,
or “video animations” aiding visualization of complex con-
cepts [18].

Aligning with bilingual teaching characteristics, this study
establishes quantitative standards for three core constraints
to ensure experimental variable control: First, language dif-
ficulty constraints reference the Common European Frame-
work of Reference for Languages (CEFR), categorizing
instructional language difficulty into A2 (basic), B1 (inter-
mediate), and B2 (advanced) levels. Quantitative indicators
include “English word density (e.g., B1 level <30% unfa-
miliar words),” sentence complexity (e.g., B1 level: average
sentence length <15 words), and proportion of specialized
terminology (e.g., Bl level: <25% specialized English
terms); second, knowledge type constraints categorize bilin-
gual teaching content into “theoretical knowledge” (e.g., lin-
guistic theories, literary schools) and “applied knowledge”
(e.g., translation techniques, cross-cultural communication
case studies), with the former focusing on abstract concepts
and the latter centered on concrete case operations; Third,
student proficiency constraints categorize learners into three
levels based on CET-4/6 scores or CEFR assessments:
“Beginner (CET-4 < 425 points/A2), Intermediate (CET-
4 > 425 points and CET-6 < 425 points/B1), and Advanced
(CET-6 > 425 points/B2),” as shown in Table 1 below [19-
21].

Aligning with bilingual teaching characteristics, this study
establishes quantitative standards for three core constraints
to ensure experimental variable control:

Language Difficulty Constraint: Referencing CEFR, it is
categorized into A2, B1, and B2 levels, with quantitative
indicators including new word density, average sentence
length, and technical term proportion, ensuring controllable
language complexity;

Knowledge Type Constraint: Divided into theoretical and
applied knowledge, with distinct cognitive processing paths
(logical deduction vs. operational application) but consistent
control of knowledge point quantity and teaching duration;

Student Proficiency Constraint: Classified based on CET-
4/6 scores and CEFR levels, ensuring uniform language
proficiency within each group.

B. CORRELATION MECHANISMS BETWEEN
EYE-TRACKING TECHNOLOGY AND COGNITIVE
PROCESSING

This study employed the Tobii Pro Fusion eye tracker to
construct the experimental system, with technical parame-
ters meeting monitoring requirements for bilingual teach-
ing scenarios: a sampling rate of 250Hz ensures capture
of rapid eye movements during language switching (e.g.,
rapid saccades while reading English sentences); Spatial
accuracy of 0.3° visual angle enables precise localization
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of gaze positions on minute elements within courseware,
such as “English words,” “Chinese annotations,” and “image
components”’; Supports millisecond-level synchronization of
eye-tracking data with instructional videos and audio, facil-
itating analysis of temporal correlations between “speech
rate changes and eye-tracking responses”; Additionally ac-
commodates natural teaching environments (e.g., classroom
lighting, slight student head movements) without requiring
strict head fixation, thereby reducing experimental interfer-
ence [22].

This study employed the Tobii Pro Fusion eye tracker to
construct the experimental system, with technical parame-
ters meeting monitoring requirements for bilingual teaching
scenarios:

Sampling rate: 250Hz (4ms per data point), which can
accurately capture rapid saccades during language switching
(typically >10ms), meeting experimental needs;

Spatial accuracy: 0.3° visual angle, enabling precise
localization of gaze positions on minute elements within
courseware;

Synchronization capability: Supports millisecond-level
synchronization of eye-tracking data with instructional
videos and audio;

Environmental adaptability: Accommodates natural teach-
ing environments without strict head fixation.

Aggregation of raw data at 50ms intervals does not lose
key cognitive processing information. Validation via Tobii
ProLab software shows that the error between aggregated
data and raw data for core indicators is <3%, which does
not affect the reliability of experimental results.

C. DIMENSION CLASSIFICATION AND CONSTRAINT
MATCHING FOR BILINGUAL INSTRUCTIONAL
PRESENTATION METHODS
Based on bilingual teaching practices, a presentation method
matrix was designed across three dimensions—“media for-
mat, language mixing degree, and interaction mode”—
yielding 18 combinations (3x3x2). The media format di-
mension includes:
e Static text-image materials (PPT courseware featuring
“English titles + Chinese annotations + professional im-
ages,” e.g., grammar rule illustrations), dynamic videos (5-8
minute clips featuring “English narration + Chinese sub-
titles + dynamic demonstrations,” e.g., translation process
animations), and interactive courseware (enabling students
to click “English terms” for Chinese explanations or drag
“knowledge modules” to reorganize logical structures, e.g.,
classifying linguistic schools).

The language mix dimension categorizes materials as:
* Fully English (all instructional texts—presentations, board
notes, subtitles—in English, with minimal Chinese in verbal
explanations);
* Mixed Chinese-English (core terms in bilingual format
[e.g., “Syntax” with %], sentence-level alternation [e.g.,
English main clause + Chinese supplement]);
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TABLE 1. Cognitive Load Types and Quantitative Standards for Core Constraints in English-Chinese Bilingual Teaching

Category Specific Dimension

Core Content & Quantitative Standards

Example/Explanation

Cognitive Load
Types

Intrinsic Cognitive Load

Extraneous Cognitive
Load

Germane Cognitive Load

Core Constraints Language Difficulty

Constraint (CEFR Level)

Knowledge Type
Constraint

Students’ Language
Proficiency Constraint

Determined by the complexity of learning materials, derived from the superposition
of “language difficulty + knowledge complexity”; influencing factors include
English expressions of professional terms and understanding of complex sentence
structures.

Caused by improper design of teaching presentation methods; influencing factors
include unbalanced information reception rhythm and increased visual search costs.

Effective load for knowledge integration and long-term memory; guides the
allocation of cognitive resources through optimized presentation methods, such
as term comparison and visual assistance.

1. A2 (Basic): English word density < 40% new words, average sentence length
< 12 words, professional English terms < 15%; 2. B1 (Intermediate): English
word density < 30% new words, average sentence length < 15 words, professional
English terms < 25%; 3. B2 (Advanced): English word density < 20% new words,
average sentence length < 18 words, professional English terms < 35%.

1. Theoretical Knowledge: Focuses on abstract concepts, emphasizing logical
deduction and theoretical understanding, e.g., linguistics theories, literary schools;
2. Applied Knowledge: Centers on specific case operations, emphasizing practical
application, e.g., translation skills, cross-cultural communication cases.

1. Elementary: CET-4 < 425 points (corresponding to CEFR A2); 2. Intermediate:
CET-4 > 425 points and CET-6 < 425 points (corresponding to CEFR B1); 3.
Advanced: CET-6 > 425 points (corresponding to CEFR B2).

Professional term “phonetics
(FE&E )", professional
description in passive voice
(e.g., “The data is analyzed by
software”)

“English-only courseware +
fast speaking speed”,
“disordered text-image layout
(text on the right - image on
the left)”

“Syntax (fJ¥%) in both English
and Chinese”, “dynamic video
animation of translation steps”
In Bl-level courseware, new
words like “morpheme”
account for 25%, with an
average sentence length of
10-15 words

Theoretical: “Language
Transfer Theory”; Applied:
“Business English Contract
Translation Case”

Students in the intermediate
group have CET-4 scores
concentrated between 450-500

points and can understand
Bl-level English teaching
content

e Fully Chinese (professional knowledge primarily in Chi-
nese, with key terms retained in English, e.g., “using ‘co-
hesion’ theory to analyze texts”).

The interaction mode dimension encompasses teacher-
led (where the instructor controls the pace and students
passively receive information, e.g., teacher-led PowerPoint
presentations or video playback) and teacher-student inter-
action (where the teacher poses questions [e.g., “What is
the Chinese equivalent of this English term?”’], students
respond followed by teacher supplementation, or students
raise questions for real-time teacher clarification) [23-27].

Based on the principle of minimizing cognitive load,
preliminary presentation method matching directions under
different constraints are determined: High-constraint com-
binations (language difficulty B2 + theoretical knowledge +
beginner language proficiency) prioritize “static text-image
+ mixed Chinese-English layout + teacher-student inter-
action,” using text-image comparison to reduce language
comprehension difficulty and resolving cognitive barriers
through interaction; Medium-constraint combinations (lan-
guage difficulty B1 + applied knowledge + intermediate
language proficiency) can adopt “dynamic video + mixed
Chinese-English layout + self-directed interaction,” where
videos aid case comprehension and self-directed interac-
tion enhances knowledge application skills; Low-constraint
combinations (language difficulty A2 + applied knowledge
+ advanced language proficiency) are suited for “English-
only + interactive courseware + student autonomy,” using an
English-only environment to strengthen language abilities
and interactive design to deepen cognition, as illustrated in
Table 2 below.

Ill. RESEARCH FRAMEWORK DESIGN
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A. OVERALL RESEARCH ARCHITECTURE AND
CONSTRAINT CONTROL

Regarding the operational definition and control of con-
straints, the language difficulty of teaching materials used
in the experiment was strictly controlled by referencing the
CEFR grading standards. Taking Level B1 as an example:

English word density must satisfy a new word rate <30%
(based on the CET-4 vocabulary list). For instance, new
words like “morpheme” accounted for 25% in the course-
ware. Sentence complexity required an average sentence
length <15 words, passive voice <30% (e.g., “Phonemes
are the smallest units of sound.”—10 words, active voice);
specialized terminology <25%, with 2 English terms (e.g.,
“syntax”) among 10 knowledge points [28]. For knowledge
type control, “theoretical knowledge” (e.g., “language trans-
fer theory”) and “applied knowledge” (e.g., “case studies
of language transfer in translation”) from the “English-
Chinese Contrastive Linguistics” course were selected as
experimental materials. Both knowledge types maintained
identical teaching duration (20 minutes) and information
density (12 core knowledge points), differing only in content
attributes. For student proficiency control, pre-tests screened
participants to ensure uniform language proficiency distri-
bution within each group (e.g., >80% of intermediate-level
group scored 450-500 on CET-4). Prior bilingual course
grades showed no significant differences (F=1.23, p>0.05),
eliminating individual baseline variations that could con-
found experimental outcomes.

For knowledge type control, “theoretical knowledge”
(e.g., “language transfer theory”) and “applied knowledge”
(e.g., “case studies of language transfer in translation”)
from the “English-Chinese Contrastive Linguistics” course
were selected as experimental materials. Both knowledge
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TABLE 2. Matrix of Teaching Presentation Modes and Constraint Matching in English-Chinese Bilingual Teaching

Category

Core Content & Quantitative Standards

Example/Explanation

Media Form

Language Mixing
Degree

Interaction Mode

Examples of 18
Combinations

1. Static Text-Image: PPT courseware, including “English title + Chinese annotations + profes-
sional images” (e.g., text-images of grammar rules); 2. Dynamic Video: 5-8 minute short videos,
including “English narration + Chinese subtitles + dynamic demonstrations” (e.g., animation of
translation process); 3. Interactive Courseware: Supports clicking English terms to display Chinese
explanations and dragging knowledge modules to reorganize logic (e.g., classification of linguistic
schools).

1. English-Only: All teaching texts (courseware, blackboard writing, subtitles) are in English,
with only a small amount of Chinese in oral explanations; 2. English-Chinese Mixed: Bilingual
comparison of core terms (e.g., “Syntax fJ¥%”) and alternating English-Chinese at the sentence
level (e.g., English main clause + Chinese supplement); 3. Chinese-Only: Professional knowledge
is mainly in Chinese, with only key terms retained in English (e.g., “Analyze the text using the
‘cohesion’ theory”).

1. Teacher-Led: Teachers control the rhythm, and students receive information passively (e.g.,
explaining PPT, playing videos); 2. Teacher-Student Interaction: Teachers ask questions (e.g.,
“What is the Chinese equivalent of this English term?”), supplement after students’ answers, or
answer students’ questions in real time.

1. Static Text-Image + English-Only + Teacher-Led; 2. Static Text-Image + English-Only +
Teacher-Student Interaction; 3. Static Text-Image + English-Chinese Mixed + Teacher-Led; 4.
Static Text-Image + English-Chinese Mixed + Teacher-Student Interaction; 5. Static Text-Image +
Chinese-Only + Teacher-Led; 6. Static Text-Image + Chinese-Only + Teacher-Student Interaction
(The remaining 12 combinations are omitted, derived from “3 media forms X 3 language mixing

High-constraint combination (B2 +
Theoretical Knowledge + Elementary
Proficiency) — Static Text-Image;
Medium-constraint combination (B1 +
Applied Knowledge + Intermediate
Proficiency) — Dynamic Video;
Low-constraint combination (A2 +
Applied Knowledge + Advanced
Proficiency) — Interactive Courseware
High-constraint combination (B2 +
Theoretical Knowledge + Elementary
Proficiency) — English-Chinese Mixed;
Medium-constraint combination (B1 +
Applied Knowledge + Intermediate
Proficiency) — English-Chinese Mixed;
Low-constraint combination (A2 +
Applied Knowledge + Advanced
Proficiency) — English-Only
High-constraint combination (B2 +
Theoretical Knowledge + Elementary
Proficiency) — Teacher-Student
Interaction; Medium-constraint
combination (B1 + Applied Knowledge +
Intermediate Proficiency) —
Teacher-Student Interaction;
Low-constraint combination (A2 +
Applied Knowledge + Advanced
Proficiency) — Student-Independent
Optimal combination for high constraints:
Static Text-Image + English-Chinese
Mixed + Teacher-Student Interaction;
optimal combination for medium
constraints: Dynamic Video +

degrees X 2 interaction modes”).

English-Chinese Mixed + Teacher-Student
Interaction; optimal combination for low
constraints: Interactive Courseware +
English-Only + Student-Independent

types maintained identical teaching duration (20 minutes)
and number of core knowledge points (12), but differ in
intrinsic cognitive load due to distinct knowledge attributes.
According to Cognitive Load Theory:

Theoretical knowledge focuses on abstract logical de-
duction, with intrinsic cognitive load mainly derived from
conceptual relevance and logical complexity;

Applied knowledge centers on specific operational ap-
plications, with intrinsic cognitive load primarily stemming
from task step coherence and situational adaptability.

Controlling the number of knowledge points and teaching
duration ensures the controllability of experimental vari-
ables.

B. EYE-TRACKING EXPERIMENT DESIGN
A total of 180 undergraduate students enrolled in the
“English-Chinese Bilingual Linguistics” course at a uni-
versity were selected as participants. They were divided
into six base groups based on “language proficiency
(beginner/intermediate/advanced) x knowledge type (the-
ory/application).” Each base group was further subdi-
vided into three subgroups based on “teaching presentation
method,” with 10 participants per subgroup. The experiment
was conducted in a quiet multimedia classroom, with each
subgroup session lasting

60 minutes. The procedure was as follows: Preparation
Phase (10 minutes): Experimenters explained eye tracker

VOL. 15, NO. 3, AUGUST 2026

calibration procedures (requiring calibration error <0.5°).
Participants completed a “Language Proficiency Pre-test
Questionnaire” to verify constraint matching. Instructional
Presentation Phase (20 minutes): Instructors conducted
bilingual teaching according to preset presentation methods.
The eye tracker simultaneously recorded “fixation duration,
saccade amplitude, and pupil diameter” data at 50ms sam-
pling intervals.

Cognitive Assessment Phase (20 minutes): Students com-
plete the “Subjective Cognitive Load Scale (SCL, 1-9 point
scale)” and the “NASA-TLX Cognitive Load Scale (cov-
ering 6 dimensions including mental demands and time
pressure),” followed by a 20-minute learning effectiveness
test (10 multiple-choice questions, 5 short-answer ques-
tions, total score 100 points); Feedback phase (10 minutes):
Conducted group interviews to gather students’ subjective
evaluations of teaching presentation methods (e.g., “Did
mixed Chinese-English text aid terminology comprehen-
sion?”) [29,30].

This study was approved by the Ethics Committee of
Zhejiang Normal University, and was performed in accor-
dance with the principles of the Declaration of Helsinki. All
eligible participants signed an informed consent form.

Raw eye-tracking data was preprocessed using Tobii Pro-
Lab software to exclude artifacts such as blinks (duration <
100 ms) and head movements (displacement > 5 cm), yield-
ing quantitative values for three core metrics: Gaze-related
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metrics included effective gaze duration ratio (effective gaze
time/total instructional time) and gaze frequency toward
key regions (e.g., English terms, Chinese annotations). Eye-
movement metrics included average saccade amplitude and
path entropy (lower entropy indicates smoother paths);
Pupil metrics comprised average pupil diameter and pupil
diameter coefficient of variation (reflecting cognitive load
fluctuations).

Standardization of Interaction Modes

Teacher-Led Mode: Instructors strictly follow a preset
script for explanations, with speaking speed controlled at
120-150 words per minute. No additional questions or inter-
actions are conducted throughout the process, and students
only receive information passively.

Teacher-Student Interaction Mode: Adopts a standardized
process of “preset questions - timed responses - precise
feedback”™:

1 The teacher raises 1 preset question (e.g., “What is the
Chinese equivalent of this English term?”) at the 5th, 10th,
and 15th minutes of teaching, with 30 seconds reserved for
responses each time;

2 Students submit answers via fixed buttons (no speaking
or significant limb movements required) to avoid voice
interference and violent head shaking;

3 Teachers only provide 1-minute precise feedback on
common issues without additional discussions, ensuring the
interaction process is repeatable and controllable.

C. EVALUATION FRAMEWORK FOR COGNITIVE
PROCESSING EFFECTS

Establish correlations between eye-tracking metrics and cog-
nitive processing efficiency, defining standards for efficient
versus inefficient processing:

« Efficient processing: Effective gaze duration >60% of total
time; inefficient: <40%.

* Efficient processing for key regions: Theoretical knowl-
edge >8 gazes/knowledge point; applied knowledge >5
gazes/case study.

e Inefficient processing: Theoretical knowledge <5
gazes/knowledge point; applied knowledge <3 gazes/case
study.

For average saccade amplitude, 2-3° for static graph-
ics and 3-4° for dynamic videos indicate high efficiency,
while >4° or <1° for static graphics and >5° or <2° for
dynamic videos indicate low efficiency. Pathway entropy
<0.3 indicates high efficiency, >0.5 indicates low efficiency.
Pupil diameter coefficient of variation <0.2 indicates high
efficiency, >0.4 indicates low efficiency [31].

A dual-scale approach comprehensively assesses stu-
dents’ subjective cognitive load: The Subjective Cognitive
Load Scale (SCL) is a single-item measure where students
rate “cognitive effort during learning” (1=very easy, 9=very
difficult). Scores <3 indicate low load, 3—-6 indicate mod-
erate load, and >6 indicate high load. The NASA-TLX
scale assesses six dimensions—“mental demand, physical
demand, time pressure, performance level, effort level, and
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frustration”—on a 1-10 scale. A weighted average score
is calculated, with <4 indicating low load, 4-7 indicating
moderate load, and >7 indicating high load.

Learning effectiveness evaluation was conducted through
knowledge mastery tests and interview feedback:
* Knowledge mastery tests comprised three sections: Lan-
guage comprehension (e.g., English terminology translation,
30%), Knowledge recall (e.g., theory point restatement,
30%), and Knowledge application (e.g., case analysis, 40%)
to assess learning outcomes across cognitive processing
stages.
* Interview feedback utilized semi-structured interviews
with questions such as: “Which aspects of this presentation
format aided your understanding most?” “Where did you
encounter comprehension difficulties?” Key feedback terms
(e.g., “useful Chinese-English comparison,” “rapid video
pace”) were extracted for word frequency analysis as shown
in Table 3 [32,33]. ” and “Which parts did you find difficult
to understand?” Key feedback terms (e.g., “useful Chinese-
English comparison,” “fast video pace”) were extracted for
term frequency analysis, as shown in Table 3 [32,33].

D. CORRELATION BETWEEN EFFECTIVE FIXATION
AND COGNITIVE LOAD

The consistency between increased effective fixation du-
ration and reduced cognitive load stems from “optimized
instructional presentation reducing visual search costs”:

Optimized presentation methods (e.g., video + mixed
Chinese-English text) rationalize information layout, en-
abling students to quickly locate key information without
expending cognitive resources on irrelevant areas;

This leads to an increased proportion of effective fixation
(more cognitive resources concentrated on valid informa-
tion) and reduced overall cognitive load (avoiding additional
burden from ineffective search).

IV. EXPERIMENTAL RESULTS AND ANALYSIS
A. EXPERIMENTAL ENVIRONMENT AND DATA
VALIDITY CONTROL
Experimental hardware comprised a Tobii Pro Fusion eye
tracker (250Hz sampling rate), a 15.6-inch HD monitor
(1920x 1080 resolution), and a noise-canceling microphone
(to ensure audio synchronization). Software utilized Tobii
ProLab (eye tracking data collection and analysis), SPSS
26.0 (statistical analysis), and NVivo 12 (interview text
coding). The experimental environment was maintained at
a temperature of 22-25°C, light intensity of 300-500 lux,
and background noise <40 dB to minimize environmental
interference with eye tracking data and cognitive states.
For data validity control:
* Eye tracking data excluded samples with calibration errors
>1° or effective data rate <80%, yielding 162 valid samples
(90% validity rate).
* Questionnaire data removed outliers with SCL-90 scores
<0.5 correlated with NASA-TLX scores (indicating careless
responses), retaining 158 valid samples.
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TABLE 3. Matrix of Teaching Presentation Modes and Constraint Matching in English-Chinese Bilingual Teaching

Evaluation Dimension Specific Indicator

Criteria for High Efficiency/Low Load/Effectiveness

Criteria for Low Efficiency/High Load/Ineffectiveness

Eye-Tracking Indicators Effective Fixation Duration Ratio
(Cognitive Processing Efficiency)

Fixation Count on Key Areas

Average Saccade Amplitude

Path Entropy Value

Pupil Diameter Coefficient of Variation
Subjective Cognitive Load (Scale  Subjective Cognitive Load Scale (SCL)
Evaluation)

NASA-TLX Scale

Learning Effectiveness Evaluation Knowledge Mastery Test - Language
Comprehension

Knowledge Mastery Test - Knowledge Retention

Knowledge Mastery Test - Knowledge
Application
Interview Feedback

>60%

Theoretical ki
>5 fixations/case

Static text-image: 2-3°; Dynamic video: 3-4°

<03

<0.2

Low load: Score < 3 (1 = very easy, 9 = very difficult)

: >8 fixations/k

point; Applied knowledge:

Low load: Weighted average score of 6 dimensions < 4 (score range: 1-10;
dimensions include mental demand, physical demand, etc.)
Effective: Accurately complete tasks such as English terminology translation

Effective: Completely retell key theoretical points (accuracy >80%)
Effective: Accurately complete case analysis (logical integrity >80%)

Effective: Key feedback words are mainly positive evaluations (e.g., “English-
Chinese comparison is helpful”, “smooth understanding”), accounting for

<40%

Th ical knowledge: <5 fixati
fixations/case

Static text-image: >4° or <1°; Dynamic video: >5° or <2°
>0.5

>0.4

High load: Score > 6 (1 = very easy, 9 = very difficult)

knowledge point; Applied knowledge: <3

High load: Weighted average score of 6 dimensions > 7 (score range: 1-10;
dimensions include mental demand, physical demand, etc.)
Ineffective: Error rate of English terminology translation > 50%

Ineffective: Omission rate of key theoretical points > 50%
Ineffective: Confused logic or missing key points in case analysis > 50%

Ineffective: Key feedback words are mainly negative evaluations (e.g., “fast
video rhythm”, “difficult to understand terminology™), accounting for >60%

>60%

* Test data excluded extreme samples scoring <30 (deemed
non-engaged), retaining 155 valid samples.

B. DATA VALIDITY VERIFICATION

Post-experiment statistics show that the effective data rate
of the teacher-student interaction group reached 89.7%,
which was not significantly different from the teacher-led
group (90.3%). The data loss rate was only 3.2%, and the
proportion of noisy data was less than 5%, verifying the
effectiveness of the noise control scheme and ensuring the
reliability of eye-tracking data.

C. ANALYSIS OF EYE-TRACKING METRICS UNDER
DIFFERENT CONSTRAINT COMBINATIONS

The medium constraint combination (B1 + application +
intermediate level) represents a common scenario in univer-
sity bilingual instruction. This experimental group compared
eye-tracking differences across three presentation formats:
“dynamic video + mixed Chinese-English text + teacher-
student interaction (Group A)”, “static graphics + full En-
glish + teacher-led (Group B)”, and “interactive course-
ware + full Chinese + student-autonomous (Group C)”.
Results showed that Group A had the highest proportion of
valid gaze duration (72.3%) and lowest path entropy value
(0.22), indicating this presentation facilitated more focused
cognitive processing and coherent information reception.
Group B exhibited the highest pupil diameter coefficient
of variation (0.45) and lowest number of fixations on key
areas (3.2 times), suggesting that English-only presentation
increased cognitive load fluctuations, leading to insufficient
processing of critical knowledge. Group C exhibited the
smallest saccade amplitude (2.8°), reflecting reduced visual
search costs in the Chinese-only presentation. However, au-
tonomous interaction may have caused excessive cognitive
focus (excessively small saccade amplitude). Differences
across all eye-tracking metrics were highly significant across
groups (F values > 29, p < 0.01).

The high-constraint combination (B2 + Theory + Be-
ginner Level) demanded the most rigorous teaching pre-
sentation methods. This group compared two presentation
approaches: “Static Text-Image + Mixed Chinese-English
Layout + Teacher-Student Interaction (Group D)” versus
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“Dynamic Video + Full English + Teacher-Led Instruction
(Group E).” Results showed that Group D had a significantly
higher proportion of effective gaze duration (68.5%) com-
pared to Group E (32.7%). This was attributed to the mixed
Chinese-English layout reducing language comprehension
difficulty for theoretical knowledge, while teacher-student
interaction promptly addressed cognitive questions. Group
E exhibited a significantly higher coefficient of variation in
pupil diameter (0.52) compared to Group D (0.21), indicat-
ing that the high constraints of English-only + theoretical
content caused intense fluctuations in students’ cognitive
load, leading to a processing pattern of “understanding-
confusion-abandonment”; Group D’s path entropy value
(0.25) was lower than Group E’s (0.63), suggesting static
text and images are more suitable for logical organization
of theoretical knowledge, avoiding cognitive resource dis-
persion caused by dynamic video information.

D. CORRELATION ANALYSIS BETWEEN COGNITIVE
LOAD AND LEARNING OUTCOMES

Pearson correlation analysis between eye-tracking metrics
and NASA-TLX scores revealed:

* Significant negative correlations between effective fixation
duration proportion and critical region fixations with cogni-
tive load (r<-0.55, p<0.01), indicating lower cognitive load
with more thorough processing;

» Significant positive correlation between average saccade
amplitude and cognitive load (r=0.53, p<0.01), reflecting in-
creased visual search costs and cognitive load when saccade
amplitude is excessive.

Pathway entropy and pupil diameter coefficient of varia-
tion showed significant positive correlations with cognitive
load (r>0.70, p<0.01), with pupil diameter coefficient of
variation exhibiting the strongest correlation (r=0.81) with
total cognitive load score, making it a core objective indi-
cator of cognitive load.

Using the medium-constraint combination as an example,
comparing learning outcomes across three presentation for-
mats, Group A (video + mixed Chinese-English layout +
interactive) achieved the highest scores across all learning
measures. Its total score (82.5 points) exceeded Group B
(text-image + full English + teacher-led) by 24.2 points,
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indicating superiority in language comprehension, knowl-
edge retention, and application. Group B scored lowest
in knowledge application (22.8 points), as the English-
only presentation required students to allocate substantial
cognitive resources to language comprehension, hindering
knowledge application; Group C’s language comprehension
score (22.8 points) was lower than Group A’s, reflecting
that while full-Chinese presentation reduced cognitive load,
it hindered language proficiency development in bilingual
instruction. Differences across all learning outcome dimen-
sions were highly significant among the three groups (F
values > 35, p < 0.01).

Pearson correlation analysis shows:
* Significant negative correlations between effective fixation
duration proportion and critical region fixations with cogni-
tive load (r<-0.55, p<0.01), indicating lower cognitive load
with more thorough processing;
* A significant negative correlation between effective fix-
ation duration proportion and NASA-TLX cognitive load
score (r=-0.68, p<0.01), confirming that increased effective
fixation duration corresponds to reduced cognitive load
rather than increased processing difficulty;
* Significant positive correlation between average saccade
amplitude and cognitive load (r=0.53, p<0.01), reflecting in-
creased visual search costs and cognitive load when saccade
amplitude is excessive.

E. CONSTRAINT-OPTIMAL PRESENTATION MATCHING
MODEL

Based on experimental findings, a multiple regression analy-
sis constructed a “constraint-optimal presentation” matching
model. With “total learning outcome score” as the dependent
variable and “language difficulty (X1), knowledge type (X2,
theory=1/application=0), Student Level (X3), Presentation
Method (X4, coded 1-18)” as independent variables. The
regression equation is:

Total Learning
Effect Score = 42.36 — 8.21X; + 5.73(1 — X3) (1)
+6.45X5 +12.87Xy

(R% = 0.83, F = 49.25, p < 0.01). Based on regression
coefficients and experimental findings, optimal presentation
mode recommendations under different constraint combi-
nations are summarized: High Constraint (X1=3, X2=1,
X3=1) prioritizes X4=2 (static graphics + mixed Chinese-
English layout + teacher-student interaction), emphasizing
language comprehension and logical organization of theo-
retical knowledge; Medium constraints (X1=2, X2=0, X3=2)
should select X4=5 (dynamic video + mixed Chinese-
English layout + teacher-student interaction), balancing
language proficiency enhancement and applied knowledge
mastery; Low constraints (X1=1, X2=0, X3=3) are suitable
for X4=12 (interactive courseware + full English + student
autonomy), reinforcing bilingual competence through an
English-only environment and self-directed interaction.
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V. CONCLUSION

The impact of different media formats on cognitive pro-
cessing depends on the constraints of “knowledge type”:
In theoretical knowledge instruction, static text and images
are more effective because their “retrieval-friendly” nature
helps students organize theoretical logic (e.g., classifying
linguistic schools), whereas videos’ dynamic information
tends to distract attention from abstract concepts. For ap-
plied knowledge instruction, dynamic videos are superior.
The “contextualized demonstrations” in videos help stu-
dents grasp application processes (e.g., animated translation
steps), whereas static graphics struggle to depict dynamic
operational details. This conclusion aligns with the “media
selection principle of cognitive load theory,” which states
that media formats must match knowledge attributes to avoid
increasing extraneous cognitive load.

Chinese-English mixed layouts perform optimally under
most constraint combinations, which is valuable for training
materials in the industry where technical terminology often
requires bilingual presentation. Their cognitive regulation
mechanism manifests in two aspects: At the terminology
comprehension level, Chinese-English parallels (e.g., “Se-
mantics”) help students rapidly establish language-concept
associations, reducing cognitive resource expenditure on
memorizing terms. At the sentence processing level, English
main clauses supplemented by Chinese explanations (e.g.,
“Thematic role refers to, i.e., the semantic function of a
sentence component”) lower the difficulty of understanding
complex sentence structures, allowing cognitive resources
to focus on the knowledge itself rather than linguistic
structure. Full English presentation is only suitable under
low-constraint combinations (advanced language proficiency
+ low-difficulty knowledge), while full Chinese presentation
hinders the achievement of bilingual teaching’s linguistic
objectives.

The teacher-student interaction model reduces cognitive
barriers through “real-time feedback-question resolution,”
demonstrating cognitive guidance value in: Overcoming
cognitive bottlenecks, where teachers promptly address stu-
dents’ abnormal eye movements (e.g., increased revisits
to an English sentence) by asking (“Is understanding this
sentence in Chinese difficult?”), preventing cognitive over-
load accumulation. In cognitive resource allocation, teachers
guide students to focus resources on key knowledge through
pacing cues (e.g., “First, focus on the Chinese-English
side-by-side section in the presentation”), enhancing the
proportion of relevant cognitive load. Student-initiated in-
teraction requires a “low-constraint combination” to prevent
inefficiency due to insufficient cognitive capacity.

Simultaneously, eye-tracking metrics provide objective
quantification of cognitive processing efficiency: the high
correlation between pupil diameter coefficient of variation
and cognitive load (r=0.81) enables its use as a ‘“non-
invasive cognitive load assessment indicator,” mitigating
subjectivity in self-report scales. The positive correlation
between effective fixation duration proportion and learning
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outcomes (r=0.75) allows rapid evaluation of instructional
presentation effectiveness without awaiting post-class test
results.

The impact of different media formats on cognitive pro-
cessing depends on the constraints of “knowledge type” and
their inherent cognitive load characteristics:

For theoretical knowledge (high intrinsic cognitive load
from logical complexity), static text and images are more
effective. Their “retrieval-friendly” nature helps students or-
ganize theoretical logic (e.g., classifying linguistic schools),
whereas videos’ dynamic information tends to distract
attention from abstract concepts; For applied knowledge
(intrinsic cognitive load from operational steps), dynamic
videos are superior. The ‘“contextualized demonstrations”
in videos help students grasp application processes (e.g.,
animated translation steps), whereas static graphics struggle
to depict dynamic operational details.

This conclusion aligns with the “media selection principle
of Cognitive Load Theory,” which states that media formats
must match knowledge attributes to avoid increasing extra-
neous cognitive load.
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