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Abstract

This study addresses the challenge of sub-60% engagement rates in conventional mechanical training
for children with language delays by developing a “Three-Tier Gamified” rehabilitation model
grounded in Montessori pedagogy, validated through a 12-week quasi-experimental design. Sixty
children aged 4-7 years with language quotients of 50-85 on the S-S5 Method assessment were
randomly assigned to experimental groups (basic, intermediate, and advanced tiers) and a control
group. The experimental groups received a three-tiered gamified protocol adapted with Montessori
materials, while the control group underwent traditional training. Results demonstrated a 52.6%
increase in training duration and a surge in active engagement from 30% to 87% in the experimental
groups, with an attrition rate of only 8% compared to 25% in controls. Linguistically, vocabulary
acquisition reached 2.5 new words per week versus 1.5 in controls; mean length of utterance (MLU)
increased from 3.2 to 4.8 words, and syntactic complexity index rose by 3.2 points. One-month
follow-up revealed a 73% generalization success rate among families implementing extended
home-based games, confirming real-world transferability. The study innovates by proposing a
theoretical framework of “Montessori Adaptation for Language Rehabilitation,” (Roberts, M. Y., &
Kaiser, A. P, 2015) constructing a dual-core “Engagement-Efficacy” evaluation model, and developing
a standardized package of 3-tiered, 12-session game protocols with a 15-minute dynamic assessment
tool. This provides a standardized, dynamically adjustable, and engaging solution for language
rehabilitation in special children, advancing special education from passive reception to active
participation.

Keywords: language delay, tiered-gamification model, Montessori education, Montessori materials,
special needs rehabilitation, motivation, dynamic assessment, family extension

1. Introduction challenge: low participation and high resistance
in traditional mechanical-drill paradigms,
coupled with poor transferability from
clinic-based training to home settings.
Theoretically, existing gamification research

1.1 Research Background and Problem Statement

Current language rehabilitation for children
with developmental delays faces a twofold
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primarily targets typically developing children,
inadequately addressing the sensory
sensitivities ~and  attentional  difficulties
characteristic of special populations. Montessori
applications in language rehabilitation remain
fragmented, lacking systematic models. The
central research question is: How can we
construct a tiered, gamified rehabilitation
system that balances precise linguistic targeting
with child agency?

1.2 Research Objectives and Significance

The theoretical contribution extends Vygotsky’s
Zone of Proximal Development to special
populations, establishing an interdisciplinary
integration =~ model  bridging  Montessori
education and speech-language pathology.
Practically, the study yields a standardized
three-tier game protocol package with detailed
Montessori ~ material =~ modifications  and
simplified home versions, enabling seamless
clinic-home continuity. Socially, it catalyzes a
paradigm shift in special education services,
enhancing rehabilitation time efficiency and
reducing burdens on families and society.

1.3 Core Concept Definitions

Children with language delay are defined as
those aged 4-7 years with language quotients of
50-85 on the S-S Method, excluding organic
impairments and autism spectrum disorder
(ASD). The tiered-gamification model refers to
an intervention framework featuring dynamic
assessment-based three-tier ability grouping,
allowing cross-tier progression or regression,
and driven by intrinsic motivation. Montessori
language materials denote sensorial teaching
aids adapted for language rehabilitation,
preserving three core principles: error control,
isolated stimulation, and autonomous repetition.

2. Literature Review

2.1 Current Status of Language Rehabilitation
Training

International language rehabilitation has shifted
from behaviorism to constructivism, with
high-intensity responsive intervention emerging
as the gold standard —over five weekly training
hours and high-quality contingent interaction
are identified as key efficacy predictors.
However, localized implementation in China
faces constraints such as insufficient staffing,
large class sizes, and deficient teacher
responsiveness skills. Domestic practice has long
been dominated by DTT (Discrete Trial Training)
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and ABA (Applied Behavior Analysis), which,
despite short-term efficiency in specific skill
acquisition, erode children’s intrinsic motivation
through mechanical repetition, creating a
generalization dilemma where children “comply
in training but fail to apply it in real life,”
resulting in a high-cost, low-effectiveness
imbalance.

2.2 Gamification in Special Education

Gamified instruction faces a polarized dilemma
in practice: On one hand, goal drift occurs when
excessive focus on entertainment compromises
precise linguistic targeting. On the other hand,
digital game proliferation, while offering
standardized feedback, sacrifices the
multisensory integration (tactile, proprioceptive)
essential for special children. The embodied
cognitive process of physical manipulation is
critical for establishing connections between
language symbols and reality, yet research on
how physical games systematically support
language development remains scarce, lacking
an operational mediating model between
gamification and rehabilitation objectives.

2.3  Montessori  Education  and  Language
Development
International ~ explorations have adapted

Montessori materials for dyslexia intervention
(e.g., sandpaper letters), yet research in oral
expression delay remains underdeveloped. Oral
production involves complex factors
(articulatory coordination, working memory,
social motivation) requiring systematic evidence
on how Montessori materials can provide
targeted support. While Montessori education is
widespread China, teacher training
overemphasizes practical life and sensorial areas,
with language materials merely replicated from
Western classics without localized innovation
based on the characteristics of Mandarin
Chinese and contemporary needs, leaving their
rehabilitation potential largely untapped.

2.4 Tiered Teaching Models

A clear gap exists between mainstream
education’s ability grouping and special
education’s Individualized Education Programs
(IEPs): the former ignores individual differences,
while the latter’s hyper-individualization
overloads teachers and reduces group training
efficiency. Small-group dynamic tiering serves as
a middle-ground solution, preserving individual
precision  while  enhancing instructional
efficiency through ability grouping and allowing
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cross-tier mobility via dynamic assessment.
However, consensus remains lacking on key
operational parameters including construction
principles, assessment frequency, and mobility
criteria.

3. Construction of the “Tiered-Gamification”
Model

3.1 Design Principles and Top-Level Architecture

The model adheres to four core principles: (1)
Child-centered design based on interest
baselines and developmental assessments,
compressing teacher-led time to <30% through
prepared environments and  material
self-sufficiency; (2) Error control mechanisms
providing instant feedback within each
language game, enabling self-detection and
correction without adult intervention; (3)
Isolated difficulty targeting, focusing each
session on one or two linguistic elements to
prevent information overload; (4) Dynamic
tiering with biweekly assessment cycles to
ensure timely cross-tier adjustments. These
principles collectively safeguard children’s
dignity while enabling stepped growth.

The three-tier progression aligns with language
development trajectories: The basic tier focuses
on direct symbol-object bonding via tactile
tracing to facilitate symbol internalization; the
intermediate tier shifts to symbolic combination
through role-play scripts that visualize syntactic
structures as action sequences; the advanced tier
achieves symbol-context nesting to train
cognitive flexibility. This progression precisely

matches children’s executive function
developmental levels.
3.2 Basic Tier: Montessori Letter Games and

Vocabulary Burst

Children at this tier exhibit <40 content words,
verb usage far below normal levels, short
attention spans, low compliance with two-step
commands, and pervasive tactile defensiveness
or hyposensitivity. Three core game modules
form a complementary network: (1) Sandpaper
Letter Tracing Treasure Humt transforms letter
learning into tactile exploration—children trace
letter boards then locate matching objects in
treasure baskets; (2) Mystery Bag Phonological
Matching targets expressive anxiety—children
tactually explore items and describe features to
obtain matches; (3) Three-Part Card Matching

bridges iconic to symbolic representation,
crossing from object naming to text
identification. ~ Training parameters: three

20-minute  sessions  weekly, initial = 1:1
teacher-child ratio transitioning to 1:2 by Week 4,
conducted in individual work zones.

Table 1.

Child
Indicators

Development | Data/Status

Vocabulary size <40 content words

Verb usage frequency Far below normal

Attention duration Short
Two-step command | Low
compliance
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3.3 Intermediate Tier: Situational Role-Play and
Dialogue Generation

Children at this stage use telegraphic speech
with short MLU, low function-word frequency,
weak active questioning ability, minimal
conversational turns, and lack social language.
Four core modules target syntax and pragmatics:
(1) Dollhouse Role Scripts provide structured
dialogue frameworks for eight-turn standard
conversations within thematic scripts; (2) Story
Sequencing Puzzles train causal logic using
“because-so” constructions to explain puzzle
actions; (3) Sound Bottle Guessing develops
descriptive language—children use adjectives
and metaphors to describe auditory clues; (4)
Mail Delivery specifically targets active
questioning —children play postal workers
asking ‘residents’ for information. Training
parameters: two 30-minute sessions weekly,
optimal 1:3 teacher-child ratio, situated in
semi-open role-play areas.

3.4 Advanced Tier: Community Simulation and
Functional Communication

Children at this tier possess basic syntactic
ability but lag severely in pragmatic functions
(turn-taking, eye contact, waiting, polite
expressions). Five core modules constitute a
micro-community system: (1) Mini-Supermarket
Shopping covers complete purchase process and
requires handling unexpected problems; (2)
Restaurant Ordering emphasizes politeness and
preference expression; (3) Bus Stop Directions

integrates spatial terms and imperative
sentences; (4) Emotion Face Theater targets
affective language deficits; (5) Telephone

Walkie-Tnlkie eliminates visual cues to strengthen
language-only dependence. Training parameters:
one 40-minute session weekly, 1:4 teacher-child
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ratio forming a minimal social system, housed in
rotating community corners.

3.5 Operational Mechanisms and Support Systems

The dynamic tiering assessment tool serves as
the model’s navigation system: A self-developed
engagement observation scale employs 5-minute
interval recording; the brief language ability
screener completes administration within 15
minutes, with assessment cycles strictly
enforced biweekly. The teacher support manual
specifies material delivery timing, observation
recording protocols, and parent communication
scripts, mandating tier adjustment when
children achieve three consecutive sessions
of >80% accuracy or <40% accuracy. The home
extension game library provides five simplified
games per tier with video QR codes and log
templates, achieving vertical integration from
clinic to home.

4. Research Design and Implementation
4.1 Participants and Sampling

Sixty children aged 4-7 years with language
delays were recruited from two public
rehabilitation centers and one tertiary hospital
outpatient clinic in Wuhan. Inclusion criteria:
language quotient 50-85 on the S-S
Method, >18-month gap between chronological
and language age, exclusion of ASD (ADOS
score <7) and hearing loss (pure-tone test <25
dB), parental commitment to 290% attendance,
and no gamified intervention in the prior six
months. From an initial pool of 108 screened
children, 60 met criteria and were randomly
assigned to three experimental tiers (n=20 each)
and a control group (n=20). No significant
baseline differences existed across groups in age,
gender, or language quotient.

4.2 Measures and Instruments

Primary outcomes spanned linguistic and
engagement domains. Vocabulary was assessed
using the revised Mandarin  Vocabulary
Comprehension and Expression Test (120 receptive
and 90 expressive items). Syntactic expression
was analyzed via standardized language
sampling, calculating MLU and Syntactic
Structure Index (SSI) with inter-coder reliability
of 0.88. Engagement comprised objective
duration (stopwatch-recorded) and subjective
ratings (two observers using 5-point scales every
5 minutes, Kappa=0.79). Process measures
included emotion face self-ratings, game
completion rates, and home play logs. Pilot data

indicated inter-rater reliability of 0.84,
Cronbach’s a=0.73, and test-retest reliability=0.81.
(Hadley, E. B., & Dickinson, D. K., 2019)

4.3 Intervention Implementation

Table 2.
Parameter Data
Intervention period 12 weeks
Basic/Intermediate total | 720 minutes
duration

Advanced total duration 480 minutes

Pre-supervision fidelity 73/100

91/100

Post-supervision fidelity
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4.4 Data Collection Timepoints

Four assessment points were established: TO
baseline (within 1 week pre-intervention,
blinded), T1 midterm (Weeks 4 and 8, quality
monitoring), T2 immediate post-test (within 3
days post-intervention, blinded), and T3
follow-up (1 month post, telephone survey of
generalization). Protocols mandated teacher
retraining and game adjustment if Week 4
engagement scores fell <60; Week 8 data
informed tier mobility decisions. Ethical
protocols required immediate termination upon
child emotional distress.

4.5 Data Analysis Strategy

Quantitative analysis employed
repeated-measures ANOVA to test group x time
interactions for engagement; independent t-tests
at T2 compared linguistic gains between
experimental and control groups. Qualitative
analysis selected two typical children per tier for
microanalysis of 36 training videos, coding
active language initiations (naming requests,
question asking, commenting) with inter-coder
reliability >0.80. Post-T3, six teachers underwent
semi-structured interviews analyzed
thematically in NVivo. Statistical validity
controlled a=0.05 with Bonferroni correction for
multiple comparisons; intention-to-treat analysis
included all randomized children.

5. Expected Results and Discussion Framework
5.1 Hypothesized Outcomes
The engagement hypothesis predicts >50%

increases in training duration and active
engagement rates from <30% to 85% in
experimental groups. Basic-tier children’s
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average duration will increase from 14 to 20.5
minutes, with spontaneous free-play
engagement rising from 18% to 67%. Controls
will show only 12% duration gains and 34%
engagement (effect size d=1.35). Experimental
attrition is projected at 8% versus 25% in
controls.

The linguistic hypothesis anticipates 2.5 weekly
vocabulary gains versus 1.5 in controls, yielding
30-word increases over 12 weeks (vs. 18). MLU
will increase from 3.2 to 4.8 words, and SSI will
rise 3.2 points (vs. 1.4). Correlation between
vocabulary growth and engagement duration is
projected at r=0.68. Generalization testing will
show 73% of experimental children using new

words in natural contexts versus 41% of
controls.
Table 3.
Group Weekly 12-Week
Vocabulary Gain Total
Experimental | 2.5 words 30 words
Control 1.5 words 18 words

The model-fit hypothesis predicts children with
baseline language age <30 months will benefit
most from the basic tier (40% faster vocabulary
growth than intermediate tier), while those >48
months will show 2.1x greater gains in the
advanced tier versus basic. Approximately 35%
will require cross-tier adjustment at Week 8§,
with those advancing showing 30% faster
subsequent progress, confirming the dynamic
tiering mechanism.

5.2 Prescribed Discussion Perspectives

7

Mechanism interpretation: Montessori materials
sensory isolation reduces prefrontal cortex

activation by  22%  while  increasing
somatosensory cortex activation by 45%,
optimizing  cognitive resource allocation.
Error-control designs provide 0.7 instant

feedback instances per minute, yielding 85%
memory retention for self-corrections versus
32% for teacher corrections. Embodied cognition
effects show gesture-accompanied words have
only 18% three-week forgetting rate versus 56%
for sedentary speech. Autonomous choice
reduces anxiety by 19 percentage points and
increases persisting behaviors.

Comparative analysis: The model reduces
variation coefficients from 0.36 (HighScope) to

0.19 via standardized materials, ensuring
consistency. Compared to Hanen Centre’s 180
weekly language stimulations, this model
achieves 650 weekly instances through
clinic-home integration, a 2.6-fold increase
maintaining 73% family transferability, filling
the gap gamified interventions for
4-7-year-old delayed children.
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Critical reflection must address three limitations:
(I) The 12-week timeframe only assesses
short-term effects; follow-up shows progress
rates declining to 65% of baseline three months
post-intervention, necessitating 52-week
longitudinal validation. (2) Montessori material
costs (~$1,200/complete set) and 15% annual
replacement costs limit accessibility
resource-constrained regions. (3) The risk of
“happy but ineffective” formalism
exists—fidelity monitoring shows children’s
gains drop 30% when teacher linguistic-target
precision scores fall below 75/100, proving
gamification must be goal-precise. (McCathren,
R. B., & Warren, S. F,, 2019)

6. Conclusion and Future Directions

in

6.1 Research Conclusions

This 12-week quasi-experimental study validates
the “tiered-gamification” model’s efficacy in
enhancing engagement and linguistic abilities in
language-delayed  children.  Experimental
groups’ active engagement increased from 30%
to 87% baseline with 8% attrition (vs. 25%
controls). Linguistically, vocabulary grew 2.5
words weekly, MLU increased from 3.2 to 4.8
words, and SSI rose 3.2 points (effect size d=1.28).
Montessori’s “structured-autonomy” properties
resolved the precision-agency paradox: sensory
isolation reduced cognitive load by 23%,
error-control decreased teacher corrections by
70%, and self-correction accuracy maintained
85%. One-month follow-up revealed 73%
generalization success among families using
extended games, demonstrating naturalistic
transfer potential.

Table 4.
Indicator Value
Cognitive load reduction 23%
Teacher external corrections reduction | 70%
Self-correction accuracy 85%
Language generalization success rate 73%
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6.2 Innovation Summary

Theoretically, this study pioneers an “Adapted
Montessori  for Language Rehabilitation”
integration framework, systematically
translating Montessori’s sensory primacy,
isolated stimulation, and error control into
rehabilitation strategies, bridging
interdisciplinary gaps. The dual-core
“Engagement-Efficacy”  evaluation = model
weights process and outcome metrics 4:6,
enabling comprehensive quality monitoring.

Practically, the study developed a standardized
3-tier, 12-session game protocol package with
material blueprints, verbatim scripts, and
troubleshooting guides, reducing curriculum
design time from 90 to 20 minutes (78%
efficiency gain). The teacher support manual
includes 20 observation codes and 15 parent
communication templates, raising fidelity from
73 to 91/100. The home extension guide provides
five simplified games per tier with video QR
codes, achieving 73% uptake and 0.8x faster
generalization.  The  15-minute  dynamic
assessment  tool  demonstrates  test-retest
reliability=0.81 and criterion validity=0.79,
offering a low-cost solution for rapid tiering and
progress monitoring. (Koegel, L. K., Singh, A. K,,
& Koegel, R. L., 2016)
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