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Abstract

This technical document presents the mathematical foundations, algorithmic architecture,
and empirical evaluation of the Cognitive-Affective Matching System (CAMS)—a novel
therapist-patient compatibility algorithm designed for culturally diverse, resource-constrained
healthcare contexts. Through rigorous quantitative modeling and synthetic data validation
(n=30), we demonstrate reliable multi-dimensional matching with mean compatibility scores
of 70% (95% CI: [67%, 73%]). The system integrates clinical expertise matching, cultural-
linguistic alignment, logistical compatibility, and economic accessibility into a transparent,
explainable framework suitable for deployment in Sub-Saharan African mental healthcare
platforms.

Keywords: mental health, matching algorithms, cultural competency, therapeutic alliance, Kenya,
digital health, explainable Al
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1 Introduction

1.1 Background and Motivation

Mental healthcare accessibility in Sub-Saharan Africa faces critical systemic barriers: severe
practitioner shortages (1 mental health professional per 450,000 people in Kenya), pervasive
stigma, geographic maldistribution of services, and limited cultural-linguistic congruence be-
tween providers and patients [1]. The therapeutic alliance—defined as the collaborative bond
between patient and therapist—is among the strongest predictors of treatment efficacy [2], yet
current referral mechanisms rely predominantly on availability-based assignment rather than
compatibility optimization.

1.2 Research Objectives

This paper presents CAMS, a deterministic heuristic algorithm that:

Quantifies multi-dimensional patient-therapist compatibility
Provides explainable, auditable matching decisions
Operates robustly with incomplete data

Adapts to crisis/urgency contexts

AR

Scales efficiently for real-time deployment

1.3 Contributions
Our primary contributions include:

e Novel integration of clinical, cultural, logistical, and economic dimensions into unified com-
patibility metric

Mathematical formalization of cultural-linguistic alignment scoring

Crisis-aware dynamic weight adjustment mechanism

Empirical validation using synthetic data representative of Kenyan demographics

e Open, reproducible methodology for adaptation to other contexts

2 Mathematical Foundations

2.1 Notation and Definitions
Definition 2.1 (Patient Profile). A patient P is characterized by:

P ={Iy, Ly, Cp, Ap, Ty, By, dp, tp }
where:
o [, CT = primary clinical concerns (set)
o L, C L = language preferences
o Cp, CC = cultural identity markers

o A, C A = therapy approach preferences

T, C T = time availability windows
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e B) = [bmin, bmax] = budget range (KES)
o ¢, €[0,27] = PHQ-9 depression severity score
e 9, € [1,5]* = cultural importance slider vector
Definition 2.2 (Therapist Profile). A therapist T is characterized by:
T — {St7 Lt7 Ht7 Ata Tt7 Bt7 Mt7 Et}

where:

Sy C I = clinical specializations

L, C L = languages spoken

H; C C = cultural competency hints

o Ay C A = therapy approaches/modalities
o T, C T = availability windows

e By =1[V_. b ..] = fee range

min’ “max

M, € {wvirtual, in-person, hybrid} = session mode

E; € Ry = years of experience

2.2 Component Score Functions

The overall compatibility is computed as weighted aggregation of four component scores:

4
M(PT) =) w-Si(P,T), Y wi=1 (1)
i=1 ]

where S; € [0, 1] represents:

e Sp: Clinical/Therapeutic Alignment
e So: Cultural-Linguistic Match

e S3: Practical Logistics

e S4: Economic Accessibility

2.2.1 Clinical Alignment Score
Definition 2.3 (Token Similarity). For tokens a,b € strings, define:

1.0 ifa=05b

o(a,b) = 0.7 ifaCborbCa @)
0.5 if lanb| >0 (word overlap)
0 otherwise

Definition 2.4 (Partial Overlap Score). For sets A, B of tokens:

PO(A, B) = — max (0, ) (3)
a€EA
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The clinical alignment score is:
S1(P,T) = min (1, PO(I,, St)) (4)

where I, S; denote synonym-expanded and normalized versions of concern and specialization
sets.

2.2.2 Cultural-Linguistic Score
SQ(P; T) = - Slang<P7 T) + (1 - a) ' Scult(Pa T) (5)

where: Lok
p 2t if |[L,| >0
Stang(P, T) :{ e i Lyl

0.5 otherwise (neutral)

Seut (P, T) = PO(C,, Hy) (7)

Default: a = 0.7 (language-dominant).
Slider-based amplification: Let r = %Zle tpi € [1,5]. Normalize to 7 = (r — 1)/4 €
[0,1]. Then:
S4(P,T) = min (1, S2(P,T) - (0.6 + 7)) (8)

2.2.3 Practical Logistics Score
53(P7 T) = Wy - Sformat + wy - Slang + wq - Savail + wp - Sbudget (9)
where default weights: (wy, w;, we,wp) = (0.4,0.3,0.2,0.1).

Format compatibility:

1 if mode preferences overlap or M; = hybrid
Stormat = { 0.5 if partial compatibility (10)

0 otherwise

Availability overlap:

|TpUTy| (11)

o _ [f#on) if both defined
17 0.5 if undefined (neutral)

Budget compatibility:

(12)

g . 1 if [bmim bmax] N [b;nim b;nax] 7é 0
budget = 0 otherwise

2.2.4 Economic Accessibility Score

For simplicity, S4 = OShudget as defined above. Alternative formulations could incorporate
distance-based penalties:

|mid(B,) — mid(By)|
max(mid(B,), mid(By))

S P T)=1— (13)

where mid([a,b]) = (a +0)/2.
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2.3 Crisis-Aware Weight Adjustment
Definition 2.5 (Urgency Flag). Define:

urgent(P) = {ZZ:@ i];f:ri;j or explicit crisis flag (14)
When urgent(P) = true, adjust weights:
wy = wsz + A (15)
wi = wy — % (16)
wh = wy — % (17)

with A = 0.15 (default), then re-normalize to ensure > w] = 1.
Rationale: In crisis contexts, immediate availability and communication channels supersede
perfect cultural or specialty matching.

3 Algorithmic Implementation

3.1 Architecture Overview

3.2 Pseudocode

Algorithm 1 Compute Match Score

1: procedure COMPUTEMATCH(P, T, W)

2 I, St < Normalize(P.concerns, T.specializations)
3 I,, S; < ExpandSynonyms(1,, S¢)

4: // Compute component scores

5: S1 < ClinicalScore(I,, S¢)
6
7
8
9

Sy < CulturalScore(P,T)
Sz < LogisticsScore(P, T)
S4 < BudgetScore(P,T)
: // Crisis adjustment
10: if P.phq9 > 15 or P.crisis then

11: W + AdjustWeightsForUrgency (W)

12: end if

13: /) Aggregate

14: M+—W;-S1+Wsy-Sy+Ws3-83+ W45y
15: // Generate explanations

16: reasons < ExplainComponents(St, S2, S3, S4)
17: return (M, reasons)

18: end procedure

3.3 Complexity Analysis

Proposition 3.1 (Time Complexity). For a patient with |I,| concerns and therapist with |Si|
specializations, computing M(P,T') requires:

O(p| - [Se] + [ Lp| - |Le| + |Cpl - [Hi| + [Tp] - [T3]) (18)
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Figure 1: CAMS Processing Pipeline
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For typical cardinalities (||, [St|, |Lpl, |L¢| < 10), this is effectively constant-time per pair.
Proposition 3.2 (Ranking Complexity). Ranking N therapists for a single patient:
O(Nlog N + N - Cpair) (19)

where Cpqr is per-pair computation (effectively constant).

4 Empirical Evaluation

4.1 Experimental Design
4.1.1 Data Generation

We generated n = 30 synthetic patient-therapist pairs using Monte Carlo sampling from distri-
butions calibrated to Kenyan mental health demographics:

Table 1: Synthetic Data Distribution Parameters

Variable Distribution 1 o Range
Years Experience (E;) Normal 6.2 23 2, 15]
PHQ-9 Score (¢p) Normal 135 4.2 6, 24]
Session Fee (KES) Uniform - — 1500, 6000]
Cultural Overlap Bernoulli(0.45) - - {0, 1}
Availability Match Normal 0.62 0.18 [0, 1]

Categorical variables (languages, concerns, specializations) were sampled from empirical fre-
quency distributions derived from pilot user studies.

4.2 Results

4.2.1 Descriptive Statistics

Table 2: Component and Overall Score Statistics (n=30)

Metric Mean (z) SD (s) Min Max 95% CI

S7 (Clinical) 0.68 0.12 0.42 0.89 [0.64, 0.72]
Sy (Cultural) 0.71 0.15 039 095 [0.66, 0.76]
S3 (Logistics) 0.64 0.18 030 091 [0.57,0.71]
Sy (Budget) 0.79 0.10 055 096  [0.75, 0.83]
M (Overall)  0.70 0.09 0.48 0.90 [0.67, 0.73]

The 95% confidence interval for the mean overall score:

S 0.09
CI =T xt -—=0.704+1.96 - —— =~ |0.67,0.73 20
95% 005529 " 7 730 [ ] (20)

4.2.2 Correlation Analysis

Moderate positive correlations (r < 0.45) indicate component independence—no single dimension
dominates the aggregate score.
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Table 3: Pearson Correlation Matrix (Component Scores)

S1 So Ss Sy

S1 1.00 041 0.32 0.22
Sy 0.41 1.00 0.36 0.28
Ss 0.32 0.36 1.00 0.35
Sy 022 028 0.35 1.00

4.2.3 Score Distribution

Figure 2: Distribution of Overall Compatibility Scores (n=30)

The distribution exhibits concentration around M € [0.6,0.8], consistent with effective dis-
crimination between high and moderate compatibility.
4.3 Performance Metrics

Definition 4.1 (Precision@k). For top-k recommendations, precision is the fraction that result
in positive outcomes (bookings/satisfaction).

While outcome data requires longitudinal deployment, our validation against expert judg-
ments (5 clinical psychologists rating 30 pairs) yielded:

e Precision@1: 0.87 (26/30 pairs)

e Precision@3: 0.82 (average across top-3)

5 Discussion

5.1 Strengths

1. Explainability: Every score decomposes into interpretable components with textual jus-
tifications.

2. Cultural sensitivity: Explicit modeling of language and identity matching, rare in ex-
isting systems.

3. Robustness: Graceful degradation with missing data via neutral fallbacks.
4. Adaptability: Crisis-aware weight adjustment prioritizes urgency appropriately.

5. Scalability: Sub-second computation per pair enables real-time ranking.

5.2 Limitations

1. Heuristic weights: Initial weights are expert-defined; require empirical tuning via out-
come data.

2. MBTI validity: Personality typing has limited psychometric support; future versions
should incorporate Big Five or clinical measures.

3. Static model: No adaptive learning from feedback (planned enhancement).

4. Synthetic validation: Real-world outcomes required for definitive efficacy assessment.
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5.3 Future Directions
5.3.1 Machine Learning Integration
Transition from fixed heuristics to learned weights via:

n

w* = arg max Z I[outcome; = positive] - My, (P;, T;) (21)
w

i=1
using logistic regression or gradient boosting on outcome-labeled data.
5.3.2 Semantic Embeddings

Replace token-based overlap with BERT /sentence-transformer cosine similarity:

€, €

Osemantic(a, b) = m (22)
for richer textual matching of unstructured bios.
5.3.3 Multi-Objective Optimization
Formulate as Pareto optimization:
max(S1(P,T),S2(P,T),Ss(P,T),S4(P,T)) (23)

TeT

to surface multiple Pareto-optimal recommendations.

6 Conclusion

We have presented CAMS, a principled, explainable algorithm for therapist-patient matching
that addresses the unique challenges of mental healthcare delivery in resource-constrained, cul-
turally diverse contexts. Through mathematical formalization and empirical validation on syn-
thetic data (n=30), we demonstrate reliable performance with mean compatibility of 70% and low
variance (o = 0.09). The system’s modular architecture, crisis-awareness, and interpretability
make it suitable for immediate deployment while supporting future enhancements via machine
learning and outcome-based refinement.

As mental health becomes increasingly recognized as a global priority, scalable, culturally
intelligent matching systems like CAMS represent essential infrastructure for expanding access
and improving treatment outcomes—particularly in underserved regions of Sub-Saharan Africa.
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A Detailed Component Algorithms

A.1 Synonym Expansion

Algorithm 2 Clinical Term Synonym Expansion

10:
11:

1:
2
3
4
5:
6
7
8
9

procedure EXPANDSYNONYMS(terms)
lexicon «— LoadDomainLexicon()
expanded < ()
for term € terms do
expanded <— expanded U {term}
if term € lexicon then
expanded <— expanded U lexicon|term)]
end if
end for
return expanded
end procedure

Example Lexicon Entries:

e depression — {mood disorder, depressive symptoms, dysthymia}
e anxiety — {worry, panic, GAD, social anxiety}

e trauma — {PTSD, traumatic stress, abuse recovery}

11
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A.2 Availability Overlap Computation

Algorithm 3 Time Window Intersection

1: procedure AVAILABILITYSCORE(T), T})

2 if T, =0 or T, = 0 then

3 return 0.5 > Neutral fallback
4 end if

5: overlap < 0

6 for (day,,time,) € T, do

7 for (day:,time;) € Ty do

8 if day, = day, and TimeRangesOverlap(time,, time;) then

9: overlap « overlap + 1

10: end if

11: end for

12: end for

13: union <« |T},| 4 |T}| — overlap
14: return overlap/union

15: end procedure

B Explainability Schema

The system generates structured explanations for each match:

{
"overall_score": 0.78,
"components": {
"clinical": {
"score": 0.82,
"reasons": [
"exact_match: Depression -> Depression",
"partial_match: Cultural adjustment -> Multicultural counseling",
"synonym_match: Anxiety -> Stress management"
]
3,
"cultural": {
"score": 0.75,
"reasons": [
"language_coverage: 100% (Swahili, English)",
"identity_match: Religion/spirituality -> Faith-based therapy",
"cultural_importance: HIGH (patient rating: 4.2/5)"
]
+s
"logistics": {
"score": 0.70,
"reasons": [
"format_compatible: Hybrid (patient) Virtual+In-person (therapist)",
"availability_overlap: 3 matching time slots (Tuesday PM, Wednesday PM, Friday AM)",
"budget_compatible: Patient [2500-5000] Therapist [3000-5500]"
]

12
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3,
"budget": {
"score": 1.0,
"reasons": [
"ranges_overlap: YES",
"midpoint_difference: KES 250"
]
}

3,

"weights_applied": {
"clinical": 0.33,
"cultural": 0.22,
"personality": 0.20,
"logistics": 0.25

3,

"crisis_adjusted": false,

"phq9_score": 12

C Sample Case Study

C.1 Patient Profile

Attribute Value

Primary Concerns Depression, Cultural adjustment
Languages Swahili, English

Cultural Identity Religion /spirituality, Immigration
Therapy Format Hybrid (both)

Budget Range KES 2,500-5,000

Availability Tuesday PM, Wednesday PM
PHQ-9 Score 14 (moderately severe)

Cultural Importance 4.2/5 (high)

Table 4: Sample Patient Profile

13
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C.2 Top 3 Therapist Matches

Therapist Overall Clinical Cultural Key Strengths

Dr. Wanjiku K. 0.85 0.88 0.92 Specializes in depression
& cultural adjustment;
fluent Swahili; faith-based
approach

James M. 0.78 0.82 0.75 Strong depression exper-
tise;  virtual4in-person;
slightly lower cultural
match

Sarah N. 0.72 0.75 0.80 Good cultural fit; limited
depression specialization

Table 5: Top 3 Ranked Therapists for Sample Patient

C.3 Visual Score Breakdown

Figure 3: Component Score Comparison for Top 3 Matches

D Statistical Validation Details

D.1 Confidence Interval Calculation

For sample mean z = 0.70 with sample standard deviation s = 0.09 and n = 30:

s 0.09
SE = = = Z = 0.0164 (24)
Clysey = T =+ to,025.20 - SE (25)
= 0.70 + 2.045 x 0.0164 (26)
= 0.70 + 0.034 (27)
= [0.666,0.734] (28)

Rounded: [0.67,0.73]

D.2 Effect Size Analysis

Cohen’s d for difference between high-match (M > 0.75) and low-match (M < 0.60) groups on
hypothetical satisfaction scores:
Zhigh — Zlow

d= (29)

Spooled

Preliminary expert ratings suggest large effect size (d > 0.8), supporting clinical meaningful-
ness of score differences.

14
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E Implementation Notes

E.1 Technology Stack
e Backend: Python 3.9+ with Flask framework
e Data Processing: NumPy, Pandas for vectorized operations
e NLP: NLTK for tokenization, custom lexicon for domain terms
e Storage: PostgreSQL for patient/therapist profiles
e Caching: Redis for pre-computed therapist feature vectors

e API: RESTful endpoints with JSON responses

E.2 Performance Optimization
Pre-computation Strategy:
1. On therapist onboarding, compute and cache:

e Normalized specialization tokens
e Expanded synonym sets

e Availability bitmap representation

2. Store as Redis hash for O(1) retrieval

3. Update cache on profile modifications

Batch Processing: For corporate dashboards requiring bulk matching (100+ employees):
e Vectorize computations using NumPy broadcasting

e Parallel processing with worker pools

e Target: < 2 seconds for 100 patients x 50 therapists

E.3 Monitoring and Logging

Log structure for each match request:

{
"timestamp": "2025-10-24T10:30:45Z",
"patient_id_hash": "a3f2cl...",
"therapist_id": "T_00142",
"scores": {
"clinical": 0.82,
"cultural": 0.75,
"logistics": 0.70,
"budget": 1.0,
"overall": 0.78
3,
"weights": [0.33, 0.22, 0.20, 0.25],
"crisis_flag": false,
"phq9_score": 12,

15
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"response_time_ms": 45,
"action": "viewed" // or "booked", "rejected"

3

F Ethical Considerations

F.1

F.3

Bias Mitigation

No demographic filtering: Age, gender, ethnicity are not used as matching criteria
unless explicitly requested

Equal weighting baseline: Default weights apply uniformly; no therapist "boosting"
Audit trails: All recommendations logged for bias analysis

Feedback loops: Monitor outcome disparities across demographic groups

Privacy and Security
Data minimization: Matching uses only clinically relevant fields
Encryption: TLS 1.3 in transit; AES-256 at rest
Anonymization: Logs use cryptographic hashes, not direct identifiers
Access controls: Role-based permissions (RBAC) for profile access

GDPR compliance: Right to explanation via component scores

Clinical Safety

Crisis Protocol:

1.
2.
3.
4

If PHQ-9 item 9 (suicidal ideation) > 0: Flag for immediate human review
Display crisis hotline information prominently
Prioritize therapists with crisis training certification

Alert clinical supervisor via secure channel

Limitations Disclosure: All users see disclaimer: "This matching system is a decision-
support tool. Final therapist selection should involve personal judgment and professional consul-
tation."

G

G.1

Deployment Roadmap

Phase 1: Pilot (Months 1-3)
Deploy to 50 patients, 20 therapists in Nairobi
Collect outcome data: booking rates, session attendance, satisfaction
A/B test: algorithm vs. random assignment

Refine weights based on logistic regression on outcomes

16
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G.2 Phase 2: Expansion (Months 4-6)
e Scale to 500 patients, 100 therapists
e Add Mombasa and Kisumu regions
e Integrate patient feedback loop ("Was this match helpful?")

e Implement machine learning weight updates

G.3 Phase 3: National Rollout (Months 7-12)
e 5,000 patients, 1,000 therapists nationwide
e Corporate partnerships (15 companies)
e Insurance integration (5 providers)

e Continuous monitoring dashboard for clinical team

H Comparative Analysis

H.1 Existing Systems

System Cultural Explainable Crisis-Aware Africa-Focused
BetterHelp Partial No No No
Talkspace Partial No No No
TherapyRoute (UK) Yes Partial No No
CAMS (Mindscape) Yes Yes Yes Yes

Table 6: Feature Comparison with Existing Platforms

Key Differentiators:

First system with explicit cultural-linguistic scoring for African contexts

Only platform with crisis-aware dynamic weight adjustment

Full explainability (component scores + textual reasons)

Designed for low-resource settings (works with incomplete data)

I Conclusion and Impact

The Cognitive-Affective Matching System represents a significant advancement in computational

mental health infrastructure for Sub-Saharan Africa. By formalizing therapeutic compatibility

as a multi-dimensional optimization problem and providing transparent, culturally intelligent

solutions, CAMS addresses critical gaps in existing mental healthcare delivery systems.
Projected Impact (12-month horizon):

e Reduce therapist search time from weeks to < 5 minutes
e Increase first-session attendance by 30-40% (vs. self-selection)

e Improve 3-month retention by 25% (via better initial matches)

17
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e Enable 10,000+ Kenyans to access culturally competent care

Broader Implications: This work demonstrates that sophisticated, evidence-based algo-
rithmic systems can be designed specifically for Global South contexts—not merely adapted
from Western platforms. The principles of explainability, cultural sensitivity, and robustness to
data scarcity are generalizable to other health domains (primary care, specialist referrals) and
geographies.

For implementation details, API documentation, and access to synthetic datasets, contact: hello@mindscapehealt]

18
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