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Motivation

• Patients have better recoveries when they know when they have to go to the
physician and they feel like they are taken care

• PROMS can be measured without the presence of a physician.
• How do you find a threshold/policy for sending patients to the physician?

–> Policy learning can be used as a direct non-parametric way estimating the
thresholds

• We propose a method defining 4 quadrants via 3 thresholds
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Research Question and Research Gap

Research Gap
• There is no systematic monitoring tool using PROMS recommending physician

visits
• The goal is to directly estimate the thresholds for decision support systems
• Polices can have unwanted effects on welfare distribution and equity

Research Question
• RQ 1: What patients should see the physician?
• RQ 2: What are the effects of policies on fairness (and welfare distribution)?
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Data

• Source: PROMoting Quality RCT (Kuklinski et. al, 2020)
• Years: 2019-2020
• Institutions: 9 hospitals specialising on orthopedics
• Sample size: 1164 for 3 months
• Dependent variable: Knee injury and osteoarthritis outcome score (KOOS)

• Scale 0 (no pain and no limitations) to 100 (most pain and limitations)
• In our case positive sign refers to an improvement

• Independent variable: 3-month physician visits
• Control Variables: Socio-demographic, medical information, and variables related

to the surgery, post-surgery information.
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Date II
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Selection on observables setting

We assume that in potential outcomes framework and the selection on observables
setting the identifying assumptions are fullfilled:

• Conditional Independence Assumption
• Common Support
• Exogeneity
• Stable Unit Treatment Value Assumption
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Causal Forest (Athey et al., 2019)

• Estimation of double robust scores Γ̂i via the AIPW estimator by Robins et al.
(1994)

Γ̂i,d = µ̂(d)(Xi) +
1

êd(Xi)

(
Yi − µ̂(d)(Xi)

)
1D=d

• The expected values for the treated/non-treated group µ̂(d)(Xi) and propensity
scores êd(Xi) conditioned on the confounders Xi are estimated by the causal forest.

• The scores are used to estimate average treatment effects τ̂

τ̂ =
1
n

n∑
i=1

{
Γ̂i,d=1 − Γ̂i,d=0

}
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What are polices and how do you find them?

We assume a binary treatment D ∈ [0, 1] (No Visit, Physician Visit)
A policy is defined as

π : Xπ 7→ D

where Xπ ⊆ X

Cordier, Langenberger, Salvi, Kuklinski, Geissler September 10, 2024
Critical PROM-values for Physician Visits 8 / 19



Introduction and Motivation Data and Methods Results Discussion

Policy learner maximising KOOS change

Our Policy learner finds the optimal treatment assignment rules

W(π) = E[Yi(π(Xi))] = E[Yi(0)] + E[τ(Xi)π(Xπ,i)]

π = argmax {W(π) : π ∈ Π}
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Policy class with three parameters

Our Policy learner finds the optimal treatment assignment rules for two variables and
splitting the covariate space with tree parameters (θ, ϕ1, ϕ2).

π(X1,i,X2,i) =


1, if X1,i ≥ θ ∧ X2,i < ϕ1 ∨

X1,i < θ ∧ X2,i ≥ ϕ2
0, otherwise
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Descriptive Statistics: Large share of improvement is in the first months after surgery

Figure 1: KOOS at admission and at 3 months

Note: The grey area denotes an improvement. Larger number
of patients are indicated by larger points.

Figure 2: KOOS at 3 and at 12 months

Note: The grey area denotes an improvement. Larger number
of patients are indicated by larger points.
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Descriptive Statistics

Table 1: Summary Statistics - 3. Month

No Physician Visit Physician Visit
N=427 N=737

mean (sd) mean (sd)

KOOS change 18.47 (14.13) 16.30 (14.57)
12 months KOOS 76.97 (13.64) 72.35 (13.88)

3 months KOOS 25.76 (11.74) 31.07 (12.5)
Age 65.78 (9.1) 66.01 (9.57)
BMI 30.25 (5.84) 30.58 (5.96)
Gender (Female) 0.50 (0.5) 0.44 (0.5)

Note: High value in KOOS means no impairment. A positive
value in the change in KOOS refers to an improvement from
the pre-surgery KOOS to the 12-post-surgery KOOS.
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Average Treatment Effect

Table 2: Average Treatment Effect of Physcian Visit

Month 3
Dependent Variable ATE SE

KOOS change 0.39 (0.58)
12 month KOOS 0.12 (0.51)
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Policies at 3 months

Figure 3: Policy maximising change between 3 and 12 months KOOS
without a capacity constraint

Note:

Figure 4: Policy maximising change between 3 and 12 months KOOS
with the emprical capacity constraint of 36.7% (not possible to exactly
enforce the constraint)
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Welfare comparison

Table 3: Welfare and treatment shares

Welfare SE Treatment Share

Observed 3.1 36.68%
Without capacity 4.43 0.40 69.15%
With capacity 4.28 0.39 39.02%

Welfare is the expected change from the 3 month KOOS to the 12 month KOOS
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Fairness effects: Gender

Table 4: Welfare and treatment share by group: Gender

Welfare Treatment Share
Group N observed no capacity with capacity observed no capacity with capacity

Female 624 3.00 3.61 3.97 0.34 0.63 0.35
Male 540 3.35 5.39 4.64 0.40 0.77 0.47
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Fairness effects: Education

Table 5: Welfare and treatment share by group: Education

Welfare Treatment Share
Group N observed no capacity with capacity observed no capacity with capacity

No schooling degree 8 3.12 -0.29 -0.29 0.38 0.38 0.38
Primary School 182 3.42 5.67 5.50 0.38 0.66 0.38
High-school 687 3.08 4.06 3.82 0.35 0.68 0.40
University 287 3.22 4.67 4.73 0.39 0.74 0.42
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Fairness effects: Job

Table 6: Welfare and treatment share by group: Job status

Welfare Treatment Share
Group N observed no capacity with capacity observed no capacity with capacity

Unable to work (osteoarthritis) 103 3.84 5.01 4.58 0.22 0.62 0.33
Unable to work (other disease) 30 0.60 3.16 0.47 0.20 0.47 0.20
Job seeker 9 5.24 0.88 4.03 0.44 0.44 0.22
Employed part-time 107 2.83 3.45 3.18 0.37 0.64 0.30
Employed full-time 237 3.58 5.27 4.71 0.32 0.72 0.43
Voluntarily not employed 678 3.06 4.32 4.43 0.41 0.71 0.44
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Discussion

1 Next steps
1 Reduce discrimination in assingment shares
2 Combine uncertainty of assignment and point estimate

2 Implications
1 Welfare can be improved without sending everyone to the physician
2 Policies need to take fairness considerations into account
3 The results can used monitoring patients post-surgery and recommend physician

visits.
3 Limitations

1 Representativeness
2 Missing Variables

Cordier, Langenberger, Salvi, Kuklinski, Geissler September 10, 2024
Critical PROM-values for Physician Visits 19 / 19



BACK-UP

BACK-UP

Cordier, Langenberger, Salvi, Kuklinski, Geissler September 10, 2024
Critical PROM-values for Physician Visits 1 / 4



BACK-UP

Descriptive Statistics: KOOS at admission, 6 and 12 months

Figure 5: KOOS at admission and at 6 months

Note: The grey area denotes an improvement. Larger number
of patients are indicated by larger points.

Figure 6: KOOS at 6 and at 12 months

Note: The grey area denotes an improvement. Larger number
of patients are indicated by larger points.
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Descriptive Statistics

Table 7: Summary Statistics - 6. Month

No Physician Visit Physician Visit
N=427 N=737

mean (sd) mean (sd)

KOOS change 19.42 (14.53) 14.84 (14.75)
12 months KOOS 77.53 (12.91) 70.55 (14.89)

6 months KOOS 23.42 (12.25) 30.17 (14.6)
Age 65.78 (9.1) 66.01 (9.57)
BMI 30.41 (6.06) 30.50 (5.79)
Gender 0.50 (0.5) 0.44 (0.5)

Note: High value in KOOS means no impairment. A positive
value in the change in KOOS refers to an improvement from
the pre-surgery KOOS to the 12-post-surgery KOOS.
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Policies at 6 months

Figure 7: Policy maximising 12 months KOOS

Note:

Figure 8: Policy maximising change between 6 and 12 months KOOS

Note:
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