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APPENDIX 1: Group Model Building Sessions
Session #

Description

1

Problem set up and learning about models by example

2

Develop a simple model

3

Experiment with the initial model, then start over

4

Add complexity to the base case

5

Add more primary care factors

6

Refine and use the model to test hypotheses

7

Review, test more hypotheses and plan next steps

8

Consolidate learning, work on outputs
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APPENDIX 2: Detailed Technical Summary of the Model
Time: Each tick represents one week. The model runs for 2500 ticks ≈ 48 years.
Patients: Patients are initially assigned a user-determined health behavior category (number
between 1 and 5; 5 is the worst) and care-seeking tendency.
Patients can contract 4 types of diseases:
1) Acute: Acute diseases cause the patient’s health to decrease for a fixed period of time, at
which point the patient’s health begins to increase, with the patient eventually regaining
all of their lost health back (even without treatment). When a patient is treated for an
acute disease, their health begins to increase again until it reaches its original value.
2) Chronic: Chronic diseases cause the patient’s health to decrease steadily over a long
period of time. Patients can recover a proportion (determined by the clinician’s
effectiveness level) of their lost health when they are treated for a chronic disease. After
treatment, the patient’s health remains steady.
a. Relapses: Chronic diseases are subject to relapses. When a relapse occurs, the
patient’s health decreases until they get treatment. Patients with chronic diseases
have a certain probability of having their diseases relapse at each step.
3) Acute Life-Changing: Acute life-changing diseases cause a patient’s health to decrease
significantly in one tick, forcing them to seek care immediately. Once treated, patients
recover a proportion (determined by the clinician’s effectiveness level) of their lost
health. Similar to chronic diseases, acute life-changing diseases are subject to relapses.
4) Mental Health Disorders: Mental health disorders cause the patient’s health to decrease
steadily over a long period of time. Patients recover a proportion of their lost health when
treated for mental illness – however, their health rebounds more slowly with treatment
than for a chronic disease. Similar to chronic and acute life-changing diseases, mental
illnesses may also relapse.
Patients' probability of either contracting a new disease or suffering a relapse is dependent on
both (1) their health behavior category, which can change over time, and (2) how prone they are
to a certain type of disease because of risk factors they cannot control. Specifically, a patient’s
probability of contracting a new disease or suffering a relapse is given by

where α is a constant, and β1 and β2 are fixed weights. Note that α, β1, and β2 take on different
values based on the type of disease and whether we are calculating the probability of contracting
a new disease or suffering a relapse. The non-modifiable risk factor score is a random number
between 0 and 1; this is different for each patient for each disease. The health behavior score is

3
also a number between 0 and 1, related to the health behavior category via a linear equation; it is
the same for all diseases. The graphs below illustrate the effect of each disease on a patient’s
health:

For the mental illness and acute life-changing and chronic diseases, the downward slopes are the
initial onsets, the upward slopes are treatment, and the flat line represents the time when patients
are at a risk for relapse. Note that a relapse follows the same trajectory as the initial onset of a
disease.
Seeking Care: Patients seek care once their health drops below a certain threshold, determined
by their care-seeking tendency. This care-seeking threshold is given by
Care-seeking tendency * patient’s best possible health,
where patients' best possible health is given by the maximum health they can have when they are
not either in treatment or suffering from a new disease/relapse.
Patients are pre-assigned to be either primary care-seekers or specialty-seekers. When they need
care, they go to their chosen clinician, unless they are suffering from an acute life-changing
disease, in which case they always go to specialty.
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Clinicians: There are two types of clinicians: specialty and primary care. Below are the
characteristics of each.
Primary care: Primary care-seeking patients visit the primary care clinician when their health
has dropped below their care-seeking threshold; they also make regular check-up visits to the
primary care clinician, whether or not they are sick. When they visit, the primary care clinician
treats all diseases that are currently affecting the patient’s health. In addition to this, primary care
also can help patients improve their health behaviors and increase their care-seeking tendency.
Primary care clinicians may also choose not to treat the patient and instead refer them to
specialty.
Below is a description of each of the primary care sliders on the screen and which variables they
control:
1) Effectiveness: This is the percentage of health lost to a disease that the primary care
provider can restore.
2) Visits Per Year: This is the number of regular check-up visits that primary care-seekers
make. Options are 0, 1, or 2 visits per year; if this is set to 0 visits per year, then patients
only visit when their health has dropped below their care-seeking threshold.
3) Health Behavior Help: This is the number of health behavior categories that patients can
move with the help of the primary care clinician. For instance, if a patient starts in health
behavior category 5, and this slider is set to 2, then over time, this patient will eventually
change to category 3. A patient’s behavior changes with each visit to the primary care
clinician. The graph below shows an example of how a patient’s behavior changes over
time in the model.
4) Earlier care-seeking tendency: This is the upper limit on how much patients will
increase their care-seeking tendency as a result of developing a relationship with their
primary care clinician over time. Patients' care-seeking tendency changes in a similar way
to their health behavior, as shown in the graph below.
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Note that behavior change occurs at the same rate regardless of the maximum behavior
change allowed, meaning that any behavior change is achieved with around 25 PC visits;
the same is true for any care-seeking tendency change.
5) Tendency to refer: When patients visit primary care, and they are ill, the probability that
they will be referred to specialty is given by,
1

,

where the variable exp is controlled by the slider on the screen, and PC benefit and SC
benefit are the potential health gains the patient will receive from being treated by
primary care or specialty, respectively. More specifically, these quantities are given by,
PC benefit = PC clinician effectiveness * total health loss to all diseases
SC benefit = SC clinician effectiveness * health loss to most severe disease
(i.e. disease that has caused the most
health loss)
Notice that as the effectiveness of the primary care clinician decreases, they are
automatically more likely to refer, regardless of the value of exp. If exp is equal to 0, the
primary care clinician does not refer, and as exp increases, they become more likely to
refer. Furthermore, the primary care clinician will never refer if PC benefit is greater than
SC benefit.
Specialty: Specialty-seeking patients visit the specialty clinician only when their health has
dropped below their care-seeking threshold. The specialty clinician treats only the disease that
has caused the most health loss to the patient. Below is a description of the sliders related to
specialty.
1) Effectiveness: This is the percentage of health lost to a patient’s most severe disease that
the clinician can restore.
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On the screen: Patients are split into 2 neighborhoods, A and B, and within those
neighborhoods, they are split into primary care-seekers and specialty-seekers. There are sliders
that allow the user to set the health behavior category and care-seeking tendency of each
neighborhood.
Patients remain white until they seek care for the first time. After that, primary care-seeking
patients turn red and specialty-seeking patients turn blue. Patients' color fades as their individual
health decreases.
Outputs: Below is a description of the graphs/monitors on the screen.
1) Health (A): This graph shows the average health of patients in neighborhood A, split into
primary care-seekers and specialty-seekers. Health (B) is a similar graph, but for patients
in neighborhood B.
2) Health (A, >2 dz): This graph shows the average health of patients in neighborhood A
that have 3 or more non-acute diseases, split into primary care-seekers and specialtyseekers. Note that this plot does not show any output until there are enough patients with
3 or more diseases to warrant taking an average. Health (B, >2 dz) is similar.
3) Total Visits (A): This graph shows the average total clinician visits for patients in
neighborhood A, split by primary and specialty-seekers. Note that total visits for the
primary care-seekers include both primary care and any specialty visits.
Total Visits (B) is similar.
4) Sick Visits (A): This graph shows the average total sick visits for patients in
neighborhood A, split by primary and specialty-seekers. A sick visit is a visit that occurs
because the patient’s health has fallen below their care-seeking threshold. Sick Visits (B)
is similar.
5) Referrals vs. Total PC Visits (A): Total PC visits for a single patient refers to the
number of primary care visits when the patient needed treatment for an illness. Referrals
are the number of total PC visits when the primary care clinician referred the patient to
specialty. The bar graph shows the average total PC visits and number of referrals for
patients in neighborhood A. Referrals vs. Total PC Visits (B) is similar.
6) % Referred (A): This monitor gives the percentage of total PC visits that were referred
for patients in neighborhood A, that is,
% referred = (# of referrals / total PC visits) * 100
7) Other monitors: The remaining monitors report the following values for patients in
neighborhood A and B, for both primary and specialty-care seeking patients: 1) average
health of all patients, 2) average health of patients with 3 or more non-acute diseases, 3)
average number of clinician visits, and 4) average number of sick visits.

7
APPENDIX 3: Netlogo Model
Filename: <Appendix 3 - Netlogo Paradox of Primary Care Model.nlogo>
APPENDIX 4: Using the Netlogo Model
In order to run the model, you will need to download the Netlogo program, which you can do for
free at: https://ccl.northwestern.edu/netlogo/index.shtml
After downloading the program and copying the Netlogo model file to your computer, you can
run the model by clicking on the model file to open the program. Use the zoom feature at the top
to make the model output smaller or bigger to fit your screen.
Set the user-controlled model inputs on the left by moving the sliders. Use the worksheets to
record your inputs, and then click Set Up, and then Go (on the left near the top) to run the model.
Slide the speed control at the top to the right to speed things up. Watch the effect on agents in
each neighborhood receiving each type of care in the 4 neighborhoods in the middle. Notice the
summary outputs on the right. Record your results on the worksheets, interpret what they mean,
and consider your next experiment.
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APPENDIX 5: Worksheets for performing pre-specified and user-initiated experiments
Experiment #1 (Base Model)
1. Question (state your question in terms of variables in the model):
Consider two neighborhoods:
 One has average health behavior and high care-seeking tendency
 One has relatively poor health behavior and low care-seeking tendency
Suppose that primary care has the following characteristics:
 Less effective than specialty care
 Treats all of a patient’s diseases
And specialty care has the following characteristics:
 Very effective
 Treats one disease at a time
Patients in each neighborhood are split evenly between primary and specialty care seekers.
Both types of patients seek care only when they are ill. Which type of care will be better (in
terms of overall average health) in each neighborhood?

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):
Specialty care will be better in both neighborhoods.

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
Group B
Health Behavior Category
3
5
Care-Seeking Tendency
0.75
0.45
Health Care Characteristics
Primary
Specialty
Care
Care
Effectiveness
0.75
0.9
Visits per Year
0
Health Behavior Help
0
Earlier Care-Seeking
0
Tendency to Refer
0
-

MODEL OUTPUTS
Primary Specialty
Care
Care
Health (A)
Health (B)
Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

0
0

-

Group A has better health overall. Specialty care is better (in terms of average health) in
both neighborhoods. The difference in average health between primary/specialty care is
greater in group B than group A.

4. Explain the results (provide a brief explanation of the results by studying the model):
If primary care is less effective than specialty care and does not provide additional
benefits, specialty care will perform better. Group B experiences a bigger difference in
average health between the two types of care because they have poor health behavior,
meaning they are likely to have more diseases that will need treatment.
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Experiment #2
1. Question (state your question in terms of variables in the model):
Consider two neighborhoods:
 One has average health behavior and high care-seeking tendency
 One has relatively poor health behavior and low care-seeking tendency
What will happen to the average health of each neighborhood if primary care patients make
regular check-up visits, whether they are sick or not?

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
Health Behavior Category
3
Care-Seeking Tendency
0.75
Health Care Characteristics
Primary
Care
Effectiveness
0.75
Visits per Year
1
Health Behavior Help
0
Earlier Care-Seeking
0
Tendency to Refer
0

MODEL OUTPUTS
Primary Specialty
Care
Care
Group B
5
0.45
Specialty
Care
0.9
-

Health (A)
Health (B)
Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

4. Explain the results (provide a brief explanation of the results by studying the model):

-
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Experiment #3
1. Question (state your question in terms of variables in the model):
Consider two neighborhoods:
 One has average health behavior and high care-seeking tendency
 One has relatively poor health behavior and low care-seeking tendency
What will happen to the average health of each neighborhood if primary care patients make
regular check-up visits, whether they are sick or not, and primary care has the ability to
help patients improve their health behaviors?

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
Group B
Health Behavior Category
3
5
Care-Seeking Tendency
0.75
0.45
Health Care Characteristics
Primary
Specialty
Care
Care
Effectiveness
0.75
0.9
Visits per Year
1
Health Behavior Help
2
Earlier Care-Seeking
0
Tendency to Refer
0
-

MODEL OUTPUTS
Primary
Specialty
Care
Care
Health (A)
Health (B)
Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

4. Explain the results (provide a brief explanation of the results by studying the model):

-
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Experiment #4
1. Question (state your question in terms of variables in the model):
Consider two neighborhoods:
 One has average health behavior and high care-seeking tendency
 One has relatively poor health behavior and low care-seeking tendency
What will happen to the average health of each neighborhood if primary care patients make
regular check-up visits, whether they are sick or not, and patients can develop a relationship
with their primary care clinician which will cause them to increase their care-seeking
tendency?

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
3

MODEL OUTPUTS
Primary
Specialty
Care
Care
Group B
5

Health Behavior
Category
Care-Seeking Tendency
0.75
0.45
Healthcare Characteristics
Primary Specialty
Care
Care
Effectiveness C
0.75
0.9
Visits per Year
1
Health Behavior Help
0
Earlier Care-Seeking
0.3
Tendency to refer
0
-

Health (A)
Health (B)

Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

-

4. Explain the results (provide a brief explanation of the results by studying the model):

12
Experiment #5
1. Question (state your question in terms of variables in the model):
Consider two neighborhoods:
 One has average health behavior and high care-seeking tendency
 One has relatively poor health behavior and low care-seeking tendency
What will happen to the average health of each neighborhood if primary care patients make
regular check-up visits, whether they are sick or not, and primary care has the ability to
refer patients to specialty?

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
3

MODEL OUTPUTS
Primary
Specialty
Care
Care
Group B
5

Health Behavior
Category
Care-Seeking Tendency
0.75
0.45
Health Care Characteristics
Primary
Specialty
Care
Care
Effectiveness
0.75
0.9
Visits per Year
1
Health Behavior Help
0
Earlier Care-Seeking
0
Tendency to Refer
2
-

Health (A)
Health (B)

Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

-

4. Explain the results (provide a brief explanation of the results by studying the model):
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Experiment #6
1. Question (state your question in terms of variables in the model):
Consider two neighborhoods:
 One has average health behavior and high care-seeking tendency
 One has relatively poor health behavior and low care-seeking tendency
What will happen to average health of each neighborhood if we simultaneously allow primary
care to make referrals and help patients improve their health behavior, and allow patients
to develop a relationship with their primary care clinician which will cause them to increase
their care-seeking tendency (i.e. if we combine each of the individual effects of
experiments 3 – 5?)

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
Health Behavior Category
3
Care-Seeking Tendency
0.75
Health Care Characteristics
Primary
Care
Effectiveness
0.75
Visits per Year
1
Health Behavior Help
2
Earlier Care-Seeking
0.3
Tendency to Refer
2

MODEL OUTPUTS
Primary Specialty
Care
Care
Group B
5
0.45
Specialty
Care
0.9
-

Health (A)
Health (B)
Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

4. Explain the results (provide a brief explanation of the results by studying the model):

-

14
Experiment #7
1. Question (state your question in terms of variables in the model):

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A
Health Behavior Category
Care-Seeking Tendency
Health Care Characteristics
Primary
Care
Effectiveness
Visits per Year
Health Behavior Help
Earlier Care-Seeking
Tendency to Refer

MODEL OUTPUTS
Primary
Specialty
Care
Care
Group B

Specialty
Care
-

Health (A)
Health (B)
Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

-

4. Explain the results (provide a brief explanation of the results by studying the model):
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Experiment #8
1. Question (state your question in terms of variables in the model):

2. Hypothesis (state your hypothesis before running the simulation about what will happen
when you conduct the experiment):

3. Run the experiment and record the results (describe the results from the experiment):
MODEL INPUTS
Patient Characteristics
Group A Group B
Health Behavior Category
Care-Seeking Tendency
Health C are Characteristics
Primary Specialty
Care
Care
Effectiveness
Visits per Year
Health Behavior Help
Earlier Care-Seeking
Tendency to Refer
-

MODEL OUTPUTS
Primary
Specialty
Care
Care
Health (A)
Health (B)
Total Visits (A)
Total Visits (B)

% Referred (A)
% Referred (B)

-

4. Explain the results (provide a brief explanation of the results by studying the model):
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Appendix 6: Screenshots of a Netlogo Model at the end of a sample run
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Appendix 7: Screenshot of the sliders that control the input variables and the environment
containing the patients.
On the screen patients are placed into one of four blocks depending on their neighborhood and care
choice. Primary care-seeking patients are red, and specialty-seeking patients are blue. A patient’s color
fades as their health declines.
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Appendix 8: Sample output graphs from the NetLogo model.

