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T he adequacy of provider networks in health insurance plans 

has become a topic of interest for policy makers. Recent 

years have seen a reemergence of restricted network plans, 

in which insurers offer plan choices with a lower premium in 

exchange for a limited network of covered providers. The plans have 

proved surprisingly popular on the Affordable Care Act (ACA) health 

insurance exchanges because of a substantial gap in premiums 

between plans with open networks and closed networks. Plans 

with larger networks have premiums between 6% and 13% higher 

than those with smaller networks in ACA marketplaces.1 However, 

there are concerns about whether more-limited provider networks 

provide meaningful provider access.

Consumers may also not have appropriate information to make 

well-informed decisions, particularly regarding provider networks, 

or may not actively seek information. Indeed, the consumer-directed 

health care vision of consumers actively shopping is far removed 

from the reality of how most consumers currently choose health 

care providers.2 In addition, previous research has shown limited 

use of price information, which likely reflects the fact that most 

insured consumers have little or no financial incentive to compare 

provider prices because their out-of-pocket expenses stay constant 

across in-network providers.2 At the same time, consumers are not 

fully aware of the provider network configuration of their plan. The 

National Association of Insurance Commissioners recently drafted 

model legislation regarding out-of-network billing to reduce medical 

bills, but it remains a challenge to set exact minimum standards 

for qualified health plans (QHPs) in the marketplace.

One approach developed “T-shirt size” standards for the breadth of 

the provider network, which represents the percentage of providers 

covered by a plan compared with the total number of providers in 

the county. These standards categorize network size into 5 groups: 

extra-small (< 10%), small (10%-25%), medium (25%-40%), large 

(40%-60%), and extra-large (> 60%).3

The focus on network size, however, ignores other important 

aspects of network adequacy. Prior research suggests that patients 

heavily value having their personal doctor (ie, a doctor they have 

an existing relationship with) in the network and that coverage of 
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OBJECTIVES: There is an ongoing policy discussion 
regarding an adequate breadth of provider networks. 
Health plans with “restricted networks” of providers have 
proved surprisingly popular on the Affordable Care Act 
health insurance exchanges because of a substantial gap 
in premiums between plans with open networks and closed 
networks. The objective of this paper is to assess which 
other attributes of the provider network matter to patients 
when choosing health insurance.

STUDY DESIGN: We used a discrete choice experiment to 
analyze the effect of previously unobserved characteristics 
regarding provider networks on plan choice, including wait 
time, breadth, travel time, whether the plan covers care for 
their personal doctor, and monthly premium. Hypothetical 
plan options were offered to respondents of an online survey 
using Qualtrics software.

METHODS: We used mixed multinomial logit models to 
estimate preference-based utilities for attributes of primary 
care provider networks and willingness to pay. 

RESULTS: Coverage of a personal doctor was the most 
important attribute, followed by premium, wait time to see a 
primary care provider, the breadth of the network, and travel 
time to the closest doctor covered by the plan. Respondents 
were willing to pay $95 per month to have a plan that covers 
care for their personal doctor, and they were willing to wait 
6 days for an appointment to have a plan covering care for 
their personal doctor.

CONCLUSIONS: The results of this study provide new 
insights to federal and state legislators developing new 
models or standards on network adequacy and patient 
decision support tools.
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an individual’s preferred provider is more important than overall 

network size.4-8 Higuera and colleagues, for example, found that 

if that a network covers their usual source of care, consumers 

show aversion only to the narrowest networks.4 Another attribute 

of provider networks that may matter is the maximum time and 

distance patients are willing to travel to the nearest provider covered 

by their insurance plan. Haeder and colleagues showed in a recent 

study that distances are relevant to consumers, especially those 

with limited resources and travel options.5 Drake measured the 

breadth of provider networks in terms of distance: the percentage 

of primary care providers (PCPs) covered by the network within a 

15-mile radius of a given geography.6 He emphasized the importance 

of future research to learn which particular network characteristics 

(eg, high-reputation providers, distance) drive consumers’ sensitivity 

to network breadth. Indeed, these and other attributes, such as 

wait time to see a doctor or recommendations from family and 

friends, may be equally (or more) important. Certainly, for Medicaid 

enrollees, finding providers who will provide appointments in a 

timely manner has been an area of concern.

Despite the strong policy interest in network adequacy and 

regulatory efforts to mandate standards, there is surprisingly little 

published research on patient preferences for network design. An 

extensive literature addresses the relation between network breadth 

and premium pricing, such as a study by Dafny and colleagues that 

suggested that network breadth/valuation is not tightly linked to 

plan pricing.7 The authors concluded that this is likely due (at least 

in part) to the substantial uncertainty surrounding the first year of 

the marketplaces and perhaps the difficulty in assessing network 

breadth. Haeder and colleagues emphasized the need for information 

about provider networks and that accessing services for patients with 

acute conditions was particularly troubling.8 They concluded that 

effectively addressing issues of network adequacy requires more 

accurate provider information. Although current efforts to design 

network standards are intended to improve patient welfare, there is 

a lack of evidence about patient preferences for networks. A more 

complete picture of patients’ preferences regarding provider choice 

will help in formulating a better definition of network adequacy 

to maximize patient welfare.

METHODS
In this study, we used a discrete choice experiment (DCE) to assess 

which attributes of the provider network matter to patients when 

choosing a health insurance plan. Our concep-

tual model was based on health insurance 

demand theory, which emphasizes the role 

of expected utility in choice optimization. We 

created synthetic plan alternatives and had 

respondents from a nationally representative 

sample select their preferred options. This 

method allows us to study patient preferences 

for plan attributes that are not available in 

secondary data sets. We hypothesized that patients are willing to 

pay more for some of these attributes, such as continuing to see a 

personal doctor, than for the amount of provider choice.

Experimental Design

Attribute identification and level assignment. The first step in our 

analysis was to build the survey. We first asked basic demographic 

questions and then proceeded to the choice tasks. In the choice 

tasks, respondents were told that the plans differed in 5 ways and 

that everything else about the plans, including the benefits, was 

identical. The plans would differ along the following attributes:

1.	 Breadth of the doctor network, which was defined as the 

percentage of primary care doctors in the respondent’s service 

area that accept the health insurance plan. Options presented 

were 20%, 50%, and 80%. Twenty percent was defined in the 

survey as indicating that 20% of the primary care doctors in the 

respondent’s area accept the health insurance plan.

2.	 Travel time to closest primary care doctor in the network, which 

was defined as the amount of time it would take to drive to the 

closest primary care doctor who accepts the insurance plan. 

Options were 10, 20, and 30 minutes.

3.	 Participation in network by current primary care doctor, which 

was defined as the respondent’s current primary care doctor 

accepting the health insurance plan and care with this doctor 

being partly or fully covered by the plan. Options were “in the 

network” and “not in the network.”

4.	 Waiting time to see a primary care doctor, which was defined as the 

number of days to wait to get an appointment for nonemergency 

care with a primary care doctor covered by the plan. Options 

were 1, 4, and 7 days.

5.	 Monthly premium, which was quantified as $320, $360, and $400. 

The Figure shows the attributes and the different levels and an 

example of a choice set in the DCE. A discussion of the statistical 

design and the methods for identifying the levels is included in 

the eAppendix (available at ajmc.com).

After a brief orientation to the concept of provider networks, 

each participant was asked to choose an insurance plan option. 

Respondents were presented 3 choices of health insurance plans 

that differed in the 5 attributes and asked to pick the plan that they 

preferred. This choice task was then repeated 11 times, with each 

choice task presenting the respondent with 3 new insurance plan 
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	› There is an ongoing policy discussion regarding an adequate breadth of provider networks.

	› This is the first study to elicit patients’ preferences regarding provider choice and provider 
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	› The results of this study provide new insights to federal and state legislators developing new 
models or standards on network adequacy and patient decision support tools.
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options. The Figure also illustrates an example 

of a choice task that respondents would see 

in the survey.

Data

Respondents were sampled based on nationally 

representative Census data. Our data were drawn 

from an established online panel developed by 

Qualtrics. The panel has been used previously 

for academic research, including education 

choices, studying pharmacy residency programs, 

psychiatrists’ attitudes toward mental disorder 

classification, and running online reaction 

time experiments.9-13

Qualtrics contacted approximately 10,000 

individuals through website intercept recruit-

ment, member referrals, targeted email lists, 

permission-based networks, and social media 

and invited them to participate in the survey. Of 

the 10,000 individuals who received the invita-

tion, 7208 elected to participate in the survey (72.1% response rate). 

Of the 7208 who were willing to participate, 5704 were eliminated for 

failing consistency criteria, qualifying for a closed quota, or failing 

an attention check. Of the remaining 1504 individuals, 1020 were 

selected based on demographic characteristics to create a nationally 

representative sample based on age, gender, and race. Respondents with 

unrealistic values for some open-ended questions or missing values 

were removed, creating a final analytic sample of 992 respondents.

Analytic Approach

Mixed multinomial logit models. We used mixed multinomial logit 

(MMNL) models to estimate preference-based utilities for attributes of 

the provider network. The MMNL model does not exhibit the strong 

assumptions of independent and identically distributed error terms 

and the independence of irrelevant alternatives property of standard 

conditional logit models and allows for random taste variation, 

unrestricted substitution patterns, and correlation in unobserved 

factors.14 The MMNL model makes it feasible to derive individual-

specific estimates conditional on the observed individual.15-17

In our model, expected overall utility U of respondent i from 

insurance plan j at the cth choice situation is given by:

U
ijc

 = β
1i
WaitTime

ijc 
+ β

2i
Breadth

ijc
 + β

3i
TravelTime

ijc
 + B

4i
PersonalDoctor

ijc
 + β

5i
MonthlyPremium

ijc
 + ε

ijc

The MMNL model estimates the probability of the observed 

sequence of choices and its choice probability is then given by:

where f(β|Θ) is the density function of β. Different distributional 

assumptions can be used for the density function; we assumed a 

normal distribution.

We also used MMNL models that incorporated individual charac-

teristics into the random coefficients by including interactions. We 

included health status because we believed that self-reported health 

could explain some of the variation in the strong preference for the 

breadth of the network. We also included an interaction of female 

sex and coverage of a personal doctor because we hypothesized 

that some of the variation in personal doctor could be explained 

by gender. Women often like having female doctors, so keeping a 

personal doctor might be more important to them. We also included 

an interaction of respondents in the highest income group (>$100,000) 

and the wait time to see a doctor to reflect the different opportunity 

cost of waiting. We conducted sensitivity checks with different 

parameter distributions, which were all approximately normal. 

In the models, we transformed the coefficients to represent either 

willingness to pay (WTP), which shows the mean WTP for a 1-unit 

change in the attribute in dollars, or willingness to wait (WTW), 

which is similar except the units are days (a detailed discussion is 

in the eAppendix). We also estimated the price elasticity of demand 

for narrow network plans (or plans with various provider network 

characteristics) to know to what extent demand for narrow network 

plans is sensitive to changes in price.

RESULTS
Sample Size and Characteristics

Table 1 reports the descriptive characteristics of the sample. A 

total of 1020 respondents completed the discrete choice sets and, 

after deleting observations with missing or unrealistic values, our 

sample had 992 respondents. The median age was 33 years. The 

gender split was representative: 47% of the sample were men and 

53% were women. About 48.7% of the respondents were Caucasian; 

16.2%, African American; 11.9%, Asian American; 21.3%, Hispanic; 

P
ijt 

= ∫
exp(x'

ijt
β)

f(β|Θ)dβ
∑(x'

ijt
β)

FIGURE. Attributes of Provider Networks and Levels and Example of Choice Set in the Discrete 
Choice Experiment 

Attributes Levels

Wait time in days to see a primary care doctor 1 day; 4 days; 7 days

Breadth of provider network (percentage of 
primary doctors in area covered by plan)

20%; 50%; 80%

Travel time to closest primary care doctor  
in the network in minutes

10 minutes; 20 minutes; 30 minutes

Respondent’s personal primary care doctor 
accepts this plan

Yes; no

Monthly premium $320; $360; $400

Example Plan 1 Plan 2 Plan 3

Wait time to see doctor 4 days 1 days 4 days

Breadth of doctor network
80% doctors 

covered
50% doctors 

covered
80% doctors 

covered

Travel time to closest doctor 10 minutes 30 minutes 20 minutes

Personal doctor accepts plan No No Yes

Monthly premium $320 $400 $360
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and 1.9%, other racial/ethnic background. About half of the sample 

lived in a suburban area (47.3%); one-third, in an urban area (34%); 

and one-fifth, in a rural area (18.7%).

MMNL Results

MMNL base model. The results of the base MMNL model are reported 

in Table 2. The results show that the coefficients are all significant 

and have the expected signs: On average, patients like shorter wait 

times to see a doctor, a broader network of primary care providers, 

shorter travel time to get to the nearest provider covered by the plan, 

having their personal doctor in the plan, and lower premiums. The 

(fixed) premium coefficient is negative and statistically significant 

(β = –0.0085; P < .001). Attributes other than premium are random 

and normally distributed. The coefficient on “my doctor accepts 

this plan” (β = 0.8105; P < .001) and “breadth of the provider network” 

(β = 0.0206; P < .001) is positive and significant. The coefficient is 

negative and significant on “travel time to closest doctor covered 

by the plan” (β = –0.0045; P < .01) and “wait time to see primary care 

doctor covered by the plan” (β = –0.1315; P < .001). 

The statistically significant coefficients of the SD show a consider-

able amount of heterogeneity in preferences for all the insurance 

plan attributes. In other words, patients have diverse preferences 

for attributes of insurance plans related to provider choice, based 

on individual differences. We compared the results of models with 

different distributional assumptions for some of the attributes, 

such as the negative lognormal and the triangular, and found that 

the results were robust to different specifications.

MMNL model with interactions. Table 3 reports the results 

of the MMNL model, including individual characteristics used 

to explain the coefficient distributions. We found that all the 

interaction terms we included are statistically significant, which 

implies that we can explain some of the systematic differences by 

individual characteristics.

As hypothesized, the interaction of health status and the breadth of 

the network was positive and significant. Higher values of self-rated 

health indicate lower levels of health in this survey, indicating that 

sicker respondents care more about having a broader network of 

providers than healthier respondents. The interaction of being female 

and coverage of a personal doctor was also positive and significant: 

Women care about having a personal doctor and are more likely to 

pick an insurance plan that covers care for a personal doctor. Also 

expected was the negative interaction of high income and wait 

time; respondents with higher income care more about wait time.

We also analyzed models that allowed the random coefficients 

to be correlated. This more flexible model showed that the main 

results in this model were robust to the less flexible specification.

WTP and WTW. Table 4 reports the WTP and WTW estimates 

based on the MMNL model results from Table 2. The (fixed) premium 

coefficient is negative and statistically significant (β = –0.0085; 

P < .001). Attributes other than premium are random and normally 

distributed. The coefficient is positive and significant on “my doctor 

accepts this plan” (β = 0.8105; P < .001) and “breadth of the provider 

TABLE 1. Sociodemographic Characteristics of Sample Respondents 
(N = 992) 

Variable Category Sample
US 

population

Median age 
in years

33.0 37.9

Sample, 
n (%)

US 
population, %

Age in years

18-24 207 (20.9) 11.3

25-34 333 (33.6) 17.8

35-44 196 (19.8) 17.3

45-54 110 (11.1) 19.1

55-64 97 (9.8) 16.5

≥ 65 49 (5.0) 18.0

Gender 
Male 466 (47.0) 48.0

Female 526 (53.0) 52.0

Race/
ethnicity

Caucasian 483 (48.7) 47.7

African American 161 (16.2) 15.8

Asian American 118 (11.9) 11.4

Hispanic 211 (21.3) 22.3

Other 19 (1.9) 2.9

Living area

Urban 337 (34.0)
80.7

Suburban 469 (47.3)

Rural 186 (18.7) 19.3

Income

$1000-$5000 97 (9.8)

$5001-$10,000 35 (3.5)

$10,001-$15,000 53 (5.3)

$15,001-$25,000 123 (12.4)

$25,001-$50,000 326 (32.9)

$50,001-$100,000 268 (27.0)

≥ $100,001 90 (9.1)

Education

Less than high school 267 (2.7)

High school graduate, 
diploma, or equivalent

244 (24.6)

Some college, no degree 268 (27.0)

Associate degree: vocational 67 (6.8)

Associate degree: academic 68 (6.8)

Bachelor’s degree 226 (22.8)

Master’s or doctoral degree 92 (9.3)

Health 
status

Excellent 212 (21.4)

Very good 328 (33.1)

Good 318 (32.1)

Fair 109 (11.0)

Poor 25 (2.5)

Chronic 
condition

No 675 (68.0)

Yes 317 (32.0)

Usual source 
of care

No 236 (23.8)

Yes 756 (76.2)

Have 
insurance

No 140 (14.1)

Yes 852 (85.9)
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network” (β = 0.0206; P < .001), whereas “travel time to closest doctor 

covered by the plan” (β = –0.0045; P < .01) and “wait time to see primary 

care doctor covered by the plan” (β = –0.1315; P < .001) are negative 

and significant. We compared the results of models with different 

distributional assumptions for some of the attributes, such as the 

negative log normal and the triangular distributions, and concluded 

that this model was the best fit although the results were robust to 

various specifications (such as log normal for the doctor attribute).

Holding all other plan attributes constant, respondents were 

willing to pay $95 (95% CI, $83-$107) to get an insurance plan that 

covers care for their personal doctor. This is higher than what they 

were willing to pay for the other attributes: Respondents were willing 

to pay $72 for a plan that covered 30% more doctors in their area, 

$45 to get a plan that would get them to see a doctor 3 days sooner, 

and $5 to have a doctor covered that would save them 10 minutes 

of travel time. This indicates respondents were willing to pay as 

much to have a personal doctor covered by the plans as they were 

to have a plan with a 39% broader network.

The WTW estimates reflect how much wait time to see a doctor 

respondents are willing to trade off in terms of the other attributes. 

Respondents were willing to wait 6.13 (95% CI, 5.19-7.13) days to 

see a primary care doctor to have a plan that covers care with their 

personal doctor. Table 4 also presents the premium elasticity esti-

mate, which is based on the values of the attributes. This number 

suggests a relatively inelastic demand (η = –0.0496), which implies 

that respondents in the survey were not very price responsive 

when choosing health insurance plans based on provider network 

characteristics; this number is on the lower end of what other 

investigators have reported in the literature.18

DISCUSSION
This paper set out to address the ongoing debate about adequacy of 

provider networks in health insurance plans. We found that coverage 

of a personal doctor was positively and significantly associated with 

plan choice, as was breadth of the provider network. Wait time, travel 

time, and premium were negatively and significantly associated 

with plan choice. We also found that respondents, holding all other 

plan attributes constant, were willing to pay a substantial amount 

($95) to have a plan that covers a personal doctor. This number is 

in line with what Higuera and colleagues reported; they found that 

WTP for a network that covers consumers’ usual source of care is 

between $84 and $275 per month for primary care.4

One potential policy concern is the effect of narrow networks on 

inertia in health plan choice. We find that individuals are willing 

to trade off their personal doctor for a broad network. However, 

an environment with narrow networks and extensive exclusive 

networks could be problematic; individuals would be restricted to 

either their current plan and doctor or alternative plans without 

either a broad network or their doctor. This could create market 

power for health plans. However, this market power could be 

mitigated by the option of broad network alternatives.

Limitations

The goal of a DCE is to understand what trade-offs respondents are 

willing to make, but attributes may not always be mutually exclusive 

and we may not be able to allow for the error terms of the attributes 

to be correlated. This may create an unrealistic representation of 

TABLE 2. MMNL Model With Normally Distributed Coefficients, 
Premium Fixed

MMNL (draws = 1000)

No. of observations 35,712

No. of respondents 992

LL –11,541.662

Coefficient SE Z

Mean

Monthly premium –0.0085*** 0.0003 –25.15

Wait time to see doctor –0.1315*** 0.0091 –14.38

Breadth of network 0.0206*** 0.0011 18.38

Travel time to doctor –0.0045** 0.0014 –3.22

Doctor accepts plan 0.8105*** 0.0415 19.54

SD

Wait time to see doctor 0.1802*** 0.0099 18.18

Breadth of network 0.0203*** 0.0012 16.57

Travel time to doctor 0.0108** 0.0039 2.75

Doctor accepts plan 1.0314*** 0.0411 25.07

LL, log likelihood; MMNL, mixed multinomial logit; SE, standard error.

*P < .05; **P < .01; ***P < .001.

TABLE 3. MMNL Model Including Interactions

MMNL (draws = 1000)

No. of observations 35,712

No. of respondents 992

LL –11,516.532

Coefficient SE Z

Mean

Monthly premium –0.0086*** 0.0003 –25.18

Wait time to see doctor –0.1263*** 0.0095 –13.31

Breadth of network 0.0158*** 0.0025 6.28

Travel time to doctor –0.0045** 0.0014 –3.22

Doctor accepts plan 0.5419*** 0.0573 9.46

Female*personal doctor 0.5077*** 0.0789 6.44

Health*breadth of network 0.0020* 0.0010 2.09

Income(>$100,000)*wait time –0.0616* 0.0296 –2.08

SD

Wait time to see doctor 0.1808*** 0.0099 18.22

Breadth of network 0.0208*** 0.0012 16.55

Travel time to doctor 0.0108** 0.0039 2.81

Doctor accepts plan 1.0015*** 0.0406 24.67

LL, log likelihood; MMNL, mixed multinomial logit; SE, standard error.

*P < .05; **P < .01; ***P < .001.
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reality. For example, inclusion of a preferred physician may go 

hand in hand with choosing the narrowest network. Ho and Lee 

addressed this in a study evaluating provider network regulation 

in which they uncovered circumstances when private incentives 

of an insurer diverge from social or consumer preferences and they 

found that networks may not be too narrow from either a social 

or consumer welfare perspective.19 We did analyze models that 

allowed the random coefficients to be correlated, which showed 

that the main results were robust to the less flexible specification.

CONCLUSIONS
There is an ongoing policy discussion regarding an adequate “breadth” 

of provider networks. Health plans with “restricted networks” of 

providers have proved surprisingly popular on the ACA health 

insurance exchanges because of a substantial gap in premiums 

between plans with open networks and closed networks. This is 

the first study to elicit patients’ preferences regarding provider 

choice and provider network “adequacy.” Although the policy 

discussion about network adequacy centers around the breadth of 

the provider network, patients place higher relative importance on 

coverage of their personal doctor. The results of this study imply 

that providing more information about whether enrollees can 

stay with their current primary care doctor and making it easier 

to compare plans based on the “doctor finder” would add value to 

patients. It remains a challenge, however, for consumers to know 

whether one’s personal physician is in network and will continue 

to be in network throughout the contract year. If policy makers 

want to increase insurance competition in their area, they should 

make it easier for patients to search for a plan with their personal 

doctor and make sure that coverage for these doctors is for the 

entire 12 months before the next enrollment season. The results 

of this study provide new insights to those 

federal and state legislators developing new 

models or standards on network adequacy and 

patient decision support tools.  n
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TABLE 4. WTP and WTW

WTP
(draws = 1000)

WTW
(draws = 1000)

No. of observations 35,712 No. of observations 35,712

No. of respondents 992 No. of respondents 992

WTP (95% CI) WTW in days (95% CI)

Monthly premium – Monthly premium –0.06 (–0.06 to –0.07)

Wait time  
to see doctor

–$15.39  
(–$13.08 to –$17.70)

Wait time  
to see doctor

–

Breadth of network $2.41 ($2.11-$2.71) Breadth of network 0.16 (0.13-0.18)

Travel time to doctor –$0.52 (–$0.20 to –$0.84) Travel time to doctor –0.03 (–0.01 to –0.05)

Doctor accepts plan $94.86 ($83.07-$106.64) Doctor accepts plan 6.13 (5.19-7.13)

Premium elasticity –0.0496

WTP, willingness to pay; WTW, willingness to wait.
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Identification of Levels 

The attributes and levels were chosen based on the available literature and ongoing policy 

discussion. Travel time was based on average travel times to primary care doctors in an urban 

area.1 Wait times to see a primary care doctor were based on average wait times reported in a 

recent Commonwealth Fund study.2 Premium differences were based on a Kaiser Health News 

analysis of U.S. Health and Human Services Department data from 2016 which compares average 

premium difference between open and closed network plans in 13 different cities across the United 

States (Atlanta, Charlotte, Chicago, Cincinnati, Las Vegas, Manchester, N.H., Milwaukee, Minot, 

N.D., New Orleans, Pittsburgh, Portland, Ore., St. Louis, Topeka, Kansas).3 This data suggested 

that, in 2016, the premium difference for provider choice was, on average, 53 dollars per month, 

or 636 per year. We took the mean and the standard deviation of those average premiums to set 

the levels for the premium in our DCE. 

 

Efficient Design 

A DCE is an attribute-based experimental design to collect stated preferences. When a good or 

service has a multitude of identified attributes and levels, it is impossible to elicit patient’s 

preferences for all possible combinations of the levels of the attributes. The attribute levels in a 

full factorial design of our study would give rise to 162 possible scenarios (3*3*3*3*2) that can 

be combined into 1,291,040 potential choice sets. In practice, it is impossible to have patients 

rate all possible combinations, so the number of choices must be reduced.  

A number of alternatives have been proposed to reduce the dimensions of the design, but 

the preferred measure within the literature is a D-efficient design which minimizes the determinant 

of the AVC matrix under the assumption of a vector of prior coefficients βn.4 Since in most cases 

one cannot guarantee to have found the optimal design, since this would require evaluating all 

possible designs, these designs are often referred to as D-efficient instead of D-optimal. Alternative 

approaches are A-efficient designs  which minimizes the trace of the AVC matrix or S-efficient 

designs which minimize the maximum sample size required for statistically significant parameter 

estimates. This was not necessary in our case because we had a sample size of nearly one thousand 

respondents. 



We used priors for the parameter estimates based on the literature and from a small pilot 

study we conducted. For wait time, we used -2, where wage rates represented the opportunity cost 

of time. The premium prior (-0.005) was based on prior work5 as well as the prior for breadth of 

network (0.5)6 and continuity of care (0.5).7 The travel time prior (-.04) was based on car travel 

time and accessibility by bus to general practitioner services.8 Upon gathering data from a small 

pilot study, we estimated the parameters and created efficient design. We used Ngene 1.1.2 to 

create the efficient design as this software allows the inclusion of specific priors in the utility 

functions. Our algorithm eliminated dominant alternatives (meaning better than the other two 

choices in that choice situation on all dimensions), repeated choice sets, and choice sets for which 

the answer can be inferred from the previous one (assuming transitivity and monotonicity). 

One limitation in any discrete choice experiment is that the levels of the attributes are 

arbitrary cut-off points. The tradeoffs presented must be realistic. Therefore, it is important to 

establish a feasible set of attribute combinations and exclude the potentially implausible 

combinations. Once feasible sets of plausible combinations are chosen, the analysis can be focused 

on trade-offs. Green and colleagues (1988)9 described “unacceptable levels” in detail referring to 

levels which are sufficiently high or low that the respondent will ignore other attributes and discard 

that option. The findings of their study indicated that the form of the instructions also matters, but 

that respondents often ignore attributes altogether when responding to options containing 

unacceptable attribute levels. Because our premium values were based on 13 large metropolitan 

areas, predictions in other settings may not be valid.  The results of our study should be generalized 

outside of the attribute range. 

 

Willingness to Pay and Willingness to Wait 

The measure of WTP is based on random utility theory.10 In WTP models in general, the measure 

of WTP is based on random utility theory estimated by a conditional logit model. WTP is given 

by the negative of the ratio of the coefficients for any particular attribute and the cost attribute, in 

this case monthly premium. Estimating the WTP of a particular plan attribute is thus simply 

estimating the ratio of the coefficients (or: marginal utilities) of the premium cost and the 

coefficient of the particular attribute we are interested in: 

(1) WTPxk = !!"##$%&'#(!"	
!)$(*%'*

"       



In the case of the WTP estimates, we are operating in preference space so we keep the premium 

coefficient fixed. However, if the scale parameter (the standard deviation of unobserved utility) 

varies randomly (which is true for wait time), then the utility coefficients are correlated and WTW 

should be estimated in “WTW space” meaning that the distributions for WTW are specified 

directly.11 To estimate the WTW, we replace the denominator in the above equation with the 

estimate for the wait time attribute. 

(2) WTWxk = !!"##$%&'#(!"	
!+"%##%*(

"       

WTW estimates the relative importance of each attribute in terms of waiting time (days) to see a 

primary care doctor. All coefficients besides (fixed) premium were random.  

The expected variation in WTW (with n dimensional space) is distinguished from the variation in 

the wait time coefficient, which incorporates scale. 
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