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This study examines the effects of different medical interpreters on the self-assessed 

health and medical visits of patients with limited English proficiency. Individual-level, 

pooled cross-sectional data were obtained from the California Health Interview Survey. 

Interpreter groups included professionals, bilingual medical staff, other interpreters, and 

no interpreter available. Results from multinomial logistic regression suggest patients 

using professional interpreters have a greater preference for healthcare. Estimates from a 

hurdle model report that having an interpreter increases access to healthcare, but those 

with no interpreter or a professional interpreter are the most frequent visitors. Ordered 

probit model estimates indicate that patients with professional interpreters report having 

the greatest health. A fuzzy regression discontinuity design is used to attempt to correct 

for the potential selection bias in choice of interpreters; these results suggest that patients 

using professional interpreters have less medical visits and worse health than patients 

using another interpreter or no interpreter at all. Findings underscore the need for (quasi-) 

experimental design in future research assessing the effectiveness of different medical 

interpreters in facilitating healthcare outcomes. 
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1. Introduction 

According to the US Census Bureau, the number of individuals located in the U.S. 

who report speaking a language other than English at home increased from almost 47 

million (17.9%) in 2000 (Census 2000 Summary File 4) to an estimated 57 million 

(20.1%) in 2010 (American Community Survey 2006-2010). In the same decade, the 

number of persons with limited English proficiency (LEP) increased from over 21 million 

(8.1%) to over 35 million (8.7%).
1
 Language barriers between LEP individuals and their 

healthcare providers may contribute to poor healthcare outcomes. Examples from recent 

research suggest negative associations between language barriers and health status 

(Ponce, Hays, & Cunningham, 2006), utilization of colorectal cancer screening (Linsky, 

McIntosh, Cabral, & Kazis, 2011), proper glycemic control (Fernandez et al., 2011), 

health education and interpersonal care (Ngo-Metzger et al., 2007).
2
 Consequently, 

research is focused on whether medical interpreters are effective at (partially) mitigating 

language barrier effects on LEP patients’ healthcare. In this study, I compare medical 

visits and self-assessed health (SAH) of LEP patients among medical interpreter groups: 

professional interpreters versus bilingual medical staff versus other interpreters (i.e., 

interpreters other than professionals and bilingual medical staff) versus no interpreter 

available. 

                                                           
1
 The Office for Civil Rights defines LEP individuals as persons who “are unable to communicate 

effectively in English because their primary language is not English and they have not developed fluency in 

the English language” (retrieved from http://www.hhs.gov/ocr/civilrights/resources/specialtopics/lep/). 

Researchers often define LEP individuals according to whether they report speaking English less than 

“very well” (e.g., Karliner, Jacobs, Chen, & Mutha (2007)) or less than “well” (e.g., Ponce et al., 2006); in 

this study I classify LEP individuals according to the former. 
2
 Language barriers may influence healthcare outcomes through several mechanisms. For instance, 

individuals with language barriers may have less access to healthcare. The focus of this study is the effect 

of difficulty in communication between LEP patients and their healthcare providers on healthcare 

outcomes. See Jacobs et al. (2006) for a systematic review of language barriers in healthcare. 

http://www.hhs.gov/ocr/civilrights/resources/specialtopics/lep/
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Communication among healthcare providers, patients and medical interpreters 

may strongly depend upon the medical interpreter group. Family members and friends 

may have previous knowledge of a LEP patient’s medical background, provide 

culturally-sensitive interpretation, and provide additional communication in-between 

physician visits (e.g., scheduling visits, requesting further information regarding the 

patient’s health or treatment). Yet, family members and friends often lack an 

understanding of medical terminology, frequently provide inaccurate interpretations, and 

their involvement raises issues of patient confidentiality and sensitivity to health issues 

(Hsieh, 2006). Alternatively, bilingual medical and non-medical staff have a greater 

understanding of medical terminology and the healthcare setting, can partially avoid 

issues in confidentiality and sensitivity, and can provide less frequent inaccuracies in 

interpretation (Flores, Abreu, Barone, Bachur, & Lin, 2003). Yet hospital staff may not 

provide culturally-sensitive interpretation and errors in interpretation may remain 

substantial due to lack of training or experience. Professional interpreters, employed in 

the hospital and through telecommunication, receive specific training for medical 

interpretation, speak the patient’s and healthcare provider’s languages proficiently, and 

may have the smallest frequency of errors in interpretation among groups (Flores et al., 

2003). Still, utilizing interpreters through telecommunication can potentially result in 

interpretation errors due to a lack of nonverbal cues from the patient (Hsieh, 2006). 

Furthermore, patients may be more likely to disclose health information to persons they 

know (i.e., family members and friends), and professional interpreters can be the most 

expensive option for healthcare providers. 
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Notwithstanding the importance providers place on the healthcare LEP patients 

receive, providers may be acutely aware of costs involved in providing (and denying) 

language services. Hampers, Cha, Gutglass, and Krug (1999) find that additional medical 

testing and longer visits to the emergency department for patients experiencing language 

barriers results in an average marginal cost of approximately $38 per visit. More recently, 

Jacobs, Sadowski, and Rathouz (2007) find that patients with doctors who do not speak 

their preferred languages proficiently cost, on average, an additional $98 per patient. The 

White House Office of Management and Budget (OMB; 2002), as well as Jacobs, 

Shepard, Suaya, and Stone (2004), report that the average marginal cost of interpretation 

can be $35 and $79, respectively. Moreover, costs vary by the type of medical 

interpretation. OMB (2002) estimates the hourly wages of telephone and staff-salaried 

interpreters to be $132 and $10-$32 per hour, respectively. Telephone interpreter services 

charge according to time spent using the service, and costs are estimated to be $68,000 

per year; salary costs for staffing professional interpreters are estimated to be $30,000 per 

year, respectively (Fagan, Diaz, Reinert, Sciamanna, & Fagan, 2003). According to a 

study from Huang, Ramos, Jones, and Regenstein (2009), medical and non-medical 

hospital staff may receive compensation for bilingual communication skills through an 

add-on to their base salary ($1 to $20 per hour), one-time payment ($25 to $500), and 

infrequently through payment for interpretation ($1 to $30 per interpretation). Still, 

Masland, Lou, and Snowden (2010) note that costs for providing language services may 

be offset indirectly, such as through reduced testing and better compliance with 

treatment. Altogether, studies examining the significant costs of language service 
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provision, which are dependent on the type of interpreter, imply that further research 

must assess the effectiveness different interpreters have on LEP patients’ healthcare. 

 An ongoing assessment of medical interpreter effectiveness is likely to impact the 

decision-making of hospital administrators and legislatures. Managed and private care 

organizations have been implementing substantial policies aimed at increasing access to 

trained language services, which in some cases also increase the use of clinical and/or 

preventative services (e.g., Jacobs et al., 2001). More recently, the California legislature 

signed The Health Care Language Assistance Act into law in 2003, and the act came into 

full effect on January 1st, 2009. Among other requirements regulated by the CA 

Department of Managed Health Care and CA Department of Insurance, the plan 

stipulates that health plans and insurers must provide enrollees with free qualified 

interpretation services at all points of contact (California Department of Managed Health 

Care’s Third Biennial Report to the Legislature, 2013; California Department of 

Insurance’s Fourth Biennial Report to the Legislature, 2014). In addition, health plans 

and insurers must have standards in place assessing the quality of interpreters; at a 

minimum, interpreters must have: 1) education and training in ethics, conduct, and 

confidentiality; 2) documented and demonstrated proficiency in English and the 

enrollee’s language; and 3) fundamental knowledge of healthcare terminology and 

concepts related to healthcare delivery systems. Regulatory decision-making benefits 

greatly from examining, in addition to LEP patients’ access to language services, whether 

or not these policies affect patients’ health and use of health services (e.g., number of 

medical visits). 
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This study augments previous research examining LEP persons and medical 

interpretation. First, my study estimates ordered probit and hurdle models that 

differentiate and compare medical interpreter groups in regards to patients’ SAH and 

number of medical visits over the past year, respectively. Previous studies frequently 

make comparisons between patients utilizing interpreters to patients with doctors 

speaking their preferred languages, but do not (or cannot) make comparisons between 

patients utilizing different medical interpreters. Second, I attempt to partially fill a gap in 

the literature by using multinomial logistic regression to model individuals’ choices of 

medical interpreters. To the best of my knowledge, no study has utilized multivariable 

regression analysis to examine characteristics of patients related to the medical interpreter 

groups patients end up utilizing; my study addresses these relationships. Third, insofar as 

patients “select” the medical interpreter groups, differences in SAH and medical visits 

between groups may be due to unobservable characteristics. For example, patients with 

professional interpreters may have the means to access high-quality healthcare or the 

understanding of their local healthcare provider necessary to obtain professional 

interpreters, which may also be (positively) correlated with SAH and medical visits. 

Therefore, a fuzzy regression discontinuity design is employed to attempt to correct for 

this selection issue. Last, I utilize individual-level, randomly sampled data from 

California allowing me to attempt to derive population estimates of medical interpreter 

effects on healthcare. This data has not been used to address the aforementioned research 

questions. The rest of the analysis is structured as follows: I review recent literature 

examining language barriers and medical interpretation in Section 2; in Section 3 I 
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provide an overview of the data and descriptions of interpreter groups; Section 4 details 

the theory and empirical methods; and Sections 5 and 6 include the results and 

conclusions. 

2. Literature Review 

2.1 Relationship between language barriers and healthcare 

Literature on language barriers in healthcare has identified discrepancies in 

patients’ health and healthcare by comparing patients according to their English 

proficiency. Ponce et al. (2006) examined the association between English proficiency 

and patients’ healthcare access and health outcomes in older adults. They employed 

cross-sectional, self-reported data from the 2001 California Health Interview Survey. 

Empirical analysis included estimating separate, multivariate logistic regression models 

for each outcome measure (whether or not person had usual source of care, whether or 

not person experienced delays in healthcare, SAH, and self-assessed emotional health) 

with dummy variables for English proficiency (LEP versus English proficient versus 

English-only speakers) as the main independent variables of interest. Results suggested 

that LEP patients were more likely to report having less access to healthcare and worse 

health than English-only speakers. Alternatively, almost no significant differences were 

found between English-proficient and English-only speakers. Altogether, the results 

suggest that different levels of English proficiency can influence healthcare access and 

health outcomes. 

Research has attempted to further identify effects of language barriers on 

healthcare outcomes by examining whether LEP patients have language assistance at 
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their healthcare providers’ facilities. Linsky et al. (2011) examined the rates of colon 

cancer screening among those who are English-concordant (English is spoken at home), 

other language-concordant (English is not spoken at home, but someone at the healthcare 

facility speaks the patient’s preferred language), and other language-discordant (English 

is not spoken at home, and no one at healthcare facility speaks the patient’s preferred 

language). The authors employed cross-sectional data from the Medical Expenditures 

Panel Survey from 2000 to 2006. Importantly, the authors note that discussion between 

doctors and patients regarding colon cancer screening is complicated and time 

consuming; language barriers between healthcare provider and patient may deter full 

discussion of the procedure. The authors found no significant difference in the probability 

of colon cancer screening between those in the other language-discordant and English-

concordant groups; alternatively, those in the other language-concordant group were less 

likely than those in the English-concordant group to receive colon cancer screening. 

Effects of language barriers on patient health and healthcare are apparent when 

examining cases where doctors do not speak patients’ preferred languages. Fernandez et 

al. (2010) examined the likelihood of proper glycemic control in a Latino and White 

patient sample. The authors utilized cross-sectional data from the Diabetes Study of 

Northern California Key in 2005/06. The analysis involved multivariate logistic 

regression with the dependent variable being whether or not the person had proper 

glycemic control (as indicated by A1c>9%). Latinos with LEP and doctors who spoke 

their preferred languages did not have significantly different odds of proper glycemic 

control compared to English-speaking Latinos. LEP speakers without a doctor speaking 
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their preferred languages had greater odds of poor glycemic control. In addition, Latinos 

with LEP and doctors who spoke their preferred languages had a greater likelihood of 

proper glycemic control than those without doctors speaking their preferred languages. 

Altogether, these findings suggest that language barriers may affect actual health 

outcomes; these effects may involve an interaction between English proficiency and the 

match between doctors’ and patients’ language use. 

Similarly, Ngo-Metzger et al. (2007) estimated the difference in Chinese and 

Vietnamese American patients’ self-reported health education, interpersonal care, and 

satisfaction with doctors, between those with a doctor who spoke the patient’s preferred 

language and those without. Furthermore, they tested whether any significant differences 

between the groups would become insignificant after controlling for whether or not a 

clinical interpreter was used during the clinical visit. The cross-sectional data was 

obtained from patients attending community health centers located around the U.S. 

Analysis involved multiple linear regressions for health education and interpersonal care 

(composite, continuous scores were generated from participants’ yes/no responses to 

questions pertaining to health education and interpersonal care); multivariate logistic 

regression was used for patients’ satisfaction with doctors (binary measures of 

satisfaction developed from participants’ yes/no responses to questions pertaining to their 

satisfaction with doctors). Results indicated that patients without a doctor speaking their 

preferred language reported lower levels of health education, less interpersonal care, and 

were less likely to report being satisfied with their doctors. Although controlling for the 
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use of a clinical interpreter lead to an insignificant difference in health education, 

significant differences in interpersonal care and patient satisfaction persevered. 

2.2 Interpreter use and healthcare outcomes 

Previous research has attempted to identify the potential negative relationship 

between language barriers and patients’ health and healthcare. Authors typically identify 

language barriers by examining persons with low levels of English proficiency and 

examining persons without doctors who speak the patients’ preferred languages. Results 

consistently suggest a negative relationship between language barriers and patients’ 

health and healthcare. Consequently, the role of medical interpreters in bridging language 

barriers in healthcare has been subject to frequent empirical examination (for systematic 

reviews see Flores (2005); Karliner, Jacobs, Chen, and Mutha (2007); and Ramirez, 

Engel, and Tang (2008)). Medical interpreters are typically classified into professional 

interpreters (in-person or over-the-phone) or ad hoc interpreters (including, but not 

limited to, family members, friends, untrained medical staff, other patients, and children 

under the age of 18). In addition, individuals may require but not receive an interpreter 

(henceforth expressed as ‘receiving no interpreter’). 

Research has compared those receiving interpreters to those with healthcare 

providers speaking the patients’ preferred languages. For example, Green et al. (2005) 

estimated the difference in Chinese and Vietnamese American patients’ self-reported 

communication and visit ratings, between those with a doctor who spoke the patient’s 

preferred language and those employing clinical interpreters (binary measures of ratings 

were derived from patients’ responses to yes/no and Likert-scale questions). In addition, 
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in the subgroup of patients receiving interpreters, the authors compared the same 

outcome measures between patients who rated their interpreters “high” and those who 

rated their interpreters “low”. Note that the authors were unable to differentiate between 

professional and ad hoc interpreters. Data was taken from the same source as Ngo-

Metzger et al. (2007). Analysis included multiple logistic regressions. Results indicated 

that patients who used interpreters were more likely to report having questions about their 

care, which they did not ask their healthcare provider, compared to patients with 

physicians who spoke the patients’ preferred languages. Moreover, after allowing the 

comparison between groups to depend on the patients’ English proficiency, the authors 

found that patients who received an interpreter and spoke no English were more likely to 

have questions about their care, which they did not ask their healthcare provider, 

compared to patients who received an interpreter and spoke some English. 

The literature on language barriers and medical interpreters often finds that 

utilizing professional interpreters, in contrast to ad hoc interpreters and receiving no 

interpreter, is associated with greater health and healthcare outcomes (Flores, 2005; 

Karliner et al., 2007; Ramirez et al., 2008). Nevertheless, Flores (2005) notes that studies 

often show advantages to using bilingual medical staff as interpreters as well. Relatively 

few studies have closely examined communication between healthcare providers, 

patients, and interpreters in actual clinical encounters. One example comes from Flores et 

al. (2003), in which researchers employ cross-sectional data from audiotaped emergency 

department (ED) visits in two Massachusetts pediatric ED’s. They compare interpreter 

errors and their potential consequences between medical interpreters and those receiving 
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no interpreter using univariate analyses (t test, nonparametric Wilcoxon test, and 

ANOVA). When examining interpretation errors with potential for meaningful clinical 

consequences, results indicated that professional interpreters had lower rates of these 

errors than ad hoc interpreters and those receiving no interpreter. 

In one of the few randomized controlled trials in the literature, Bagchi et al. 

(2011) estimated the influence of providing professional interpreter services on Spanish-

speaking, LEP patients’ satisfaction with communication and ease of understanding 

during their clinical visits. In two central New Jersey hospitals, the authors randomized 

periods when in-person professional interpreter services were available (treatment) and 

periods when typical language services were available (control; for both treatment and 

control periods, over-the-phone professional interpreters and ad hoc interpreters were still 

available to patients). The authors analyzed differences in patients’ satisfaction with 

communication and ease of understanding using logistic, multilevel regression. The 

authors found significant differences between the two groups: while 96% and 93% of 

patients in the treatment group were very satisfied with the visit and found it very easy to 

communicate, respectively, only 24% and 18% of patients in the control group reported 

the same. 

Many studies on language barriers and medical interpreters have utilized 

observational data and relied on regression analysis to compare patients utilizing different 

medical interpreters to those not requiring interpreters. For example, Lee, Batal, Maselli, 

and Kutner (2002) compared patients’ self-reported satisfaction with clinical visits 

between Spanish-speaking and English-speaking patients with doctors speaking their 
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preferred languages, and Spanish-speaking patients utilizing medical interpreters. The 

cross-sectional data was gathered from questionnaires administered at a walk-in clinic in 

Denver, Colorado. The analysis included estimating separate multiple logistic regression 

models for patients’ overall satisfaction with the clinical visit, as well as patients’ 

satisfaction with seven healthcare provider characteristics (e.g., listening). Researchers 

could find no evidence of a difference in patient satisfaction, across all measures, 

between those with doctors speaking their preferred languages and those utilizing over-

the-phone professional interpreters. Alternatively, those utilizing family members, as well 

as those relying on ad hoc interpreters (i.e., bilingual employees of the clinic), were less 

satisfied with their overall visits than those with doctors speaking their preferred 

languages; they were also less satisfied with several healthcare provider characteristics. 

Other literature has examined differences in actual healthcare utilization. Fagan et 

al. (2003) compared the visit lengths of patients not requiring interpreters to those using 

trained, professional interpreters, over-the-phone professional interpreters, and “patient-

supplied” interpreters (often a family member or friend). Cross-sectional data on hospital 

visits was gathered from a primary care unit in a Rhode Island hospital. Multivariate 

linear regression was used to compare visit lengths between groups. On average, patients 

using interpreters had longer visit lengths than those not requiring interpreters. Although 

visit lengths were longer for those using over-the-phone and patient-supplied interpreters, 

no such difference was observed for those using trained, professional interpreters. 

Hampers and McNulty (2002) employed cross-sectional data to examine differences in 

healthcare utilization between those not requiring an interpreter, those using professional 
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interpreters, and those receiving no interpreter. Results from multivariable linear and 

logistic regressions indicated that patients using interpreters were more likely to be 

admitted and had longer visit lengths; those receiving no interpreter had a higher 

incidence of testing, greater test-related costs, and were also more likely to be admitted. 

All in all, although language barriers pose a threat to LEP patients’ health and 

healthcare, medical interpreters, especially professional interpreters and potentially 

bilingual medical staff, may alleviate gaps in patient-provider communication and 

facilitate positive health and healthcare outcomes. Medical interpreters can be 

characterized as enabling resources within the Anderson’s (1995) Behavioral Model of 

Health Services Use: people with the means and “know-how” can use medical 

interpreters to enable their use of health services. 

While enhanced communication may improve health and healthcare in myriad 

ways, Ong, de Haes and Lammes (1995) note three purposes of communication between 

patients and doctors: developing a good interpersonal relationship, exchanging 

information, and making treatment-related decisions. Indeed, findings from the 

aforementioned studies on language barriers are consistent with the authors’ analysis: 

language barriers may contribute to a poorer interpersonal relationship (Lee et al., 2002; 

Ngo-Metzger et al., 2007), lesser or inaccurate exchange of information (Green et al., 

2005; Flores et al., 2003), and differentiated medical decision-making (Linsky et al., 

2011; Hampers and McNulty, 2002). 

Yet less research has examined how using medical interpreters may influence 

patients’ health. Ong et al. (1995) note that outcomes such as satisfaction and 
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understanding of information may be short-term consequences of doctor-patient 

communication, but others such as health status can be perceived as long-term 

consequences. Therefore, research must differentiate the influences that professional and 

ad hoc interpreters have on patient health and medical visits, especially in order to inform 

the implementation and regulation of language assistance programs. 

2.3 Contribution 

 Findings from my study augment previous research in the following ways. First, 

results from estimating a multinomial logit model, where the outcome is different 

interpreter groups, suggest that persons who are currently insured, have higher levels of 

education, and have a usual source of healthcare are more likely to utilize professional 

interpreters (compared to bilingual medical staff, other interpreters, and receiving no 

interpreter). Second, results from estimating a hurdle model, where the outcome is the 

number of medical visits in the previous year, suggest that patients using professional 

interpreters, bilingual medical staff, and other interpreters are all more likely to have at 

least one medical visit in the previous year (compared to those receiving no interpreter). 

When examining patients with at least one visit, patients receiving no interpreter and 

those utilizing professional interpreters tend to have a greater number of medical visits in 

the previous year. Third, results from estimating an ordered probit model, where the 

outcome is self-assessed health (SAH), suggest that patients utilizing professional 

interpreters report having the greatest health. Fourth, results from a fuzzy regression 

discontinuity design suggest patients utilizing professional interpreters have less medical 



15 
 

 
  

visits and worse SAH than those not utilizing professional interpreters. The next section 

provides a description of the data and interpreter groups. 

3. Data 

 Data were obtained from the publicly-available California Health Interview 

Survey adult data sets for the years 2003-2011/12 (CHIS 2003, 2005, 2007, 2009, and 

2011-12). The UCLA Center for Health Policy Research conducts these surveys in a 

variety of languages (e.g., English, Spanish, Vietnamese, etc.). The CHIS covers a variety 

of demographic and health-related topics, such as health conditions and behaviors, use of 

and access to healthcare, and patient-provider interactions. Survey sampling aims to 

produce a representative sample of the California household population and therefore is 

complex. In brief, households are randomly selected from counties and groups of small 

counties; in turn, an adult family member is randomly selected from each household for 

participation. Crucially, each adult is assigned sampling weights which can be employed 

during the analysis to produce population point and variance estimates.
3
 The final sample 

consists of 3,071 LEP adults. 

 Medical interpreter groups are identified using individuals’ responses to a series 

of questions relating to their previous medical visit. These questions were asked only to 

individuals who reported visiting their doctor within the past two years. Adults who 

reported having difficulty understanding their doctor because their doctor spoke a 

different language and reported needing someone’s help to understand were included in 

                                                           
3
 Weights were developed to be consistent with estimates from the California Department of Finance 

(DOF) Population Projections. They were created from variables common to CHIS and DOF, such as age, 

gender, education and race/ethnicity. For a technical methodology report pertaining to the development and 

inclusion of weights in data analysis, visit http://healthpolicy.ucla.edu/chis/design/Documents/chis2011-

2012-method-5_2014-07-30.pdf. 

http://healthpolicy.ucla.edu/chis/design/Documents/chis2011-2012-method-5_2014-07-30.pdf
http://healthpolicy.ucla.edu/chis/design/Documents/chis2011-2012-method-5_2014-07-30.pdf
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the sample. In a follow-up question, medical interpreter groups were classified according 

to who was reported to have helped. LEP persons are identified as those who speak a 

language other than English at home, and report speaking English less than “very well”. 

Altogether, the final data set consists of 3,071 LEP adults ages 18 and older. 

Table 1 provides descriptive statistics for each interpreter group in the sample 

using survey weights to approximate population estimates. Please note that accounting 

for the survey design produces a much larger (survey adjusted) sample of adults. There 

are at least several notable differences among medical interpreter groups. Professional 

interpreters have the largest proportions of persons who are currently insured, have 

higher levels of education, and have a usual source of healthcare. Also, they display the 

greatest number of medical visits and the second-highest average household income. 

These differences could suggest that patients utilizing professional interpreters are those 

with the means to access healthcare and often are the highest users of healthcare services. 

Accordingly, differences between interpreter groups may be interpreted with caution. 

Later, I specify a fuzzy regression discontinuity design aimed at providing unbiased 

comparisons among groups.  Also, individuals receiving no interpreter during their last 

medical visit have the largest proportion of persons speaking English well, and on 

average have the greatest household income. Although I am unable to observe provider 

characteristics, one conjecture is that these individuals attend healthcare facilities where 

the majority of patients treated are English speaking adults. 

Figures 1 and 2 provide distributions of the number of medical visits in the past 

year and SAH, respectively. Poor health corresponds to a SAH value of 1, fair health 



17 
 

 
  

corresponds to 2, good health is associated with 3, very good health is related to 4, and 

excellent health pertains to a SAH value of 5. Figure 1 shows that medical visits are 

highly skewed to the left, with a large potential for outliers. Patients are most likely to 

report their health as fair. Next, the Methods section provides an overview of the models 

and estimations employed in the study. 

4. Methods 

 The following methodology involves the use of multivariable regression analysis 

to determine characteristics of patients associated with their use of medical interpreters, 

identify potential differences among groups in medical visits and SAH, and account for 

the potential bias in comparing medical visits and SAH between patients with 

professional interpreters and those without. Selection of patient characteristics pertinent 

to the analyses was partially informed by previous literature and Anderson’s (1995) 

Behavioral Model of Health Service Use. Survey weights were used throughout all 

analyses. 

4.1 Multinomial logit model 

 Differences in healthcare outcomes between medical interpreter groups depend 

partially on observable (e.g., age) and unobservable (e.g., preference for healthcare) 

characteristics. Therefore, the multinomial logit model is employed to summarize the 

relationships between medical interpreter groups “selected” by patients and patient 

characteristics (which do not depend on the selected groups; i.e., they are case-specific). 

The formal description of the model follows the form: 

(4.1.1) Prob(𝑌𝑖 = 𝑗|𝑿𝒊) = 𝑃𝑖𝑗 =
exp(𝑿𝒊

′𝜷𝒋)

∑ exp(𝑿𝒊
′𝜷𝒍)4

𝑙=1

, 𝑗 = 1, … ,4 
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where 𝑌𝑖 is the interpreter group, 𝑃𝑖𝑗 is the probability that interpreter group j is used 

during patient i’s last medical visit. Interpreter groups include: receiving no interpreter 

(j=1), professional interpreters (j=2), bilingual medical staff (j=3), and other interpreters 

(j=4). 𝑿𝒊 is a vector of case-specific characteristics for patient i including: 

1) Personal characteristics - whether or not patient is female, and age; 

2) Social structure factors - dummy variables for race/ethnicity (whether or not 

patient is White, Black, Asian, or self-reports as another single/multiracial group; 

reference is Latino), whether or not patient’s education is grade 12 or higher, (log) 

household income, whether or not patient is currently employed, whether or not 

patient lives in a rural area (reference is lives in urban area), whether or not 

patient was born in the US or has lived in the US 10 years or more (reference is 

lived in US less than 10 years); 

3) Health beliefs - dummy variables for health conditions (whether or not patient has 

ever been told they have asthma, diabetes, or heart disease), and whether or not 

patient is a current smoker; 

4) Enabling resources - whether or not patient reports speaking English less than 

well; reference is speaking English well), whether or not patient is currently 

insured, whether or not patient is currently married, and whether or not the patient 

has a usual source of healthcare; 

5) Time fixed effects – dummy variables for CHIS survey years (year is 2005, 2009, 

or 2011; reference is 2003); and 

6)  An intercept. 
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𝜷𝒋 and 𝜷𝒍 are vectors of estimable coefficients. The model is identified by constraining 

the coefficients for patients receiving no interpreter (j=1) to zero (i.e., treating them as the 

reference group), resulting in: 

(4.1.2) Prob(𝑌𝑖 = 𝑗|𝑿𝒊) = 𝑃𝑖𝑗 = {

exp(𝑿𝒊
′𝜷𝒋)

1+∑ exp(𝑿𝒊
′𝜷𝒍)4

𝑙=1

, ∀𝑗 ≠ 1

1

1+∑ exp(𝑿𝒊
′𝜷𝒍)4

𝑙=1

, 𝑗 = 1 
 

which is estimated using maximum likelihood. Finally, the model satisfies probability 

rules: each 𝑃𝑖𝑗 must lie between zero and one, and the sum of 𝑃𝑖𝑗 equals one. 

 The marginal effects of patient characteristics on medical interpreter selection 

depend upon values of patient characteristics. In equation form, 𝑀𝐸𝑖𝑗𝑘 =
𝜕Prob(𝑌𝑖=𝑗)

𝜕𝑿𝒊𝒌
, 

where k is any medical interpreter group other than having no interpreter available. 

Consequently, a positive coefficient indicates that an increase in value for the 

corresponding patient characteristic (e.g., an increase in a person’s age; change from 

living in an urban to rural area) is associated with an increase in the probability the 

patient utilizes medical interpreter group k, compared to receiving no interpreter, holding 

all else the same (and vice versa for a negative coefficient). Unfortunately, the magnitude 

of the effects can only be interpreted at specific values of the regressors (e.g., at the 

means). Alternatively, I calculate relative risk ratios where signs and magnitudes can be 

interpreted, and the resulting comparison is the increase or decrease in the odds of 

utilizing medical interpreter group k, compared to receiving no interpreter. 

 One potential issue is that the multinomial logit model assumes any choice 

between two pairs of interpreter groups is independent of the remaining interpreter 

groups. For example, the probability of receiving no interpreter versus using bilingual 
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medical staff would not depend upon whether or not family members or professional 

interpreters are available. Estimating probabilities of selecting into interpreter groups, 

without relaxing the IIA assumption, can lead to inconsistent estimates when alternatives 

are truly not independent (Greene, 2011). 

4.2 Hurdle model 

 The hurdle model examines the relationship between patient characteristics and 

patients’ medical visits over the past year. The hurdle model distinguishes between two 

data generating processes: part 1 where the individual decides whether or not to visit a 

healthcare provider in the past year, and part 2 where the individual decides on the 

number of medical visits in the past year (assuming the person has at least one medical 

visit in the past year). The density function for the model is: 

(4.2.1) G(𝑁𝑢𝑚𝑉𝑖𝑠) = {
𝑓1(0)                                 if NumVis = 0
𝑓2(𝑁𝑢𝑚𝑉𝑖𝑠)

1−𝑓2(0)
(1 − 𝑓1(0))  if NumVis ≥ 1

 

where NumVis is the number of medical visits in the past year. The data generating 

process for 𝑓1(0) follows a logistic density function: 

(4.2.2) 𝑓1(𝑿𝒊, 𝑰𝒊) =
exp(𝑿𝒊+𝑰𝒊)

1+exp(𝑿𝒊+𝑰𝒊)
 

where 𝑰𝒊 is a vector of medical interpreter groups (dummy variables for professional 

interpreter, bilingual medical staff, other interpreters; reference is receiving no 

interpreter). The data generating process for part 2 follows: 

(4.2.3) 𝑓2(𝑁𝑢𝑚𝑉𝑖𝑠𝑖|𝜆, 𝛼) =
𝛤(𝑁𝑢𝑚𝑉𝑖𝑠𝑖+

1

𝛼
)

𝛤( 
1

𝛼
)𝛤(𝑁𝑢𝑚𝑉𝑖𝑠𝑖+1)

(
1

𝛼

𝜆𝑖𝑡−1+
1

𝛼

)

1

𝛼

(
𝜆𝑖

𝜆𝑖+
1

𝛼

)

𝑁𝑢𝑚𝑉𝑖𝑠𝑖

, 𝛼 ≥ 0 
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where 𝑁𝑢𝑚𝑉𝑖𝑠𝑖 is the number of medical visits in the previous year for individual i, 𝛤(. ) 

is the gamma function, 𝜆𝑖=exp(𝑿𝒊
′𝝆 + 𝑰𝒊

′𝜸), 𝜶 and 𝜸 are vectors of estimable coefficients, 

and 𝛼 > 0 is the overdispersion of medical visits. 

In both part 1 and part 2, estimates of 𝝆 and 𝜸 are obtained using maximum 

likelihood estimation. The estimates are interpreted differently depending on the data 

generating process. In part 1, coefficients and odds ratios are interpreted similarly to 

coefficients and relative risk ratios obtained after estimating the multinomial logit model, 

respectively. Now positive coefficients and odds ratios greater than 1 indicate an increase 

in the probability and odds of visiting a healthcare provider at least once in the past year, 

respectively, holding all else the same (and vice versa for negative coefficients and odds 

ratios less than 1). In part 2, estimates are interpreted in terms of semi-elasticity: a one 

unit increase in a patient characteristic (e.g., age) or discrete change from 0 to 1 (e.g., 

from living in urban to rural area) is associated with a (positive or negative) change in the 

percentage of medical visits over the past year, where the magnitude of the change is 

equivalent to the corresponding coefficient multiplied by the factor 100 (except in the 

case of household income (logged)). The change is equivalent to the corresponding 

coefficient alone for continuous patient characteristics, and for discrete patient 

characteristics the change is equivalent to the exponential of the corresponding 

coefficient minus one (𝑒𝛽𝑗 − 1). 

 One potential methodological limitation of the hurdle model is the assumption 

that the two data generating processes are independent. Two alternatives which do not 

specify separate data generating processes are ordinary least squares and the negative 
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binomial model. Accordingly, Table A1 in the Appendix provides estimates from 

ordinary least squares and a negative binomial model. Yet methodological issues may be 

bridged by separate interpretations for the two processes, which may partially illuminate 

the complexity of healthcare access and utilization for patients requiring medical 

interpreters. The first part, whether or not a patient has at least one medical visit in the 

past year, results in a direct theoretical and testable implication of characterizing medical 

interpreters as enabling resources in the Anderson Behavioral Model of Health Service 

Use. The prior is that, compared to patients receiving no interpreter, patients utilizing any 

medical interpreter are on average more likely to visit a provider at least once in the 

previous year. In the second part, examining the number of medical visits in the past year, 

comparisons among medical interpreter groups may distinguish high frequency and low 

frequency healthcare utilizers. 

4.3 Ordered probit model 

 The association between self-assessed health (SAH) and interpreter groups is 

examined by an ordered probit model. This model treats a 𝐽 number of discrete, ordered 

health outcomes as having a latent, underlying and continuous scale of health. In effect, 

the underlying scale is assumed to have a standard normal density distribution. Then 

𝐽 − 1 threshold parameters (𝛼1, … , 𝛼𝑗−1) are estimated to subdivide the continuous 

distribution into 𝐽 areas (probabilities), such that the probabilities of the subsections 

match the corresponding probabilities in the discrete ordered outcomes. Specifically the 

“mapping” of discrete ordered outcomes to a latent underlying scale can be shown as: 

(4.3.1) Prob(𝑆𝐴𝐻𝑖 = 𝑗|𝜽𝒊) = Prob(𝛼𝑗−1 < 𝑆𝐴𝐻𝑖
∗ ≤ 𝛼𝑗) 
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= 𝐹(𝛼𝑗 − 𝜽𝒊
′𝜹)– 𝐹(𝛼𝑗−1 − 𝜽𝒊

′𝜹), 𝑗 = 1, … 5 

where 𝑆𝐴𝐻𝑖 is the self-assessed health of patient 𝑖 taking on values of 1 through 5 (1 

being poor health, 2 being fair health, 3 being good health, 4 being very good health, and 

5 being excellent health), 𝑆𝐴𝐻𝑖
∗ is a latent continuous health scale for patient 𝑖, 𝜽𝒊 is a 

vector of patient characteristics for individual 𝑖 including the vector of patient 

characteristics 𝑿𝒊, the vector of medical interpreter groups 𝑰𝒊, and 𝑁𝑢𝑚𝑉𝑖𝑠𝑖. 𝜹 is a vector 

of estimable coefficients, 𝛼0 = −∞, 𝛼5 = ∞, and 𝐹(. ) is the cumulative distribution 

function following a standard normal distribution. It follows that: 𝑆𝐴𝐻𝑖 = 1 (Poor) if 

𝑆𝐴𝐻𝑖
∗ < 𝛼1; 𝑆𝐴𝐻𝑖 = 2 (Fair) if 𝛼1 < 𝑆𝐴𝐻𝑖

∗ ≤ 𝛼2; … and 𝑆𝐴𝐻𝑖 = 5 (Excellent) if 

𝛼5 < 𝑆𝐴𝐻𝑖
∗. The econometric model in equation form is: 

(4.3.2) 𝑆𝐴𝐻𝑖
∗ = 𝜽𝒊

′𝜹 + 𝜀𝑖 , 𝜀𝑖|𝜽𝒊~𝑁[0,1] 

where 𝜀𝑖 is a stochastic error term, and the model is estimated using maximum likelihood. 

Last, coefficients are interpreted in terms of the latent SAH scale: positive coefficients 

indicate an increase in the underlying SAH scale as the value of the corresponding patient 

characteristic increases, holding all else the same (and vice versa for negative 

coefficients). The magnitude of the effects must be interpreted at specific values of 

patient characteristics. 

4.4 Fuzzy regression discontinuity design 

 Fuzzy regression discontinuity (RD) is a quasi-experimental design which aims to 

determine the causal effect of having a professional interpreter, rather than no 

professional interpreter (i.e., bilingual medical staff, other interpreter, or receiving no 

interpreter), on SAH and the number of medical visits in the past year. In general, RD 
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designs rely on the existence of rules which divide individuals into separate groups, and 

that there is randomness around this cut-off.
4
 Specifically, I take advantage of the fact 

that LEP persons may be divided into two groups that may be similar on observable 

characteristics (e.g., currently insured) and unobservable characteristics (e.g., preference 

for and ability to procure high-quality healthcare): those surveyed before and after the 

California Health Care Language Assistance Act came into full effect January 1st, 2009. 

In theory, implementation of the Act increased the probability LEP patients received 

professional interpreters, and this increased probability is the only difference between the 

groups. 

 In order to visually assess the validity of the design, Figures 3-6 provide 

illustrations of the relationships between CHIS years, medical interpreter groups, the 

explainable outcomes, and some covariates introduced in the aforementioned models. 

First, Figure 3 shows an (linear) increase in the proportion of LEP persons utilizing 

professional interpreters at the cut-off (2009). Second, Figures 4 and 5 plot SAH and 

medical visits against CHIS years, respectively, and both display a (linear) decrease from 

before to after the cut-off. Similarly, Figure 6 displays linear decreases in the proportion 

with grade 12 or higher education, the proportion who speak English less than “well”, 

and the proportion who are currently insured. Altogether, results suggest that the 

                                                           
4
 Technically, in regression discontinuity designs a “running variable” is specified (e.g., CHIS years) which 

assigns individuals to either a treatment group (e.g., receiving a professional interpreter) or control group 

(e.g., not receiving a professional interpreter) based on whether or not individuals’ values on the running 

variable are equal to or exceed a cut-off value. Therefore, in contrast to so-called “sharp” regression 

discontinuity designs, the “fuzzy” design refers to the fact that some individuals who do not have values on 

the running variable that are at or exceed the cut-off value (e.g., their CHIS year is less than 2009) are still 

assigned to the treatment group. Whereas the sharp design differentiates treatment and control groups, the 

fuzzy design differentiates the probability of being in the treatment group. 
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probability of receiving a professional interpreter is not the only difference between LEP 

persons in groups, and therefore results may be interpreted with some caution. 

 The econometric model is estimated using two-stage least squares. The first stage 

(reduced form) equation is: 

(4.4.1) 𝑃𝑟𝑜𝑓𝑖 = 𝜂0 + 𝜂1𝑌𝑒𝑎𝑟𝑖 + 𝜂2𝐷𝑖 + 𝜈𝑖 

where for patient i 𝑃𝑟𝑜𝑓𝑖 is a dummy variable for whether or not the patient uses a 

professional interpreter, 𝑌𝑒𝑎𝑟𝑖 is a continuous measure for the CHIS year (2003, 2005,…, 

2011; i.e., the running variable), 𝐷𝑖 is a dummy variable taking on a value of 1 if the 

CHIS year is 2009 or 2011, 𝜂0 is an intercept, 𝜂1 and 𝜂2 are estimable coefficients, and 𝜈𝑖 

is the first stage error term. Predicted values of receiving a professional interpreter are 

obtained, and included in the separate second stage (structural) equations: 

(4.4.2) 𝐻𝑖 = 𝜔0 + 𝜔1𝑃𝑟𝑜�̂�𝑖 + 𝜔2𝑌𝑒𝑎𝑟𝑖 + 𝜑𝑖 

(4.4.3) 𝑁𝑢𝑚𝑉𝑖𝑠𝑖 = 𝜁0 + 𝜁1𝑃𝑟𝑜�̂�𝑖 + 𝜁2𝑌𝑒𝑎𝑟𝑖 + 𝜅𝑖 

where for patient i 𝐻𝑖 is a dummy variable taking on a value of 1 if SAH is good, very 

good, or excellent (rather than poor or fair), 𝑃𝑟𝑜�̂�𝑖 is the predicted value of receiving a 

professional interpreter, 𝜔0 and 𝜁0 are intercepts, 𝜔1, 𝜔2, 𝜁1, and 𝜁2 are estimable 

coefficients, and 𝜑𝑖 and 𝜅𝑖 are the second stage error terms. In alternative specifications, I 

include the vector 𝑿𝒊 (excluding the CHIS year dummies) in 4.4.1, 4.4.2 and 4.4.3; I also 

include 𝑁𝑢𝑚𝑉𝑖𝑠𝑖 in 4.4.2. 

 The jump in the probability of receiving a professional interpreter at the cut-off is 

assumed to be linear. One possibility is that adoption of standards by health insurers and 

health plans mandated in the act was gradual over the course of the sample period, rather 
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than strictly discontinuous at the cut-off. One method of attempting to capture this 

potential non-linearity is by including additional higher order terms of the “running 

variable”, 𝑌𝑒𝑎𝑟. However, I am unable to estimate models with higher order terms since 

𝑌𝑒𝑎𝑟 can take on only 5 values and there are high levels of multicollinearity among the 

terms. 

4.5 Survey weights 

 Last, survey weights provided with the CHIS data were utilized in producing 

point estimates and variance estimates characteristic of the population. The complex 

survey design involved stratification by households and individuals, resulting in different 

probabilities of adults being selected for inclusion in the surveys. Furthermore, the 

surveys accounted for the similarities of adults grouped together within geographical 

clusters (i.e., counties). The CHIS provides a single weight measure for each adult in the 

sample, which is used to provide unbiased point estimates. The CHIS also provides 

multiple replicate weight measures for each adult, which take into account geographical 

clusters adults reside within, and provides unbiased variance estimates. 

5. Results 

5.1 Multinomial logit model – patient characteristics and interpreter groups 

 Table 2 provides estimates of relationships between medical interpreter groups 

and patient characteristics. There are three separate sets of coefficients and relative risk 

ratios (RRR) for each interpreter group. Recall positive coefficients and RRR’s greater 

than 1 indicate increases in the probability of selecting the corresponding interpreter 

group, over receiving no interpreter, and vice versa for negative coefficients and RRR’s 
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less than 1. Also, almost all coefficients are significant and at the 1% level. Therefore, I 

aim to interpret results in terms of economic significance when possible and appropriate. 

 Findings suggest that patients utilizing professional interpreters, rather than 

receiving no interpreter, are approximately 1.6 times more likely to have reached grade 

12 or higher, 1.2 times more likely to report having a usual source of care, and 3.1 times 

more likely to be currently insured, controlling for other factors. A similar pattern 

emerges when comparing patients utilizing professional interpreters to any of the other 

medical interpreter groups. Altogether, these results may suggest that patients utilizing 

professional interpreters are those with the means to access healthcare. 

 In contrast to all other medical interpreter groups, patients receiving no interpreter 

are less likely to speak English less than well, more likely to have larger household 

incomes, more likely to live in urban areas, and less likely to visit the doctor. Also, note 

that compared to the year 2003, patients requiring medical interpreters are more likely to 

have some interpreter available, rather than receiving no interpreter. 

Given that there are differences in observable patient characteristics among 

groups, there may also be differences in unobservable characteristics, such as preference 

for healthcare. Consequently, estimates comparing the SAH and medical visits of groups 

obtained from hurdle and ordered probit models covered in the following sections may be 

systematically biased due to unobservable characteristics. 

5.2 Hurdle model and medical visits 

 Table 3 displays comparisons among groups in medical visits over the past year. 

The outcome for the first column is a dummy variable taking on a value of 1 if a person 
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visited their healthcare provider at least once in the past year. First, estimates for some 

covariates have their expected signs. Individuals with grade 12 education or higher are 

1.18 times more likely to visit their provider at least once; those who are currently 

insured are 1.63 times more likely to visit their provider; and patients with a usual source 

of care are approximately 2.35 times more likely to visit their provider at least once. 

One interesting result is the sign change for estimates comparing those who speak 

English less than well to those who speak English well: those who speak English less 

than well are less likely to visit their healthcare provider at least once, but for LEP 

individuals who do visit their provider, we would expect those who speak English less 

than well to have approximately 1.9% more medical visits, holding all else the same. This 

pattern is suggestive of language barrier effects on healthcare: LEP individuals with 

poorer English proficiency are less likely to visit a provider, given their poorer 

communication with the provider; however, those who visit the provider may require 

more return visits (or visits with other providers) in order to obtain the healthcare they 

need or require. 

Individuals who speak English less than well experience language barrier effects 

on healthcare compared to those who speak English well. A similar interpretation is 

consistent with comparisons among medical interpreter groups. Results show that, 

compared to receiving no interpreter, patients in any other medical interpreter group are 

more likely to visit a provider at least once in the past year. For example, compared to 

individuals with no interpreter available, those with professional interpreters are 1.31 

times more likely to visit their provider at least once in the previous year. In other words, 
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medical interpreters may act as enabling resources and facilitate healthcare access for 

LEP individuals. 

In the second set of results in Table 3, the outcome is the number of medical visits 

in the past year, given that the person visited their healthcare provider at least once in the 

past year. In contrast to the prior estimation, patients receiving no interpreter on average 

have a greater number of medical visits than those in any other group. For example, given 

at least one medical visit in the past year, patients with professional interpreters on 

average have 34.23% less visits than those receiving no interpreter, holding all else the 

same.
5
 Note that those receiving no interpreter and those with professional interpreters 

have greater numbers of medical visits than those with bilingual medical staff and other 

interpreters. My conjecture is that the number of medical visits is a function of healthcare 

quality: both those who potentially receive poor healthcare (no interpreter) and excellent 

healthcare (professional interpreters) are more likely to visit a provider. 

5.3 Ordered probit and SAH 

 Table 4 provides estimates comparing the self-assessed health (SAH) of medical 

interpreter groups. First, estimates of other patient characteristics tend to match their 

predicted relationship with SAH. Some examples include positive associations between 

SAH and greater education, higher income, and being insured; in addition there are 

negative associations between SAH and age, health conditions (asthma, diabetes, and 

heart disease), and being a current smoker. Next, results suggest that patients utilizing 

professional interpreters report greater health than any other medical interpreter group. In 

                                                           
5
 For reference, the result of 34.23% results from 100 * exp(-0.072 – 1). 
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terms of the latent underlying health outcome measure, we would expect those with 

professional interpreters to report greater values on a continuous health scale than those 

in any other group, holding all else the same. Patients utilizing other interpreters (e.g., 

family members or friends) report greater health than the remaining groups. However, I 

could find no evidence that those receiving no interpreter and those utilizing bilingual 

medical staff report different SAH. 

Altogether, these results may suggest that, in terms of improving the (long-term) 

general health of LEP patients, professional interpreters may provide the greatest care to 

their patients, while bilingual medical staff were not detected to provide care that benefits 

their patients (beyond not receiving an interpreter). However, results should be 

interpreted with caution. Again, given that individuals selecting into interpreter groups 

differ on observable characteristics, they may also differ on unobservable characteristics 

(e.g., preference for healthcare) which could bias comparisons in general health. 

5.4 Fuzzy regression discontinuity – Medical visits and SAH 

 Due to the fact that potential differences in unobserved factors may bias results of 

the previous estimations, a fuzzy regression discontinuity (RD) design is employed to 

attempt to disentangle the potential bias in comparisons of medical visits and SAH 

among interpreter groups. A positive association between healthcare preference and use 

of professional interpreters would lead to an upward bias in comparisons between 

patients using professional interpreters, and those in any other medical interpreter group. 

Identification for the RD design depends in part on the strength of the relationship 

between the instrument (i.e., dummy cut-off for whether or not the survey is conducted in 
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2009 or later) and whether or not patients use professional interpreters. Results of the first 

stage estimations for the RD design with and without controls can be found in Table A2 

in the Appendix. I can find no (strong) evidence that the instruments are weak: the F-

statistics for testing the significance of the cut-off dummy variable coefficient in the RD 

estimations without controls and with controls are 69.72 and 155.48, respectively. 

 Tables 5 and 6 detail comparisons of medical visits and SAH between medical 

interpreter groups using ordinary least squares estimation (OLS) and the fuzzy regression 

discontinuity design. OLS estimates which do not attempt to account for endogeneity 

(e.g., greater preference or ability to acquire high-quality healthcare) are provided for 

comparison. Also, the regression discontinuity design is presented with and without 

controlling for other patient characteristics. Given that there are “jumps” in values for 

other patient characteristics at the cut-off other than the probability of receiving a 

professional interpreter, the internal validity of the design may be compromised and 

therefore require controlling for any other potential systematic differences between 

groups. One final note is that estimates for OLS and RD tend to exhibit the same signs, 

and the differences lie in the magnitudes and significance of estimates. 

 OLS results suggest that on average having a professional interpreter, rather than 

receiving some other medical interpreter or receiving no interpreter, results in an 

additional 0.67 visits in the past year, holding all else the same. In contrast, the RD 

design with(out) controls suggests no difference in the number of visits, and the RD 

design with controls suggests an average of approximately 18 fewer visits in the previous 

year. In this case, the RD design indicates that the relationship between professional 
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interpreter use and medical visits is opposite from the relationship derived from the OLS 

estimates. Next, OLS results suggest that on average we would expect having a 

professional interpreter to be associated with approximately a 0.01 decrease in the 

probability of reporting health as good, very good, or excellent. Alternatively, the RD 

designs without controls and with controls suggest those with professional interpreters 

are approximately 5 and 3 times less likely to report having good, very good, or excellent 

health respectively. In contrast to the previous result in medical visits, OLS estimates 

may understate the effect that having a professional interpreter has on patients’ overall 

health. Moreover, this finding is in contrast to the results from the ordered probit 

analysis, in which patients utilizing professional interpreters were more likely to report 

greater health than patients in all other medical interpreter groups. Clearly, the RD design 

produces estimates more economically significant than OLS, which may be due to a 

variety of influences (e.g., potential influence of endogeneity in OLS versus RD; limited 

values of the running variable). 

While the magnitudes of the RD design may be questionable, the signs of 

coefficients still suggest that differences between patients utilizing professional 

interpreters and those who are not may be systematically due to unobservable factors 

unaccounted for in previous research. The fuzzy regression discontinuity design may not 

be invalid because of linear changes in some of the covariates over CHIS years. In 

particular the signs on coefficients are not different between the RD methods with and 

without controls. The following section summarizes findings from the present study, 

identifies some of its weaknesses, and provides suggestions for future research. 
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5.5 Discussion 

 Altogether, results suggest that various medical interpreter groups are effective at 

mitigating language barrier effects, though selection of interpreters may invoke biases in 

comparisons between groups. Individuals utilizing some medical interpreter 

(professional, bilingual medical staff, or other) are more likely to visit their provider at 

least once, and visit their provider less often, than patients receiving no interpreter. 

Moreover, patients with professional interpreters, and those with other interpreters (e.g., 

family or friends) are more likely to report greater SAH than those receiving no 

interpreter, suggesting that these interpreter groups may be effective at promoting long-

term general health of their patients. 

 Still, these results should be interpreted with caution. Findings from a 

multinomial logit analysis of interpreter group selection suggest that individuals with a 

greater access to healthcare (e.g., more likely to be currently insured) are more likely to 

select professional interpreters; therefore these individuals may also differ on their 

preference for healthcare, or other factors, that bias comparisons in SAH and medical 

visits between these patients and others. This interpretation is underscored by estimations 

from a fuzzy RD analysis: OLS estimates may understate the negative effect that having a 

professional interpreter has on patients’ health, and they may incorrectly suggest that 

having a professional interpreter increases the number of medical visits to healthcare 

providers. 

6. Conclusion 
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 The purpose of this study is to closely examine the relationships between medical 

interpreter groups and healthcare outcomes in a sample of limited-English proficient 

(LEP) persons from California. Econometric models were estimated to examine the 

relationships between LEP individual characteristics and medical interpreter groups, and 

differences in medical visits and self-assessed health (SAH) between groups. The primary 

finding is that patients employing professional interpreters are likely to have greater 

access to healthcare (more likely to be currently insured, have a usual source of care, and 

have greater levels of education) and potentially differ from other patients in qualities 

such as their preference for high-quality healthcare and opportunity/ability to procure 

high-quality healthcare. Therefore, although patients using professional interpreters on 

average report having greater SAH and visit providers less often, these comparisons 

should be interpreted with caution. In contrast, after estimating a quasi-experimental 

design, aimed at disentangling unobservable differences, patients with professional 

interpreters on average report worse SAH than those not using professional interpreters. 

 The aim of my study is to fill the gap in the literature examining the effectiveness 

of medical interpreters in alleviating language barrier effects on healthcare outcomes by 

comparing the healthcare outcomes of LEP patients using different medical interpreters. 

Systematic reviews of the literature report that professional interpreters and potentially 

bilingual medical staff are more effective than other interpreters (e.g., family members 

and friends) at facilitating patient healthcare outcomes. Studies which are referenced 

often arrive at similar conclusions using multivariable regression analysis to compare 

healthcare outcomes of patients using different medical interpreters. In this study, 
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findings from estimating hurdle and ordered probit models alone would support those 

conclusions. However, findings from the multinomial logistic regression suggest that 

these comparisons may be biased due to unobserved factors. Results from the fuzzy 

regression discontinuity method reaffirm that conjecture, by reporting that patients using 

professional interpreters indicate worse self-assessed health than those in the other 

interpreter groups. 

 Limitations include (but certainly are not limited to) the data, classification of 

interpreter groups, and issues with econometric model specification and estimation. First, 

medical interpreter use was identified using information on each person’s last medical 

visit, and does not pertain to the medical interpreters each individual frequently uses. In 

addition, I am unable to control for provider characteristics and information on the 

patient’s reason for visiting a provider at their last visit. Furthermore, I was unable to 

include persons from CHIS 2007 in the multinomial logit, hurdle, and ordered probit 

model estimations due to missing information on the patient’s usual source of healthcare. 

One possibility is to impute values for the usual source of healthcare, and use these 

values to include the CHIS 2007 sample in the aforementioned estimations. Second, I 

have classified certain medical interpreters (e.g., family members or friends) as belonging 

to larger groups (e.g., other interpreters). However, groups may be classified differently, 

say professional interpreters versus medical interpreters available at the facility versus 

those who were “brought” from home. Third, although I have attempted to provide 

competing models and estimation procedures, there are additional specifications and 

estimations to those provided in the study that would potentially produce different results. 
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 Finally, future research should aim to continue to differentiate and compare 

healthcare outcomes among medical interpreters, aim to produce unbiased comparisons 

of patients in interpreter groups, and explore the specific mechanism relating interpreter 

group effects on healthcare outcomes. Rather than comparing healthcare outcomes only 

between patients requiring interpreters and those who don’t, findings from this study 

strongly suggest that interpreters should be classified into separate groups and healthcare 

outcomes should be compared among groups. Furthermore, including patients who 

require but do not receive interpreters provides a convenient comparison group for 

examining the value added from medical interpretation. Given potential unobserved 

differences in groups, researchers should consider employing quasi-experimental 

techniques and (if possible) randomized experiments to produce unbiased comparisons. 

Last, although differences in healthcare outcomes are noticeable between groups, 

researchers must develop theories explaining why they occur. For example, I find that on 

average, patients using other interpreters report greater SAH than those using bilingual 

medical staff. One possibility is that, whereas individuals with medical staff receive 

interpretation at the visit only, those with family members or friends receive continued 

assistance in following providers’ prescribed treatments, contacting providers with 

questions regarding their health, or scheduling future visits. An encompassing theory may 

be impractical, but steps can be taken to address how exactly medical interpretation may 

benefit patients, which in turn can inform future applied research and health policy.  

Furthermore, in regards to policy decisions regarding the increased access to 

professional interpreters, policy makers should consider that patients choose to use 
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professional interpreters, and that factors related to that choice (e.g., preference for 

healthcare) may influence the outcomes for those patients. In effect, policy makers may 

misattribute (positive) changes in LEP patient healthcare outcomes to the use of 

professional interpreters, when these changes may be due to additional factors. 

Consequently, policy makers should closely monitor the effectiveness (or ineffectiveness) 

of these policies at improving the healthcare of LEP individuals. 
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Table 1: Descriptive statistics 

 
Interpreter groups 

Variables Professional Medical staff Other No interpreter 

Self-assessed health (1-5) 2.534 2.530 2.615 2.491 

 (0.004) (0.002) (0.003) (0.006) 

Speaks English less than well 0.907 0.921 0.828 0.774 

 (0.001) (0.001) (0.001) (0.004) 

Female 0.536 0.569 0.555 0.487 

 (0.002) (0.001) (0.001) (0.004) 

Age 47.009 43.371 49.847 42.345 

 (0.051) (0.024) (0.045) (0.109) 

Latino 0.606 0.752 0.564 0.556 

 (0.002) (0.001) (0.001) (0.004) 

White 0.009 0.014 0.042 0.042 

 (2.20E-4) (1.70E-4) (0.001) (0.001) 

Asian 0.258 0.044 0.261 0.353 

 (0.002) (2.48E-4) (0.001) (0.004) 

Other single/multiracial 0.127 0.190 0.132 0.049 

 (0.001) (0.001) (0.001) (0.002) 

Grade 12 or above 0.419 0.279 0.361 0.369 

 (0.002) (0.001) (0.001) (0.004) 

Household income 25,498.070 22,372.190 27,815.820 30,765.310 

 (100.951) (32.779) (68.008) (168.910) 

Currently insured 0.775 0.655 0.714 0.608 

 (0.002) (0.001) (0.001) (0.005) 

Med. visit within past year 0.906 0.903 0.888 0.843 

 (0.001) (0.001) (0.001) (0.004) 

Num. med. visits past year 5.064 4.329 4.050 4.091 

 (0.027) (0.012) (0.011) (0.043) 

Has usual source of care 0.864 0.782 0.777 0.785 

 (0.001) (0.001) (0.001) (0.005) 

Year is 2003 0.119 0.130 0.130 0.184 

 (0.001) (0.001) (0.001) (0.003) 

Year is 2005 0.121 0.100 0.100 0.090 

 (0.001) (0.001) (0.001) (0.002) 

Year is 2007 0.212 0.235 0.235 0.262 

 (0.001) (0.001) (0.001) (0.004) 

Year is 2009 0.270 0.292 0.292 0.191 

 (0.001) (0.001) (0.001) (0.004) 

Year is 2011 0.278 0.243 0.243  0.274 

 (0.001) (0.001) (0.001) (0.004) 

Sample obs. 327 1,668 989 87 

Survey adjusted obs. 235,328 1,615,036 861,673 91,380.500 

Bootstrapped standard errors are in parenthesis.  
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Table 2: Multinomial logit – Interpreter outcome 

 Reference group: Received no interpreter 

 
Professional Medical staff Other 

Variables Coef. SE RRR Coef. SE RRR Coef. SE RRR 

Speaks English less than well 0.980*** 0.029 2.665 1.178*** 0.028 3.247 0.288*** 0.027 1.334 

Female 0.254*** 0.024 1.289 0.480*** 0.022 1.616 0.133*** 0.022 1.142 

Age 0.001** 0.001 1.001 -0.002** 0.001 0.998 0.023*** 0.001 1.024 

White -1.859*** 0.060 0.156 -1.338*** 0.056 0.262 -0.763*** 0.060 0.466 

Asian -0.812*** 0.027 0.444 -2.526*** 0.025 0.080 -0.680*** 0.025 0.507 

Other single/multiracial 2.124*** 0.052 8.362 2.399*** 0.051 11.018 2.315*** 0.053 10.122 

Grade 12 or above 0.474*** 0.027 1.606 0.399*** 0.026 1.491 0.160*** 0.026 1.173 

Household income (log) -0.085*** 0.004 0.918 -0.139*** 0.003 0.871 -0.118*** 0.004 0.889 

Lives in rural area 1.211*** 0.039 3.356 1.006*** 0.038 2.736 1.544*** 0.039 4.685 

Currently insured 1.150*** 0.020 3.159 0.698*** 0.018 2.011 0.794*** 0.018 2.213 

Has had asthma 1.055*** 0.037 2.873 0.955*** 0.034 2.599 0.715*** 0.034 2.045 

Has had diabetes -0.038 0.028 0.962 0.295*** 0.028 1.343 -0.097*** 0.028 0.907 

Has had heart disease -0.278*** 0.029 0.757 -0.784*** 0.027 0.457 -0.716*** 0.028 0.489 

Currently married 0.144*** 0.019 1.155 0.314*** 0.019 1.369 0.213*** 0.019 1.238 

Currently employed -0.351*** 0.020 0.704 0.018 0.019 1.019 -0.161*** 0.019 0.851 

US-born or 10+ yrs. 0.381*** 0.024 1.464 0.819*** 0.023 2.268 0.457*** 0.021 1.580 

Current smoker -0.328*** 0.028 0.720 -0.421*** 0.023 0.657 -0.667*** 0.024 0.513 

Num. med. visits past year -0.014*** 0.001 0.986 -0.021*** 0.001 0.979 -0.029*** 0.001 0.971 

Has usual source of care 0.202*** 0.026 1.224 -0.275*** 0.024 0.759 -0.445*** 0.024 0.641 

Year is 2005 1.286*** 0.034 3.618 0.712*** 0.030 2.038 0.391*** 0.030 1.478 

Year is 2009 1.560*** 0.031 4.761 0.550*** 0.027 1.733 0.544*** 0.027 1.723 

Year is 2011 1.333*** 0.032 3.793 0.219*** 0.028 1.245 -0.041 0.028 0.960 

Intercept -1.280*** 0.063 0.278 2.127*** 0.059 8.392 1.669*** 0.059 5.309 

Sample obs. 2,401 

Survey adjusted obs. 2,196,563.300 

Wald chi-square statistic 

(p-value) 

185,732.680 

(0.000) 

Log-likelihood -1.98E+6 

McFadden pseudo r-square 0.100 

AIC 1,650.918 

BIC 3.95E+6 

Standard errors are bootstrapped. 

*,**,*** indicates significant at the 10, 5, and 1% levels respectively. 
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Table 3: Hurdle - Medical visits past year 

 
Logit Negative Binomial 

Dependent variable → 

1 = med. visit past year; 

0 = no visit 

Num. med. visits past year 

(given visited at least once) 

Variables Coef. SE OR Coef. SE IRR 

Professional 0.268*** 0.022 1.307 -0.072*** 0.015 0.931 

Medical staff 0.760*** 0.021 2.138 -0.288*** 0.014 0.750 

Other 0.410*** 0.022 1.506 -0.324*** 0.014 0.723 

Speaks English less than well -0.137*** 0.015 0.872 0.019** 0.008 1.019 

Female -0.171*** 0.010 0.843 0.308*** 0.006 1.361 

Age 0.006*** 3.80E-4 1.006 -0.004*** 0.000 0.996 

White -0.560*** 0.077 0.571 0.009 0.010 1.009 

Asian -0.332*** 0.014 0.717 -0.185*** 0.005 0.831 

Other single/multiracial -0.274*** 0.014 0.760 -0.173*** 0.007 0.841 

Grade 12 or above 0.167*** 0.010 1.181 0.195*** 0.005 1.215 

Household income (log) 0.029*** 0.002 1.029 -0.051*** 0.002 0.950 

Lives in rural area -0.348*** 0.016 0.705 0.207*** 0.008 1.230 

Currently insured 0.490*** 0.011 1.632 0.721*** 0.007 2.057 

Has had asthma -0.234*** 0.017 0.791 0.142*** 0.006 1.153 

Has had diabetes 0.320*** 0.017 1.377 0.468*** 0.008 1.596 

Has had heart disease -0.035 0.031 0.966 0.463*** 0.007 1.588 

Currently married -0.232*** 0.010 0.793 0.056*** 0.005 1.058 

Currently employed -0.445*** 0.009 0.640 -0.424*** 0.005 0.655 

US-born or 10+ yrs. 0.367*** 0.013 1.443 0.202*** 0.007 1.223 

Current smoker -0.110*** 0.014 0.895 0.450*** 0.008 1.568 

Has usual source of care 0.855*** 0.012 2.351 0.290*** 0.011 1.337 

Year is 2005 -0.156*** 0.017 0.855 0.239*** 0.008 1.270 

Year is 2009 -0.861*** 0.016 0.423 -0.022*** 0.007 0.978 

Year is 2011 -0.629*** 0.017 0.533 -0.049*** 0.007 0.952 

Intercept 0.754*** 0.038 2.126 0.894*** 0.025 2.444 

Sample obs. 2,401 

Survey adjusted obs. 2,196,563.300 

Wald chi-square statistic 

(p-value) 

34,317.200 

(0.000) 

Standard errors are bootstrapped.  

*,**,*** indicates significant at the 10, 5, and 1% levels respectively. 
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Table 4: Ordered probit - SAH 

 
No controls With controls 

Variables Coef. SE Coef. SE 

Professional 0.069*** 0.009 0.105*** 0.009 

Medical staff -0.036*** 0.009 -0.007 0.010 

Other 0.024* 0.009 0.084*** 0.009 

Speaks English less than well - - -0.077*** 0.009 

Female - - -0.034*** 0.004 

Age - - -0.003*** 1.63E-4 

White - - -0.163*** 0.009 

Asian - - -0.158*** 0.005 

Other single/multiracial - - 0.098*** 0.005 

Grade 12 or above - - 0.357*** 0.005 

Household income - - 0.039*** 0.001 

Lives in rural area - - -0.114*** 0.004 

Currently insured - - 0.139*** 0.005 

Num. doc. visits past year - - -0.031*** 3.38E-4 

Has had asthma - - -0.187*** 0.006 

Has had diabetes - - -0.663*** 0.004 

Has had heart disease - - -0.221*** 0.006 

Currently married - - -0.008*** 0.004 

Currently employed - - 0.124*** 0.004 

US-born or 10+ yrs. - - -0.292*** 0.004 

Current smoker - - -0.271*** 0.006 

Has usual source of care - - -0.069*** 0.004 

Year is 2005 - - -0.064*** 0.006 

Year is 2009 - - 0.045*** 0.006 

Year is 2011 - - 0.130*** 0.006 

Sample obs. 2,401 

Survey adjusted obs. 2,196,563.300 

Wald chi-square statistic 

(p-value) 

106,263.300 

(0.000) 

Standard errors are bootstrapped.  

*,**,*** indicates significant at the 10, 5, and 1% levels respectively.  
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Table 5: OLS and Fuzzy RD – Medical visits past year 

Model/estimation → OLS RD (No controls) RD (Controls) 

Variables Coef. SE Coef. SE Coef. SE 

Professional 0.678*** 0.029 -5.644 3.926 -18.726*** 3.367 

Speaks English less than well -1.006*** 0.037 

  

-0.196 0.126 

Female 0.467*** 0.018 

  

0.157** 0.066 

Age -0.004*** 0.001 

  

-0.016*** 0.002 

White 0.095*** 0.056 

  

-0.979*** 0.216 

Asian -0.981*** 0.018 

  

0.454* 0.241 

Other single/multiracial 0.318*** 0.033 

  

-0.199** 0.089 

Grade 12 or above 0.614*** 0.020 

  

1.059*** 0.088 

Household income -0.160*** 0.004 

  

-0.094*** 0.014 

Lives in rural area -0.068*** 0.024 

  

-0.083*** 0.032 

Currently insured 1.899*** 0.018 

  

2.599*** 0.119 

Has had asthma 0.440*** 0.028 

  

0.638*** 0.040 

Has had diabetes 0.887*** 0.025 

  

0.935*** 0.037 

Has had heart disease 2.166*** 0.030 

  

2.601*** 0.083 

Currently married -0.208*** 0.017 

  

-0.356*** 0.042 

Currently employed -1.627*** 0.019 

  

-2.209*** 0.113 

US-born or 10+ yrs. 0.912*** 0.018 

  

0.747*** 0.035 

Current smoker 1.018*** 0.028 

  

1.334*** 0.064 

Year is 2005 0.441*** 0.028 

  

- - 

Year is 2007 -0.442*** 0.025 

  

- - 

Year is 2009 -0.831*** 0.025 

  

- - 

Year is 2011 -0.808*** 0.024 

  

- - 

Year - - -0.027 0.032 0.044 0.031 

Intercept 5.480*** 0.076 59.066 64.191 -83.302 61.557 

Sample obs. 3,071 

Survey adjusted obs. 2,803,416.300 

Wald chi-square statistic 

(p-value) 

88,210.870 

(0.000) 

558.760 

(0.000) 

36,219.260 

(0.000) 

R-square 0.0560   

Standard errors are bootstrapped. 

*,**,*** indicates significant at the 10, 5, and 1% levels respectively. 
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Table 6: OLS and Fuzzy RD - SAH 

Model/estimation → OLS RD (No controls) RD (Controls) 

Variables  Coef. SE Coef. SE Coef. SE 

Professional -0.006*** 0.002 -5.160** 2.198 -3.109*** 0.440 

Speaks English less than well -0.089*** 0.003 

  

0.029 0.018 

Female -0.028*** 0.002 

  

-0.078*** 0.008 

Age -0.002*** 5.37E-5 

  

-0.003*** 2.68E-4 

White -0.063*** 0.003 

  

-0.237*** 0.026 

Asian -0.019*** 0.002 

  

0.208*** 0.031 

Other single/multiracial 0.021*** 0.002 

  

-0.056*** 0.013 

Grade 12 or above 0.117*** 0.002 

  

0.187*** 0.011 

Household income 0.010*** 3.55E-4 

  

0.022*** 0.002 

Lives in rural area -0.008*** 0.002 

  

-0.014*** 0.004 

Currently insured 0.004** 0.002 

  

0.110*** 0.015 

Num. med. visits past year -0.008*** 8.51E-5 

  

-0.005*** 4.62E-4 

Has had asthma -0.056*** 0.002 

  

-0.034*** 0.005 

Has had diabetes -0.238*** 0.002 

  

-0.235*** 0.004 

Has had heart disease -0.148*** 0.002 

  

-0.084*** 0.010 

Currently married 0.020*** 0.001 

  

-0.004 0.005 

Currently employed 0.020*** 0.002 

  

-0.068*** 0.013 

US-born or 10+ yrs. -0.082*** 0.002 

  

-0.113*** 0.005 

Current smoker -0.074*** 0.002 

  

-0.031*** 0.008 

Year is 2005 -0.004* 0.003 

  

- - 

Year is 2007 0.053*** 0.002 

  

- - 

Year is 2009 0.026*** 0.002 

  

- - 

Year is 2011 0.050*** 0.002 

  

- - 

Year - - 0.046*** 0.018 0.035*** 0.004 

Intercept 0.627*** 0.006 -91.875*** 35.046 -69.924*** 8.250 

Sample obs. 3,071 

Survey adjusted obs. 2,803,416.300 

Wald chi-square statistic 

(p-value) 

118,854.060 

(0.000) 

58.790 

(0.000) 

31736.450 

(0.000) 

R-square 0.124     

Standard errors are bootstrapped. 

*,**,*** indicates significant at the 10, 5, and 1% levels respectively. 
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APPENDIX 

Table A1: OLS and Negative Binomial - Medical visits past year 

 
OLS Negative Binomial 

Variables Coef. SE Coef. SE 

Professional -0.075*** 0.022 -0.010*** 0.005 

Medical staff -0.521*** 0.057 0.035*** 0.012 

Other interpreter -1.022*** 0.047 -0.054*** 0.010 

Speaks English less than well -1.264*** 0.048 -0.140* 0.011 

Female 0.476*** 0.018 0.184*** 0.004 

Age -0.010*** 0.001 -0.003*** 1.45E-4 

White 0.262*** 0.066 -0.049*** 0.012 

Asian -0.725*** 0.019 -0.165*** 0.004 

Other single/multiracial -0.420*** 0.030 -0.153*** 0.006 

Grade 12 or above 0.657*** 0.021 0.177*** 0.004 

Household income (log) -0.161*** 0.006 -0.033*** 0.001 

Lives in rural area 0.004 0.029 0.089*** 0.007 

Currently insured 2.197*** 0.017 0.580*** 0.005 

Has asthma 0.333*** 0.029 0.074*** 0.005 

Has diabetes 1.080*** 0.030 0.356*** 0.007 

Has heart disease 1.489*** 0.032 0.327*** 0.006 

Currently married -0.062*** 0.016 0.003 0.004 

Currently employed -1.541*** 0.019 -0.360*** 0.004 

US-born or 10+ yrs. 0.912*** 0.020 0.225*** 0.005 

Current smoker 1.057*** 0.028 0.299*** 0.006 

Has usual source of care 1.125*** 0.025 0.353*** 0.008 

Year is 2005 0.439*** 0.027 0.142*** 0.006 

Year is 2009 -0.482*** 0.023 -0.128*** 0.005 

Year is 2011 -0.573*** 0.023 -0.128*** 0.005 

Intercept 4.667*** 0.080 1.034*** 0.018 

Alpha - - 0.852 0.003 

Wald chi-square statistic 

(p-value) 

104,260.680 

(0.000) 

111,324.790 

(0.000) 

R-square 0.0620 - 

Sample obs. 2,401 

Survey adjusted obs. 2,196,563.300 

Standard errors are bootstrapped. 

    *,**,*** indicates significant at the 10, 5, and 1% levels respectively. 
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Table A2: Fuzzy RD – First stage results 

Model/estimation → RD (No controls) RD (Controls) 

Variables  Coef. SE Coef. SE 

CHIS is 2009 or after 0.011*** 0.001 0.016*** 0.001 

Year 0.006*** 2.30E-4 0.010*** 2.19E-4 

Intercept -12.914*** 0.462 -13.973*** 0.440 

Sample obs. 3,071 

Survey adjusted obs. 2,803,416.300 

F-stat: CHIS is 2009 or after 

(p-value) 

69.720 

(0.000) 

155.480 

(0.000) 

Wald chi-square statistic 

(p-value) 

5,275.330 

(0.000) 

19,311.470 

(0.000) 

R-square 0.006 0.030 

Standard errors are bootstrapped. 

*,**,*** indicates significant at the 10, 5, and 1% levels respectively. 

 


