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ABSTRACT 

 Evidence in support of academic credential-related policy development for 

respiratory care is lacking, particularly as this regards correction for self-selection bias 

associated with participant self-selection into associate or baccalaureate degree-granting 

respiratory care education programs. This study used 2011 National Board for 

Respiratory Care (NBRC) data to regress NBRC CRT, WRT, and CSE examination 

scores and outcomes on academic degree earned from Commission on Accreditation for 

Respiratory Care (CoARC)-accredited entry into professional practice programs of study 

in respiratory care, controlling for candidate application status, application type, age, and 

sex, and using candidate home to closest respiratory care program distances as 

instrumental variables to reduce the influence of self-selection bias. Results did not 

identify a statistically significant effect of academic degree on NBRC CRT, WRT, or 

CSE pass rates or z-scores. Results of this study do not provide evidence to support 

credential-related policy change for respiratory care.



 

 

CHAPTER 1 OVERVIEW 

 Competence is the application of knowledge and skills to benefit a community of 

interest (Epstein & Hundert, 2002). The development of professional competence may 

include informal study with an expert, formal study at a professional training program, 

successful completion of a qualifying examination, and/or the collection of artifacts of 

professional competence in the form of a portfolio (Eraut, 1994b). In an employment 

setting, professional competence is the ability to perform a particular job to an expected 

standard (Eraut, 1998). Eraut (1994a) states that competence may be viewed as a binary 

concept that distinguishes competence from lack of competence. When situated in a 

social environment, the concept attends to the strong public expectation of competence as 

an assurance of quality (Eraut, 1998).  

 Professional competence is inferred from the evaluation of job-specific 

knowledge and skills (Epstein & Hundert, 2002; Flexner, 1910). Professional competence 

has been commonly evaluated in healthcare education using structured examinations 

since the mid-20th century (Neufeld, 1985a; Norcini et al., 2011). Structured 

examinations to evaluate professional competence assess knowledge and skills as these 

are represented by clearly-defined, profession-specific standards that articulate a common 

understanding of competence in the profession (Eraut, 1998). Successful completion of a 

structured competency evaluation is required prior to practice in many health professions 

including dentistry, medicine, nursing, physical therapy, and respiratory care. 

 Respiratory care is an occupation that assesses and treats dysfunction affecting the 

heart and lungs. Respiratory care training is provided at the postsecondary level in 

education programs that award the associate, baccalaureate, or master’s degree as a first 
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professional academic degree. The Commission on Accreditation for Respiratory Care 

(CoARC) reviews and accredits respiratory care education programs. 

 The Committee on Allied Health Education and Accreditation recognizes the 

CoARC as an independent organization that provides accreditation review services to 

first professional, academic degree-granting respiratory care education programs. The 

CoARC establishes and maintains accreditation standards for respiratory care to ensure 

consistent education quality that results in professional competency as measured by a 

national credentialing examination for respiratory therapists. The CoARC standards used 

to evaluate respiratory care academic curricula require evidence of compliance, including 

a comparison of the program curriculum to the most current credentialing examination 

specifications, and documentation of graduates’ credentialing examination outcomes. 

Graduates of CoARC--accredited entry into professional practice programs of study in 

respiratory care challenge credentialing examinations developed by the National Board 

for Respiratory Care (NBRC) to evaluate and demonstrate their professional competence. 

 The NBRC is a health certifying board whose purpose is to evaluate the 

professional competence of respiratory therapists by the preparation and administration of 

credentialing examinations for certification and registry. The first registry examination 

was administered in 1960 as a two-test sequence (written and oral) (Weilacher, 2002). 

Beginning in 1969, an entry-level, certified respiratory therapy technician examination (a 

title which was later changed to the Certified Respiratory Therapist [CRT] examination) 

was established to increase the number of credentialed practitioners (Goode et al., 2001). 

The CRT examination is designed to “objectively measure essential knowledge, skills, 

and abilities required of entry-level respiratory therapists” (National Board for 



 

 3 

Respiratory Care, n.d.-b). Successful completion of the CRT examination is designated 

with the CRT credential. Upon successful completion of the CRT examination, therapists 

might additionally choose to challenge the registry examination. 

A clinical simulation examination replaced the oral examination in 1979 as the 

second test required for registry (Shaw & George, 2012). Since 1979, the registry 

examination system has consisted of two elements: the Written Registry Examination for 

Advanced Respiratory Therapists (WRT) and the Clinical Simulation Examination (CSE) 

(National Board for Respiratory Care, 2012b). The registry examination system is 

designed to “objectively measure essential knowledge, skills, and abilities required of 

advanced respiratory therapists” (National Board for Respiratory Care, n.d.-b, para. 1). 

Successful completion of the registry examination system is designated with the 

registered respiratory therapist (RRT) credential.  

After its primary credentialing and credential verification missions, the NBRC’s 

third mission is to support state licensure and professional regulation (Oslick & Shaw, 

2007). Individuals who have earned the NBRC CRT or RRT credential are required to 

obtain a license to practice respiratory care in 49 of the 50 states in the United States. All 

states licensing respiratory therapists in 2011 use NBRC examinations as the measure of 

professional competency; all states except Alaska and Minnesota license respiratory 

therapists at the CRT level (Minnesota licenses respiratory therapists with any NBRC 

credential) (American Association for Respiratory Care, 2010; Oslick & Shaw, 2007).  

The title Respiratory Care Practitioner (RCP) typically indicates that the respiratory 

therapist has met requirements to practice respiratory care in a particular state of the 

United States. Successful completion of a CoARC-accredited entry into professional 
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practice program of study in respiratory care and successful completion of NBRC 

examinations should yield a productive value to the economy, because these 

achievements are required to obtain an RCP license in 49 of the 50 states in the United 

States. 

Background of the Problem 

The NBRC policy requires that CRT and registry examination system candidates 

have graduated from a CoARC-accredited entry into professional practice program of 

study in respiratory care. Since 2002, CoARC policy has required respiratory care 

education programs to award graduates of the program the associate or higher degree at 

the completion of the program. CoARC curricular standards (minimum course content, 

minimum competencies, minimum length of study, equivalency, clinical practice) are 

identical for first professional, academic degree-granting respiratory care education 

programs, regardless of the degree conferred upon completion. However, baccalaureate 

degree-granting respiratory care education program curricula have more classroom hours, 

laboratory hours, clinical practice hours, and total program hours than associate degree-

granting respiratory care education programs (O'Daniel, 1987). Research indicates that 

NBRC examination scores and pass rates of candidates who have achieved the 

baccalaureate degree upon completion of respiratory care education programs are higher 

than those of candidates who have achieved the associate degree upon completion of 

respiratory care education programs (Moss, 2013; Shaw & Traynor, 2010). Thus, it seems 

to follow that the achievement of the higher, baccalaureate academic degree results in 

greater professional competence as indicated by greater success with NBRC examination 

outcomes. 
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Statement of the Problem 

 The American Association for Respiratory Care (AARC) appointed a task force 

(termed the Task Force on the Future of Respiratory Care in Kacmarek et al., 2009, and 

Barnes et al., 2010; also referred to as the 2015 and Beyond task force in Barnes et al., 

2011) in 2007 to identify a vision for the future education of respiratory therapists 

(Kacmarek et al., 2009). Subsequently, the task force reported data that they used to 

identify competencies needed by graduate respiratory therapists to accomplish this vision 

(Barnes, Gale, Kacmarek, & Kageler, 2010). The task force also communicated 

recommendations to change the professional education process to achieve these 

competencies (Barnes, Kacmarek, Kageler, Morris, & Durbin, 2011). At the December 

2010 annual meeting of the AARC, the task force recommended that the AARC request 

the CoARC change accreditation standard 1.01 to read: 

The sponsoring institution must be a post-secondary academic institution 

accredited by a regional or national accrediting agency that is recognized by the 

United States Department of Education and must be authorized under applicable 

law or other acceptable authority to award graduates of the program a 

baccalaureate or graduate degree at the completion of the program. Programs 

accredited prior to 2013 that do not currently offer a baccalaureate or graduate 

degree must transition to conferring a baccalaureate or graduate degree, which 

should be awarded by the sponsoring institution, upon all RT students who 

matriculate into the program after 2020. (Barnes et al., 2011, p. 683) 

At the time of the task force recommendation, CoARC standards required 

conferral of an associate or higher degree at the completion of the program (Commission 
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on Accreditation for Respiratory Care, 2010). According to CoARC, 50 of 416 accredited 

respiratory care programs in the United States in 2010 (approximately 12%) granted a 

baccalaureate degree. The National Board for Respiratory Care (NBRC) received 16,701 

applications to challenge the Written Registry Examination for Advanced Respiratory 

Therapists (WRT) during 2011; approximately 8% of these applicants earned the 

baccalaureate degree from 53 baccalaureate degree-granting respiratory care education 

programs (Moss, 2013). 

Given the number of accredited programs in 2010 and 2011 that grant 

baccalaureate degrees, implementation of the proposed accreditation standard change in 

2010 would have reduced the number of candidates for the registered respiratory therapist 

examination by approximately 92% and would have reduced the number of accredited 

education programs by approximately 88%. Further, such a policy may (absent 

significant associate program transition) risk violating the first attribute required of a 

transition plan that was agreed to by task force conference participants: “Maintain an 

adequate number of respiratory therapists throughout the transition” (Barnes, Kacmarek, 

Kageler et al., 2011, p. 683). 

Following the task force recommendation in December 2010, the AARC Board of 

Directors unanimously accepted the recommendation of the Executive Director to “use 

the next year to conduct a briefing/listening tour to provide key stakeholder groups with 

an opportunity to better understand the [2015 and Beyond] project and allow AARC to 

gain additional input before it takes action” (American Association for Respiratory Care, 

2012a, p. 3). The AARC published a position statement in April 2012 that reiterated its 
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requirement of an associate degree as the minimum education required to practice 

respiratory care (American Association for Respiratory Care, 2012b).  

Despite a paucity of evidence to support the action, the AARC House of 

Delegates approved resolutions in December 2013 that the AARC Board of Directors 

continue to work with the CoARC and the NBRC to develop a plan to require a 

baccalaureate or graduate degree, and to encourage CoARC to require that all new 

programs grant the baccalaureate degree (Beachey, 2013). In July 2014, the AARC Board 

of Directors asked the CoARC to cease accreditation of new associate degree-granting 

programs beginning in 2015 (Beachey, 2014). Policy change such as that proposed by the 

AARC is ideally informed by research that separates fact from uninformed precedence or 

tradition (Borman, 2009). 

Purpose of the Study 

The purpose of this study is to identify effects of academic degree (associate or 

baccalaureate) earned upon completion of a CoARC-accredited entry into professional 

practice program of study in respiratory care on professional competency as measured by 

NBRC examination outcomes. This study expands on a pilot study to investigate the 

influence of academic degree on multiple NBRC examinations and multiple examination 

outcomes, and by integrating an instrumental variable to correct for self-selection bias. 

Evidence provided by this study may be used to inform evidence-based discussions 

involving the AARC, NBRC, and CoARC in support of future academic qualification 

related policy development. 
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Conceptual Framework 

 This study will employ human capital theory (G. S. Becker, 1962; Schultz, 1960) 

as a conceptual framework for understanding the influence of first professional 

respiratory care academic degree on professional competence. Human capital theory 

applies a postpositivist paradigm to measure and explain the human capital developed as 

a result of investment. Key elements of human capital theory include specific notions 

about the concepts of human capital and human capital investment. 

 The central feature of human capital theory is the development of human capital, 

which directly enhances productivity. Early economists including Adam Smith, John 

Stuart Mill, Alfred Marshall, and Irving Fischer described this capital as the development 

of human ability (Sweetland, 1996). Traditionally, ability is defined as the state of being 

able, and can be expressed with power, talent, and faculty (Funk & Wagnalls Company, 

1945). In economic terms, capital is conceptualized as knowledge, skills, and ability 

necessary for occupational practice that enhances productivity and contributes to wealth 

production (W. E. Becker, 1992; Schultz, 1960). W. E. Becker suggests that the value of 

this human capital is greater for occupations experiencing rapid technological 

advancement. Human capital theory recognizes a direct relationship between investment 

in human capital and the enhancement of workforce productivity by virtue of the 

intervening development of meaningful gains in knowledge, skills, and ability. 

 Human capital may be developed as a result of the investment of time, money, 

effort, or other resources (G. S. Becker, 1962, 1993; Schultz, 1960). G. S. Becker (1962) 

recognized the specific human capital investment that occurs during formal schooling, 

and considered school to be “an institution specializing in the production of training” 
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with an influence on future net earnings (p. 25). Greater investment in formal schooling 

(represented by educational persistence) represents a form of human capital investment 

that results in greater knowledge, skills, and ability, and ultimately with greater 

productivity and wealth production (G. S. Becker, 1962, 1993; Schultz, 1960).  

 Figure 1 illustrates the human capital pathway for individuals seeking economic 

gain in respiratory care (Barnes et al., 2003). Human capital investment (time, money, 

effort, etc.) activates and sustains participation in a CoARC-accredited entry into 

professional practice program of study in respiratory care, which culminates in the 

achievement of the entry-level academic degree. Following completion of CoARC-

accredited associate or baccalaureate degree-granting education program, graduates 

challenge examinations developed by the National Board for Respiratory Care (NBRC) 

to evaluate their professional competence. A passing outcome with an NBRC 

examination is necessary to obtain a professional credential. The achievement of an 

NBRC credential enables the individual to apply for a license to practice respiratory care. 

The licensed respiratory care practitioner is then eligible to seek employment and to 

appreciate the economic reward that may occur as a result of the human capital 

investment.  
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Figure 1. Human capital pathway for respiratory care. 

Human capital theory asserts that greater human capital investment (e.g., 

persistence in formal schooling) results in increased human capital development (e.g., 

professional competence). This causal relationship may be expected if the formal 

schooling facilitates development of professional competence and if the instrument 

employed to measure the professional competence construct is valid. The achievement of 
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CoARC accreditation by a respiratory care education program demonstrates that it has 

met CoARC accreditation standards for the development of professional competence. 

NBRC examinations (CRT, WRT, and CSE) demonstrate evidence of validity associated 

with the measurement of professional competence for respiratory care. Given the 

presence of these characteristics necessary for a causal relationship, this study seeks to 

examine the effect of varying human capital investment (first respiratory care academic 

degree obtained from a CoARC-accredited program) on professional competence as 

measured by NBRC examination. 

Research Questions 

 The specific research questions I seek to answer in this study are:  

For graduates of CoARC-accredited entry into professional practice program of study in 

respiratory care applying to challenge NBRC examinations in 2011, after controlling for 

the effects of sex, age, application status, and application type, and using distance 

between home and closest college as an instrumental variable to correct for self-selection 

bias, is there a difference between graduates of associate degree-granting and 

baccalaureate degree-granting education programs on the:  

1. Proportion of candidates who pass the NBRC Certified Respiratory Therapist 

(CRT) examination? 

2. Mean scaled CRT examination z-score? 

3. Proportion of candidates who pass the NBRC WRT examination? 

4. Mean scaled WRT examination z-score? 

5. Proportion of candidates who pass the NBRC Clinical Simulation Examination 

(CSE)? 



 

 12 

6. Mean scaled CSE Information Gathering (IG) z-score? 

7. Mean scaled CSE Decision Making (DM) z-score? 

Summary of Methodology 

Although a large number of measures are available to evaluate professional 

competence in general, and professional competence in a healthcare profession in 

particular, a limited number of tests are available to measure professional competence in 

respiratory care. The NBRC is the sole entity responsible for development, validation, 

and administration of professional competency examinations for respiratory care. NBRC 

tests include those that measure competence at the entry-level (CRT) and the advanced 

level (WRT, CSE), as well as those that measure competence in a respiratory care 

specialty area. Candidates seeking to challenge an NBRC examination in a specialty area 

are required to have first successfully challenged the CRT, WRT, and CSE examinations.  

 I chose the NBRC CRT, WRT, and CSE examinations for this research because 

they assess professional competence for respiratory care. The CRT, WRT, and CSE 

examinations have been designed to measure “essential knowledge, skills, and abilities of 

respiratory therapists” (National Board for Respiratory Care, n.d.-a, n.d.-b). The 

examinations conceptualize competence as including factual knowledge, skills, and 

ability, as well as interpersonal communication and medical ethics. The examinations 

treat the competence construct as binary with a functional outcome, because a successful 

challenge is commonly required to obtain a license to practice and no regard is given to 

the particular score obtained. The purpose of the examinations is summative, as they are 

challenged following successful completion of formal occupational training. The 

examinations give primary attention to the interests of the public for safe respiratory care 
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practice. These NBRC CRT, WRT, and CSE examination characteristics measure 

professional competence in a manner that is consistent with that suggested by Eraut 

(1998): “There are many ways of analyzing a job, each with its own strengths and 

weaknesses. Functional analysis, which concentrates on what has to be done, may be the 

most useful method of creating representations for novice professionals” (p. 137). 

 This study’s design is built upon a design similar to an IRB-approved pilot study 

performed during my doctoral coursework (Moss, 2013; see Chapter 3 for details of 

study). The study will employ census data from the population of individuals who applied 

to challenge the NBRC CRT, WRT, and CSE examinations in 2011. Appropriate 

regression analysis will be employed to investigate any relationship between professional 

competence in respiratory care (measured with NBRC CRT, WRT, and CSE scores and 

outcomes) and human capital investment (degree earned upon completion of CoARC-

accredited entry into professional practice program of study in respiratory care). The 

analytic strategy will integrate a statistical technique, which will permit causal 

conclusions regarding the influence of human capital investment and respiratory care 

competence.  

Significance of the Study 

 This study expands the design of a pilot study to address its limitations and to 

explore evidence to answer additional research questions. The integration of an 

instrumental variable corrects for self-selection bias to permit causal conclusions 

essential to the purpose of this study. Whereas the use of a single measure of professional 

competence limited the pilot study, this study explores additional evidence to study the 
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effect of multiple measures. This study will again employ outcomes data from the 2011 

administration of NBRC examinations. 

 The results of this study will provide evidence that may be used to support 

understanding of professional competence in respiratory care, and to inform evidence-

based discussions involving the AARC, NBRC, and CoARC in support of future 

academic qualification related policy development. 

Definition of Terms 

American Association for Respiratory Care (AARC):  National professional association 

for respiratory care; services include public relations, government representation, 

professional publications, annual conferences, career assistance. 

Certified respiratory therapist (CRT): An individual who has successfully challenged the 

NBRC certified respiratory therapist examination. 

Certified Respiratory Therapist (CRT) examination: A dichotomously-scored 

examination developed by the NBRC to objectively measure essential knowledge, skills, 

and abilities required of entry-level respiratory therapists. 

Clinical Simulation Examination (CSE): The polytomously-scored component of the 

registry examination system was developed by the NBRC to measure essential 

knowledge, skills, and abilities required of advanced respiratory therapists. The test 

consists of patient management problems that are designed to simulate reality in the 

clinical practice of respiratory care.  

Commission on Accreditation for Respiratory Care (CoARC): Accrediting organization 

for entry into professional practice programs of study in respiratory care in the United 
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States, applies accreditation standards to assure that education programs meet minimum 

quality standards. 

Competence: Application of knowledge and skills to benefit a community of interest. 

Licensing: Validation of qualification for safe respiratory care practice at the state level 

in 49 of 50 of the United States; qualifications vary by state.  

National Board for Respiratory Care (NBRC): Health certifying board that evaluates the 

professional competence of respiratory therapists by the development, administration, 

and maintenance of credentialing examinations. 

Professional competence: Ability to perform a particular job to an expected standard, as 

the particular profession establishes the standard. 

Registered respiratory therapist (RRT): An individual who has successfully challenged 

the NBRC registry examination system. 

Registry examination system: A sequence of two examinations, Written Registry 

Examination for Advanced Respiratory Therapists (WRT) and clinical simulation (CSE), 

developed by the NBRC to objectively measure essential knowledge, skills, and abilities 

required of advanced respiratory therapists. 

Respiratory therapist (RT): A healthcare professional who is specifically trained to assess 

and treat dysfunction affecting the heart and lungs. 

Respiratory care (RC): An occupation that assesses and treats dysfunction affecting the 

heart and lungs. 

Respiratory care practitioner (RCP): Professional title (granted by some states) to 

respiratory therapists who meet state licensing requirements. 
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Written Registry Examination for Advanced Respiratory Therapists (WRT): The 

dichotomously-scored component of the registry examination system developed by the 

NBRC to measure essential knowledge, skills, and abilities required of advanced 

respiratory therapists using a multiple choice format. 
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CHAPTER 2 LITERATURE REVIEW 

 This review synthesizes extant research to address four topics critical to 

understanding any relationship between professional competence as a form of human 

capital and the assessment of professional competence: (a) the conceptual and theoretical 

framework that underlies this study and its relationship to professional competence, (b) 

the assessment of professional competence in healthcare, (c) the assessment of 

professional competence in respiratory care, and (d) the assessment of professional 

competence in respiratory care research. Extension of the review to include healthcare 

professions other than respiratory care is necessary because of the limited number of 

studies examining NBRC examination outcomes and academic degree earned upon 

completion of respiratory care education programs, and is appropriate because of a shared 

healthcare application context. 

Conceptual Framework – Human Capital Theory 

 The conceptual framework for this study is developed from scholarly work in the 

fields of economics and sociology that form the foundation of an understanding of 

professional competence (Walters, 2004). Economists Smith, Mill, Marshall, and Fischer 

perceived an economic value to the development of professional competence in the form 

of knowledge and skills as human capital, because these contributed to wealth production 

(Carr-Saunders & Wilson, 1964; Sweetland, 1996). Another perspective is offered by 

sociologist Emile Durkheim, who used functionalist theory to perceive professional 

competence as an essential element within a complex societal structure to serve its own 

needs (e.g., the need for practical technical skills in an increasingly industrial 

environment).  
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In the 20th century, researchers expanded understanding of the economic 

implications of the development of knowledge and skills as a form of human capital. 

While researchers had previously theorized regarding the causes of personal income 

inequality (Staehle, 1943), Mincer (1958) constructed an empirical model to demonstrate 

the relationship between ability and personal income. Schultz (1960) and G. S. Becker 

(1962) also recognized the economic value of human ability, and built upon it to 

articulate the fundamental concepts of human capital theory. In economic terms, human 

capital is conceptualized as knowledge and skills that enhance occupational productivity 

and contribute to wealth production (G. S. Becker, 1962; Schultz, 1960).  

Initially conceptualized by Schultz (1960) and later elaborated by G. S. Becker 

(1962), human capital theory contends that investment into the development of human 

knowledge and skills results in a form of capital gain (human capital) because people 

who are more educated are more productive and exhibit greater earnings potential with 

measurable economic value. In addition, human capital theory gives attention to a direct 

relationship between the development of human capital and productivity because 

productivity is enhanced by the acquisition of knowledge and skills, which occur as a 

result of human capital investment. 

Theodore Schultz (1960) first identified the term human capital, defining it in the 

context of integrated education: “Since education becomes a part of the person receiving 

it…it becomes an integral part of a person…a form of capital if it renders a productive 

service of value to the economy” (p. 571). Human capital may be developed as a result of 

the investment of time, money, effort, or other resources (G. S. Becker, 1962, 1993; 

Schultz, 1960). G. S. Becker (1962) recognized the specific human capital investment 
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that occurs during formal schooling, and considered school to be “an institution 

specializing in the production of training” (p. 25) with an influence on future net 

earnings. Greater investment in formal schooling (represented by educational persistence) 

represents a form of human capital investment that results in greater knowledge, skills 

and ability, and ultimately with greater productivity and wealth production (G. S. Becker, 

1962, 1993; Schultz, 1960).  

Schultz (1960) and G. S. Becker (1962) affirmed the role of education in the 

development of human ability, and later, William Becker (1992) suggested that the value 

of human capital is greater for occupations experiencing rapid technological 

advancement. For example, researchers have used human capital theory to demonstrate 

that economic returns to schooling are mediated by the development of specific 

knowledge and skills associated with additional education (Murnane, Willett, & Levy, 

1995). Murnane et al. identified evidence of the mediating effect of knowledge and skills 

by isolating the influence of cognitive skills (specifically, math skills) on wage earnings 

during a period characterized by industrial competition and greater occupational skill 

requirements.  

Researchers who have studied academic degree attainment and earned income 

offer further evidence of a relationship between education and ability. For example, 

researchers have identified a 12-16% wage gain associated with each additional year of 

schooling (Ashenfelter & Krueger, 1994), a 4-7% wage differential per year of college 

credits (T. J. Kane & Rouse, 1995), and a lifetime earnings gain for nurses completing a 

baccalaureate degree compared to that for nurses with an associate degree (Spetz & 
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Bates, 2013). Human capital has also been used to frame studies of professional 

competence in other healthcare professions, including respiratory care.  

Human Capital in Respiratory Care 

 O’Daniel (1987) investigated and described respiratory care program 

characteristics and curricular components, and the relationship between these factors and 

graduates’ outcomes on the NBRC CRT examination. Comparing CRT results among the 

three program types indicates that baccalaureate programs are associated with the highest 

pass rate and scaled score averages, and the lowest range of scaled score averages 

(O'Daniel, 1987). The CRT examination outcomes may represent a form of human 

capital gain that is associated with the three program type characteristics and curricular 

components. When compared to technician or therapist curricula, baccalaureate curricula 

have more classroom hours, laboratory hours, clinical practice hours, and total program 

hours. When compared to associate degree-granting respiratory care education programs, 

results indicate that baccalaureate degree-granting respiratory care education programs 

tend to admit fewer students, have lower attrition, more clinical sites, and fewer students 

per clinical group (O'Daniel, 1987). When examined using a human capital theoretical 

perspective, the higher CRT examination pass rates associated with the baccalaureate 

programs may be explained by these differences.  

 A single empirical research study has identified differences between associate and 

baccalaureate respiratory therapy curricula as these may represent human capital returns 

to schooling. The AARC convened a task force in 2009 to identify knowledge and skills 

needed by respiratory therapists in 2015 (Barnes et al., 2010). Task force participants 

worked individually, in small groups, and using anonymous web-based surveys to 
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identify, refine, and categorize these, using an 80% threshold as evidence of general 

agreement. Next, the task force developed a survey to identify which of the final list of 67 

competencies were being taught in respiratory care program curricula (Barnes, 

Kacmarek, & Durbin, 2011). The survey was distributed in 2010 to directors of 

respiratory care education programs that were accredited or in the process of being 

accredited by CoARC (Barnes, Kacmarek, & Durbin, 2011; Barnes & Ward, 2010). 

Valid survey responses were received from 80% of program directors. Results indicate 

that six of the eight major competencies were taught more frequently in baccalaureate 

degree-granting programs than in associate degree-granting programs, although the 

increased frequency reached statistical significance (p<.05) for only three of the 

competencies (evidence-based medicine and respiratory care protocol, leadership, and 

diagnostic competencies). 

In addition to the aforementioned research identifying program characteristics that 

may be associated with measurable human capital gains, other research has examined 

professionals’ opinions and preferences regarding perceived human capital gains 

associated with baccalaureate level respiratory care education compared to that associated 

with associate level respiratory care education. For example, Ellen Becker (2003) 

identified greater respiratory care manager preference for baccalaureate-trained 

respiratory therapists when hiring experienced therapists, and Kacmarek (2013) stated a 

strong opinion that competency with mechanical ventilation requires training at the 

baccalaureate level. 

Although not explicitly noted in the previously cited scholarship, these findings 

suggest that human capital investment in the form of successful completion of a CoARC-
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accredited entry into professional practice program of study in respiratory care is a means 

of developing respiratory care competence. Further, as reported in Chapter One, some 

evidence exists to demonstrate an association between academic degree earned upon 

completion of a CoARC-accredited entry into professional practice program of study in 

respiratory care and NBRC examination outcomes as a measure of respiratory care 

competence. It follows then that human capital earned in a baccalaureate degree program 

in respiratory care, when an associate degree would otherwise meet the minimal 

educational requirements of the profession, results in greater knowledge and skills than 

that earned in an associate degree program in respiratory care.  

Alternatives to Human Capital Theory 

 Other theoretical perspectives may be applied to inform academic qualification 

related policy development, including choice theory, signal theory, credentialist theory, 

and screening theory. I will briefly describe the fundamental assertions of each of these 

theories and evaluate their relevance to my investigation of the research questions. 

Choice theory  

Information related to student self- selection of college programs facilitates 

understanding of the complexity of college choice decisions. Strands of choice theory 

include economic models, status-attainment models, and combined models (Somers et al., 

2006). Public choice theory, with its origins in economic study of taxation and public 

spending, views postsecondary education as a marketplace and suggests that individuals 

(including the individual and the agent who acts on the individual’s behalf) make rational 

decisions that are motivated by self interest (West, 2009). Status attainment models 

originate in sociology and emphasize factors contributing to the development of 
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occupational and educational aspirations (Somers et al., 2006). West (2009) also suggests 

that choice is motivated by a high degree of individual self-interest and rational decision 

making.  Participants motivated to rationalize methods of accomplishing self-serving 

economic goals might choose to attend 2-year programs to reduce college expenses, 

while participants motivated by status attainment might choose to attend more prestigious 

4-year programs. Economic or status attainment motivation may be exaggerated by 

family socioeconomic status and parental educational background, for example. 

Because choice theory does not directly illuminate the causal relationship that 

may exist between professional competence and academic degree, I have not chosen to 

integrate it into a theoretical framework to support this study. Because the choice to 

enroll in a baccalaureate or associate degree-granting respiratory care education program 

is related to college choice (i.e., most associate degree-granting respiratory care programs 

are associated with community colleges and most baccalaureate-degree-granting 

respiratory care programs are associated with 4-year colleges), choice theory may be 

integrated into the discussion of the study findings in Chapter 5.  

Signal theory and screening theory 

Similar to human capital theory, signal theory and screening theory have their 

origins in economics. Signal theory proposes an explanation for how a potential 

employee communicates information about his or her value to the market (Spence, 1973). 

Signal theory gives primary attention to the market’s perception of a signal, which is 

defined as a modifiable, observable characteristic communicated by an individual to 

inform market perception of his or her potential productivity, which is understood to be 

the individual’s value to the employer (Spence, 1973). Signal theory leverages 
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assumptions about educational attainment in relationship to its market value (Angrist & 

Krueger, 1991). For example, the highest education level achieved by an individual 

functions as a signal because it may be associated with characteristics (e.g., innate ability) 

that indicate greater potential for market benefit. Blaug (1976) suggests signal theory 

offers a unique value to the market because it explains how important information about 

individuals is gathered when the information about these individuals is otherwise 

uncertain.  

Screening theory proposes a means by which the market actively distinguishes 

among potential employees in economies with imperfect (or uncertain) information 

(Stiglitz, 1975). The market identifies labels (market-relevant desirable characteristics), 

then screens individuals on the basis of the extent to which they display these labels. 

Educational institutions label individuals with distinct academic credentials. Individuals 

have an economic interest in communicating their labels to the market to distinguish 

themselves from other potential employees.  

In contrast to signaling theory and screening theory, human capital theory 

recognizes the conceptual distinction between learning and innate ability, and seeks 

methods (i.e. the instrumental variables approach) to isolate their respective influences 

upon the market. Isolating the effect of education upon productivity permits rational 

estimation of the real market value of education, rather than the perceived value that is 

determined using signal theory or screening theory.  Because an individual’s decision to 

enroll in a respiratory care education program may be influenced by perceptions related 

to the market value of baccalaureate or associate degree status, signal theory and 

screening theory may be integrated into the discussion of the study findings in Chapter 5. 
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Credentialist theory  

Credentialist theory has its origins in sociology, and represents another 

perspective on the relationship between education and workplace achievement. Collins 

(1979) asserts that empirical evidence has failed to support the notion that education is 

associated with the development of technical skills relevant to on-the-job productivity, 

and that higher educational requirements serve primarily to raise the status of a 

profession or the status of a higher job ranking. An academic degree becomes a form of 

currency which represents an “artificial good” (Collins, 1979, p. 183). 

Signal theory, screening theory, and credentialist theory pose similar rival 

hypotheses that challenge the fundamental notion that education promotes meaningful 

skill development and enhanced productivity in the workforce. However, discipline-

specific research described in Chapter 2 provides evidence in support of educational 

promotion of health care skill development, as measured by healthcare board examination 

outcomes. In addition, survey research finds that graduates of Canadian healthcare 

programs are more likely to be employed in areas related to their schooling, and that there 

is a strong correlation between schooling and the perceived relationship to employment 

(Walters, 2004). In his critical analysis of human capital theory and its theoretical rivals, 

Blaug (1976) provides a conclusion that affirms the primary influence of human capital 

theory: “The HC [human capital] research program, however, has no genuine rival of 

equal breadth and rigor” (p. 849)  

Assessment of the Professional Competence Construct 

 The assessment of professional competence might first consider the 

appropriateness of the “professional” qualifier for the specific assessment context. When 
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understood in a static sense, Flexner’s (1915) definition of a profession requires objective 

standards including the application of intelligence to understand and solve problems, a 

well-developed theoretical foundation, original and practical outcomes, practices 

supported by logical learning methods, autonomous and democratic management, and 

products that advance altruism. Few occupations demonstrate these ideal traits, however, 

and Eraut (1994b) has suggested that the understanding of professional competence as an 

ideology may occur without consideration of the qualification of a profession-as a 

profession-using Flexner’s standards. 

 Research investigating the assessment of professional competence suggests that 

the characteristics of a good assessment tool depend upon the definition of competence, 

the purpose of the competence assessment, and the perspective of the stakeholder 

(Epstein & Hundert, 2002). A particular understanding of the scope of professional 

competence influences how it will be assessed. Traditional conceptualizations of 

professional competence have focused on factual knowledge and abilities (Eraut, 1998). 

Schon (1983) expanded the definition to include the ability to manage ambiguous 

problems in uncertain environments with limited information. Other scholarship has 

further expanded the concept to include: informal and tacit knowledge (Eraut, 1998); 

communication, clinical reasoning, emotions, values, and reflection (Epstein & Hundert, 

2002); and performance, attitudes, and values (Yanhua & Watson, 2011). A binary 

understanding of the dimensional aspect of professional competence (e.g., competent or 

incompetent) differs from a stage-based understanding of competence as a path to 

expertise (Eraut, 1998). Binary, or stage-based perspectives, require assessment 

variations that are different yet from a conceptualization that considers competence to be 
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an impermanent attribute that may decay over time (Norcini et al., 2011). An accurate 

assessment of professional competence considers the parameters of the construct relative 

to the professional context.  

 The purpose of the competency assessment also informs the measurement of 

professional competence. The evaluation of competency may have broad formative goals 

to facilitate reflection and adaptation, or to catalyze new directions for learning (Norcini 

et al., 2011). Alternatively, the assessment may serve summative judgments relating to 

academic outcome or professional licensing (Barnes et al., 2010; Norcini et al., 2011). 

The purpose of the competency assessment should inform the criteria that operationalize 

its measurement. 

 The quality of an assessment of professional competence can also be understood 

from the perspective of the stakeholder. Competency assessments may be used to guide 

institutional accreditation, curricular change, faculty evaluation, clinical/patient 

outcomes, or candidate licensing, depending on whether the assessment instrument has 

been designed from the perspective of the accrediting body, administrator, educator, 

funding agency, graduate, student, or public (Barnes et al., 2010; Epstein & Hundert, 

2002). Figure 2 illustrates the complexity of professional competence, including its 

human capital origins and the role of key stakeholders.  



 

 28 

 

Assessment of Professional Competence in Healthcare 

Beginning in the 18th century, the assessment of professional competence took the 

form of public oral examinations (Carr-Saunders & Wilson, 1964). The oral examinations 

served as an indicator of the sufficiency of training and of technical competence, and 

were conducted at the university level in an effort to enhance educational rigor and 

student diligence. By the early 19th century, the Report of the Oxford University 

Commission (as cited in Carr-Saunders & Wilson, 1964) indicated that an increase in the 

number of examination candidates motivated a change from oral to written evaluations of 

professional competence out of a desire for greater efficiency.  

Figure 2. Origins and complexity of competence. 
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Professional competence has been commonly evaluated using structured written 

examinations since the mid-20th century (Neufeld, 1985a; Norcini et al., 2011). 

Structured examinations to evaluate professional competence assess knowledge and 

skills, as these are represented by clearly-defined, profession-specific standards that 

articulate a common understanding of competence in the profession (Eraut, 1998). The 

assessment of professional competence in healthcare is commonly employed to certify 

the competence of future practitioners (Epstein & Hundert, 2002), and is required for 

candidates seeking a license to practice in many health professions including dentistry, 

medicine, nursing (Raymond, 1988), nurse midwifery (Fullerton & Severino, 1995), 

physical therapy, radiation therapy (Raymond & Washington, 2002), and respiratory care 

(Carr-Saunders & Wilson, 1964).  

Published literature that more broadly examines professional competence in 

healthcare may also contribute to a thorough understanding of the potential influence of 

academic degree. Although these studies have not articulated a human capital theoretical 

framework, several have examined correlation between academic degree earned by 

healthcare professionals (one indicator of human capital investment) and various 

measures of professional competence including: higher faculty rating of patient 

satisfaction of care for nursing students in a baccalaureate nursing program (Davis-

Martin & Skalak, 1992); medication error rate (Blegen, Vaughn, & Goode, 2001); and 

lower rates of patient death within 30 days of admission (Estabrooks, Midodzi, 

Cummings, Ricker, & Giovannetti, 2005). Johnson (1988) analyzed 139 studies and 

concluded that baccalaureate nurses perform better than pre-baccalaureate nurses on 

measures of nurse performance, including communication, knowledge, problem-solving, 
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and leadership. Other studies have examined nursing manager preference (Goode et al., 

2001) and respiratory care manager preference (E. A. Becker, 2003) for academic 

qualification when hiring staff, although manager preference may not be directly related 

to actual applicant knowledge and skill. 

 The opportunities made available by human capital investment in healthcare 

education are ultimately expressed not in an earned academic degree, but in the 

successful completion of profession-specific, validated outcomes assessments (Barnes et 

al., 2003). These outcomes assessments serve a professional gatekeeper function 

requiring graduates of accredited education institutions to demonstrate essential 

competencies prior to professional practice. Further, considering this research using a 

human capital lens, job-relevant increased knowledge and skills should directly enhance 

productivity and job performance.  

Professional Healthcare Competence and Academic Degree 

 Research has explored the relationship between health profession board 

examination scores as a measure of professional competence, and academic degree as a 

measure of human capital investment. To the extent that board examination outcomes 

validly measure development of knowledge and skills, board examination outcomes 

reflect a return to schooling that is relative to human capital investment. This research has 

been conducted with healthcare occupations including nurse midwifery, radiation 

therapy, nursing, and respiratory care, for which policy related to first professional degree 

is being debated. 
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Nurse Midwifery 

 Fullerton and Severino (1995) gathered scores from 6 consecutive years of the 

national certification examination in nurse midwifery to predict the effects of academic 

degree earned from entry-level nurse midwifery education program. Academic degree 

earned from the entry-level nurse midwifery education program contributed significantly 

to candidates’ performance on the national certification examination, with the doctoral 

level program candidates scoring highest, followed by certificate and master’s level 

candidates.  

Radiologic Technology 

Raymond and Washington (2002) also examined the relationship between entry-

level academic degree and examination scores obtained from nine different forms of the 

American Registry of Radiologic Technologists’ Examination in Radiation Therapy over 

2 years. Using analysis of variance in the means of the total scores earned among 

candidates with certificate, associate, and baccalaureate degrees, Raymond and 

Washington found baccalaureate prepared candidates scored significantly higher than 

candidates with an associate degree. 

Nursing 

Three studies have examined nursing academic degree and its association with 

performance on: 12 different American Nurses’ Association certification examinations 

(Raymond, 1988), 4 subtests of the Professional Performance Examination (McMillan, 

1985), and the National Council Licensure Examination for Registered Nurse Licensure 

(NCLEX-RN) (National Council of State Boards of Nursing, as cited in Raymond, 1988). 

Raymond and McMillan identified statistically significant associations between higher 
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scores and higher academic degree, while the National Council of State Boards of 

Nursing (M. Kane, Kingsbury, Colton, & Estes, 1986) found that prebaccalaureate (e.g., 

diploma, associate’s degree) candidates earn scores that are higher than those earned by 

baccalaureate candidates.  

Unlike Raymond and Washington’s (2002) study of radiologic technologists’ 

examination scores, Raymond’s (1988) study of nursing examination scores did not 

specifically employ entry level academic qualification as the independent variable, 

however. His use of highest academic degree may not permit direct analysis of 

educational preparation independent of the effect of intervening clinical experiences 

followed by additional academic study. This literature suggests careful distinction among 

types of academic degree may be important in identifying related influences upon 

examination performance. McMillan (1985) identified a statistically significant 

association between academic degree and nursing Professional Performance Examination 

score only for the research subtest, and suggested that other subtests of the examination 

were not sensitive enough to detect differences between the two groups, or that 

differences between the two groups were not significant in those areas. 

 In contrast to the findings of Fullerton and Severino (1995), Raymond and 

Washington (2002), Raymond (1988), and McMillan (1985), the National Council of 

State Boards of Nursing (M. Kane et al., 1986) report that the achievement of a higher 

academic degree is negatively correlated with NCLEX-RN examination scores. Noting 

the divergence of the National Council of State Boards of Nursing NCLEX-RN findings 

from Raymond’s 1988 findings with the American Nurses’ Association certification 

examinations, Raymond suggests the divergence might be attributable to the different 
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functions of the two examinations. The NCLEX-RN examination is a licensure 

examination, which requires candidates to demonstrate basic competency required for 

nursing practice (National Council of State Boards of Nursing, 2006). By contrast, the 

certification examinations employed in the Raymond (1988) research are “…primarily 

concerned with the recognition of knowledge and skill required for advanced levels of 

practice” (Raymond, 1988, p. 8). This literature suggests that functional distinctions 

between multiple profession-specific credentialing examinations have the potential to 

influence relationships with academic degree. 

 Fullerton and Severino (1995) and Raymond and Washington (2002) conclude 

that although their findings were statistically significant, the differences were small. The 

research also identifies self-selection bias as limiting causal conclusions regarding the 

influence of academic degree on board examination outcomes (Raymond, 1988; 

Raymond & Washington, 2002).  

Respiratory Care 

 Extant research has explored the relationship between respiratory care board 

examination scores as a measure of competency, and academic degree as a measure of 

human capital investment. Higher NBRC scores were associated with candidate 

achievement of the baccalaureate degree than those associated with candidate 

achievement of the associate degree (O'Daniel, 1987; Shaw & Traynor, 2010).  

A search of the literature identified a single study that found a stronger correlation 

between NBRC CSE pass rates and achievement of the associate degree than that 

identified between NBRC CSE pass rates and achievement of the baccalaureate or 

master’s degree, although the correlation was found to be weak (Kacmarek, 1984). 
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Assessment of Professional Competence in Respiratory Care 

The CoARC establishes and maintains accreditation standards for respiratory care 

to ensure consistent education quality that results in professional competency, which is 

measured by national credentialing examinations for respiratory therapists. CoARC 

standards used to evaluate respiratory care academic curricula require evidence of 

compliance, including a comparison of the program curriculum to the most current 

credentialing examination specifications, and documentation of graduates’ credentialing 

examination outcomes (CoARC, 2010). The CoARC standards relating to curriculum, 

instructional methods, and program personnel are outcome-based and are identical for 

any education program type, regardless of the academic degree earned upon completion 

of the program.  

Research on Assessment of Professional Competence in Respiratory Care 

An exhaustive review of the literature did not identify scholarly work 

demonstrating a causal relationship between academic degree earned upon completion of 

first professional respiratory care education program and respiratory care board 

examination outcomes. Despite this gap in the literature, this study is informed by 

correlational research. 

A search of the literature identified a single study that found a stronger correlation 

between NBRC pass rates and achievement of the associate degree than that identified 

between NBRC pass rates and achievement of the baccalaureate or master’s degree. 

Kacmarek (1984) employed discriminant analysis of new NBRC CSE challengers for a 

single test administration and identified the highest correlation between CSE success and 

achievement of an associate degree earned upon completion of the first professional 
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respiratory care education program (when compared to that associated with achievement 

of a baccalaureate or master’s degree), although the correlation was found to be weak. 

Kacmarek hypothesized CSE pass rate would be highest for graduates of master’s degree-

granting respiratory care education programs (followed by baccalaureate, certificate, and 

associate, in that order), based on the greater number of didactic courses, greater number 

of clinical hours, and deeper understanding of patient management concepts. Kacmarek 

concludes: “This again dispels the myth that respiratory therapy programs graduating 

individuals at a higher academic level have better prepared their students for the NBRC 

examinations” (p. 86).  

Other more recent studies identified a stronger association between NBRC 

examination success and achievement of the baccalaureate degree upon completion of the 

first professional respiratory care education program. O’Daniel (1987) investigated and 

described respiratory care program characteristics and curricular components, and the 

relationship between these factors and graduates’ outcomes on the NBRC CRT 

examination. O’Daniel gathered self-reported data from a randomized sample of 

accredited programs and found that baccalaureate programs are associated with the 

highest CRT examination pass rate and scaled score averages, and the lowest range of 

scaled score averages. Shaw and Traynor (2010) employed NBRC data from the 

population of candidates challenging the CRT, WRT, and CSE for the first time in 2008. 

chi-square analysis identified a small but statistically significant increase in the first 

attempt pass rate for the CRT, WRT, and CSE associated with candidate achievement of 

the baccalaureate degree upon completion of respiratory care education program, 

compared to that associated with candidate achievement of the associate degree. Moss 
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(2013) employed regression analysis from the population of NBRC WRT examination 

candidates in 2011 and also found a small but statistically significant difference in WRT 

examination scores associated with candidate achievement of a baccalaureate degree 

upon completion of CoARC-accredited entry into professional practice program of study 

in respiratory care. 

Other Factors and the Assessment of Respiratory Care Competence 

Extant research has also examined the influence of factors other than academic 

degree upon healthcare board examination scores or outcomes, including: age, ethnicity, 

years of practice, highest education degree, highest professional academic degree, highest 

academic degree, marital status, and country of professional training (Fullerton & 

Severino, 1995); high school class rank, SAT-verbal score, SAT-math score, and didactic 

course grades (Woodham & Taube, 1986); and previous professional training and 

certification (Raymond & Washington, 2002). My literature search failed to identify 

evidence of an association between healthcare board examination performance and 

instructional quality, although this presumed relationship presents a plausible rival 

hypothesis that might be explored by future research. 

A search of the literature identified a single study that estimated the association of 

factors other than academic degree with the assessment of respiratory care competence 

using NBRC examinations. A statistically significant increase in WRT z-score has been 

associated with: male sex, younger age, status as multiple examination challenger 

(application to challenge both the WRT and CSE examinations on the same date), and 

status as a new examination applicant (Moss, 2013). This section will review the 

literature to explore hypotheses for these relationships.  
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Literature does not offer a hypothesis specific to Moss’s (2013) statistically 

significant NBRC WRT findings associated with male sex (using the term consistent with 

contemporary Western models to indicate a genetic factor that expresses itself by the 

biological status of a person based on anatomical characteristics). The underperformance 

of females, primarily in quantitative and physical sciences, has been described from the 

perspective of social psychology as stereotype threat (Steele, 1997). According to Steele, 

stereotype threat may occur when someone becomes aware of a stereotype that he or she 

believes may be relevant to his or her self-definition, and then proceeds to perform in 

such a manner that fulfills the stereotype. Other literature identifies a statistically 

significant association between standardized examination scores and female sex. For 

example, Fischer, Schult, and Hell (2013) identified generalizable findings associated 

with the differential predictive ability of college admission tests for men and women, 

with college admission tests consistently underpredicting women’s academic 

performance and overpredicting men’s academic performance.  

Literature does not offer a hypothesis regarding Moss’s (2013) finding of a 

statistically significant relationship between NBRC WRT score and younger age. 

However, Fullerton and Severino (1995) also identified a statistically significant 

correlation between younger age and higher national certification examination score for 

nurse-midwifery. House (1998) has identified a significant correlation between the 

Graduate Record Examination (GRE) and graduate GPA, GRE-V score (GRE-verbal), 

and GRE-Q (GRE-quantitative) score, generally suggesting that older students perform 

better than predicted by their GRE score.  
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The NBRC variable application type was included in Moss’s (2013) study of 

NBRC WRT examination candidates. Candidates may apply to challenge the WRT 

examination alone, or candidates may apply to challenge both the WRT and the CSE on 

the same date. No published evidence was identified to facilitate an understanding of any 

relationship that might exist between NBRC examination score and application type. 

Moss hypothesized that status as a multiple examination challenger may be associated 

with greater confidence, although this hypothesis was not directly tested.  

 The NBRC identifies two categories for application status. Applicants are 

classified as new applicants if they have not previously applied to challenge the NBRC 

examination for which they are applying. Repeat applicants are applying to challenge an 

NBRC examination after a prior failing result with that examination. In 2011, 66.2% of 

new applicants and 30.35% of repeat applicants passed the WRT examination (National 

Board for Respiratory Care, 2011a, 2012a), suggesting that the instrument reliably 

distinguishes competence with repeated measurement. The significant disparity in pass 

rate for application status, in combination with Moss’s (2013) finding of an association 

between new application status and WRT success, suggest that future studies should 

control for application status (new or repeat). 

Summary and Conclusions 

 Professional competence is the application of job-specific knowledge and skills to 

a profession-specific standard (Eraut, 1998). Investment into the development of 

knowledge and skills results in a form of capital gain (human capital) because people 

with greater knowledge and skills are more productive and exhibit greater earnings 

potential with measurable economic value (G. S. Becker, 1962; Schultz, 1960). Education 
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develops human capital by developing knowledge and ability (G. S. Becker, 1962; 

Schultz, 1960), the value of which is even greater for occupations such as those in 

healthcare which are experiencing rapid technological advancement (W. E. Becker, 

1992).  

Professional competence has been empirically assessed using structured 

examinations (Neufeld, 1985a; Norcini et al., 2011). The literature describes an 

association between human capital investment in healthcare education (academic degree 

earned) and improved outcomes on measures of professional competence in the form of 

structured healthcare board examinations (Fullerton & Severino, 1995; Moss, 2013; 

O'Daniel, 1987; Raymond, 1988; Raymond & Washington, 2002; Shaw & Traynor, 

2010). However, the ability to infer causal influence from a particular academic degree 

on healthcare board examination outcomes is limited by the studies’ non-experimental, 

retrospective analysis of archival data (Fullerton & Severino, 1995; Raymond, 1988).  

The gap in the literature related to the identification of a direct influence of 

academic degree on board examination outcomes constrains evidence-based discussions 

of academic qualification related policy development. This study seeks to validate 

findings from my previous pilot study and to expand understanding of professional 

competence in respiratory care. Evidence provided by this study may be used to inform 

evidence-based discussions involving the AARC, NBRC, and CoARC in support of 

future academic qualification related policy development. The next chapter will describe 

the research methods to be employed to address the gap in the literature.  
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CHAPTER 3 RESEARCH METHOD 

Advanced academic degree earned from a program of occupational study is 

associated with gains on healthcare credentialing examinations. Evidence of a causative 

influence of academic degree on outcomes for healthcare credentialing examinations is 

lacking, however. This study addresses this gap in the literature to provide quantitative 

analysis of credentialing examination outcomes for a population of individuals who have 

earned either of two different academic degrees from accredited respiratory care (RC) 

education programs. The following chapter describes the research methods used in this 

study.  

In partial fulfillment of an advanced social statistics course, I completed a pilot 

study to examine the association between academic degree and professional competence 

using National Board for Respiratory Care (NBRC) data from the 2011 administration of 

the Written Registry Examination for Advanced Respiratory Therapists (WRT). I will 

briefly review the pilot study methods, results, and conclusion below, because this 

information relates to the research method of the current study.  

Pilot Study 

In preparation for the pilot study, I communicated a written request to the chief 

executive officer and to the executive director of the NBRC in January 2012 that included 

specific research questions and a list of the variables required to answer the questions. 

The letter also conveyed my intent to communicate results to the NBRC prior to public 

dissemination of the findings, and to seek input from the NBRC. The request was 

approved and I received the data in March 2012. The pilot study’s analysis was 

completed using census data from the population of individuals who applied to challenge 
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the NBRC WRT examination in 2011. After excluding statistical outliers, the common 

sample included 11,677 cases. 

 The pilot study addressed a single research question: For graduates of 

Commission on Accreditation for Respiratory Care (CoARC)-accredited entry into 

professional practice programs of study in respiratory care applying to challenge NBRC 

examinations in 2011, after controlling for the effects of age, sex, application status, and 

application type, is there a difference between graduates of associate degree-granting and 

baccalaureate degree-granting programs on the mean scaled WRT examination score?  

Methods of the pilot study  

The pilot study regressed NBRC WRT examination z-scores on the academic 

degree earned from the candidate’s RC education program, controlling for the effects of 

age, sex, application status (new or repeat), and application type (WRT only, or WRT and 

Clinical Simulation Examination). I selected WRT z-score for analysis because WRT had 

not previously been studied, and because z-scores allow integration of scores for multiple 

forms of the WRT that were administered during 2011. I selected academic degree earned 

from candidates’ RC education program for analysis because the association between 

academic degree earned upon completion of RC education program and WRT 

examination score had not been established in published literature. I selected the control 

variables for inclusion in the regression equation because previous related research 

suggested they had the potential to influence the association between the WRT z-score 

and academic degree. 
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Results and conclusion of the pilot study  

The WRT common sample included z-scores that ranged from -2.75 to 3.04, 

mean 0.03, and standard deviation 0.98. After controlling for the effects of age, sex, 

application status, and application type, the pilot study found a .18 z-score unit increase 

in WRT examination score, on average, associated with achievement of a baccalaureate 

degree (see Table 1). The study concluded that the status of having earned a 

baccalaureate degree upon completion of a CoARC-accredited entry into professional 

practice program of study in RC was associated with a statistically significant gain in 

WRT z-score, although the coefficient for the effect was small. This was a statistically 

significant relationship (p<.001) for the population of candidates applying to challenge 

the WRT examination in 2011. The coefficient of determination (R2) indicated that 

21.3% of the variance in WRT z-score was explained by variation in the additive effects 

of the independent and control variables. The root mean squared error (RMSE) indicated 

that a typical case deviated from its predicted value by approximately 0.873 z-score units. 
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Table 1 

Results of ordinary least squares regression estimating WRT z-score for candidates in 

2011 (N=11,677)  

Independent Variables Unstandardized Coefficient  

(b) 

Robust 

Standard Error 

Degree 0.181***  0.030 

Log of Age at Exam -0.401***  0.032 

Sex 0.196***  0.018 

Application Status 0.533***  0.020 

Application Type 0.377***  0.020 

Constant 3.241***  0.299 

R2 0.213  

RMSE 0.873  

***p<.001; All except degree are two-tailed tests. 

 Regression analysis also uncovered statistically significant relationships between 

WRT z-scores and the control variables, and these data were interpreted to inform future 

research. The data suggested the probability that these relationships occur by chance is 

less than 0.1%. After controlling for degree, sex, application status, and application type, 

a one unit increase in the log of age on the date of examination was associated with a 

0.401 unit decline in WRT z-scores, on average. Controlling for degree, age, application 

status, and application type, male sex was associated with a 0.196 unit increase in WRT 

z-scores, on average. Status as a first time WRT applicant was associated with a 0.533 

unit increase in WRT z-scores, on average, after controlling for degree, age, sex, and 

application type. Challenging both the WRT and the CSE on the same date was 

associated with a 0.377 unit increase in WRT z-scores, on average, after controlling for 

degree, age, sex, and application status.  

 To facilitate thorough examination of the relationship between academic degree 

earned from an accredited RC education program and WRT z-scores, I also regressed 



 

 44 

WRT z-scores using the serial application of interaction variables for degree and sex, 

degree and application status, degree and application type, and degree and age. After 

controlling for the effects of all variables of interest, regression coefficients for each 

model indicated no statistically significant relationship between any of the interaction 

variables and WRT z-scores. 

 The results of the pilot study were published in the Respiratory Care Education 

Annual (Moss, 2013). This original research was the first to use regression to explore the 

association between NBRC WRT score and respiratory care academic degree, hence it is 

appropriate to replicate and expand upon the study to validate its findings and to further 

contribute to the extant literature. 

Rationale for the Expanded Study 

The current expanded study functioned as a constructive replication, a type of 

replication study that fulfills the need to examine the validity and reliability of the pilot 

study results while modifying the pilot study’s methods in an intentional effort to address 

its limitations (Makel & Plucker, 2014). Several limitations were evident in the pilot 

study that were addressed in the expanded study. First, the pilot study only analyzed 

findings associated with administration of the WRT examination. Next, the pilot study 

analyzed WRT z-scores as the sole dependent variable. The pilot study was also limited 

because the study method permitted only associative conclusions. Other limitations of the 

pilot study were modulated in the expanded study by characteristics of the data set 

(discussed in the Sample section of Chapter 3), including a disparity in academic degree 

category size and an exclusive focus on data collected within a single calendar year. 
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Examinations 

The pilot study only analyzed findings associated with administration of the WRT 

examination. While the pilot study’s use of the WRT as an indicator of professional 

competence in RC is defensible because the examination serves as an objective 

measurement of “…essential knowledge, skills, and abilities required of advanced 

respiratory therapists” (National Board for Respiratory Care, 2012b, para. 1), the WRT is 

not the only available measure of respiratory therapist competence. Additional research 

questions emerged following a review of NBRC examination statistics (National Board 

for Respiratory Care, 2011b) and a review of the literature examining outcomes of 

multiple examinations (McMillan, 1985).  

 In addition to the WRT, the NBRC offers two other examinations to measure the 

competence of respiratory therapists, the successful completion of which results in the 

conferral of a unique credential (see Table 2). The Certified Respiratory Therapist (CRT) 

examination is designed to objectively measure essential knowledge, skills, and abilities 

required of entry-level respiratory therapists (National Board for Respiratory Care, n.d.-

b), and was challenged more frequently than any other NBRC examination in 2011. 

Individuals who successfully complete the CRT examination earn the CRT credential, 

and NBRC data indicate that the CRT is the most commonly held NBRC credential.  In 

2011, all states (except Alaska and Minnesota) licensed respiratory therapists using the 

CRT examination as the measure of professional competency (Minnesota uses any 

NBRC credential for registration) (American Association for Respiratory Care, 2010; 

Oslick & Shaw, 2007). 
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Table 2 

Number of NBRC Examinations Given and Credentials Achieved, as of 2011 

 No. 

Credential Examination(s) Examinations given Credentials achieved 

CRT CRT 13,470 213,764 

RRT  124,224a 

 WRT 12,910  

 CSE 11,444  

Note. CRT = Certified Respiratory Therapist; RRT = Registered Respiratory Therapist; 

WRT = Written Registry Examination for Advanced Respiratory Therapists; CSE = 

Clinical Simulation Examination. The data in columns 3 and 4 are compiled from 

“Credential Update for the Fourth Quarter of 2011,” by NBRC, 2012, NBRC Horizons, 

38(1), p. 10. Copyright 2012 by NBRC. Adapted with permission. The data in column 3 

are also compiled from “Examination Statistics Through the Third Quarter of 2011,” by 

NBRC, 2011, NBRC Horizons, 37(4), p. 8. Copyright 2011 by NBRC. Adapted with 

permission. 
aPeople holding the RRT credential also hold the CRT credential. 

The Clinical Simulation Examination (CSE) is the second element of the 

Registered Respiratory Therapist (RRT) examination system. This polytomously-scored 

element of the RRT examination system was developed by the NBRC to measure 

essential knowledge, skills, and abilities required of advanced respiratory therapists. 

Successful challenge of the CSE in 2011 required a passing score on each of two 

subscores, information gathering (IG) and decision-making (DM). Individuals seeking to 

challenge the CSE must hold the CRT credential, and must have achieved a passing score 

on the WRT component of the RRT examination system. Individuals who successfully 

complete the CSE examination earn the RRT credential. During the first quarter of 2012, 

the total number of people who had earned the RRT credential (indicating they had 

successfully challenged the CRT, WRT, and CSE) was 124,224 (see Table 2).  

McMillan (1985) identified a statically significant association between academic 

degree and nursing Professional Performance Examination score only for the research 

subtest, and suggested that other subtests of the examination were not sensitive enough to 
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detect differences between the two groups, or that differences between the two groups 

were not significant in those areas. The NBRC has developed detailed content outlines 

for the CRT, WRT, and CSE that identify examination content as well as the cognitive 

level at which the content is tested for each examination. Because these content outlines 

are different for the three examinations, the relationship between program type and WRT 

examination outcome identified by the results of the pilot study may differ from those 

that may be identified during analysis of the CRT and CSE data. 

The expanded study included CRT data because (a) a greater number of 

respiratory therapists holds the CRT credential than any other NBRC credential, (b) 

successful challenge is required prior to challenging the RRT examination system, and 

(c) a large number of states require therapists to hold this credential to earn a license to 

practice respiratory care. The current study also included WRT and CSE data (including 

IG and DM subscores) because these examinations were given frequently and because 

they are the required elements of the RRT examination system.  

Three unique research questions emerged from the review of the literature and 

NBRC examination administration data. The review suggested that a more 

comprehensive analysis of the influence of academic degree on NBRC measures of 

respiratory therapy competence would include CRT and CSE data (including IG and DM 

subscores), in addition to WRT data already examined during the pilot study.  

Outcome Variables 

The pilot study analyzed WRT z-scores (i.e., the z-score transformation of 

examination scaled scores) as the sole dependent variable. While the pilot study’s use of 

the z-score variable is defensible because it permits comparison across the multiple test 
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forms administered during 2011 and because it satisfies the assumptions of normal 

distribution of data and linearity of transformations associated with inferential regression 

analysis (discussed further in the data section), the z-score is not the only available 

NBRC outcome metric. Additional research questions for the current study emerged from 

a review of the literature regarding examination outcome (i.e., pass, fail). 

Extant research described in Chapter 2 has examined the relationship between RC 

academic degree and professional competence using NBRC examination outcome 

(percentage of candidates who pass the examination) (Kacmarek, 1984; Shaw & Traynor, 

2010). In addition, state licensing boards recognize a passing examination outcome as the 

standard required to earn a license to practice respiratory care. The integration of 

examination outcome as a dependent variable may also be justified because stakeholders 

in the credentialing process (including respiratory therapists; respiratory care students, 

graduates, and educators; hospital administrators; third party payors and other healthcare 

funding agencies; the NBRC and other healthcare accrediting agencies; and the general 

public) may be more likely to appreciate the significance of examination outcome than 

they are to appreciate the significance of a z-score result. In addition to the three 

additional research questions related to examinations studied, the expanded study’s 

integration of three more unique research questions permitted exploration of the 

relationship between academic degree earned from a CoARC-accredited entry into 

professional practice program of study in respiratory care and professional competence 

using NBRC examination outcome for the CRT, WRT, and CSE examination.  
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Analytic Strategy  

 The pilot study employed ordinary least squares analysis to regress average WRT 

z-score on academic degree for the population of individuals who challenged the WRT 

examination in 2011. This retrospective analysis of archival data precludes true 

experimental randomization of participants into treatment groups (associate and 

baccalaureate), and permits only descriptive (associative) conclusions (Murnane & 

Willett, 2011). Such conclusions are insufficient to address the current study’s ultimate 

goal of identifying the causal impact of human capital investment (academic degree) on 

professional competence (board examination outcomes) because of the confounding 

influence of self-selection bias on estimation of the returns to schooling (Murnane & 

Willett, 2011). 

 In general terms, returns to schooling can be understood to refer to the economic 

contributions of education (Bowen, 1968). The returns to schooling may be immediate 

(occurring during the educational experience, such as the intrinsic benefit), or may be a 

more long-term (occurring after the schooling has ended, such as greater employment 

prospects or a higher income) (W. E. Becker, 1992). Human capital theory asserts that the 

achievement of higher levels of education results in knowledge and skill development 

that are associated with increased productivity and higher wages. However, increased 

productivity and higher wages are also associated with ability-related characteristics (e.g., 

intelligence, motivation, perseverance), and research has demonstrated that abler persons 

are more likely to achieve higher levels of education (Deary, Strand, Smith, & Fernandes, 

2007; Turner, 2004). Human capital theory would attribute increased productivity and 

higher wages to enhancement in knowledge and skill that is facilitated by the completion 
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of educational activities. Because higher innate ability exists independent of educational 

activities, but is directly related to increased productivity, ability can be understood to 

bias estimation of the returns to schooling.  

 Increased productivity and higher wages associated with the attainment of a 

baccalaureate degree may be the result of education-related enhanced knowledge and 

skill, or the result of innate higher ability. In this sense, ability confounds efforts to 

isolate the effects of education. The potential for ability to bias research seeking to 

employ a human capital lens to study the economic returns to education is considered by 

G. S. Becker (1993) and Ehrenberg (2004) to be the most serious problem faced by 

higher education researchers. 

 Assessment of the returns to schooling has included four main approaches: the 

simple correlation approach (which correlates an index of educational activity with an 

index of economic activity), the residual approach (which recognizes advancements in 

knowledge as the most important contributor to the difference between economic output 

and measurable inputs such as capital and labor), the direct returns to education approach 

(which contrasts the lifetime earnings of people with more education with that of people 

with less education), and the forecasting needs approach (which provides educational 

planning information for future economic needs, Bowen, 1968; Sweetland, 1996). 

Returns to schooling in the United States have been reported using a correlation approach 

(ratio of median income for persons with 4 years of high school or 4+ years of college) 

for the years 1963-1990 of between 1.51 and 2.09 for young adult females and between 

1.18 and 1.55 for young adult males (W. E. Becker, 1992), although all of these 

approaches yield biased findings because none offers a remedy for the omission of ability 
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bias. 

 Random variation in innate ability might theoretically reduce any bias on the 

estimation to returns of schooling (Angrist & Krueger, 2001). It is reasonable to expect, 

however, that learners with higher innate ability are more likely to choose to persist 

beyond compulsory education. The observation that higher ability learners self-select to 

higher education represents a selection bias that compounds ability bias. Assuming the 

availability of instruments that have been validated to identify and reliably evaluate 

innate ability, researchers might seek to control for this ability bias and self-selection bias 

by employing experimental research methods with stratified random assignment of ability 

to low and high education treatment groups. Random assignment of research subjects to 

low and high educational treatments is not feasible, however. Nor has it been feasible for 

economic theory to identify all variables that should be controlled during estimation of 

the returns to schooling. 

 Instead, economic researchers have described a quasi-experimental method that 

uses instrumental variables regression to remedy omitted variables bias that would 

otherwise result in misleading estimates of the relationship between the independent and 

dependent variables (Angrist & Krueger, 2001). Instrumental variables regression 

corrects for self-selection bias resulting from the current study’s non-randomized 

assignment of research participants to associate degree-granting or baccalaureate degree-

granting treatment groups. When the effect of the instrumental variable is applied to the 

regression equation, total error variance is reduced because the error variance associated 

with the self-selection bias is reduced (Murnane & Willett, 2011). 
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Angrist and Krueger (2001) provide a brief history of the instrumental variables 

technique and an explanation of its use to overcome measurement error and to reduce the 

effect of omitted variables. The latter effect offers a clear application to the problem of 

selection bias because it is the omitted variable (i.e., ability) that might otherwise result in 

a false-high estimate of the association between the independent and dependent variables. 

In addition to the thorough description of the history and function of the instrumental 

variables approach described by Angrist and Krueger, other researchers have integrated 

the instrumental variables approach to overcome selection bias associated with 

postsecondary educational choice by the use of: date of birth (Angrist & Krueger, 1991); 

high school-to-college proximity and tuition (Gonzalez & Hilmer, 2006; Rouse, 1995); 

self-reported education (T. J. Kane & Rouse, 1995); and high school-college proximity 

(Long & Kurlaender, 2009; Rouse, 1998; Turley, 2009).  

 Angrist and Krueger (2001) illustrate the instrumental variables approach by 

referring to its use in a retrospective longitudinal survey to describe any effect of 

educational attainment upon future earnings, using quarter of birth as the instrumental 

variable to reduce the influence of omitted confounding variables (Angrist & Krueger, 

1991). In this case, date (quarter) of birth meets the qualifications of a good instrumental 

variable because it is related to the independent variable educational attainment (the 

authors demonstrate that being born earlier in the calendar year is associated with lower 

educational attainment), but is uncorrelated with the dependent variable income (for any 

reason other than the influence of the independent variable). In this case, estimation of 

earnings differed little between the restricted model (regressing income on educational 
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attainment) and the full model (regressing income on educational attainment and quarter 

of birth), suggesting that the omitted variables are not strongly related to earnings. 

The present study’s analytic strategy included an instrumental variable to correct 

for self-selection bias because (a) this bias had been identified as a significant limitation 

of research seeking to employ a human capital lens to study the economic returns to 

education, (b) random assignment of research subjects to low and high educational 

treatments was not feasible, and (c) because extant research described its application to 

overcome selection bias associated with postsecondary educational choice. Modification 

of the research questions to include an instrumental variable facilitates achievement of 

the goal to identify any causal influence of human capital investment (academic degree) 

on professional competence (board examination score). 

 In summary, the current study sought to examine the reliability of the pilot study 

results while modifying the pilot study’s methods in an intentional effort to address its 

limitations. Modifications integrated into the research method of the present study 

include: increasing the number of NBRC examinations studied to include CRT, WRT, 

CSE, and CSE examination IG and DM subscores; increasing the variables examined to 

include examination outcome (pass or fail); and employing a quasi-experimental method 

with instrumental variables to correct for self-selection bias. The expanded study sought 

to answer specific research questions to facilitate understanding of the causal relationship 

of human capital investment (academic degree) on professional competence (board 

examination score).  
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Research Questions 

 The following research questions were addressed in this study: For graduates of 

CoARC-accredited entry into professional practice programs of study in respiratory care 

applying to challenge NBRC examinations in 2011, after controlling for the effects of 

sex, age, application status, and application type, and using distances between home and 

closest associate and baccalaureate degree-granting respiratory care education programs 

as instrumental variables to correct for self-selection bias, is there a relationship between 

completion of associate degree-granting or baccalaureate degree-granting education 

programs on the:  

1. Percentage of candidates who pass the CRT examination? 

2. Mean scaled CRT examination z-score? 

3. Percentage of candidates who pass the WRT examination? 

4. Mean scaled WRT examination z-score? 

5. Percentage of candidates who pass the CSE? 

6. Mean scaled CSE Information Gathering (IG) z-score? 

7. Mean scaled CSE Decision Making (DM) z-score? 

Research Design 

 The present quantitative study employed instrumental variables regression to 

explore the influence of RC academic degree on NBRC examination results. The study 

analyzed census data from the population of individuals who applied to challenge NBRC 

CRT, WRT, and CSE examinations in 2011. 

The study’s use of quantitative methods was consistent with methods commonly 

used to apply the human capital theoretical lens to investigate other policy-related 
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questions with economic consequences (Angrist & Krueger, 1991; Ashenfelter & 

Krueger, 1994; G. S. Becker, 1962; T. J. Kane & Rouse, 1995; Murnane et al., 1995). 

Because this study sought to use instrumental variables regression to identify the causal 

impact of human capital investment (i.e., academic degree) on professional competence 

(i.e., NBRC examination results), the research design considered requirements for causal 

inference described by Murnane and Willett (2011). Regarding the requirement that the 

cause must precede the effect, NBRC policy requires that examination candidates have 

completed a CoARC-accredited entry into professional practice program of study in 

respiratory care prior to applying to challenge the CRT examination; successful 

completion of the CRT examination is then required to challenge the registry examination 

system (i.e., the WRT and CSE). Pursuant to the requirement that variation in the causal 

variable must correspond with variation in the response variable, extant research has 

previously described correlation of the RC academic degree with CRT scores (O'Daniel, 

1987; Shaw & Traynor, 2010), WRT scores (Moss, 2013; Shaw & Traynor, 2010) and 

CSE scores (Shaw & Traynor, 2010). Moss (2013) has also previously identified 

statistically significant associations between WRT z-score and sex, age, application 

status, and application type as plausible competing variables. Finally, the use of 

instrumental variables regression required the identification of one or more valid 

instruments to correct for participant self-selection bias. The variables section of this 

chapter describes development and validation of the proposed instrumental variables: 

home-to-closest associate degree-granting CoARC-accredited entry into professional 

practice program of study in respiratory care and home-to-closest baccalaureate degree-
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granting CoARC-accredited entry into professional practice program of study in 

respiratory care. 

Data Sources 

 On January 17, 2012, I communicated a request for NBRC data to Gary A. Smith, 

chief executive officer and executive director of the NBRC (see Appendix A). The 

communication included specific detail regarding my role, my research questions (and a 

list of the specific data necessary to answer them), and my intent to disseminate results of 

the analyses. Finally, the letter stated my intent to communicate results of the analyses to 

the NBRC prior to public dissemination of the findings and to seek input from the NBRC.  

In my opinion, this last element of the letter is essential because it acknowledges 

the complex and sensitive nature of responsible assessment of professional competency 

and the potential for significant harm to the profession, to the NBRC, and to my 

reputation as a researcher if the research results or conclusions were in any way unclear 

or misleading. The pilot study provided an opportunity to operationalize my plan to 

communicate with the NBRC, and I briefly reviewed this pilot study experience here 

because of a desire to critically reflect on that experience, to be transparent with those 

who will read and interpret the expanded research, to limit the potential for bias that may 

be imposed by the tacit quid pro quo relationship with an external party, and to be held 

accountable to ethical and responsible research standards regarding independent social 

science research.  

After receiving the de-identified data requested from the NBRC, and upon 

completion of the pilot study analysis, I communicated an excerpt of the resulting 

manuscript (including the methods, results, and discussion sections) to Robert C. Shaw, 
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assistant executive director and psychometrician for the NBRC, to invite NBRC comment 

(R. Shaw, personal communication, May 18, 2012). Shaw’s comments and questions 

(most of which related to statistical concepts and NBRC credentialing language) 

prompted reflection and informal discussions with my doctoral mentors, and three 

additional exchanges with Shaw (R. Shaw, personal communications, September 24, 

2012; October 9, 2012; October 18, 2012). The manuscript was subsequently submitted 

for peer review and was accepted for publication by the Respiratory Care Education 

Annual (the education publication of the American Association for Respiratory Care), 

which is not affiliated with the NBRC. 

Research methods for the expanded study required additional analysis of the data 

set that was provided by the NBRC prior to the pilot study in 2012. No additional data 

were collected for the expanded study. 

Reliability, Validity, and Feasibility 

The high stakes role of structured professional competency assessments indicates 

rigorous attention to testing and measurement standards related to validity, reliability, and 

feasibility (Crossley, Humphris, & Jolly, 2002; Epstein & Hundert, 2002; Norcini et al., 

2011). As the organization responsible for the evaluation of professional competence for 

respiratory care, the NBRC and its evaluation instruments are held accountable to 

standards relating to the processes of examination development and administration. The 

NBRC is a member of the Institute for Credentialing Excellence, and the National 

Commission for Certifying Agencies accredits the CRT and registry examination 

systems. Inferences linked to examination results are validated according to the Standards 

for Educational and Psychological Testing (published by the American Educational 
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Research Association, the American Psychological Association, and the National Council 

on Measurement in Education) and the Uniform Guidelines on Employee Selection 

Procedures (published by the US Equal Employment Opportunity Commission) 

(American Association for Respiratory Care, 2003).  

Reliability 

A measurement tool would be considered reliable to the extent that the results are 

consistent, or reproducible (Neufeld, 1985b). To obtain empirical evidence of reliability, 

the NBRC applies the Kuder-Richardson formula and decision consistency estimates for 

the dichotomously scored CRT and WRT examinations, and the Cronbach’s alpha test for 

the polytomously scored CSE. Kuder-Richardson evaluates the internal consistency, or 

intercorrelation, of the examination items with one another. The decision consistency 

statistic estimates the likelihood that the examination outcome (pass or fail) is consistent 

with the outcome that would be demonstrated if the examination included no 

measurement error, a reliability characteristic that is most meaningful for examination 

candidates whose scores are close to the passing score. Cronbach alpha estimates 

reliability of the composite examination scores. 

Because the study employed census data from the population of individuals who 

applied to challenge the NBRC CRT, WRT, and CSE examinations in 2011, the data 

analyses and study findings should be expected to accurately represent the conclusions 

for the year 2011. Because the NBRC conducts a national job analysis survey every 5 

years (the last being conducted in 2009), the 2011 examinations would be expected to 

demonstrate similar testing and measurement properties related to validity, reliability, and 

feasibility as examinations administered in 2010, 2012, 2013, and 2014. However, the 
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findings associated with the analysis of 2011 NBRC data may not be consistent with the 

findings of similar studies for other years (prior to 2010 and after 2014). In other words, 

because the study data represent a one year sample of data from a population of data 

points that includes other years, it is important to note that the data may not be 

representative of other years and are, therefore, subject to error. Because of this error, I 

cannot be certain that my conclusions can be generalized to years other than 2011. 

Validity 

A traditional conceptualization of validity refers to the degree to which a test 

measures what it is intended to measure (Hopkins, Stanley, & Hopkins, 1990; Neufeld, 

1985b). The CRT examination demonstrates content validity if successful completion 

requires candidates to demonstrate achievement of the essential knowledge, skills, and 

abilities required of entry-level respiratory therapists. The WRT and CSE examinations 

demonstrate content validity if examination candidates are required to demonstrate 

achievement of the essential knowledge, skills, and abilities required of advanced 

respiratory therapists. Literature describes evidence of CRT, WRT, and CSE examination 

content and concurrent validity (Hopkins et al., 1990). 

The NBRC describes processes associated with the development of content and 

concurrent validity for the CRT, WRT, and CSE examinations (National Board for 

Respiratory Care, 2014a, R. Shaw, personal communication, March 5, 2014). A 

measurement tool demonstrates content validity to the extent that it closely resembles the 

subject matter, both in the topics and the cognitive level (Hopkins et al., 1990). Pursuant 

to CRT, WRT, and CSE content validity, the NBRC conducts a national job analysis 

study of entry level and advanced level respiratory therapists every 5 years. Results of the 
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study determine which tasks (i.e., content) can serve as stimuli for items that appear on 

the CRT and WRT examinations, or on sections that appear in CSE examinations. Job 

analysis results also inform specifications (i.e., cognitive level) for the assembly of these 

examinations. Next, respiratory therapists throughout the U.S. develop examination items 

and problems. New examination items and problems are then reviewed, revised, and 

approved by the respective examination committee, which is comprised of respiratory 

therapists and physicians whose knowledge and experience qualify them as content 

experts. A content-cognitive level matrix is applied to the assembly of items into CRT 

and WRT examinations, and a problem type matrix is applied to the assembly of CSE 

examinations. 

 Criterion-related validity is an empirical estimation of validity 

(Hopkins et al., 1990). The CRT, WRT, and CSE examinations demonstrate a subclass of 

criterion-related validity, concurrent validity. Concurrent validity estimates each test 

item’s correlation with an established measure of the essential knowledge, skills, and 

abilities required of respiratory therapists. Evidence of concurrent validity is obtained by 

the pretesting of new examination items (which are not scored) during regular 

examination administrations. Statistical analysis of each new item compares performance 

on the new item and performance on the validated, scored items. The examinations’ 

respective committee evaluates the item analysis data before a decision is made regarding 

inclusion of the item on future forms of the examination. 

 While traditional conceptualizations of validity have understood it to be a static 

property of a test or measurement tool, Messic (as cited in M. T. Kane, 2013) expanded 

the definition of validity to include “an integrated, evaluative judgment of the degree to 
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which empirical evidence and theoretical rationales support the adequacy and 

appropriateness of inferences and actions based on test scores or other modes of 

assessment” (p. 8). Kane expands on Messic’s understanding of validity to propose an 

argument-based approach to validity that clearly states the proposed interpretations and 

uses of the test scores. According to Kane, the complete interpretation/use argument 

demonstrates plausibility of the claims (inferences and assumptions) that are based on the 

test scores. I will conclude this discussion of validity by posing an interpretation/use 

argument to demonstrate the validity of my use of the NBRC data. 

As previously stated, I propose to use the NBRC examination data to identify the 

causal impact of human capital investment (academic degree) on professional 

competence (board examination outcomes). My use of the NBRC examination data 

assumes that the data represent information that is relative to the outcomes of respiratory 

care education programs. Evidence to support this assumption may be drawn from 

CoARC accreditation standards and from state licensure policy, which represent the 

perspectives of key stakeholders that are unrelated to the NBRC. CoARC standards used 

to evaluate respiratory care academic curricula require evidence of compliance, including 

a comparison of the program curriculum to the most current NBRC examination 

specifications, and documentation of graduates’ NBRC examination outcomes 

(Commission on Accreditation for Respiratory Care, 2010). Furthermore, all states 

licensing respiratory therapists in 2011 used NBRC examinations as the measure of 

professional competency. Because the organization that accredits respiratory care 

education programs requires alignment with an examination that is also recognized by 

licensing agencies as the standard for safe respiratory care practice, it follows that NBRC 
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data represent information that is relative to the outcome of respiratory care education 

programs. 

Further, my use of the data assumes that it represents a common construct that is 

relevant to the present study’s use to address the stated research questions. Although the 

NBRC does not name the construct, the stated purpose of the NBRC examinations is to 

evaluate essential knowledge, skills, and abilities of entry-level and advanced respiratory 

therapists. My research questions require that I use three NBRC examinations (CRT, 

WRT, and CSE) that generate four scores (CRT, WRT, CSE IG, and CSE DM) to 

evaluate respiratory therapy professional competence. When more than one measure is 

employed in an analysis, there is a potential risk that the measures will not each evaluate 

the same construct. Principal components statistical analysis quantifies this risk, and the 

findings provide evidence that the scores contribute to the principal component solution 

(communality values range from 0.589 to 0.773, greater than the required value of 0.50; 

eigenvalue is greater than 2.5, greater than the required value of 1.0), meaning that they 

evaluate a single common construct (R. Shaw, personal communication, July 17, 2014). 

The clearly stated purpose of the examinations, combined with the principal components 

evidence that they contribute to a single common construct, provides evidence that the 

identification of the construct as respiratory therapy competence may be valid and that 

the present study’s use of the data is valid. 

Feasibility 

The feasibility of a measurement tool describes its practicability, including its 

affordability and accessibility to potential examination candidates, and its administration 

and management requirements for the examination board. Applied Measurement 
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Professionals (AMP) is a wholly owned subsidiary of the NBRC that assists the NBRC 

and other client organizations with examination development and administration. The 

NBRC is the sole entity responsible for development, validation, and administration of an 

examination system, which must be successfully challenged by every graduate of an 

accredited respiratory care education program who seeks employment as a professional 

respiratory care practitioner in 49 of 50 states in the United States. Evidence of the 

feasibility of assessing respiratory care competence is provided by the NBRC’s history of 

examination preparation and administration since 1960.  

At the time of this study, NBRC examinations are administered by computer on a 

daily basis (Monday through Saturday) at approximately 170 assessment centers in the 

United States. In 2014, examination fees for new applicants are: $190 for the CRT, $190 

for the WRT, and $200 for the CSE. Whereas the feasibility (e.g., affordability, 

accessibility) of a board examination is ultimately determined by the individual 

candidate, NBRC data for the first quarter of 2014 suggest that a large number of 

individuals (225,925 CRT and 136,070 RRT) have, indeed, earned NBRC credentials 

(National Board for Respiratory Care, 2014b).  

Sample 

 The census level data set (census data represents every member of a population) 

obtained from the NBRC for the present study includes de-identified data for all 

candidates applying to challenge CRT, WRT, and CSE examinations in 2011. As 

previously mentioned, some limitations of the pilot study will be modulated in the current 

study by characteristics of the data set, including a disparity in academic degree category 

size and an exclusive focus on data collected within a single calendar year. Preliminary 
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analysis conducted during both the pilot study and the expanded study indicated that the 

proportion of individuals who had earned an associate degree was approximately 11 

times larger than the proportion of individuals with a baccalaureate degree. This 

significant disparity in category size has the potential to increase the standard error 

associated with the regression coefficients, and would reduce the likelihood of achieving 

statistical significance. The large number of cases in the studies serves to offset this 

effect, however. 

Both the pilot study and expanded study employ data from a single year, 2011. 

The present study’s use of regression analysis suggests an inference to a larger 

population, and the study’s inferential conclusions would seek to generalize the study 

findings to years other than 2011. The 2011 data that were analyzed during the present 

study were generated using NBRC CRT, WRT, and CSE examinations that were 

developed following the 2009 national job analysis study. Because the NBRC conducts a 

national job analysis survey every 5 years, the 2011 examinations would be expected to 

demonstrate similar testing and measurement properties related to validity, reliability, and 

feasibility as examinations administered in 2010, 2012, 2013, and 2014. Generalization 

of the findings of analyses with the 2011 NBRC data to other years (prior to 2010 and 

after 2014) and to other examination candidates may not be valid. 

Preliminary data inspection indicated the exclusion of ten cases of previously 

credentialed individuals who applied to challenge an examination for recredentialing 

purposes because they provided information that was not relevant to my research 

questions. Preliminary inspection of the census level data set also facilitated decisions 

regarding generation of common samples (traditionally defined as a subset of a 
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population) that were employed for the regression analyses. Because an examination’s 

data are relevant only to the individuals who apply to challenge the examination, I 

generated unique common samples for each NBRC examination type (CRT, WRT, CSE) 

administered during 2011. Examination of the data set identified cases that lacked 

useable ZCTA information (i.e., the ZCTAs were missing or invalid); a tally of the 

number of such cases that were excluded from each common sample is included in the 

Chapter 4.  

Variables in the Study 

The variables employed in the present study are guided by the study’s research 

questions, and include: dependent (response) variables, independent (explanatory) 

variables, control variables, and instrumental variables. The independent variable is 

academic degree (associate or baccalaureate) earned upon completion of a CoARC-

accredited entry into professional practice program of study in respiratory care.  

Dependent Variables 

The dependent variables for the present study are variation in NBRC: CRT, WRT, 

CSE IG, and CSE DM z-scores; and CRT, WRT, and CSE examination outcomes. 

Inspection of z-score data indicated the presence of cases with low z-score outliers (z-

scores less than 1.5 times the interquartile range). According to the NBRC, cases with 

very low scores are often associated with a premature end to the test after the candidate 

has exposed only a few test items (R. Shaw, personal communication, March 14, 2012). 

Because cases with low outlier z-scores have the potential to exert undue influence on the 

regression results, I generated unique common samples that excluded low outliers for 

each examination (e.g., CRT restricted common sample). Because the systematic 
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exclusion of low outliers has the potential to bias results of the analyses, I also generated 

unique common samples for each examination that retained all cases for which useable 

data were available (e.g., CRT full common sample). The discussion of the results of the 

present study will consider findings associated with the full common samples for each 

examination; findings associated with the restricted common samples for each 

examination will be presented in table form in Appendix C. Inspection of the final 

interval level variables (z-score, IG z-score, DM z-score) for the full common samples 

revealed generally normal distributions (see Figures 3, 4, 5). 

 

Figure 3. Histogram of the CRT and WRT z-scores for the full common sample of 

NBRC applicants in 2011. 

 



 

 67 

 

Figure 4. Histogram of the CSE IG z-scores for the full common sample of NBRC 

applicants in 2011. 
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Figure 5.  Histogram of the CSE DM Z-Scores for the Full Common Sample of NBRC 

Applicants in 2011 

Control Variables 

Control variables (for which no research questions have been generated) are 

variation in: age, sex, application status (new or repeat), and application type (WRT or 

CSE only, or both WRT and CSE). National Board for Respiratory Care admission 

requirements stipulate that applicants must be 18 years of age or older. Graphical 

inspection of applicant age on the date of the examination administration indicated the 

presence of a right (positive) skew (a disproportionately large number of younger cases) 

(see Figure 6).  Skewed distributions are difficult to examine because most observations 

are confined to a small part of the range of data. This non-constant spread of the variable 

may be associated with a non-constant spread of the variable’s error variance. A non-

linear, logarithmic transformation of the age variable was performed to optimize 
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normality of the distribution of age (see Figure 7). This transformation attended to the 

assumption of normal distribution of error variance for inferential analysis. 

 

 

Figure 6. Histogram of age (days) on the date of examination for NBRC applicants in 

2011. 
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Figure 7. Histogram of the natural logarithm of age on the date of examination for NBRC 

applicants in 2011. 

Preparation of the categorical-level control variables was necessary to facilitate 

regression analysis. I prepared reference (AKA dummy) variables for the bivariate 

factors: academic degree (reference category is associate degree), sex (reference category 

is female), application status (reference category is repeat applicants), and application 

type (reference category is WRT examination only). Preparation of the instrumental 

variable is described below. 

Instrumental Variables 

The quasi-experimental method employed in the present study examined the data 

of individuals who applied to challenge the NBRC CRT, WRT, and CSE examinations 

during 2011. Simple retrospective analysis of archival data in the present study would be 

biased by the non-random self-selection of participants into associate or baccalaureate 
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degree-granting entry into professional practice programs of study in respiratory care. 

This self-selection bias represents undesirable endogenous error (systematic correlation 

of the variance in the explanatory variable academic degree with the error variance in the 

regression model) that indicates the application of an instrumental variable as a bias 

correction in the regression estimation (W. E. Becker, 1992; Heckman, 1979; Murnane & 

Willett, 2011; Puhani, 2000). The influence of endogenous error on the dependent 

variable (CRT, WRT, or CSE outcome or z-score) was reduced in the present study 

because instrumental variables regression analyzed the intersection of the covariance 

between NBRC result (outcome or z-score) and academic degree only for the exogenous 

variation in degree (home-closest RT program distances) (Murnane & Willett, 2011). 

The home-closest RT program distance is arguably exogenous because it identifies 

variation in academic degree that is not under the influence of the participant. Because 

the arguably exogenous instruments were employed in an analysis that used a large 

sample size, literature suggests that the variables demonstrate asymptotic unbiasedness 

(as the sample size increases, the amount of bias decreases) (Murnane & Willett, 2011). 

Awareness of self-selection bias and appropriate correction using an arguably exogenous, 

asymptotically unbiased estimator is essential to investigate any causative relationship 

between the independent and dependent variables.  

Initial selection of an instrumental variable to account for the influence of omitted 

variables and to permit estimation of a causal relationship is supported by a review of 

relevant literature (Angrist & Krueger, 2001). Evidence indicates that college choice is 

related to geographic proximity of the college to the student’s home: students who choose 

to attend a 2-year college tend to live, on average, closer to a 2-year college; and students 
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who choose to attend a 4-year college tend to live, on average, closer to a 4-year college 

(Rouse, 1995; Turley, 2009). Turley suggests two possible mechanisms by which college 

proximity might influence students’ educational opportunities. First, attending a closer 

college is more convenient because it reduces the logistical, financial, and emotional 

challenges associated with college transition, i.e., the convenience mechanism. Second, 

proximity to college fosters a college-going predisposition among local students because 

of the positive economic and social influences of the college on the local community, i.e., 

the predisposition mechanism. 

Because evidence suggests that students who live closer to 2-year colleges will 

attend a 2-year college, it is expected that individuals living closer to an associate degree-

granting RC education program will be more likely to attend an associate degree-granting 

program of study in RC than individuals living closer to a baccalaureate degree-granting 

program of study in RC. Similarly, because evidence suggests that students who live 

closer to 4-year colleges will attend a 4-year college, and it is expected that individuals 

living closer to a baccalaureate degree-granting program of study in RC will be more 

likely to attend a baccalaureate degree-granting RC education program than individuals 

living closer to a associate degree-granting program of study in RC. I elected to evaluate 

the suitability of ZIP (Zone Improvement Plan) code centroid (i.e., central point using 

latitude and longitude coordinates) as a means of quantifying the home-closest program 

of study in RC distance variables in an effort to identify a valid instrumental variable for 

the present research. 

Zone Improvement Plan codes were created in the 1960s by the U.S. Postal 

Service to facilitate efficient mail delivery. A ZIP code represents a collection of postal 
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delivery routes that lacks a closed spatial area. Because ZIP codes lack precise 

boundaries, determination of a ZIP code centroid is not possible. Determination of 

centroid using precise boundaries became possible when ZIP Code Tabulation Areas 

(ZCTAs) were created by the U.S. Census Bureau to provide a geographic equivalent for 

ZIP codes (http://www.census.gov/geo/reference/gtc/gtc_zcta.html, para. 1). ZIP Code 

Tabulation Areas are two-dimensional spatial entities (viz., polygons defined by latitude 

and longitude) generated for use within the constitutionally mandated decennial U.S. 

census. According to the U.S. Census Bureau, “in most instances the ZCTA code is the 

same as the ZIP code for an area" (http://www.census.gov/geo/reference/zctas.html, 

2014, para. 8). Instances when ZCTAs differ from ZIP codes include: ZIP codes assigned 

to a single business (e.g., Google, University of Missouri), an entity that is not a standard 

residential address (e.g., Santa Claus), or to a single delivery point address; instead, these 

points are associated with the ZCTA area in which they are located. The major limitation 

to use of ZCTA codes relates to their use in longitudinal research, since ZCTA 

boundaries may be adjusted every 10 years with each census. 

The Office of Social and Economic Data Analysis (OSEDA) at the University of 

Missouri provides census support services, including the development and maintenance 

of the Missouri Census Data Center (MCDC). The MCDC is a program of the Missouri 

State Library within the office of the U.S. Secretary of State that has partnered with the 

U.S. Census Bureau’s State Data Center since 1979. Following the 2010 U.S. census, the 

MCDC combined ZCTA geographic and demographic data to create a master data set. 

The MCDC data archive contains a file that is a cross listing between ZIP codes and the 

ZCTAs to which they correspond, a listing of ZCTA population centroids (in latitude and 

http://www.census.gov/geo/reference/gtc/gtc_zcta.html
http://www.census.gov/geo/reference/zctas.html
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longitude), and a data extractor application (Dexter) to facilitate data extraction for 

research purposes (http://mcdc.missouri.edu/tutorials/dexter_quickstart/, 2013, para. 1).  

The present research study used the 2010 U.S. Census Bureau ZCTA dataset 

population centroid to prepare the instrumental variable. This ZCTA dataset originated at 

the time of the 2010 census, an event which was contemporaneous with the time period in 

which approximately 90% of 2011 NBRC examination challengers would be choosing or 

matriculating through their chosen RC education program. ZCTAs are likely to 

accurately represent home ZIP codes of the 2011 NBRC examination challengers because 

these people are unlikely to report a home ZIP code that is associated with a business, a 

nonstandard residence, or a single ZIP code delivery point residence. The present 

research method employed the following instrumental variables to seek to reduce the 

influence of participant self-selection bias: (1) distance between the population centroid 

of the examination candidate’s home ZCTA and the population centroid of the ZCTA of 

the closest associate degree-granting CoARC-accredited entry into professional practice 

program of study in RC, and (2) distance between the population centroid of the 

examination candidate’s home ZCTA and the population centroid of the ZCTA of the 

closest baccalaureate degree-granting CoARC-accredited entry into professional practice 

program of study in RC.  

To conduct the present analysis, I obtained data from the NBRC for the 

population of individuals who applied to challenge an NBRC examination in 2011. This 

dataset contained de-identified, individual-level data, including the home ZIP code for 

each applicant. Data obtained from CoARC identified the ZIP codes of education 

programs that were accredited by CoARC in 2011. Data provided by OSEDA and the 

http://mcdc.missouri.edu/tutorials/dexter_quickstart/
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MCDC identified the ZCTA associated with NBRC candidate home ZIP codes and the 

ZIP codes of CoARC-accredited entry into professional practice programs of study in 

respiratory care in the United States in 2011. Data provided by the US Census Bureau 

identified the longitude and latitude of the ZCTA population centroid for each 

examination candidate’s home and for that of the 2011 CoARC-accredited entry into 

professional practice programs of study in RC (associate degree-granting and 

baccalaureate degree-granting). I merged relevant variables from the CoARC, MCDC, 

and U.S. Census Bureau datasets with the NBRC dataset and imported these data into 

Stata version 12 (2014) for analysis. Next, I generated statistical commands to calculate 

the distances (in miles) between the population centroid of each examination candidate’s 

home ZCTA and the population centroid of the ZCTA for every CoARC-accredited entry 

into professional practice associate degree-granting and baccalaureate degree-granting 

programs of study in 2011. Finally, I identified the minimum home-closest associate 

degree-granting and home-closest baccalaureate degree-granting program distances. 

 Next, I conducted analyses with the home-closest program distance variables to 

identify evidence relative to the assumptions of instrumental variables regression (see 

Table 3). An instrument demonstrates validity for regression analysis to the extent that 

the instrument: increases predictive power of the independent variable, meets or exceeds 

the number of endogenous components (i.e., correlated with variance in the error term), is 

relevant to the dependent variable, and is jointly significant to the endogenous regressors. 

The first stage of instrumental variables regression calculates a series of statistics to 

evaluate validity of the instrumental variables in the context of the present analysis. First, 

the analysis calculates an F test to query the presumptive null hypothesis that there is no 



 

 76 

relationship between academic degree and the mean home-closest RC program distance 

variables for the CRT, WRT, and CSE examinations. The null hypothesis is rejected if 

the F statistic is sufficiently large (Moore, McCabe, & Craig, 2009).  
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Table 3 

First Stage Instrumental Variables Regression: Validation of the Instrumental Variables 

IV Regression Assumptions, 

tests 

Null hypotheses (Ho) 

Relationship 

 

 F test 

There is no relationship between the independent variable 

(academic degree) and the instrumental variables 

(distance between examination candidate’s home and the 

closest CoARC-accredited entry into professional practice 

associate degree-granting and baccalaureate degree-

granting programs of study in 2011) 

Weak predictive power, tests 

of excluded instruments 

F test 

Angrist-Pischke chi-

square   

Angrist-Pischke 

multivariate F 

The addition of the two home-closest RC program 

distance variables (mean distances between examination 

candidate’s home and the closest CoARC-accredited 

entry into professional practice associate degree-granting 

and baccalaureate degree-granting programs of study in 

2011) does not increase the predictive power of the 

independent variable, academic degree. 

Order condition/ 

Underidentification test 

 

Kleibergen-Paap rk LM 

chi-square statistic 

The number of instruments (distance between 

examination candidate’s home and the closest CoARC-

accredited entry into professional practice associate 

degree-granting and baccalaureate degree-granting 

programs of study in 2011) is less than the number of 

endogenous components (viz., the model is under-

identified). 

Weak identification F tests 

 

Cragg-Donald Wald 

Kleibergen-Paap 

The number of instruments (distance between 

examination candidate’s home and the closest CoARC-

accredited entry into professional practice associate 

degree-granting and baccalaureate degree-granting 

programs of study in 2011) is too few to be relevant (viz., 

the model is weakly identified) 

Weak instrument robust 

inference tests  

Anderson-Rubin Wald F 

value 

Anderson-Rubin Wald 

chi-square 

Stock-Wright chi-square 

The instruments (distance between examination 

candidate’s home and the closest CoARC-accredited 

entry into professional practice associate degree-granting 

and baccalaureate degree-granting programs of study in 

2011) are weak. 

  

Next, first stage instrumental variables regression calculates three statistics to test 

the presumptive null hypothesis that the addition of the instruments does not increase the 
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predictive power of the independent variable. Following the standard F test with interval 

level data, the Angrist-Pischke chi-square is used to analyze the null hypothesis with 

categorical level data. The Angrist-Pischke multivariate F test of the presumptive null 

hypothesis is appropriate when multiple dependent variables are employed; this analytical 

step is not relevant to the present analysis because the present analysis employs a single 

dependent variable for each research question. 

Evidence of the validity of the instrumental variables requires that the instruments 

meet the order condition: that the number of instruments must at least equal the number 

of endogenous components (viz., components that are correlated with variance in the 

error term). The Kleibergen-Paap chi-square statistic evaluates the evidence to support 

the presumptive null hypothesis that the number of instruments is less than the number of 

endogenous components (viz., the model is under-identified).  

Next, the first stage of the instrumental variables regression seeks evidence 

regarding the instrument’s relevance. The Cragg-Donald Wald F statistic and Kleibergen-

Paap F statistic evaluate the evidence to support the presumptive null hypothesis that the 

number of instruments is too few to be relevant (viz., the model is weakly identified).  

Finally, first stage regression seeks evidence regarding the correlation between 

the instruments and the endogenous variable being instrumented. The present analysis 

employs tests of weak instrument robust inference to test the null hypothesis that the 

instruments are weak. Following the Anderson-Rubin Wald F test with interval level 

data, the Anderson-Rubin Wald chi-square and Stock-Wright chi-square are used to 

analyze the null hypothesis with categorical level data. 
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Graphical inspection of the home-closest associate program and home-closest 

baccalaureate program data identified the presence of a right (positive) skew (a 

disproportionately large number of cases with shorter distances) (see Figures 8 and 10).  

Skewed distributions are difficult to examine because most observations are confined to a 

small part of the range of data. This non-constant spread of the variables may be 

associated with a non-constant spread of the variables’ error variances. I transformed 

these data using 1+natural logarithms. (Multiple cases included a minimum distance of 0 

miles. Because it is not possible to take the logarithm of zero, it was necessary to first add 

one unit prior to the logarithmic transformation.) This transformation resulted in a more 

normal distribution that attends to the assumptions of normal distribution of error 

variance for inferential analysis (see Figures 9 and 11).  
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Figure 8. Histogram of the minimum distance between candidate home ZCTA and 

closest associate degree-granting RC program. 

 

Figure 9. Histogram of 1+ natural logarithms of the minimum distance between 

candidate home ZCTA and closest associate degree-granting RC program. 
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Figure 10. Histogram of the minimum distance between candidate home ZCTA and 

closest baccalaureate degree-granting RC program. 

 

Figure 11. Histogram of 1+ natural logarithms of the minimum distance between 

candidate home ZCTA and closest baccalaureate degree-granting RC program. 
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Data Collection 

Research methods for the expanded study required analysis of the data set that 

was provided by the NBRC in 2011. This data set included demographic data that were 

collected using the NBRC examination application (see Appendix B) that was completed 

by the applicants at the time they applied to challenge an NBRC CRT, WRT, or CSE 

examination. In addition, the data set includes candidates’ examination outcome data 

(e.g., raw scores) that were collected by the NBRC during the time the candidate was 

logged onto the computer at the examination administration site. Finally, the data set 

includes data that the NBRC has transformed from original examination outcome data 

(e.g., scaled scores, examination result, z-scores). The NBRC calculated the data set’s z-

scores by subtracting the test form’s mean score from the raw score, and dividing by the 

standard deviation of scores for each test form. I merged relevant variables from the 

CoARC, MCDC, and US Census Bureau datasets with the NBRC dataset and imported 

these data into Stata version 12 (2014) for analysis. No additional data were collected for 

the present study. 

Data Analysis 

Quantitative analysis of the data followed an analytic protocol, beginning with the 

CRT data, followed by the WRT and CSE. First, I generated descriptive statistics (mean, 

standard deviation, minimum, maximum) for the interval level data (NBRC z-score, age) 

in the full and restricted common samples for each examination type. Additionally, the 

analysis generated demographic summaries (count, percent) for the categorical data 

(NBRC outcome, academic degree, sex, application status, application type) in the full 

and restricted common samples for each examination type. 
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Data analysis continued with linear regression of CRT, WRT, and CSE z-scores 

and outcomes on academic degree and the control variables to estimate the association 

between the independent and dependent variables. This linear regression analysis was 

restricted, in the sense that it did not incorporate an instrumental variable to reduce the 

effect of self-selection bias. This analytical step was included to facilitate comparison of 

these coefficients with the coefficients generated during instrumental variables regression 

during the final analytical step. Regression analyses estimated robust standard errors 

using the Huber-White sandwich estimator; this, in combination with the very large 

sample size, yielded standard errors that attend to minor problems with normality or 

heteroskedasticity (Acock, 2010).  

Instrumental variables regression analysis using Stata version 12 is accomplished 

in two stages. The first stage instrumental variables analysis regressed academic degree 

on the control and instrumental variables. This stage of the analysis generated objective 

measures that were used to evaluate the extent to which the data met the assumptions of 

instrumental variables regression (Baum, Schaeffer, & Stillman, 2007).  

Second stage instrumental variables analysis regressed the dependent variables 

(CRT, WRT, and CSE z-scores and outcomes) on academic degree, controlling for the 

effects of age, sex, application status, and application type, and using home-closest RC 

program distances as instrumental variables. This final analytical step is complete, in the 

sense that it incorporated instrumental variables to reduce the influence of participant 

self-selection bias and to permit the generation of causative conclusions regarding the 

effect of academic degree on NBRC examination scores and outcomes. 
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Limitations 

 Limitations of research include circumstances that threaten the study results, 

which are outside the researcher’s control. While my exclusive use of a post-positivist 

perspective with quantitative methods will facilitate understanding of only one dimension 

of respiratory therapy competence, it constitutes my intentional choice; as such, it will 

not be considered as a limitation to the study.  

Despite the expanded study’s integration of changes to address limitations in the 

pilot study, limitations to the current study remain. Similar to the pilot study, the current 

study is also limited by characteristics of the data set, including a disparity in academic 

degree category size and an exclusive focus on data collected within a single calendar 

year. In addition, the data set includes demographic data that were collected using an 

NBRC application (see Appendix B) that was completed by individuals who were 

seeking to challenge an NBRC examination. These data are subject to limitations 

associated with self-reported data, including the possibility for: (a) omission of a 

response to an application item, (b) misreading or misunderstanding an application item, 

or (c) intentional misrepresentation. Also, the quality of the curriculum, teaching, and 

clinical experiences may vary between associate and baccalaureate degree-granting 

respiratory care education programs; the variability of these important factors is 

unknown, and may influence NBRC examination outcomes. 

Despite the use of CRT, WRT, and CSE examination data in the expanded study, 

these assessments may still not be sufficiently sensitive to evaluate other competencies 

essential to the development of a respiratory therapist, such as effective written and 

verbal communication and the ability to review and critique published research (Barnes et 
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al., 2010; O'Daniel et al., 1992), which may be facilitated by the achievement of an 

associate or baccalaureate degree. Finally, the home-closest college instrumental variable 

has not been validated for use in the analysis of academic degree and NBRC examination 

outcomes. It is unknown if NBRC examination applicants are residing in the same ZIP 

code where they were living at the time they made their college choice, so it is unknown 

if correlation between home-closest RC program and degree earned upon completion of 

RC program will meet requirements for an appropriate instrumental variable to reduce the 

influence of self-selection bias. 

Summary 

 The research methods proposed in this chapter will facilitate the analyses 

necessary to answer the study’s research questions. The present study expands on a prior 

pilot study to identify any relationship that may exist between NBRC examination results 

and degree earned from a CoARC-accredited entry into professional practice program of 

study in respiratory care. The expanded study’s inclusion of multiple examinations will 

yield a more comprehensive analysis of the influence of program type on NBRC 

measures of respiratory care competence at the entry and advanced levels. Additionally, 

the study’s inclusion of multiple examination result variables will facilitate broader 

interpretation of the influence of program type on NBRC z-score and outcome. Finally, 

the study’s integration of instrumental variables to correct for self-selection bias will 

permit causal conclusions regarding the influence of program type on respiratory therapy 

competence for each of the seven research questions. Inclusion of control variables for 

age, sex, application type, application status, and home-closest RC program distances 

will continue to enhance understanding of the association between these variables and 
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NBRC measures of respiratory therapy competence. The results from the study will be 

presented in Chapter Four.  



 

 87 

CHAPTER 4 RESULTS 

 This study used the human capital theory to analyze the effects of entry-to-

practice academic degree in respiratory care on National Board for Respiratory Care 

(NBRC) scores and outcomes for the population of individuals who challenged the 

Certified Respiratory Therapist (CRT) examination, the Written Registry Examination for 

Advanced Respiratory Therapists (WRT), and the Clinical Simulation Examination 

(CSE) in 2011. Specifically, NBRC examination scores and outcomes of individuals 

completing associate degree-granting entry into professional practice programs of study 

in Respiratory Care (RC) were compared with those of individuals completing 

baccalaureate degree-granting entry into professional practice programs of study in RC.  

The following seven research questions guided this analysis: For graduates of 

Commission on Accreditation for Respiratory Care (CoARC)-accredited entry into 

professional practice program of study in respiratory care applying to challenge NBRC 

examinations in 2011, after controlling for the effects of sex, age, application status, and 

application type, and using distances between home and closest associate degree-granting 

and baccalaureate degree-granting RC programs as an instrumental variable to correct for 

self-selection bias, is there a difference between graduates of associate degree-granting 

and baccalaureate degree-granting education programs on the:  

1. Proportion of candidates who pass the NBRC CRT examination? 

2. Mean scaled CRT examination z-score? 

3. Proportion of candidates who pass the NBRC WRT examination? 

4. Mean scaled WRT examination z-score? 

5. Proportion of candidates who pass the NBRC CSE? 
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6. Mean scaled CSE Information Gathering (IG) z-score? 

7. Mean scaled CSE Decision Making (DM) z-score? 

The analysis identified demographic information and descriptive statistics for 

each common sample and for the combined full common samples of the academic degree 

groups. Serial computations for each NBRC examination regressed scores and outcomes 

on the academic degree earned upon completion of the entry-to-practice respiratory 

therapy education program. First, I evaluated the association between NBRC scores and 

outcomes on respiratory therapy academic degree using ordinary least squares (OLS) 

regression. Next, I completed two-stage least squares regression to determine whether 

candidate home-closest RC program distance met the assumptions of instrumental 

variables regression and to estimate the effect of academic degree on NBRC z-scores and 

outcomes.    

The presentation of the results of these analyses is organized by NBRC 

examination. Demographic variables and descriptive statistics of the full common 

samples are followed by the serial regression results. Results of the restricted common 

samples yielded results that were similar to those of the full common sample; these are 

communicated in table form in Appendix C. 

Academic Degree 

 The analysis for the present study generated demographic variables and 

descriptive statistics for the combined full common samples to facilitate greater 

understanding of the similarities and differences between individuals who self-select into 

associate degree-granting programs and those who self-select into baccalaureate degree-

granting programs (see Tables 4 and 5, Figure 12). Analysis of examination outcome 
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indicates that the overall mean pass rate and the individual examination mean pass rates 

of the baccalaureate prepared NBRC examination challengers is higher than that of the 

associate prepared NBRC examination challengers. Baccalaureate-prepared candidates 

are more likely than associate-prepared candidates to be female, first-time examination 

challengers who apply to challenge both elements of the registry examination system on 

the same date. Demographic variables indicate that the majority of the associate and 

baccalaureate-prepared NBRC examination candidates: (1) achieves a passing outcome 

on the NBRC examination, (2) are female, (3) are first-time examination challengers, and 

(4) apply to challenge both elements of the registry examination system on the same date.  

 Analysis of examination z-scores indicates that the overall mean z-score and the 

individual examination mean z-scores of the baccalaureate prepared NBRC examination 

challengers is higher than that of the associate prepared NBRC examination challengers. 

Descriptive statistics of the full common samples indicate that the mean age of the 

associate prepared NBRC examination challenger is higher than that of the baccalaureate 

prepared NBRC examination challenger. The mean distance between the candidate’s 

home-closest associate degree-granting RC program is less for individuals who hold the 

associate degree than for those who hold the baccalaureate degree. The mean home-

closest baccalaureate RC program distance is less for individuals who hold the 

baccalaureate degree than for those who hold the associate degree. 
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Table 4 

Demographic Variables of the Full Common Sample for Academic Degree, Count 

(Percentage) 

Variable 

Associate Degree 

(N=31,374) 

Baccalaureate degree 

(N=2,863) 

Outcome, passing 17,458  (58%) 1,927  (67%) 

 CRTa 6,562  (58%) 616  (75%) 

 WRTa 5,402  (50%) 651  (66%) 

 CSEa 5,494 (58%) 660 (63%) 

Sex         

 Female 21,110  (67%) 2,002  (70%) 

 Male 10,255  (33%) 861  (30%) 

 Other 9  (<1%) 0  (  0%) 

Application status         

 New 18,415  (59%) 1,918  (67%) 

 Repeat 12,959  (41%) 945  (33%) 

Application typeb     

 Written 6,030 (40%) 461 (30%) 

 Both 9,159 (60%) 1,051 (70%) 
aCounts for outcome include only challengers to the specified examination 
bCounts for application type include only challengers to the registry examination system; 

will not sum to the total for the degree. 
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Figure 12. Demographic Variables of the Full Common Sample for Academic Degree, 

Percentage 

 

Table 5 

Descriptive Statistics of the Full Common Sample for Academic Degree 

 Associate Degree 

(N=31,374) 

Baccalaureate Degree 

(N=2863) 

Variable M (SD) Range M (SD) Range 

Z-scorea 0.02 (0.99) -3.63 – 3.04 0.38 (0.95) -3.08 – 2.75 

 CRTb 0.05 (0.98) -3.01 – 2.62 0.45 (0.89) -2.06 – 2.46 

 WRTb -0.00 (0.99) -3.63 – 3.04 0.33 (0.98) -3.08 – 2.75 

 CSE IGb -0.00 (1.00) -11.32 – 2.51 0.14 (0.88) -4.84 – 1.96 

 CSE DMb 0.00 (1.00) -7.32 – 2.60 0.12 (0.95) -4.89 – 2.13 

Agec 33.31 ( 9.24) 18.88 - 68.57 27.53 (6.63) 20.09- 65.23 

Distance     

 Home-Assocd 15.37 (38.88)  0.00-1,433.51 19.34 (24.54) 0.00-306.37 

 Home-Bacce  159.66 (203.57)  0.00-2,680.08 57.37 (118.76) 0.00-953.78 
aOverall z-scores for all examinations 
bMean (SD) and range of z-scores for the specified examination 
cAge on examination date, in years. 
dDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice associate degree-granting program of study in respiratory care, in miles. 

0

10

20

30

40

50

60

70

80

90

100

Associate

Baccalaureate

Series 3



 

 92 

eDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice baccalaureate degree-granting program of study in respiratory care, in miles. 

 

CRT 

 The full CRT common sample was generated from the 12,062 cases of individuals 

who applied to challenge the NBRC CRT examination in 2011.  

Descriptive Statistics  

 From the original 2011 NBRC data set of 12,062 CRT cases, the full common 

sample excluded only the 24 cases with missing data for the study variables. (The 24 

excluded cases were missing useable home ZIP codes, making it impossible to calculate 

home-closest RT program distances.) After applying this limit, the full CRT common 

sample included 12,038 cases. Table 6 identifies demographic variables and Table 7 

identifies descriptive statistics for the full CRT common sample.  

Table 6 

Demographic Variables of the CRT Full Common Sample (N=12,038) 

Variable Count Percent 

Outcome  

 Pass 7,160  (59%) 

 Fail 4,878  (41%) 

Academic degree  

 Associate 11,231  (93%) 

 Baccalaureate 807  (  7%) 

Sex     

 Female 8,327  (69%) 

 Male 3,707  (31%) 

 Other 4  (<1%) 

Application status     

 New 7,354  (61%) 

 Repeat 4,684  (39%) 
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Table 7  

Descriptive Statistics of the CRT Full Common Sample (N=12,038) 

Variable M (SD) Range 

CRT Z-score 0.07 ( 0.98) -3.01- 2.62 

Agea 32.64 ( 9.13) 18.88 - 68.41 

Distance   

 Associateb 14.92 (26.18)  0.00-1431.89 

 Baccalaureatec  150.92 (191.88)  0.00-2680.08 

a Age on examination date, in years. 
bDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice associate degree-granting program of study in respiratory care. 
cDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice baccalaureate degree-granting program of study in respiratory care. 

The dependent, or response variable for the first research question was CRT 

examination outcome. The full common sample included 7160 passing cases (59%) and 

4878 failing cases (41%). The dependent variable for the second research question was 

CRT z-score. The full CRT common sample included z-scores that ranged from -3.01 to 

2.62, mean 0.07, and standard deviation 0.98.  

The independent, or explanatory variable for the CRT analysis was entry-to-

practice academic degree earned from a CoARC-accredited entry into professional 

practice program of study in respiratory care. The full CRT common sample included 

11,231 cases (93%) with the associate degree and 807 cases (7%) with the baccalaureate 

degree.  

Regression of CRT results incorporated three control variables whose influence 

upon the dependent variable I sought to remove in this study: sex, age, and application 

status. (Application type was omitted from analysis of the CRT data because the 

application type categories pertain only to the WRT and CSE examinations.) Tabulation 
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of sex data for the full CRT common sample identified 8327 cases (69%) of individuals 

who identified as female, 3707 (31%) who identified as male, and four cases (<1%) 

representing individuals who did not identify as male or female. Transformation of the 

natural log of the age at examination (in years) for the CRT full common sample yielded 

a mean age at examination 32.64, range 18.88-68.41 years, and standard deviation 9.13 

years. The full CRT common sample included 7354 cases (61%) of individuals who were 

applying to challenge the CRT examination for the first time and 4,684 repeat cases 

(39%) of individuals who were applying to challenge the CRT examination after a 

previous failing attempt.  

The instrumental variables in the present analysis included: the minimum distance 

between the examination candidate’s home and the closest associate degree-granting 

respiratory therapy education program, and the minimum distance between the 

examination candidate’s home and the closest baccalaureate degree-granting respiratory 

therapy education program. +1 Natural log transformation of the home-closest associate 

program distance for the CRT full common sample yielded a mean distance of 14.92 

miles, range 0-1431.89, and standard deviation 26.18. +1 Natural log transformation of 

the home-closest baccalaureate program distance for the CRT full common sample 

yielded a mean distance of 150.92 miles, range 0-2680.08, and standard deviation 191.88. 

CRT Outcome 

 Ordinary least squares regression. Ordinary least squares regression was used 

to estimate the association between CRT results and academic degree. Regression of 

CRT outcome (i.e., pass, fail) on academic degree, controlling for sex, age, and 

application status, indicated that 29.7% of the variance in CRT outcome was explained 
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by variation in the additive effects of the independent and control variables for the full 

common sample (see Table 8). The root mean squared error (RMSE) indicated that a 

typical case deviated from its predicted value by 0.412 units. Ordinary least squares 

regression identified a statistically significant association between entry-to-practice 

respiratory care academic degree and CRT outcome in the full CRT common sample. 

After controlling for the effects of age, sex, and application status, the unstandardized 

regression coefficient indicates that status of having earned a baccalaureate degree from 

an accredited respiratory care education program was associated with a 6.7 percentage 

point increase in the likelihood of attaining a passing score on the CRT examination, on 

average, for individuals applying to challenge the CRT examination in 2011. The p value 

(0.000) indicates that the probability of this relationship occurring by chance is less than 

0.1%. 

  



 

9
6
  

Table 8 

Results of Regression Analyses Estimating CRT Outcome for the CRT Full Common Sample (N=12,038) 

  Ordinary Least Squares Regression Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.067  0.000 0.014 0.039 – 0.094 0.033  0.515 0.050 -0.066 – 0.131 

Agea -0.150  0.000 0.015 -0.179 - -0.121 -0.155  0.000 0.017 -0.188 - -0.122 

Sex         

 Male 0.069  0.000 0.008 0.053 – 0.085 0.069  0.000 0.008 0.053 – 0.084 

 Other 0.220 0.000 0.014 0.193 – 0.247 0.217 0.000 0.015 0.188 – 0.245 

Application Status 0.517  0.000 0.008 0.501 – 0.534 0.518  0.000 0.008 0.502 – 0.535 

Constant 2.655  0.000 0.140 2.381 – 2.929 2.706  0.000 0.159 2.394 – 3.017 

R2 0.297        

RMSE 0.412        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days  
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 Ordinary least squares regression analysis also identified relationships between 

CRT examination outcome and the control variables, with p values (0.000) indicating that 

the probability of these relationships occurring by chance is less than 0.1%. After 

controlling for degree, sex, and application status, a one unit increase in the logarithm of 

age on the date of examination is associated with a 15 percentage point decrease in the 

likelihood of attaining a passing CRT score, on average. Controlling for degree, age, and 

application status, male sex is associated with a 6.9 percentage point increase in the 

likelihood of attaining a passing CRT score, and unknown sex is associated with a 22 

percentage point increase in the likelihood of attaining a passing CRT score, on average. 

Status as a first time CRT applicant is associated with a 51.7 percentage point increase in 

attaining a passing CRT score, on average, after controlling for degree, age, and sex. 

Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RC program distances to academic degree for the 

CRT outcomes analysis and to determine whether the home-closest RC program 

distances met the assumptions of instrumental variables regression.  

Regression analysis identified relationships between academic degree and the 

distance variables, with p values (0.000) indicating that the probability of these 

relationships occurring by chance is less than 0.1% (see Table 9). After controlling for 

age, sex, and application status, the unstandardized regression coefficient indicates that a 

1% increase in the distance between the CRT candidate’s home and closest associate 

degree program is associated with a 1.3% increase in the attainment of a baccalaureate 

degree, on average. A 1% increase in the distance between a CRT candidate’s home and 
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the closest baccalaureate degree program is associated with a 5.9% decline in the 

attainment of a baccalaureate degree, on average, and after controlling for age, sex, and 

application status.  

Table 9  

Results of Ordinary Least Squares Regression Estimating Academic Degree for CRT 

Outcome for the CRT Full Common Sample (N=12,038) 

Variable b p SE 

Distance    

 Associatea 0.013  0.000 0.002 

 Baccalaureateb -0.059 0.000 0.002 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a 1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b 1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

An instrument demonstrates validity for regression analysis to the extent that the 

instrument: increases predictive power of the independent variable, meets or exceeds the 

number of endogenous components, is relevant to the dependent variable, and is jointly 

significant of the endogenous regressors. First stage instrumental variables regression 

tested the presumptive null hypothesis that the addition of the two home-closest program 

distance variables does not increase the predictive power of the independent variable, 

academic degree. Results of the F test of excluded instruments and Angrist-Pischke chi-

square test of excluded instruments reject the presumptive null and provide evidence that 

the addition of the two home-closest program distance variables increased the predictive 
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power of the independent variable (see Table 10). The p values (0.0000) suggest the 

probability that these relationships occur by chance is less than 0.01%. 

Table 10  

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for CRT Outcome for the CRT Full Common Sample, Tests of 

Assumptions (N=12,038) 

 CRT Outcome 

IV Regression Assumptions statistic p 

Weak predictive power   

Excluded instruments F 312.69 0.0000 

Angrist-Pischke chi-square  625.74 0.0000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 492.81  0.0000 

Weak identification F tests   

Cragg-Donald Wald  613.61   

Kleibergen-Paap  312.69  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 6.51 0.0015 

Anderson-Rubin Wald chi-square 13.03  0.0015 

Stock-Wright chi-square 13.00 0.0015 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true). 

Evidence of the validity of the instrumental variables requires that the instruments 

meet the order condition: that the number of instruments must at least equal the number 

of endogenous components. The underidentification test evaluates the evidence to 

support the presumptive null hypothesis that the number of instruments is less than the 

number of endogenous components. The present analysis yields a Kleibergen-Paap chi-

square statistic sufficient to reject the null hypothesis and demonstrate evidence that the 

order condition is met and that the number of instruments is greater than the number of 

endogenous components (the model is over-identified). The p value (0.0000) suggests the 

probability that this relationship occurred by chance is less than 0.01%. 
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The first stage of the instrumental variables regression also seeks evidence 

regarding the instrument’s relevance. The weak identification tests evaluate the evidence 

to support the presumptive null hypothesis that the number of instruments is too few to be 

relevant. The present first stage ordinary least squares regression analysis yielded a 

Cragg-Donald Wald F statistic and a Kleibergen-Paap F statistic to reject the null 

hypothesis and provide evidence in support of the relevance of the distance variables to 

instrument for CRT results. 

Finally, first stage regression seeks evidence regarding the correlation between 

the instruments and the endogenous variable being instrumented, using tests of weak 

instrument robust inference. Results provide evidence to reject the null hypothesis that 

the instruments are weak, with a p value (0.0015) suggesting that the probability that 

these relationships occur by chance is less than 0.5%.  

 Instrumental variables regression, second stage. The second stage instrumental 

variables analysis regressed CRT outcome on academic degree, while controlling for 

applicant age, sex, and application status, and using home-closest associate degree-

granting RC education program and home-closest baccalaureate degree-granting RC 

education program distances to reduce the influence of self-selection bias error for 12,038 

CRT cases in 2011 (see table 8). Instrumental variables regression analysis did not 

identify a statistically significant effect of entry-to-practice respiratory therapy academic 

degree on CRT outcome in the full CRT common sample. The p value (0.515) indicates 

that the probability of this result occurring by chance is 51.5%; a 95% confidence interval 

indicates that we can be 95% certain that the effect of achievement of the baccalaureate 

degree will range from a 7% decrease to a 13% increase in achieving a passing CRT 
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score. This result does not provide evidence of an academic degree effect on CRT 

examination outcome.   

CRT Z-Score  

Ordinary least squares regression. Ordinary least squares analysis regressed 

CRT z-score on academic degree earned from a CoARC-accredited entry into 

professional practice program of study in RC, controlling for the effects of age, sex, and 

application status. The coefficient of determination (R2) indicates that 34.9% of the 

variance in CRT z-score can be explained by variation in the additive effects of the 

independent and control variables (see table 11). The root mean squared error (RMSE) 

indicates that a typical case deviates from its predicted value by approximately 0.795 z-

score units. Ordinary least squares regression identified a statistically significant 

association between entry-to-practice RC academic degree and CRT z-score in the full 

CRT common sample. After controlling for the effects of age, sex, and application status, 

the unstandardized regression coefficient indicates that status of having earned a 

baccalaureate degree from an accredited RC education program is associated with a 0.183 

standard deviation increase in CRT examination scores, on average, for individuals 

applying to challenge the CRT examination in 2011. The p value (0.000) indicates that 

the probability of this relationship occurring by chance is less than 0.1%.   
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Table 11  

Results of Regression Analyses Estimating CRT Z-score for the CRT Full Common Sample (N=12,038) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.183 0.000 0.027 0.130 – 0.237 -0.081 0.410 0.098 -0.272 – 0.111 

Agea -0.295 0.000 0.029 -0.351 - -0.238 -0.335 0.000 0.032 -0.399 - -0.272 

Sex         

 Male 0.194 0.000 0.016 0.162 – 0.225 0.191 0.000 0.016 0.159 – 0.222 

 Other 0.423 0.283 0.394 -0.349 – 1.196 0.399 0.315 0.397 -0.380 – 1.178 

Application Status 1.118 0.000 0.015 1.090 – 1.147 1.126 0.000 0.015 1.097 – 1.155 

Constant 2.076 0.000 0.271 1.545 – 2.608 2.469 0.000 0.305 1.870 – 3.067 

R2 0.349        

RMSE 0.795        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days 
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 Ordinary least squares regression analysis also uncovered relationships between 

CRT z-score and the control variables age, male sex, and application status. The p values 

(0.000) suggest the probability that these relationships occur by chance is less than 0.1%. 

After controlling for degree, sex, and application status, a one unit increase in the 

logarithm of age on the date of examination is associated with a 0.295 standard deviation 

decrease in CRT examination scores, on average. Controlling for degree, age and 

application status, male sex is associated with a 0.194 standard deviation increase in CRT 

examination scores, on average. Status as a first time CRT applicant is associated with a 

1.118 standard deviation increase in CRT examination z-scores, on average, after 

controlling for degree, age, and sex. 

Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RC program distances to academic degree for the 

CRT z-score analysis and to determine whether the home-closest RC program distances 

met the assumptions of instrumental variables regression. Regression analysis identified 

relationships between academic degree and the distance variables, with p values (0.000) 

indicating that the probability of these relationships occurring by chance is less than 0.1% 

(see Table 12). After controlling for age, sex, and application status, the unstandardized 

regression coefficient indicates that a 1% increase in the distance between the CRT 

candidate’s home and closest associate degree program is associated with a 1.3% increase 

the attainment of a baccalaureate degree, on average. A 1% increase in the distance 

between a CRT candidate’s home and the closest baccalaureate degree program is 
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associated with a 5.9% decline in the attainment of a baccalaureate degree, on average, 

and after controlling for age, sex, and application status.  

Table 12 

Results of Ordinary Least Squares Regression Estimating Academic Degree for CRT Z-

Score for the CRT Full Common Sample (N=12,038) 

Variable b p SE 

Distance    

 Associatea 0.013  0.000 0.002 

 Baccalaureateb -0.059 0.000 0.002 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a 1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b 1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

An instrument demonstrates validity for regression analysis to the extent that the 

instrument: increases predictive power of the independent variable, meets or exceeds the 

number of endogenous components, is relevant to the dependent variable, and is jointly 

significant of the endogenous regressors. First stage instrumental variables regression 

tested the presumptive null hypothesis that the addition of the two home-closest program 

distance variables does not increase the predictive power of the independent variable, 

academic degree. Results of the F test of excluded instruments and Angrist-Pischke chi-

square test of excluded instruments reject the presumptive null and provide evidence that 

the addition of the two home-closest program distance variables increased the predictive 

power of the independent variable (see Table 13). The p values (0.0000, 0.0000) suggest 

the probability that these relationships occur by chance is less than 0.01%. 
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Table 13  

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for CRT Z-Score for the CRT Full Common Sample, Tests of 

Assumptions (N=12,038) 

 CRT Z-Score 

IV Regression Assumptions statistic  p 

Weak predictive power   

Excluded instruments F 312.69 0.0000 

Angrist-Pischke chi-square  625.74 0.0000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 492.81  0.0000 

Weak identification F tests   

Cragg-Donald Wald  613.61  

Kleibergen-Paap  312.69  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 12.66 0.0000 

Anderson-Rubin Wald chi-square 25.33 0.0000 

Stock-Wright chi-square 25.15 0.0000 

Note. p = probability of the statistic occurring by chance (assuming Ho is true). 

  Instrumental variables regression, second stage. The second stage instrumental 

variables analysis regressed CRT z-score on academic degree, while controlling for 

applicant age, sex, and application status, and using home-closest associate degree-

granting respiratory therapy education program and home-closest baccalaureate degree-

granting respiratory therapy education program distances to reduce the influence of self-

selection bias error for 12,038 CRT cases in 2011 (see table 11). Instrumental variables 

regression analysis did not identify a statistically significant effect of entry-to-practice 

respiratory therapy academic degree on CRT z-score in the full CRT common sample. 

The p value (0.410) indicates that the probability of this result occurring by chance is 

41%; a 95% confidence interval indicates that we can be 95% certain that the effect of 

achievement of the baccalaureate degree will range from a 0.27 standard deviation 
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decrease to a 0.11 standard deviation increase in CRT examination z-scores. The 

magnitude of the effect of academic degree on CRT z-score is 0.08, on average, after 

controlling for age, sex, and application status (using the absolute value of the regression 

coefficient to estimate the magnitude of the effect of academic degree on CRT z-score). 

These results do not provide evidence of a statistically significant academic degree effect 

on CRT examination z-score.  

Summary of Results: CRT 

 The population of individuals applying to challenge the NBRC CRT examination 

in 2011 was used to generate two samples for analysis in the present study. The full CRT 

common sample included 12,038 cases. After excluding the cases representing low 

outliers, the restricted CRT common sample included 12,032 cases. The majority of both 

CRT samples are young, female, first-time CRT challengers who have earned the 

associate degree from a CoARC-accredited entry into professional practice program of 

study in respiratory care.   

 The first analytical step employed ordinary least squares regression to identify the 

association between respiratory therapy academic degree and CRT results (outcomes and 

z-scores), controlling for variation in age, sex, and application status. Results of the 

analyses identified a statistically significant association between the achievement of a 

baccalaureate degree and a passing outcome on the CRT examination, and between the 

achievement of a baccalaureate degree and a gain in CRT examination z-score, though 

the coefficients for these associations were small. 

 The identification of an association between baccalaureate degree and gains on 

the CRT examination does not, however, provide evidence of a cause-and-effect 
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relationship. While the gains associated with the achievement of a baccalaureate degree 

may be due, in part, to differences between the associate and baccalaureate programs, the 

relationship is also influenced by self selection-related differences between the two 

groups (viz., associate degree and baccalaureate degree). Instrumental variables 

regression has been used to account for the influence of self-selection bias with large 

samples.  

The first stage of the instrumental variables analysis evaluated the validity of the 

proposed instruments for this study’s regression analysis. Ordinary least squares 

regression of academic degree on the proposed home-closest RT program distance 

variables indicate that CRT examination challengers with the baccalaureate degree live 

farther from associate degree-granting respiratory therapy education programs, on 

average. CRT challengers who live farther from baccalaureate degree-granting 

respiratory therapy education programs are less likely to achieve the baccalaureate degree 

in respiratory therapy; the data suggest the probability that these relationships occurred 

by chance is less than 0.1%. First stage instrumental variables analysis also identified 

evidence that the proposed instruments (home-to-closest RT program distances) 

contributed to the predictive power of the independent variable (academic degree), and 

that the home-closest RT program distances met the assumptions of instrumental 

variables regression.  

The second stage of the instrumental variables analysis regressed CRT 

examination results (outcome and z-score) on academic degree, using home-closest RT 

program distances to instrument for self-selection bias. After controlling for age, sex, and 

application status, and using home-closest RT program distance to instrument for self-
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selection bias in the full CRT common sample, no statistically significant relationship 

was identified between entry-to-practice respiratory therapy academic degree and NBRC 

CRT examination results (outcome or z-score).  

WRT 

 The full WRT common sample was generated from the 11,703 cases of 

individuals who applied to challenge the NBRC WRT examination in 2011.  

Descriptive Statistics  

 From the original 2011 NBRC data set of 11,703 cases, the full WRT common 

sample excluded only the 28 cases with missing data for the study variables. (The 28 

excluded cases were missing useable home ZIP codes, making it impossible to calculate 

home-closest RT program distances.) After applying this limit, the full WRT common 

sample included 11,675 cases. Table 14 identifies demographic variables and Table 15 

identifies descriptive statistics for the WRT full common sample.  
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Table 14 

Demographic Variables of the WRT Full Common Sample (N=11,675) 

Variable Count Percent 

Outcome  

 Pass 6,037  (52%) 

 Fail 5,638  (48%) 

Academic degree   

 Associate 10,695  (92%) 

 Baccalaureate 980  (  8%) 

Sex  

 Female 8,006  (69%) 

 Male 3,666  (31%) 

 Other 3  (<1%) 

Application status  

 New 6,660  (57%) 

 Repeat 5,015  (43%) 

Application type   

 WRT only 6,484 (56%) 

 WRT and CSE 5,191 (44%) 

 

Table 15 

Descriptive Statistics of the WRT Full Common Sample (N=11,675) 

Variable M (SD) Range 

WRT z-score 0.03 ( 0.99) -3.63-   3.04 

Age at exama 33.03 ( 9.21) 19.44-  68.54 

Distance   

 Associateb 15.75 (39.87)  0.00-1,433.51 

 Baccalaureatec  147.91 (197.70)  0.00-2,624.38 
a Age on examination date, in years. 
bDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice associate degree-granting program of study in respiratory care ZCTA 
cDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice baccalaureate degree-granting program of study in respiratory care ZCTA 

The dependent, or response variable for this study’s third research question was 

WRT examination outcome. The full WRT common sample included 6037 passing cases 

(52%) and 5638 failing cases (48%). The dependent variable for this study’s fourth 
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research question was WRT z-score. The full WRT common sample included z-scores 

that ranged from -3.63 to 3.04, mean of 0.03, and standard deviation 0.99.  

The independent, or explanatory variable for the WRT analysis was entry-to-

practice academic degree earned from a CoARC-accredited entry into professional 

practice program of study in respiratory care. The full WRT common sample included 

10,695 cases (92%) with the associate degree and 980 cases (8%) with the baccalaureate 

degree.  

Regression of WRT results incorporated four control variables whose influence 

upon the dependent variable I sought to remove in this study: sex, age, application status, 

and application type. Tabulation of sex data for the full WRT common sample identified 

8006 cases (69%) of individuals who identified as female, 3666 (31%) who identified as 

male, and three cases (<1%) representing individuals who did not identify as male or 

female. Transformation of the natural log of the age at examination (in years) for the 

WRT full common sample yielded a mean age at examination 33.03, range 19.44 - 68.54, 

and standard deviation 9.21. The full WRT common sample included 6660 new cases 

(57%) of individuals who were applying to challenge the WRT examination for the first 

time and 5015 repeat cases (43%) of individuals who were applying to challenge the 

WRT examination after a previous failing attempt. The full WRT common sample 

included 6484 cases (56%) applying to challenge only the WRT examination and 5,191 

cases (44%) applying to challenge both the WRT and CSE examinations on the same 

date.  

The instrumental variables in the present analysis included: the minimum distance 

between the examination candidate’s home and the closest associate degree-granting 
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respiratory therapy education program, and the minimum distance between the 

examination candidate’s home and the closest baccalaureate degree-granting respiratory 

therapy education program. +1 Natural log transformation of the home-closest associate 

program distance for the WRT full common sample yielded a mean distance of 15.75 

miles, range 0- 1433.51, and standard deviation 39.87. +1 Natural log transformation of 

the home-closest baccalaureate program distance for the WRT full common sample 

yielded a mean distance 147.91 miles, range 0-2624.38 miles, and standard deviation 

197.70. 

WRT Outcome  

 Ordinary least squares regression. Ordinary least squares regression was used 

to estimate the association between WRT outcome and academic degree. Regression of 

WRT outcome on academic degree, controlling for age, sex, application status, and 

application type indicated that 16.1% of the variance in WRT outcome was explained by 

variation in the additive effects of the independent and control variables for the full 

common sample (see Table 16). The root mean squared error (RMSE) indicates that a 

typical case deviated from its predicted value by 0.458 units. Ordinary least squares 

regression identified a statistically significant association between entry-to-practice 

respiratory therapy academic degree and WRT outcome in the full WRT common 

sample. After controlling for the effects of age, sex, application status, and application 

type, the unstandardized regression coefficient indicates that status of having earned a 

baccalaureate degree from an accredited respiratory care education program was 

associated with a 8.4% increase in the likelihood of attaining a passing score on the WRT 

examination, on average, for individuals applying to challenge the WRT examination in 
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2011. The p value (0.000) indicates that the probability of this relationship occurring by 

chance is less than 0.1%.
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Table 16  

Results of Regression Analyses Estimating WRT Outcome for the WRT Full Common Sample (N=11,675) 

  Ordinary Least Squares Regression  Instrumental Variables Regression 

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.084  0.000 0.015 0.055 – 0.113 -0.087  0.092 0.052 -0.188 – 0.014 

Agea -0.175  0.000 0.017 -0.208 - -0.143 -0.209 0.000 0.019 -0.246 - -0.171 

Sex         

 Male 0.076  0.000 0.009 0.058 – 0.094 0.076 0.000 0.009 0.058 – 0.094 

 Other 0.074 0.787 0.273 -0.461 – 0.609 0.057 0.835 0.276 -0.484 – 0.599 

Application status 0.264  0.000 0.011 0.242 – 0.286 0.265 0.000 0.011 0.243 – 0.287 

Application type 0.137 0.000 0.011 0.116 – 0.159 0.140 0.000 0.011 0.118 – 0.161 

Constant 2.915  0.000 0.157 2.608 – 3.222 3.240  0.000 0.183 2.881 – 3.600  

R2 0.161        

RMSE 0.458        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days  
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 Ordinary least squares regression analysis has also identified relationships 

between WRT examination outcome and the control variables, with p values (0.000) 

indicating that the probability of these relationships occurring by chance is less than 

0.1%. After controlling for degree, sex, application status, and application type, a one 

unit increase in the logarithm of age on the date of examination is associated with a 

17.5% decline in the likelihood of attaining a passing WRT score, on average. 

Controlling for degree, age, application status, and application type, male sex is 

associated with a 7.6% increase in the likelihood of attaining a passing WRT score, on 

average. Status as a first time WRT applicant is associated with a 26.4% increase in the 

likelihood of attaining a passing WRT score, on average, after controlling for degree, sex, 

age, and application type. After controlling for age, sex, and application status, applying 

to challenge both the WRT and CSE on the same date is associated with a 13.7% increase 

in the likelihood of attaining a passing WRT score, on average.  

Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RT program distances to academic degree for the 

WRT outcome analysis, and to determine whether the home-closest RT program 

distances met the assumptions of instrumental variables regression. Regression analysis 

identified statistically significant relationships between academic degree and the distance 

variables, with p values (0.000) indicating that the probability of these relationships 

occurring by chance is less than 0.1% (see Table 17). After controlling for age, sex, 

application status, and application type, the unstandardized regression coefficient 
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indicates that a 1% increase in the distance between the WRT candidate’s home and 

closest associate degree program is associated with a 1.7% increase the attainment of a 

baccalaureate degree, on average. A 1% increase in the distance between a WRT 

candidate’s home and the closest baccalaureate degree program is associated with a 6.4% 

decline in the attainment of a baccalaureate degree, on average and after controlling for 

age, sex, application status, and application type.  

Table 17  

Results of Ordinary Least Squares Regression Estimating Academic Degree for WRT 

Outcome for the WRT Full Common Sample (N=11,675)  

 WRT Outcome 

Variable b p SE 

Distance    

 Associatea 0.017  0.000 0.002 

 Baccalaureateb -0.064 0.000 0.003 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

First stage instrumental variables regression tested the presumptive null 

hypothesis that the addition of the two home-closest program distance variables does not 

increase the predictive power of the independent variable, academic degree. Results of 

the F test of excluded instruments and Angrist-Pischke chi-square test of excluded 

instruments reject the presumptive null and provide evidence that the addition of the two 

home-closest program distance variables increased the predictive power of the 
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independent variable (see Table 18). The p values (0.0000, 0.000) suggest the probability 

that these relationships occur by chance is less than 0.1%. 

Table 18 

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for WRT Outcome for the WRT Full Common Sample, Tests 

of Assumptions (N=11,675) 

 WRT Outcome 

IV Regression Assumptions statistic p 

Weak predictive power    

Excluded instruments F 335.51 0.0000 

Angrist-Pischke chi-square  671.49 0.0000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 544.55 0.0000 

Weak identification F tests   

Cragg-Donald Wald 598.78  

Kleibergen-Paap 335.51  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 9.07 0.0001 

Anderson-Rubin Wald chi-square 18.14 0.0001 

Stock-Wright chi-square 18.08 0.0001 

Note. p = probability of the statistic occurring by chance (assuming Ho is true). 

Instrumental variables regression, second stage. The second stage instrumental 

variables analysis regressed WRT outcome on academic degree, while controlling for 

applicant age, sex, application status, and application type, and using home-closest 

associate degree-granting respiratory therapy education program and home-closest 

baccalaureate degree-granting respiratory therapy education program distances to reduce 

the influence of self-selection bias error for 11,675 WRT cases in 2011 (see Table 16). 

Instrumental variables regression analysis did not identify a statistically significant effect 

of entry-to-practice respiratory therapy academic degree on WRT outcome in the full 

WRT common sample. The p value (0.092) indicates that the probability of this result 
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occurring by chance is 9.2%, and a 95% confidence interval indicates that we can be 95% 

certain that the effect of achievement of the baccalaureate degree will range from a 19% 

decrease to a 1.4% increase in the likelihood of achieving a passing score. These results 

do not provide evidence of an academic degree effect on WRT examination outcome. 

WRT Z-Score  

Ordinary least squares regression. Ordinary least squares analysis regressed 

WRT z-score on academic degree earned from a CoARC-accredited entry into 

professional practice program of study in respiratory care, controlling for the effects of 

age, sex, application status, and application type. The coefficient of determination (R2) 

indicates that 21.2% of the variance in WRT z-score can be explained by variation in the 

additive effects of the independent and control variables (see table 19). The root mean 

squared error (RMSE) indicates that a typical case deviates from its predicted value by 

approximately 0.882 z-score units. Ordinary least squares regression identified a 

statistically significant association between entry-to-practice respiratory therapy 

academic degree and WRT z-score in the full WRT common sample. After controlling 

for the effects of age, sex, application status, and application type, the unstandardized 

regression coefficient indicates that status of having earned a baccalaureate degree from 

an accredited respiratory care education program was associated with a .182 standard 

deviation increase in WRT examination scores, on average, for individuals applying to 

challenge the WRT examination in 2011; the p value (0.000) indicates that the probability 

of this relationship occurring by chance is less than 0.1%.  
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Table 19  

Results of Regression Analyses Estimating WRT Z-Score for the WRT Full Common Sample (N=11,675) 

  Ordinary Least Squares Regression Instrumental Variables Regression 

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.182 0.000 0.030 0.124 – 0.239 -0.263 0.009 0.100 -0.459 - -0.067 

Agea -0.414 0.000 0.032 -0.476 - -0.351 -0.501  0.000 0.037 -0.573 - -0.428 

Sex         

 Male 0.200 0.000 0.018 0.164 – 0.235 0.198  0.000 0.018 0.163 – 0.234 

 Other -0.061 0.931 0.704 -1.440 – 1.318 -0.103 0.885 0.711 -1.497 – 1.291 

Application status 0.527 0.000 0.021 0.486 – 0.567 0.529  0.000 0.021 0.488 – 0.570 

Application type 0.388 0.000 0.022 0.346 – 0.430 0.395 0.000 0.022 0.352 – 0.437 

Constant 3.349 0.000 0.300 2.761 – 3.937 4.197 0.000 0.351 3.508 – 4.885 

R2 0.212        

RMSE 0.882        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days  
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 Regression analysis has also uncovered statistically significant relationships 

between WRT z-score and the control variables age, male sex, application status, and 

application type. The p values (0.000) suggest the probability that these relationships 

occurred by chance is less than 0.1%. After controlling for degree, sex, application status, 

and application type, a one unit increase in the log of age on the date of examination is 

associated with a 0.414 standard deviation decrease in WRT examination scores, on 

average. Controlling for degree, age, application status, and application type, male sex is 

associated with a 0.200 standard deviation increase in WRT examination scores, on 

average. Status as a first time WRT applicant is associated with a 0.527 standard 

deviation increase in WRT examination scores, on average, after controlling for degree, 

age, sex, and application type. After controlling for degree, age, sex, and application 

status, applying to challenge both the WRT and CSE on the same date is associated with 

a 0.388 standard deviation increase in WRT examination scores, on average. 

Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RT program distances to academic degree for the 

WRT z-score analysis, and to determine whether the home-closest RT program distances 

met the assumptions of instrumental variables regression. Regression analysis identified 

statistically significant relationships between academic degree and the distance variables, 

with p values (0.000) indicating that the probability of these relationships occurring by 

chance is less than 0.1% (see Table 20). After controlling for age, sex, application status, 

and application type, the unstandardized regression coefficient indicates that a 1% 

increase in the distance between the WRT candidate’s home and closest associate degree 
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program is associated with a 1.7% increase the attainment of a baccalaureate degree, on 

average. A 1% increase in the distance between a WRT candidate’s home and the closest 

baccalaureate degree program is associated with a 6.4% decline in the attainment of a 

baccalaureate degree, on average and after controlling for age, sex, application status, and 

application type.  

Table 20  

Results of Ordinary Least Squares Regression Estimating Academic Degree for WRT Z-

Score for the WRT Full Common Sample (N=11,675)  

 WRT Outcome 

Variable b p SE 

Distance    

 Associatea 0.017  0.000 0.002 

 Baccalaureateb -0.064 0.000 0.003 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

First stage instrumental variables regression tested the presumptive null 

hypothesis that the addition of the two home-closest program distance variables does not 

increase the predictive power of the independent variable, academic degree. Results of 

the F test of excluded instruments and Angrist-Pischke chi-sqaure test of excluded 

instruments reject the presumptive null and provide evidence that the addition of the two 

home-closest program distance variables increased the predictive power of the 

independent variable (see Table 21). The p values (0.0000, 0.0000) suggest the 

probability that these relationships occur by chance is less than 0.1%. 



 

 121 

Table 21 

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for WRT Z-Score for the WRT Full Common Sample, Tests of 

Assumptions (N=11,675) 

  WRT Z-Score 

IV Regression Assumptions statistic p 

Weak predictive power    

Excluded instruments F 335.51 0.000 

Angrist-Pischke chi-square  671.49 0.000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 544.55 0.000 

Weak identification F tests   

Cragg-Donald Wald 598.78  

Kleibergen-Paap 335.51  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 11.92 0.0000 

Anderson-Rubin Wald chi-square 23.87 0.0000 

Stock-Wright chi-square 23.79 0.0000 

Note. p = probability of the statistic occurring by chance (assuming Ho is true). 

Instrumental variables regression, second stage. The second stage instrumental 

variables analysis regressed WRT z-score on academic degree, while controlling for 

applicant age, sex, application status, and application type, and using home-closest 

associate degree-granting respiratory therapy education program and home-closest 

baccalaureate degree-granting respiratory therapy education program distances to reduce 

the influence of self-selection bias error for 11,675 WRT cases in 2011 (see Table 19). 

Instrumental variables regression analysis identified a statistically significant effect of 

entry-to-practice respiratory therapy academic degree on WRT z-scores in the full WRT 

common sample. The p value (0.009) indicates that the probability of this result occurring 

by chance is 0.9%, and a 95% confidence interval indicates that we can be 95% certain 

that the effect of achievement of the baccalaureate degree will range from a 0.46 standard 
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deviation decrease to a 0.07 standard deviation decrease in WRT scores. The magnitude 

of the effect of academic degree on WRT z-score is 0.26, on average, after controlling for 

age, sex, and application status (using the absolute value of the regression coefficient to 

estimate the magnitude of the effect of academic degree on WRT z-score). 

Summary of Results: WRT 

 The population of individuals applying to challenge the NBRC WRT examination 

in 2011 was used to generate two samples for analysis in the present study. The full WRT 

common sample included 11,675 cases. After excluding the cases representing low 

outliers, the restricted WRT common sample included 11,641 cases. The majority of both 

WRT samples are young, female, first-time WRT challengers who have earned the 

associate degree from a CoARC-accredited entry into professional practice program of 

study in respiratory care.  

 The first analytical step employed ordinary least squares regression to identify the 

association between respiratory therapy academic degree and WRT results (outcomes and 

z-scores), controlling for variation in age, sex, application status, and application type. 

Results of the analyses identified a statistically significant association between the 

achievement of a baccalaureate degree and a passing outcome on the WRT examination, 

and between the achievement of a baccalaureate degree and a gain in WRT examination 

z-score, though the coefficients for these associations were small. 

 The identification of an association between baccalaureate degree and gains on 

the WRT examination does not, however, provide evidence of a cause-and-effect 

relationship. While the gains associated with the achievement of a baccalaureate degree 

may be due, in part, to differences between the associate and baccalaureate programs, the 



 

 123 

relationship is also influenced by self selection-related differences between the two 

groups (viz., associate degree and baccalaureate degree). Instrumental variables 

regression has been used to account for the influence of self-selection bias with large 

samples.  

The first stage of the instrumental variables analysis evaluated the validity of the 

proposed instruments for this study’s regression analysis. Ordinary least squares 

regression of academic degree on the proposed home-closest RT program distance 

variables indicate that WRT examination challengers with the baccalaureate degree live 

farther from associate degree-granting respiratory therapy education programs, on 

average. WRT challengers who live farther from baccalaureate degree-granting 

respiratory therapy education programs are less likely to achieve the baccalaureate degree 

in respiratory therapy; the data suggest the probability that these relationships occurred 

by chance is less than 0.1%. First stage instrumental variables analysis also identified 

evidence that the proposed instruments (home-to-closest RT program distances) 

contributed to the predictive power of the independent variable (academic degree), and 

that the home-closest RT program distances met the assumptions of instrumental 

variables regression.  

The second stage of the instrumental variables analysis regressed WRT 

examination results (outcome and z-score) on academic degree, using home-closest RT 

program distances to instrument for self-selection bias. After controlling for age, sex, 

application status, and application type, and using home-closest RT program distances to 

instrument for self-selection bias in the full WRT common sample, a statistically 

significant relationship was identified between entry-to-practice respiratory therapy 
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academic degree and NBRC WRT examination z-scores. No statistically significant 

relationship was identified between entry-to-practice respiratory therapy academic degree 

and NBRC WRT examination outcome. 

CSE 

 The full CSE common sample was generated from the 10,472 cases of individuals 

who applied to challenge the NBRC CSE examination in 2011.  

Descriptive Statistics  

 From the original 2011 NBRC data set of 10,472 cases, the CSE full common 

sample excluded 33 cases with missing ZIP code data. After applying this limit, the CSE 

full common sample included 10,439 cases. Table 22 identifies demographic variables 

for the CSE full common sample. Table 23 identifies descriptive statistics for the CSE 

full common sample.
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Table 22 

Demographic Variables of the CSE Full Common Sample (N=10,439) 

Variable Count Percent 

Outcome  

 Pass 6,137  (59%) 

 Fail 4,302  (41%) 

Academic degree   

 Associate 9,403  (90%) 

 Baccalaureate 1,036  (10%) 

Sex  

 Female 6,748  (65%) 

 Male 3,689  (35%) 

 Other 2  (<1%) 

Application status  

 New 6,260  (60%) 

 Repeat 4,179  (40%) 

Application type   

 CSE only 5,460 (52%) 

 WRT and CSE 4,979 (48%) 

 

Table 23  

Descriptive Statistics of the CSE Full Common Sample (N=10,439) 

Variable M (SD) Range 

IG z-score 0.01 (0.99) -11.32 – 2.51 

DM z-score 0.01 (1.00) - 7.32 – 2.60 

Age at exama 32.85 (9.25) 19.44 – 68.57 

Distance   

 Associateb 16.55 (46.21)  0.00 – 1433.51 

 Baccalaureatec  155.23 (211.17)  0.00 – 2624.38 

aLog of age at exam, in years. 
b1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
c1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 
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The dependent, or response variable for this study’s fifth research question was 

CSE outcome; the full CSE common sample for CSE outcome included 6137 passing 

cases (59%) and 4302 failing cases (41%). The dependent variable for this study’s sixth 

research question was CSE IG z-score; the full CSE common sample included IG z-

scores that ranged from -11.32 to 2.51, mean of 0.01, and standard deviation 0.99. The 

dependent variable for this study’s seventh research question was CSE DM z-score; the 

full CSE DM common sample included z-scores that ranged from -7.32 to 2.60, mean of 

0.01, and standard deviation 1.00.  

The independent, or explanatory variable for the CSE analysis was entry-to-

practice academic degree earned from a CoARC-accredited entry into professional 

practice program of study in respiratory care. The full CSE common sample included 

9403 cases (90%) with the associate degree and 1036 cases (10%) with the baccalaureate 

degree.  

Regression of CSE scores incorporated four control variables whose influence 

upon the dependent variable I sought to remove in this study: sex, age, application status, 

and application type. Tabulation of sex data for the full CSE common sample identified 

6748 cases (65%) of individuals who identified as female, 3689 (35%) who identified as 

male, and two cases (<1%) representing individuals who did not identify as male or 

female. Transformation of the natural log of the age at examination (in years) for the CSE 

full common sample yielded a mean age at examination 32.85, range 19.44-68.57 years, 

and standard deviation 9.25 years. The full CSE common sample included 6,260 new 

cases (60%) of individuals who were applying to challenge the CSE examination for the 

first time and 4,179 repeat cases (40%) of individuals who were applying to challenge the 
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CSE examination after a previous failing attempt. The full CSE common sample included 

5460 cases (52%) applying to challenge only the WRT examination and 4979 cases 

(48%) applying to challenge both the WRT and CSE examinations on the same date.  

The instrumental variables in the present analysis included: the minimum distance 

between the examination candidate’s home and the closest associate degree-granting 

respiratory therapy education program, and the minimum distance between the 

examination candidate’s home and the closest baccalaureate degree-granting respiratory 

therapy education program. +1 Natural log transformation of the home-closest associate 

program distance for the CSE full common sample yielded a mean distance of 16.55 

miles, range 0-1433.51, and standard deviation 46.21. +1 Natural log transformation of 

the home-closest baccalaureate program distance for the CSE full common sample 

yielded a mean distance of 155.23 miles, range 0-2624.38, and standard deviation 211.17. 

CSE Outcome  

 Ordinary least squares regression. Ordinary least square regression was used to 

estimate the association between CSE outcome and academic degree. Regression of CSE 

outcome on academic degree, controlling for age, sex, application status, and application 

type indicated that 2.1% of the variance in CSE outcome was explained by variation in 

the additive effects of the independent and control variables for the full common sample 

(see Table 24). The root mean squared error (RMSE) indicates that a typical case deviates 

from its predicted value by 0.487 units. After controlling for the effects of sex, age, 

application status, and application type, regression analysis did not identify a statistically 

significant association between CSE outcome and the status of having earned a 

baccalaureate degree from an accredited respiratory care education program. 
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Table 24  

Results of Regression Analyses Estimating CSE Outcome for the CSE Full Common Sample (N=10,439) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.003  0.827 0.016 -0.028 – 0.035 -0.050  0.328 0.051 -0.149 – 0.050 

Agea -0.234  0.000 0.019 -0.271 - -0.198 -0.246  0.000 0.022 -0.289 - -0.204 

Sex         

 Male -0.008  0.443 0.010 -0.027 – 0.012 -0.007  0.460 0.010 -0.027 – 0.012 

 Other 0.407 0.000 0.015 0.377 – 0.437 0.403 0.000 0.016 0.371 – 0.435 

Application status 0.051  0.000 0.012 0.027 – 0.075 0.051  0.000 0.012 0.027 – 0.075 

Application type 0.008 0.525 0.012 -0.016 – 0.031 0.007 0.528 0.012 -0.016 – 0.031 

Constant 3.747  0.000 0.176 3.403 – 4.092 3.865  0.000 0.206 3.462 – 4.268 

R2 0.021        

RMSE 0.487        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days
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 Regression analysis identified statistically significant relationships between CSE 

examination outcome and age, other sex, and application status, with p values (0.000) 

indicating that the probability of these relationships occurring by chance is less than 

0.1%. After controlling for degree, sex, application status, and application type, a one 

unit increase in the log of age on the date of examination is associated with a 23.4 

percentage point decline in the likelihood of attaining a passing CSE score, on average. 

Controlling for degree, age, application status, and application type, not identifying as 

male or female was associated with a 40.7% increase in the likelihood of attaining a 

passing CSE score. Status as a first time CSE applicant is associated with a 5.1% increase 

in the likelihood of attaining a passing CSE score, on average, after controlling for 

degree, sex, age, and application type.  

 Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RT program distances to academic degree for the 

CSE outcome analysis, and to determine whether the home-closest RT program distances 

met the assumptions of instrumental variables regression. Regression analysis identified 

statistically significant relationships between academic degree and the distance variables, 

with p values (0.000, 0.000) indicating that the probability of these relationships 

occurring by chance is less than 0.1% (see Table 25). After controlling for age, sex, 

application status, and application type, the unstandardized regression coefficient 

indicates that a 1% increase in the distance between the WRT candidate’s home and 

closest associate degree program is associated with a 2.6% increase in the attainment of a 
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baccalaureate degree, on average. A 1% increase in the distance between a WRT 

candidate’s home and the closest baccalaureate degree program is associated with a 7% 

decline in the attainment of a baccalaureate degree, on average and after controlling for 

age, sex, application status, and application type.  

Table 25  

Results of Ordinary Least Squares Regression Estimating Academic Degree for CSE 

Outcome for the CSE Full Common Sample (N=10,439) 

 CSE Outcome 

Variable b p SE 

Distance    

 Associatea 0.026  0.000 0.003 

 Baccalaureateb -0.070 0.000 0.003 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

First stage instrumental variables regression tests the presumptive null hypothesis 

that the addition of the two home-closest program distance variables does not increase the 

predictive power of the independent variable, academic degree. Results of the F test of 

excluded instruments and Angrist-Pischke chi-square test of excluded instruments reject 

the presumptive null and provide evidence that the addition of the two home-closest 

program distance variables increased the predictive power of the independent variable 

(see table 26). The p values (0.0000, 0.0000) suggest the probability that these 

relationships occurred by chance is less than 0.01%.  
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Table 26  

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for CSE Outcome for the CSE Full Common Sample, Tests of 

Assumptions (N=10,439) 

 CSE Outcome 

IV Regression Assumptions statistic p 

Weak predictive power    

Excluded instruments F 361.92 0.0000 

Angrist-Pischke chi-square  724.40 0.0000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 576.11 0.0000 

Weak identification F tests   

Cragg-Donald Wald 593.98  

Kleibergen-Paap 361.92  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 5.36 0.0047 

Anderson-Rubin Wald chi-square 10.72 0.0047 

Stock-Wright chi-square 10.74 0.0047 

Note. p = probability of the statistic occurring by chance (assuming Ho is true). 

Instrumental variables regression, second stage. Second stage least squares 

instrumental variables analysis regressed CSE outcome on academic degree, controlling 

for age, sex, application status, and application type, and using home-closest associate 

degree-granting respiratory therapy education program distance and home-closest 

baccalaureate degree-granting respiratory therapy education program distance to reduce 

the influence of self-selection. Instrumental variables regression analysis on 10,439 CSE 

cases in 2011 did not identify a statistically significant effect of entry-to-practice 

respiratory therapy academic degree on CSE outcome (see Table 24). The p value (0.328) 

indicates that the probability of this result occurring by chance is 32.8%, and a 95% 

confidence interval indicates that we can be 95% certain that the effect of achievement of 
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the baccalaureate degree will range from a 15% decrease to a 5% increase in the 

likelihood of achieving a passing score for the full common sample.  

CSE IG Z-Score  

Ordinary least squares regression. Ordinary least squares analysis regressed 

CSE IG z-score on academic degree earned from a CoARC-accredited entry into 

professional practice program of study in respiratory care, controlling for the effects of 

age, sex, application status, and application type. The coefficient of determination (R2) 

indicates that 2.4% of the variance in CSE IG z-score can be explained by variation in the 

additive effects of the independent and control variables (see Table 27). The root mean 

squared error (RMSE) indicates that a typical case deviates from its predicted value by 

0.979 units. Ordinary least squares regression identified a statistically significant 

association between entry-to-practice respiratory therapy academic degree and CSE IG z-

score in the full CSE common sample. After controlling for the effects of age, sex, 

application status, and application type, the unstandardized regression coefficient 

indicates that status of having earned a baccalaureate degree from an accredited 

respiratory care education program is associated with a 0.082 standard deviation increase 

in CSE IG score, on average, for individuals applying to challenge the CSE examination 

in 2011. The p value (0.005) indicates that the probability of this relationship occurring 

by chance is 0.5%.
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Table 27  

Results of Regression Analyses Estimating CSE IG Z-score for the CSE Full Common Sample (N=10,439) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.082  0.005 0.029 0.025 – 0.139 0.213  0.030 0.098 0.021 – 0.405 

Agea -0.354  0.000 0.038 -0.428 - -0.280 -0.325  0.000 0.042 -0.408 - -0.242 

Sex         

 Male -0.126  0.000 0.020 -0.166 - -0.086 -0.126  0.000 0.021 -0.167 - -0.086 

 Other 0.449 0.178 0.333 -0.204 – 1.102 0.459 0.167 0.332 -0.191 – 1.110 

Application status 0.128  0.000 0.027 0.075 – 0.181 0.130  0.000 0.027 0.077 – 0.182 

Application type 0.052 0.051 0.026 -0.000 – 0.103 0.052 0.050 0.026 -0.000 – 0.103 

Constant 3.261  0.000 0.353 2.569 – 3.953 2.972  0.000 0.402 2.184 – 3.760 

R2 0.024        

RMSE 0.979        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days
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   Ordinary least squares regression analysis identified statistically significant 

relationships between CSE IG z-score and the control variables age, male sex, and 

application status. The p values (0.000) suggest the probability that these relationships 

occur by chance is less than 0.1%. After controlling for degree, sex, application status, 

and application type, a one unit increase in the log of age on the date of examination is 

associated with a 0.354 standard deviation decrease in CSE IG scores, on average. 

Controlling for degree, age, application status, and application type, male sex is 

associated with a 0.126 standard deviation decrease in CSE IG scores, on average. Status 

as a first time CSE applicant is associated with a 0.128 standard deviation increase in 

CSE IG scores, on average, after controlling for degree, age, sex, and application type.  

Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RT program distances to academic degree for the 

CSE IG z-score analysis, and to determine whether the home-closest RT program 

distances met the assumptions of instrumental variables regression. Regression analysis 

identified statistically significant relationships between academic degree and the distance 

variables, with p values (0.000, 0.000) indicating that the probability of these 

relationships occurring by chance is less than 0.1% (see Table 28). After controlling for 

age, sex, application status, and application type, the unstandardized regression 

coefficient indicates that a 1% increase in the distance between the WRT candidate’s 

home and closest associate degree program is associated with a 2.6% increase the 

attainment of a baccalaureate degree, on average. A 1% increase in the distance between 

a WRT candidate’s home and the closest baccalaureate degree program is associated with 
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a 7% decline in the attainment of a baccalaureate degree, on average and after controlling 

for age, sex, application status, and application type.  

Table 28 

Results of Ordinary Least Squares Regression Estimating Academic Degree for CSE IG 

Z-Score for the CSE Full Common Sample (N=10,439) 

 CSE Outcome 

Variable b p SE 

Distance    

 Associatea 0.026  0.000 0.003 

 Baccalaureateb -0.070 0.000 0.003 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

First stage instrumental variables regression tests the presumptive null hypothesis 

that the addition of the two home-closest program distance variables does not increase the 

predictive power of the independent variable, academic degree. Results of the F test of 

excluded instruments and Angrist-Pischke chi-square test of excluded instruments reject 

the presumptive null and provide evidence that the addition of the two home-closest 

program distance variables increased the predictive power of the independent variable 

(see table 29). The p values (0.0000, 0.0000) suggest the probability that these 

relationships occurred by chance is less than 0.01%.  
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Table 29 

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for CSE IG Z-Score for the CSE Full Common Sample, Tests 

of Assumptions (N=10,439) 

  CSE IG z-score 

IV Regression Assumptions statistic p 

Weak predictive power    

Excluded instruments F 361.92 0.0000 

Angrist-Pischke chi-square  724.40 0.0000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 576.11 0.0000 

Weak identification F tests   

Cragg-Donald Wald 593.98  

Kleibergen-Paap 361.92  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 8.56 0.0002 

Anderson-Rubin Wald chi-square 17.13 0.0002 

Stock-Wright chi-square 17.13 0.0002 

Note. p = probability of the statistic occurring by chance (assuming Ho is true). 

Instrumental variables regression, second stage. Second stage least squares 

instrumental variables analysis regressed CSE IG z-score on academic degree, controlling 

for age, sex, application status, and application type, and using home-closest associate 

degree-granting respiratory therapy education program distance and home-closest 

baccalaureate degree-granting respiratory therapy education program distance to reduce 

the influence of self-selection. Instrumental variables regression analysis on 10,439 CSE 

cases in 2011 identified a statistically significant effect of entry-to-practice RC academic 

degree on CSE IG z-scores in the full CSE common sample (see Table 27). The p value 

(0.030) indicates that the probability of this effect occurring by chance is 3%, and a 95% 

confidence interval indicates that we can be 95% certain that the effect of achievement of 

the baccalaureate degree will range from a 0.02 standard deviation advantage to a 0.40 
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standard deviation advantage in the full common sample. The magnitude of the effect of 

academic degree on CSE IG z-score is 0.21, on average, after controlling for age, sex, 

and application status (using the absolute value of the regression coefficient to estimate 

the magnitude of the effect of academic degree on CSE IG z-score). 

CSE DM Z-Score 

 Ordinary least squares regression. Ordinary least squares analysis regressed 

CSE DM z-score on academic degree earned from a CoARC-accredited entry into 

professional practice program of study in respiratory care, controlling for the effects of 

age, sex, application status, and application type. The coefficient of determination (R2) 

indicates that 3.4% of the variance in CSE DM z-score can be explained by variation in 

the additive effects of the independent and control variables (see Table 30). The root 

mean squared error (RMSE) indicates that a typical case deviates from its predicted value 

by 0.980 z-score units. Regression analysis estimating CSE DM z-score did not identify a 

statistically significant association between CSE DM z-score and the status of having 

earned a baccalaureate degree from an accredited respiratory care education program, 

after controlling for the effects of age, sex, application status, and application type. 

  



 

 

1
3

8
 

Table 30  

Results of Regression Analyses Estimating CSE DM Z-score for the CSE Full Common Sample (N=10,439) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.017  0.587 0.031 -0.044 – 0.078 -0.162  0.109 0.101 -0.360 – 0.036 

Agea -0.571  0.000 0.039 -0.647 - -0.495 -0.611  0.000 0.044 -0.698 - -0.525 

Sex         

 Male -0.019  0.334 0.020 -0.059 – 0.020 -0.019  0.359 0.020 -0.058 – 0.0211 

 Other 0.929 0.065 0.504 -0.059 – 1.917 0.915 0.068 0.502 -0.069 – 1.900 

Application status 0.135  0.000 0.026 0.085 – 0.185 0.133  0.000 0.026 0.0827 – 0.183 

Application type 0.040 0.122 0.026 -0.011 – 0.090 0.039 0.124 0.026 -0.011 – 0.090 

Constant 5.260  0.000 0.363 4.549 – 5.970 5.655  0.000 0.419 4.834 – 6.475 

R2 0.034        

RMSE 0.980        

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability of the statistic occurring by chance (assuming 

Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days   



 

 
139 

 Regression analysis identified statistically significant relationships between CSE 

DM z-score and the control variables age and application status. The p values (0.000) 

suggest the probability that these relationships occur by chance is less than 0.1%. After 

controlling for degree, sex, application status, and application type, a one unit increase in 

the log of age on the date of examination is associated with a 0.571 standard deviation 

decrease in CSE DM scores, on average. Status as a first time CSE applicant is associated 

with a 0.135 standard deviation increase in CSE DM scores, on average, after controlling 

for degree, age, sex, and application type.  

Instrumental variables regression, first stage. The first stage of the least 

squares analysis regressed academic degree on the proposed instrumental variables to 

estimate the relevance of home-closest RT program distances to academic degree for the 

CSE IG z-score analysis, and to determine whether the home-closest RT program 

distances met the assumptions of instrumental variables regression. Regression analysis 

identified statistically significant relationships between academic degree and the distance 

variables, with p values (0.000) indicating that the probability of these relationships 

occurring by chance is less than 0.1% (see Table 31). After controlling for age, sex, 

application status, and application type, the unstandardized regression coefficient 

indicates that a 1% increase in the distance between the WRT candidate’s home and 

closest associate degree program is associated with a 2.6% increase the attainment of a 

baccalaureate degree, on average. A 1% increase in the distance between a WRT 

candidate’s home and the closest baccalaureate degree program is associated with a 7% 

decline in the attainment of a baccalaureate degree, on average and after controlling for 

age, sex, application status, and application type.  
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Table 31  

Results of Ordinary Least Squares Regression Estimating Academic Degree for CSE DM 

Z-Score for the CSE Full Common Sample (N=10,439) 

 CSE Outcome 

Variable b p SE 

Distance    

 Associatea 0.026  0.000 0.003 

 Baccalaureateb -0.070 0.000 0.003 

Note. b = estimated value of raw (unstandardized) regression coefficient; p = probability 

of the statistic occurring by chance (assuming Ho is true); SE = standard error. 
a1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
b1+ Natural logarithm of the distance between the population centroid of the examination 

candidate’s home ZCTA and the population centroid of the closest CoARC-accredited 

entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 

First stage instrumental variables regression tests the presumptive null hypothesis 

that the addition of the two home-closest program distance variables does not increase the 

predictive power of the independent variable, academic degree. Results of the F test of 

excluded instruments and Angrist-Pischke chi-square test of excluded instruments reject 

the presumptive null and provide evidence that the addition of the two home-closest 

program distance variables increased the predictive power of the independent variable 

(see table 32). The p values (0.0000) suggest the probability that these relationships 

occurred by chance is less than 0.01%.  
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Table 32 

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for CSE DM Z-Score for the CSE Full Common Sample, 

Tests of Assumptions (N=10,439) 

 CSE DM z-score 

IV Regression Assumptions statistic p 

Weak predictive power    

Excluded instruments F 361.92 0.0000 

Angrist-Pischke chi-square  724.40 0.0000 

Order condition/ Underidentification test   

Kleibergen-Paap rk LM chi-square statistic 576.11 0.0000 

Weak identification F tests   

Cragg-Donald Wald 593.98  

Kleibergen-Paap 361.92  

Weak instrument robust inference tests    

Anderson-Rubin Wald F value 3.59 0.0276 

Anderson-Rubin Wald chi-square 7.19 0.0275 

Stock-Wright chi-square 7.19 0.0275 

Note. p = probability of the statistic occurring by chance (assuming Ho is true). 

Instrumental variables regression, second stage. Second stage least squares 

instrumental variables analysis regressed CSE DM z-score on academic degree, 

controlling for age, sex, application status, and application type, and using home-closest 

associate degree-granting respiratory therapy education program distance and home-

closest baccalaureate degree-granting respiratory therapy education program distance to 

reduce the influence of self-selection. Instrumental variables regression analysis on 

10,439 CSE cases in 2011 did not identify a statistically significant effect of entry-to-

practice respiratory therapy academic degree on CSE DM z-score in the full CSE 

common sample (see Table 30). The p value (0.109) indicates that the probability of this 

result occurring by chance is 10.9%, and a 95% confidence interval indicates that we can 

be 95% certain that the effect of achievement of the baccalaureate degree will range from 
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a 0.36 standard deviation disadvantage to a 0.04 standard deviation advantage. The 

magnitude of the effect of academic degree on CSE DM z-score is 0.16, on average, after 

controlling for age, sex, and application status (using the absolute value of the regression 

coefficient to estimate the magnitude of the effect of academic degree on CSE DM z-

score). 

Summary of Results: CSE 

 The population of individuals applying to challenge the NBRC CSE in 2011 was 

used to generate four samples for analysis in the present study. The full CSE common 

sample included 10,439 cases. After excluding the cases representing low outliers, the 

restricted CSE outcome common sample included 10,005 cases, the restricted CSE IG z-

score common sample included 10,114 cases, and the restricted CSE DM z-score 

common sample included 10,257 cases. The majority of all CSE common samples are 

young, female, first-time CSE challengers who have earned the associate degree from a 

CoARC-accredited entry into professional practice program of study in respiratory care. 

 The first analytical step employed least squares regression to identify the 

association between respiratory therapy academic degree and CSE results (outcomes and 

z-scores). The analyses controlled for variation in age, sex, application status, and 

application type for both the full and restricted CSE common samples. Results of the 

analyses identified a statistically significant association between academic degree and 

CSE IG z-score, but did not identify a statistically significant association between 

academic degree and CSE outcome or CSE DM z-score. 

 The first stage of the instrumental variables analysis evaluated the validity of the 

proposed instruments for this study’s regression analysis. Ordinary least squares 
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regression of academic degree on the proposed home-closest RT program distance 

variables indicate that CSE challengers with the baccalaureate degree live farther from 

associate degree-granting respiratory therapy programs, on average. CSE challengers 

who live farther from baccalaureate degree-granting respiratory therapy education 

programs are less likely to achieve the baccalaureate degree in respiratory therapy; the 

data suggest the probability that these relationships occurred by chance is less than 0.1%. 

First stage instrumental variables analysis with the CSE common samples also identified 

evidence that the proposed instruments (home-closest RT program distances) contributed 

to the predictive power of the independent variable (academic degree), and that the home-

closest program distances met the assumptions of instrumental variables regression. 

 The final analytical step of the present study regressed CSE results (outcome and 

z-score) on academic degree, using home-closest RT program distances to instrument for 

self-selection bias in the full common sample. After controlling for age, sex, application 

status, and application type, and using home-closest RT program distances to instrument 

for self-selection bias, a statistically significant relationship was identified between entry-

to-practice respiratory therapy academic degree and NBRC CSE IG z-score. No 

statistically significant relationships were identified between academic degree and CSE 

outcome or between academic degree and DM z-score. 

Control for Multiple Comparisons 

The statistical significance (viz., alpha level, significance level) associated with 

inferential analysis identifies the upper limit on the frequency of committing a type 1 

error (i.e., rejecting the null hypothesis when it should have been accepted) (DeVeaux, 

Velleman, & Bock, 2012). The likelihood of committing a type 1 error increases, 
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however, when multiple comparisons are conducted (DeVeaux et al., 2012). Type 1 error 

frequency may be reduced by use of the Bonferroni correction of the statistical 

significance level. This conservative method adjusts the alpha level by dividing the 

desired significance for the family of tests by the number of hypotheses tested (DeVeaux 

et al., 2012). I selected a desired significance 0.05 (the standard for social science 

research) to calculate the Bonferroni correction for the present study, which employed 7 

hypotheses tests for the effect of academic degree (viz., z-scores for CRT, WRT, CSE IG, 

and CSE DM; outcomes for CRT, WRT, and CSE; see Table 33). Applying the 

Bonferroni-corrected significance level to the observed p values for the tests indicates 

that the null hypotheses are retained in each case (see Table 33). Use of the Bonferroni 

correction for multiple comparisons assures that there is a 5% or less chance of a type 1 

error for the family of multiple comparisons employed in the present study, though this 

conservative control for multiple comparisons will also increase the overall type 2 error 

rate (i.e. retaining the null when it should have been rejected).  
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Table 33 

Control for Multiple Comparisons, Full Common Samples 

  Corrected Alpha Level; Conclusion 

Variable 

Observed p 

Value Bonferroni Benjamini Hochberg  

Benjamini Hochberg  

Under Dependency  

WRT z-score 0.009 0.007; Retain Ho 0.007; Retain Ho 0.003; Retain Ho 

CSE IG z-score 0.030 0.007; Retain Ho 0.014; Retain Ho 0.006; Retain Ho 

WRT outcome 0.092 0.007; Retain Ho 0.021; Retain Ho 0.009; Retain Ho 

CSE DM z-score 0.109 0.007; Retain Ho 0.029; Retain Ho 0.011; Retain Ho 

CSE outcome 0.328 0.007; Retain Ho 0.036; Retain Ho 0.014; Retain Ho 

CRT z-score 0.410 0.007; Retain Ho 0.043; Retain Ho 0.017; Retain Ho 

CRT outcome 0.515 0.007; Retain Ho 0.050; Retain Ho 0.020; Retain Ho 
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A less conservative method of reducing type 1 error with multiple comparisons 

has been suggested by Benjamini and Hochberg (1995). This method distinguishes the p 

values of the comparisons to control the expected proportion of errors among the rejected 

hypotheses, termed the false discovery rate (Benjamini & Hochberg, 1995). This method 

adjusts the alpha level by dividing the desired significance level for the family of tests by 

the quotient of the rank of the p value (arranged in ascending order) and the number of 

hypotheses tests. I again selected a desired significance 0.05 to calculate the Benjamini 

Hochberg correction for the present study (see Table 33). Compared with the more 

conservative Bonferroni correction, the Benjamini Hochberg correction is potentially 

more powerful (less likelihood of making a type 2 error) but with a greater likelihood of 

making a type 1 error (though the overall chance of a type 1 error is still at most 5%) 

(Benjamini & Hochberg, 1995). Applying the Benjamini Hochberg-corrected 

significance level to the observed p values for the tests indicates that the null hypotheses 

are again retained in each case; the analyses did not identify any statistically significant 

relationship between entry-to-practice respiratory therapy academic degree and NBRC 

CRT, WRT, or CSE results (see Table 33).  

Bonferroni and Benjamini Hochberg controls for multiple comparisons have 

included the assumption that the test statistics corresponding to the null hypotheses are 

independent and normally distributed (Benjamini & Hochberg, 1995). Extant research 

has demonstrated, however, that the Benjamini Hochberg control for multiple 

comparisons is robust to dependent, normally distributed test statistics (Benjamini & 

Yekutieli, 2001). An alternative, less powerful Benjamini Hochberg method of control 

for multiple comparisons has been developed for conditions when the test statistics are 
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dependent (Benjamini & Yekutieli, 2001). The Benjamini Hochberg under dependency  

method adjusts the alpha level similar to the Benjamini Hochberg correction, with the 

exception that the desired significance level is divided by the quotient of the rank of the 

desired significance level and the sum of 1/rank of all p values (Benjamini & Yekutieli, 

2001). The statistics for the present research are dependent because the NBRC CRT, 

WRT, and CSE examinations were each developed to measure essential knowledge, 

skills, and abilities required of respiratory therapists, and because multiple individuals 

challenged more than one examination (or challenged an examination multiple times) in 

2011. Applying the Benjamini Hochberg under dependency correction to the observed p 

values for the present analysis indicates that the null hypotheses are retained in each case 

(see Table 33).  

Controlling for multiple comparisons in the present study reduced the likelihood 

of falsely rejecting the null hypothesis (exaggerating the affect of academic degree on 

NBRC results), which may have otherwise occurred with multiple hypotheses tests. The 

finding suggests that the statistically significant relationships (between academic degree 

and WRT z-score, and between academic degree and CSE IG z-score) identified prior to 

control for multiple comparisons in the present study were small, and could be the result 

of a type 1 error. 

Summary 

 The purpose of this chapter was to present the results of this study. After 

obtaining necessary NBRC, CoARC, and US Census Bureau data, I prepared the 

variables and common samples necessary to investigate any relationship that may exist 

between academic degree earned from a CoARC-accredited entry into professional 
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practice program of study in respiratory care and NBRC CRT, WRT, and CSE results. 

Demographic information and descriptive statistics indicate that baccalaureate-prepared 

NBRC examination candidates are more likely than associate-prepared candidates to be 

female, first-time examination challengers who apply to challenge both elements of the 

registry examination system on the same date.  

 Ordinary least squares regression results identified statistically significant gains 

on NBRC examination results (viz., CRT outcome and z-score, WRT outcome and z-

score, CSE IG z-score) in 2011 associated with achievement of a baccalaureate degree 

upon completion of a CoARC-accredited entry-to-practice RC program of study. The 

small associative relationships did not consider the effect of the examination candidates’ 

self-selection into associate or baccalaureate degree-granting programs of study. 

 Results of first stage instrumental variables regression demonstrated that the 

1+logarithmic transformation of the distance between the population centroid of the 

examination candidate’s home ZCTA and the population centroid of the closest CoARC-

accredited entry into professional practice associate and baccalaureate degree-granting 

programs of study in respiratory care contribute to the predictive power of academic 

degree. Furthermore, results of first stage instrumental variables regression indicate that 

the home-closest RT program distances meet the assumptions of instrumental variables 

regression. 

Second stage instrumental variables regression identified statistically significant 

differences on NBRC examination results in 2011 with the full common samples, 

suggesting an academic degree effect of entry-to-practice respiratory therapy academic 

degree. 
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 The achievement of a baccalaureate degree yields a 0.263 standard 

deviation decrease in WRT z-scores, on average. 

 The achievement of a baccalaureate degree yields a 0.030 standard 

deviation increase in CSE IG z-scores, on average. 

The present study investigated seven different hypotheses to explore the effect of 

entry-to-practice academic degree in respiratory care on NBRC examination results. 

Because the likelihood of falsely rejecting a null hypothesis increases with multiple 

comparisons, I employed three different methods of correcting the significance level. The 

findings of each method indicate that the null hypotheses are retained for each 

hypothesis, and suggest that the statistically significant relationships identified during the 

second stage of the instrumental variables regression were small, and could be the result 

of a type 1 error. 

After correction for multiple comparisons, results of second stage instrumental 

variables regression provide evidence to inform the research questions that guided the 

present study. For graduates of CoARC-accredited entry into professional practice 

programs of study in respiratory care applying to challenge NBRC examinations in 2011, 

after controlling for age, sex, application status, and application type, and using distance 

between home and closest RT programs as instrumental variables to correct for self-

selection bias: 

1. No statistically significant relationship was identified between academic degree 

and a passing outcome for the NBRC CRT examination. 

2. No statistically significant relationship was identified between academic degree 

and z-score earned on the NBRC CRT examination. 
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3. No statistically significant relationship was identified between academic degree 

and a passing outcome for the NBRC WRT examination. 

4. No statistically significant relationship was identified between academic degree 

and z-score earned on the NBRC WRT examination. 

5. No statistically significant relationship was identified between academic degree 

and a passing outcome for the NBRC CSE examination. 

6. No statistically significant relationship was identified between academic degree 

and IG z-score for the NBRC CSE examination. 

7. No statistically significant relationship was identified between academic degree 

and DM z-score for the NBRC CSE examination. 
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CHAPTER 5 DISCUSSION 

 The minimum academic preparation required for entry into professional practice 

in respiratory care is a continuing topic of debate among respiratory therapists (Barnes et 

al., 2003). The American Association for Respiratory Care (AARC), the Commission on 

Accreditation for Respiratory Care (CoARC), and the National Board for Respiratory 

Care (NBRC) advanced the minimum academic preparation from an 18-month program 

of study to the associate degree in 2002. In 2013, the AARC House of Delegates 

approved resolutions to develop a plan to require a baccalaureate or graduate degree, and 

to encourage CoARC to require that all new programs grant the baccalaureate degree 

(Beachey, 2013). Policy change such as that proposed by the AARC is ideally informed 

by research that separates fact from uninformed precedence or tradition (Borman, 2009). 

Extant literature has identified either no difference between objective measures of 

professional competence of associate and baccalaureate-prepared candidates (Kacmarek, 

1984) or statistically significant gains associated with achievement of the baccalaureate 

degree compared to those associated with achievement of the associate degree. The 

statistically significant gains have been small, however, and researchers have cautioned 

against the use of this evidence to support academic degree-related policy change (Moss, 

2013; C. H. O'Daniel, 1987; Shaw & Traynor, 2010). An exhaustive review of the 

literature failed to identify scholarly work demonstrating a causal relationship between 

academic degree earned upon completion of CoARC-accredited entry into professional 

practice program of study in respiratory care and professional competence, as measured 

by NBRC examination results. This study was conducted to partially address this gap in 

the literature. 



 

 152 

 The present study analyzed data that were obtained from the NBRC. The full 

common samples examined 34,152 cases of individuals who applied to challenge the 

NBRC Certified Respiratory Therapist (CRT) examination, Written Registry 

Examination for Advanced Respiratory Therapists (WRT), or Clinical Simulation 

Examination (CSE) in 2011. The study used instrumental variables regression to answer 

seven research questions. This chapter presents a discussion of the results that were 

identified in Chapter Four, with comparison of these results to results of previous 

research that was presented in Chapter Two. Next, the researcher will describe limitations 

of the study. Discussion of the results of the present study will conclude with 

implications for future research and professional policy. 

Human Capital Theory 

 This study employed human capital theory to analyze the effect of academic 

degree on a standardized measure of professional competence. Human capital theory 

recognizes a direct relationship between investment in human capital and the 

enhancement of workforce productivity by virtue of the intervening development of 

meaningful gains in knowledge, skills, and ability (G. S. Becker, 1962; Schultz, 1960). 

Human capital investment was represented in the present study by participation in an 

accredited program of study. More specifically, this study hypothesized that participation 

in a baccalaureate degree-granting professional program of study when an associate 

degree would otherwise meet the minimal educational requirements of the profession 

would yield workforce-related gains in knowledge, skills, and ability that would be 

indicated by gains in standardized professional credentialing examinations.  

Results of the study did not provide evidence of an effect of academic degree 
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earned upon completion of CoARC-accredited entry into professional practice program 

of study in respiratory care on NBRC examination results, however. Such lack of 

evidence might be attributed to similarities between associate and baccalaureate programs 

of study or to unexplained variation in individual candidates. In their survey of 

baccalaureate degree-granting respiratory therapy education programs, Barnes and Ward 

(2010) identified a range in professional program length (1-4 years) that encompasses the 

professional program length of associate degree-granting programs (1-2 years). If the 

length of the two program types is similar (in some cases), it might follow that there 

would be no substantive gains associated with the human capital investment in 

baccalaureate study and that the resulting gains in knowledge, skills, and ability might be 

similar in the two groups. In their discussion of the small effect sizes associated with 

academic degree, Shaw and Traynor (2010) suggest that variation in NBRC examination 

pass rates might instead be attributable to variation in individual candidates, including 

capacity to learn, examination preparation techniques, and motivation. The correction for 

self-selection bias employed in the present study may have reduced the influence of some 

of the factors identified by Shaw and Traynor. The present study’s inability to identify 

evidence of an effect of academic degree on NBRC results may also simply indicate that 

the examination candidates are equally qualified and that human capital theory does not 

contribute to an understanding of the comparative influence of associate and 

baccalaureate study in respiratory care. 

If we assume the existence of an effect between academic degree and professional 

competence in respiratory care that is suggested by human capital theory, the inability of 

the present study to identify evidence of this effect might be explained by limitations of 
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the NBRC examinations. Information from job analysis surveys and the practical limits 

associated with testing and measurement (i.e., candidate action must be observable, 

measurable) combine to establish realistic limits on the scope of NBRC examinations; the 

NBRC makes no claim to test the entire universe of traits associated with the competent 

practice of respiratory therapists. 

Academic Degree 

Preliminary analysis of the combined full common samples identified differences 

between the academic degree groups. Demographic variables for the combined full 

common samples indicate that baccalaureate-prepared candidates are more likely than 

associate-prepared candidates to be female, first-time examination challengers who apply 

to challenge both elements of the registry examination system on the same date. Direct 

comparison of these findings to other similar findings is not possible, because a search of 

the literature did not identify published research which directly examined the association 

between academic degree in respiratory care and sex, NBRC application status, or NBRC 

application type. 

Descriptive statistics indicate that the mean age of the associate prepared NBRC 

examination challenger is higher than that of the baccalaureate prepared NBRC 

examination challenger. Other scholarship has also identified a higher mean age for 

individuals in associate degree-granting programs (U.S. Department of Education, 2015), 

and has discussed associations between older age and other factors that might be 

expected to affect academic success, including: maturity, financial independence, 

working full-time while enrolled, responsibility for dependents, and status as a second 

career-seeker (Wladis, Hachey, & Conway, 2015).   
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Professional Healthcare Competence and Academic Degree 

The current study sought to identify any statistically significant effect of entry-to-

practice RC academic degree on NBRC CRT, WRT, and CSE outcomes and z-scores. 

This approach differed from that of research conducted with other healthcare occupations 

that identified statistically significant associations between professional credentialing 

examination results and academic degree (Fullerton & Severino, 1995; M. Kane et al., 

1986; McMillan, 1985; Raymond, 1988; Raymond & Washington, 2002). The different 

analytical methods produce results that yield meaningful differences in the strength of the 

relationships (i.e., associative or causative); the present study’s ability to make causative 

conclusions is the result of the integration of an instrumental variable to reduce the 

influence of bias associated with individuals’ self-selection into academic degree 

programs.  

Ordinary least squares regression analysis conducted in this study identified small 

but statistically significant associations between the achievement of a baccalaureate 

degree from a CoARC-accredited entry into professional practice program of study in 

respiratory care and gains in CRT pass rate, CRT z-score, WRT pass rate, WRT z-score, 

and CSE IG z-score for the full common samples. Research examining other healthcare 

occupations including nurse midwifery, radiologic technology, and nursing has also 

identified small but statistically significant associations between gains on professional 

credentialing examination results and higher academic degree (Fullerton & Severino, 

1995; McMillan, 1985; Raymond, 1988; Raymond & Washington, 2002), and less 

frequently between gains on professional credentialing examination results and 

prebaccalaureate academic achievement (M. Kane et al., 1986).  
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The present study identified no statistically significant effect of academic degree 

on NBRC results for the full or restricted common samples. Integration of a valid 

instrumental variable would be expected to reduce the endogenous (biased) variation in 

examination results. This reduction of variance in examination results might also be 

expected to reduce the already small associative differences in examination results 

between academic degree groups identified by Fullerton and Severino (1995), Raymond 

and Washington (2002), and Raymond (1988), and could reduce the likelihood of 

identifying a statistically significant effect. Other literature that has failed to identify a 

difference in the examination results of groups with different academic degrees has 

offered the explanation that the examinations were insufficiently sensitive to detect 

differences between the groups (McMillan, 1985).   

Discussion of CRT Results 

Two research questions guided analysis of the data for the CRT examination. For 

graduates of Commission on Accreditation for Respiratory Care (CoARC)-accredited 

entry into professional practice programs of study in respiratory care applying to 

challenge NBRC examinations in 2011, after controlling for the effects of sex, age, 

application status, and application type, instrumental variables regression analysis did not 

identify a statistically significant effect of entry-to-practice respiratory therapy academic 

degree on CRT outcome or on CRT z-score in the full or restricted CRT common 

samples. Direct comparison of these findings to other similar findings is not possible, 

because a search of the literature did not identify published research directly examining 

the effect of academic degree on CRT outcome or CRT z-score. 
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The direction of the conclusion supported by the CRT outcome data for the 

present study differs from that of Shaw and Traynor (2010), who analyzed NBRC data of 

first-time examination challengers using Chi-square analysis to find a statistically 

significant gain in CRT pass rate associated with applying to challenge the examination 

after completing a baccalaureate RC program (compared to that associated with 

examination challengers who had completed an associate RC program). The different 

conclusions may be explained by differences in the studies’ methods. Chi-square analysis 

compares expected and observed variance in pass rates, without methodological 

consideration of the influence of confounding variables or self-selection bias. The gain in 

CRT examination pass rate of baccalaureate-prepared candidates that was identified by 

Shaw and Traynor may be confounded by the fact that the average baccalaureate-

prepared candidate is a younger, first-time CRT challenger who lives closer to a 

baccalaureate-granting RC program of study-- all factors that have demonstrated 

statistically significant association with the achievement of a passing CRT score. Because 

the influence of these endogenous factors on error variance was reduced in the present 

study, error variance was reduced and the resulting estimate of the influence of academic 

degree on CRT outcome is less influenced by systematic bias. Shaw and Traynor (2010) 

qualified their Chi-square based conclusions by also reporting an effect size of 0.003. 

Based on this small effect size, the authors state that RC program type (i.e. associate or 

baccalaureate degree-granting) explained very little of the variance in CRT pass rate. It is 

plausible that the integration of valid instrumental variables in the present analysis might 

reduce error variance and effectively eliminate evidence of the small effect size identified 

by Shaw and Traynor.  
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The present study’s demographic finding of a higher mean CRT examination pass 

rate for baccalaureate-prepared CRT challengers is similar to that identified by O’Daniel 

(1987). O’Daniel (1987) surveyed 59 programs to also identify a higher CRT 

examination pass rate for graduates of baccalaureate degree-granting RC programs than 

those of graduates from associate degree-granting RC programs. O’Daniel (1987) also 

identified an association between higher CRT scaled score average and graduation from a 

baccalaureate degree-granting RC program, a finding which is similar to the present 

study’s preliminary descriptive statistics that identified a higher mean CRT z-score for 

CRT examination challengers who had completed a baccalaureate degree-granting entry 

into professional practice RC program. 

Discussion of WRT Results 

Two research questions guided analysis of the data for the WRT examination. For 

graduates of Commission on Accreditation for Respiratory Care (CoARC)-accredited 

entry into professional practice programs of study in respiratory care applying to 

challenge NBRC examinations in 2011, after controlling for the effects of sex, age, 

application status, and application type, and using distances between home and closest 

associate degree-granting and baccalaureate degree-granting RC programs as 

instrumental variables to correct for self-selection bias, instrumental variables regression 

analysis completed for the present study did not identify a statistically significant effect 

of entry-to-practice respiratory therapy academic degree on WRT outcome in the full or 

restricted WRT common samples. This conclusion differs from that identified by Shaw 

and Traynor (2010), who used Chi-square analysis to find a statistically significant 

difference between the WRT examination pass rate of baccalaureate- and associate-
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prepared examination challengers. The different conclusions may be explained by 

differences in the studies’ methods, as these differences were described in the discussion 

of CRT results. Notably, Shaw and Traynor also identified an effect size associated with 

their finding of a statistically significant gain in WRT examination pass rate; the 0.001 

unit of explained variance in the magnitude of program type effect also explains very 

little of the variance in WRT pass rate and may help explain why the present study failed 

to identify an effect of academic degree on WRT pass rate following the integration of an 

instrumental variable to reduce the effect of self-selection bias. 

Instrumental variables regression analysis conducted during the present study 

identified a statistically significant effect of entry-to-practice RC associate degree on 

gains in WRT z-scores in the full common sample and restricted common samples, 

before controlling for multiple comparisons. The effect of both of these findings was 

eliminated after control for multiple comparisons, suggesting that the statistically 

significant effects identified prior to control for multiple comparisons were small, and 

may be the result of a type 1 error. 

Preliminary analysis for the present study used ordinary least squares regression 

to identify a statistically significant association between entry-to-practice respiratory 

therapy academic degree and WRT z-scores in the full and restricted WRT common 

samples, respectively. This result is similar to that identified by Moss (2013), who also 

used ordinary least squares regression to find a statistically significant mean WRT z-

score gain associated with the achievement of a baccalaureate degree from a CoARC-

accredited entry into professional practice program of study in respiratory care, after 

controlling for the effects of age, sex, application status, and application type. This 
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consistency might be expected, given that the two analyses employed the same data set, 

the same statistical method, and the same independent, dependent, and control variables. 

The present study expanded on Moss (2013) to employ home-closest associate and 

baccalaureate RC program distances as instruments to reduce the influence of self-

selection bias. Because the addition of the instrumental variable in the present study 

represents the only significant methodological difference between Moss (2013) and the 

present study, the difference in the conclusions of the two studies suggests that the gain in 

WRT z-score associated with achievement of the baccalaureate degree in RC identified 

by the earlier study might plausibly be attributed to self-selection bias (e.g., the self-

selection of WRT challengers into associate or baccalaureate degree-granting RC 

programs of study).  

Discussion of CSE Results 

Three research questions guided analysis of the data for the CSE examination. For 

graduates of Commission on Accreditation for Respiratory Care (CoARC)-accredited 

entry into professional practice programs of study in respiratory care applying to 

challenge NBRC examinations in 2011, after controlling for the effects of sex, age, 

application status, and application type, and using distances between home and closest 

associate degree-granting and baccalaureate degree-granting RC programs as 

instrumental variables to correct for self-selection bias, instrumental variables regression 

analysis completed for the present study did not identify a statistically significant effect 

of entry-to-practice respiratory therapy academic degree on CSE outcome in the full or 

restricted CSE common samples. This conclusion differs from that identified by Shaw 

and Traynor (2010), who used chi-square analysis to find a statistically significant gain in 
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CSE examination pass rate for baccalaureate-prepared examination challengers. The 

different conclusions may be explained by differences in the studies’ methods, as these 

differences were described in the discussion of CRT results in this chapter. Again, Shaw 

and Traynor (2010) also reported an effect size (0.002 units) that suggests a very small 

magnitude of program type effect on CSE outcomes that might plausibly have been 

eliminated by the integration of valid instrument to control for self-selection bias in the 

present study. 

 Instrumental variables regression analysis conducted during the present study 

identified a statistically significant effect of entry-to-practice RC baccalaureate degree on 

gains in CSE IG z-scores in the full common sample, though this effect was eliminated 

after control for multiple comparisons. Instrumental variables regression analysis also 

identified a statistically significant effect of entry-to-practice RC associate degree on 

gains in CSE DM z-scores when the large number (183) of low outlier DM z-scores was 

eliminated in the restricted CSE common sample, though this effect was also eliminated 

after control for multiple comparisons. These findings suggest that the statistically 

significant effect of academic degree and CSE IG z-score and between academic degree 

and CSE DM z-score identified prior to control for multiple comparisons in the present 

study were small, and may be the result of a type 1 error. The direction of the post-

multiple comparisons controlled conclusions in the present study is similar to that of 

Kacmarek (1984), who used discriminant analysis to find no correlation between 

academic degree and CSE composite (i.g., IG + DM) score for 1523 first-time CSE 

challengers on a single version of the examination. The fact that the Kacmarek study was 

able to draw this conclusion without the use of an instrumental variable might be 
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attributed to the smaller sample size, which requires a less conservative significance 

standard. 

Limitations 

The present study is limited by factors that were within the control of the 

researcher. First, the current study is limited by characteristics of the data set, including a 

disparity in academic degree category size and an exclusive focus on data collected 

within a single calendar year. In addition, the data set includes demographic data that 

were collected using an NBRC application (see Appendix B) that was completed by 

individuals who were seeking to challenge an NBRC examination. These self-reported 

data are subject to limitations commonly associated with self-reported data, including the 

possibility for: (a) omission of a response to an application item, (b) misreading or 

misunderstanding an application item, or (c) intentional misrepresentation. Also, the 

quality of the curriculum, teaching, and clinical experiences may vary among and 

between associate and baccalaureate degree-granting respiratory care education 

programs; the variability of these important factors is unknown, and may influence 

NBRC examination results. The three NBRC examinations (CRT, WRT, and CSE) 

employed in the present study may not be sufficiently sensitive to evaluate every 

competency essential to the development of a respiratory therapist, such as effective 

written and verbal communication and the ability to review and critique published 

research (Barnes et al., 2010; O'Daniel et al., 1992), which may be facilitated by the 

achievement of an associate or baccalaureate degree. Finally, the validity of the home-

closest respiratory care programs to instrument for self-selection bias may be limited 
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because it is unknown if NBRC examination applicants are residing in the same ZIP code 

where they were living at the time they made their college choice. 

Implications for Future Research 

 The results of this study suggest directions for future research on professional 

competence and academic degree. A literature review conducted for the present study 

suggests this was the first published study to instrument for the self-selection bias of 

respiratory therapy students who were choosing a program of study. Future research 

should be designed to replicate this study method to enhance understanding of its 

usefulness relative to the influence of academic preparation. Because the present study 

did not ultimately identify a statistically significant gain in measures of professional 

competence, future research is needed to investigate the value added by baccalaureate 

degree-granting entry to practice professional programs of study in respiratory care. 

 The results of the present study may have been influenced by variance in program 

quality or program length. Future research might seek to control for these factors to yield 

a less biased understanding of the influence of academic degree. For example, research 

might leverage the measure of program quality that is suggested by the achievement of 

the CoARC Distinguished RRT Credentialing Success Award or by NBRC examination 

pass rate.  

Future research might examine other traits associated with the competent practice 

of respiratory therapists (such as ability to comprehend and apply published research), or 

might focus on competencies unique to certain professional practice contexts (e.g., 

pulmonary function lab, adult critical care, neonatal/pediatric care). This research might 
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additionally consider the influence of self-selection bias to avoid the error of drawing 

cause-and-effect conclusions from associative analyses. 

 I assert that a more comprehensive understanding of the experience of respiratory 

therapists with decisions related to academic degree would be gained with the application 

of qualitative research methods to understand other important questions such as: Why do 

students choose to participate in associate or baccalaureate degree-granting respiratory 

care education programs? Important contributions to the profession’s understanding of 

academic degree in respiratory care might be gained from qualitative research methods 

that seek to understand the phenomenon of college self-selection for aspiring respiratory 

therapists. This research may expose solutions that address future respiratory therapy 

students’ needs without threatening future workforce readiness. 

The AARC board of directors approved a motion in 2012 to explore development 

and promotion of education options for members of the existing workforce to obtain the 

baccalaureate degree. Such cooperative models (including consortia and baccalaureate 

degree-completion programs) are being developed to facilitate the achievement of higher 

academic degrees. Future research might serve public and professional interests by 

investigating the value added by these systems.  

Though the number of graduate degree-granting entry to practice programs of 

study in respiratory care was too small to be considered in the present study, these 

programs are growing in number and their influence on professional competence has not 

yet been studied. 
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Implications for Professional Policy 

The present study provides an analysis of NBRC results and the effect of 

academic degree earned upon completion of a CoARC-accredited entry into professional 

practice program of study in respiratory care. This impetus for this project was motivated 

by my direct observation of the passionate debate that accompanied public dissemination 

of the findings of the third 2015 and Beyond conference in Marco Island, Florida in 2010. 

The findings were the product of a task force convened by the AARC “to envision the RT 

of the future” (Kacmarek et al., 2009, p. 375). A single recommendation related to RT 

education was approved by majority vote of the task force. The task force recommended 

that the AARC request the CoARC change accreditation standard 1.01 to read: 

The sponsoring institution must be a post-secondary academic institution 

accredited by a regional or national accrediting agency that is recognized by the 

United States Department of Education and must be authorized under applicable 

law or other acceptable authority to award graduates of the program a 

baccalaureate or graduate degree at the completion of the program. Programs 

accredited prior to 2013 that do not currently offer a baccalaureate or graduate 

degree must transition to conferring a baccalaureate or graduate degree, which 

should be awarded by the sponsoring institution, upon all RT students who 

matriculate into the program after 2020. (Barnes et al., 2011, p. 683) 

 After controlling for the effects of age, sex, application status, and application 

type, and after instrumenting for examination candidate self-selection bias and 

controlling for multiple comparisons, results of the present analysis did not identify a 

statistically significant effect of academic degree on NBRC CRT, WRT, or CSE pass 
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rates or z-scores. The present study does not provide evidence to support implementation 

of the AARC’s 2015 and Beyond task force policy recommendation.  

Study Conclusions 

 The results of the present study support three important conclusions. First, 

evidence suggests that self-selection of individuals into associate and baccalaureate 

degree-granting programs of study in respiratory care biases analysis of the effects of 

these program types on NBRC examination results. Next, the present analysis 

demonstrates that home-closest respiratory care program distances can function as valid 

instruments for reducing the effect of self-selection bias in the analysis of the effect of 

academic degree on NBRC examination results. Finally, after reducing the effect of self-

selection bias and controlling for the effects of confounding variables, human capital 

investment in a baccalaureate degree-granting respiratory care program does not show 

gains in respiratory care competence, on average, as this is measured by NBRC CRT, 

WRT, or CSE results.  
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Letter: Request for Permission to Receive National Board for Respiratory Care Data 
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Kathy S. Moss 

5637 Water Front Drive South 

Columbia, Missouri 65202 

 

National Board for Respiratory Care 

Gary A. Smith, Chief Executive Officer and Executive Director 

18000 West 105th Street 

Olathe, Kansas 66061-7543 

January 4, 2012 

Mr. Smith, 

I am a graduate student in the Educational Leadership and Policy Analysis doctoral 

program at the University of Missouri College of Education and a faculty member in the 

University of Missouri School of Health Professions Respiratory Therapy Program. It is 

in my role as a graduate student that I write to you to today. 

I am writing to request the permission of the National Board for Respiratory Care 

(NBRC) to receive data that I might use to answer specific research questions regarding 

any relationship that might exist between Respiratory Care (RC) educational program 

characteristics and outcomes on NBRC examinations. 

The specific research questions which will guide my data analysis are: 

1. For graduates of accredited RC educational programs, after controlling for the 

effects of gender, ZIP code, age, and eligibility status, is there a difference 

between graduates of associate degree-granting and baccalaureate degree-granting 

educational programs…  

a. On the proportion of students who pass the Certified Respiratory Therapist 

(CRT) examination? 

b. On the proportion of students who pass the CRT examination when the 

examination is completed within the first year of becoming eligible for the 

examination?1 

c. On the mean scaled CRT examination score? 

d. On the mean scaled CRT examination score when the examination is 

completed within the first year of becoming eligible for the examination?2 

2. For graduates of accredited RC educational programs, after controlling for the 

effects of gender, ZIP code, age, and eligibility status, is there a difference 

                                                 
1 From the subset of persons taking the test within the first year of their eligibility, is 
there a difference between graduates of associate degree-granting and baccalaureate 
degree-granting educational programs on the proportion of students who pass the CRT 
examination? 
2 From the subset of persons taking the test within the first year of their eligibility, is 
there a difference between graduates of associate degree-granting and baccalaureate 
degree-granting educational programs on the mean scaled CRT examination score? 
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between graduates of associate degree-granting and baccalaureate degree-granting 

educational programs…  

a. On the proportion of students who pass the Written Registered Respiratory 

Therapist (WRRT) examination? 

b. On the proportion of students who pass the WRRT examination when the 

examination is completed within the first year of becoming eligible for the 

examination? 3 

c. On the mean scaled WRRT examination score? 

d. On the mean scaled WRRT examination score when the examination is 

completed within the first year of becoming eligible for the examination?4 

3. For graduates of accredited RC educational programs, after controlling for the 

effects of gender, ZIP code, age, and eligibility status, is there a difference 

between graduates of associate degree-granting and baccalaureate degree-granting 

educational programs…  

a. On the proportion of students who pass the Clinical Simulation 

Examination (CSE)? 

b. On the proportion of students who pass the CSE when the examination is 

completed within the first year of becoming eligible for the examination? 

c. On each candidate’s percentage information gathering (IG) score and 

percentage decision making (DM) score? 5 

d. On each candidate’s percentage information gathering (IG) score and 

percentage decision making (DM) score when the examination is 

completed within the first year of becoming eligible for the examination? 

4. For graduates of accredited RC educational programs, after controlling for the 

effects of gender, ZIP code, age, and eligibility status, is there a difference 

between graduates of associate degree-granting and baccalaureate degree-granting 

educational programs…  

a. On the combined mean scaled WRRT examination score and the 

percentage IG and percentage DM CSE scores when these examinations 

are completed on the same date? 

b. On the combined mean scaled WRRT examination score and the 

percentage IG and percentage DM CSE scores when these examinations 

are completed on the same date and when the examinations are completed 

within the first year of becoming eligible for the examinations? 

                                                 
3 See footnote 1. 
4 See footnote 2. 
5 Percentage based on the total points available within a particular form of the test. 
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c. On the proportion of students who pass the WRRT and the proportion of 

students who pass the CSE when these examinations are completed on the 

same date? 

d. On the proportion of students who pass the WRRT and the proportion of 

students who pass the CSE when these examinations are completed on the 

same date and when the examinations are completed within the first year 

of becoming eligible for the examinations? 

5. What are the effect sizes of any statistically significant differences? Because 
large sample sizes increase the likelihood of finding statistically significant 
differences that may have limited practical implications, analysis and discussion 
of statistically significant differences between the variables would include effect 
sizes. 

This request includes data for the calendar years 2000, 2001, 2005, 2006, 2010, and 2011. 

These years have been selected because they would reflect examination outcomes that are 

closely related to the three most recent 5-year job analysis surveys and to the effective 

dates of subsequent revisions of the CRT and Registered Respiratory Therapist (RRT) 

credential detailed content outline.  

Analytical procedures necessary to answer these research questions would require the 

following data: 

Examination: CRT, WRRT, CSE; both WRRT and CSE 

(Candidate) Personal information: gender, ZIP code, date of birth6 

Eligibility status: new applicant, reapplicant 

Education information: Committee on Accreditation for Respiratory Care 

(CoARC) number, date of graduation 

Test: date of the examination, pass or fail status, CRT and WRT scaled test 

scores, CSE (IG and DM) percentage scores 

It is my intent to analyze data provided by the NBRC to answer the stated research 

questions. It is also my intent to independently collect additional data that might be used 

to attempt to control for confounding influences upon NBRC examination outcomes.  

It is my intent to publish a report of these findings in the form of a dissertation 

manuscript.  

It is also my intent to publish a report of these findings in the form of one or more 

manuscripts submitted for publication consideration in a professional journal. Public 

dissemination of research findings may also occur in the form of formal presentations at 

professional meetings or conferences. Prior to the public dissemination of findings in a 

professional journal or in other formal presentations, I intend to communicate results of 

these findings to the NBRC and to seek input from the NBRC. 

Thank you for your consideration of this request. 

Sincerely, 

 

  

                                                 
6 Note: I do not request the names of individual examination candidates. 
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APPENDIX B 

NBRC Examination Application 
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APPENDIX C 

Results for the Restricted Common Samples 

Table 34  

Demographic Variables of the CRT Restricted Common Sample (N=12,032) 

Variable Count Percent 

Outcome  

 Pass 7,160  (60%) 

 Fail 4,872  (40%) 

Academic degree  

 Associate 11,225  (93%) 

 Baccalaureate 807  ( 7%) 

Sex     

 Female 8,324  (69%) 

 Male 3,704  (31%) 

 Other 4  (<1%) 

Application status     

 New 7,353  (61%) 

 Repeat 4,679  (39%) 

Note. CRT = Certified Respiratory Therapist. The CRT restricted common sample was 

generated from the 12,062 cases of individuals who applied to challenge the NBRC CRT 

examination in 2011. It excluded the 24 cases with missing data and the 6 cases of 

individuals with CRT z-score low outliers.
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Table 35  

Descriptive Statistics of the CRT Restricted Common Sample (N=12,032) 

Variable M (SD) Range 

CRT Z-score 0.08 (0.98) -2.82-   2.62 

Agea 32.64 (9.13) 18.88-  68.41 

Distance   

 Associateb 14.92 (26.18) 0.00-1,431.89 

 Baccalaureatec  150.96 (191.92) 0.00-2,680.08 

Note. CRT = Certified Respiratory Therapist. The CRT restricted common sample was 

generated from the 12,062 cases of individuals who applied to challenge the NBRC CRT 

examination in 2011. It excluded the 24 cases with missing data and the 6 cases of 

individuals with CRT z-score low outliers. 
a Age on examination date, in years. 
bDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice associate degree-granting program of study in respiratory care. 
cDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice baccalaureate degree-granting program of study in respiratory care. 
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Table 36  

Results of Regression Analyses Estimating CRT Outcome for the CRT Restricted Common Sample (N=12,032) 

  Ordinary Least Squares Regression  Instrumental Variables Regression 

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.067  0.000 0.014 0.039 – 0.094 0.033 0.507 0.050 -0.065 – 0.132 

Agea -0.150  0.000 0.015 -0.179 - -0.121 -0.155 0.000 0.017 -0.188 - -0.122 

Sex         

 Male 0.069  0.000 0.008 0.054 – 0.085 0.069 0.000 0.008 0.053 – 0.084 

 Other 0.220 0.000 0.014 0.193 – 0.246 0.217 0.000 0.015 0.188 – 0.245 

Application Status 0.517  0.000 0.008 0.501 – 0.533 0.518 0.000 0.008 0.502 – 0.535 

Constant 2.654  0.000 0.140 2.379 – 2.928 2.703 0.000 0.159 2.391 – 3.015 

R2 0.297        

RMSE 0.412        

Note: CRT = Certified Respiratory Therapist; b = estimated value of raw (unstandardized) regression coefficient; p = probability of 

the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of 

determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days 
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Table 37  

Results of Regression Analyses Estimating CRT Z-score for the CRT Restricted Common Sample (N=12,032) 

 Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.182  0.000 0.027 0.129 – 0.236 -0.075 0.441 0.098 -0.267 – 0.116 

Agea -0.293  0.000 0.029 -0.350 - -0.237 -0.333 0.000 0.032 -0.396 - -0.270 

Sex         

 Male 0.195  0.000 0.016 0.164 – 0.226 0.192 0.000 0.016 0.160 – 0.223 

 Other 0.423 0.283 0.394 -0.349 – 1.195 0.400 0.314 0.397 -0.379 – 1.178 

Application Status 1.117  0.000 0.014 1.088 – 1.145 1.124 0.000 0.015 1.095 – 1.153 

Constant 2.065  0.000 0.271 1.535 – 2.596 2.449 0.000 0.305 1.852 – 3.046 

R2 0.349        

RMSE 0.793        

Note: CRT = Certified Respiratory Therapist; b = estimated value of raw (unstandardized) regression coefficient; p = probability of 

the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of 

determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days 
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Table 38 

Demographic Variables of the WRT Restricted Common Sample (N=11,641) 

Variable Count Percent 

Outcome  

 Pass 6,037  (52%) 

 Fail 5,604  (48%) 

Academic degree  

 Associate 10,665  (92%) 

 Baccalaureate 976  ( 8%) 

Sex  

 Female 7,981  (69%) 

 Male 3,657  (31%) 

 Other 3  (<1%) 

Application status  

 New 6,644  (57%) 

 Repeat 4,997  (43%) 

Application type   

 WRT only 6,453 (55%) 

 WRT and CSE 5,188 (45%) 

Note. WRT = Written Registry Examination for Advanced Respiratory Therapists. The 

WRT restricted common sample was generated from the 11,703 cases of individuals who 

applied to challenge the NBRC WRT examination in 2011. It excluded the 28 cases with 

missing data and the 34 cases of individuals with WRT z-score low outliers.
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Table 39 

Descriptive Statistics of the WRT Restricted Common Sample (N=11,641) 

Variable M (SD) Range 

WRT z-score 0.04 (0.98) -2.68-   3.04 

Age at exama 33.01 (9.21) 19.44-  68.54 

Distance   

 Associateb 15.76 (39.91) 0.00-1433.51 

 Baccalaureatec  148.08 (197.92) 0.00-2624.38 

Note. WRT = Written Registry Examination for Advanced Respiratory Therapists. The 

WRT restricted common sample was generated from the 11,703 cases of individuals who 

applied to challenge the NBRC WRT examination in 2011. It excluded the 28 cases with 

missing data and the 34 cases of individuals with WRT z-score low outliers. 
a Age on examination date, in years. 
bDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice associate degree-granting program of study in respiratory care ZCTA 
cDistance between the population centroid of the examination candidate’s home ZCTA 

and the population centroid of the closest CoARC-accredited entry into professional 

practice baccalaureate degree-granting program of study in respiratory care ZCTA 
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Table 40 

Results of Regression Analyses Estimating WRT Outcome for the WRT Restricted Common Sample (N=11,641) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.084  0.000 0.015 0.055 – 0.114 -0.083 0.110 0.052 -0.185 – 0.019 

Agea -0.173  0.000 0.017 -0.205 - -0.140 -0.206 0.000 0.019 -0.244 - -0.168 

Sex         

 Male 0.076  0.000 0.009 0.058 – 0.094 0.076 0.000 0.009 0.058 – 0.093 

 Other 0.071 0.794 0.273 -0.464 – 0.607 0.056 0.841 0.276 -0.485 – 0.597 

Application status 0.266  0.000 0.011 0.244 – 0.288 0.267 0.000 0.011 0.245 – 0.289 

Application type 0.135 0.000 0.011 0.113 – 0.156 0.137 0.000 0.011 0.116 – 0.159 

Constant 2.893  0.000 0.157 2.584 – 3.201 3.214 0.000 0.185 2.852 – 3.576 

R2 0.161        

RMSE 0.458        

Note: WRT = Written Registry Examination for Advanced Respiratory Therapists; b = estimated value of raw (unstandardized) 

regression coefficient; p = probability of the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence 

interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days 
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Table 41 

Results of Regression Analyses Estimating WRT Z-score for the WRT Restricted Common Sample (N=11,641) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.188  0.000 0.029 0.131 – 0.245 -0.232 0.020 0.099 -0.426 - -0.037 

Agea -0.395  0.000 0.031 -0.456 - -0.333 -0.477 0.000 0.037 -0.550 - -0.405 

Sex         

 Male 0.197  0.000 0.018 0.162 – 0.232 0.196 0.000 0.018 0.161 – 0.232 

 Other -0.073 0.917 0.703 -1.452 – 1.301 -0.113 0.873 0.711 -1.506 – 1.280 

Application status 0.536  0.000 0.020 0.496 – 0.575 0.538 0.000 0.020 0.498 – 0.578 

Application type 0.373 0.000 0.021 0.332 – 0.415 0.379 0.000 0.021 0.337 – 0.421 

Constant 3.182  0.000 0.296 2.602 – 3.761 3.988 0.000 0.349 3.304 – 4.672 

R2 0.213        

RMSE 0.870        

Note: WRT = Written Registry Examination for Advanced Respiratory Therapists; b = estimated value of raw (unstandardized) 

regression coefficient; p = probability of the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence 

interval; R2 = coefficient of determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days 
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Table 42  

Results of Least Squares Regression of Academic Degree for the WRT Restricted 

Common Sample, Tests of Assumptions (N=11,641) 

 WRT Outcome WRT Z-Score 

IV Regression Assumptions statistic p statistic  p 

Weak predictive power F tests     

Excluded instruments 333.13 0.0000 333.13 0.0000 

Angrist-Pischke chi-square statistic 666.73 0.0000 666.73 0.0000 

Underidentification test     

Kleibergen-Paap chi-square statistic 541.01  0.0000 541.01  0.000 

Weak identification F tests     

Cragg-Donald Wald  593.24   593.24  

Kleibergen-Paap  333.13  333.13  

Weak instrument robust inference tests      

Anderson-Rubin Wald F value 8.63 0.0002 10.29 0.000 

Anderson-Rubin Wald chi-square 17.26  0.0002 20.59 0.000 

Stock-Wright chi-square 17.21 0.0002 20.52 0.000 

Note: WRT = Written Registry Examination for Advanced Respiratory Therapists; p = 

probability of the statistic occurring by chance (assuming Ho is true). 
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Table 43 

Demographic Variables of the CSE Restricted Common Samples, Count (Percentage)  

Variable 

Outcome 

(N=10,005) 

IG Z-score  

(N=10,114) 

DM Z-score 

(N=10,257) 

Outcome    

 Pass 6,135 (61%) 6,135 (61%) 6,137  (60%) 

 Fail 3,870 (39%) 3,979 (39%) 4,120  (40%) 

Academic degree      

 Associate 8,990 (90%) 9,094 (90%) 9,233  (90%) 

 Baccalaureate 1,015 (10%) 1,020 (10%) 1,024  (10%) 

Sex      

 Female 6,494 (65%) 6,568 (65%) 6,627  (65%) 

 Male 3,509 (35%) 3,544 (35%) 3,628  (35%) 

 Other 2 (<1%) 2 (<1%) 2  (<1%) 

Application status      

 New 6,006 (60%) 6,074 (60%) 6,135  (60%) 

 Repeat 3,999 (40%) 4,040 (40%) 4,122  (40%) 

Application type       

 CSE only 5,236 (52%) 5,286 (52%) 5,381 (52%) 

 WRT and CSE 4,769 (48%) 4,828 (48%) 4,876 (48%) 

Note. CSE = Clinical Simulation Examination, IG = information gathering, DM = 

decision making, WRT = Written Registry Examination for Advanced Respiratory 

Therapists. The CSE restricted common samples were generated from the 10,472 cases of 

individuals who applied to challenge the NBRC CSE examination in 2011. The restricted 

common sample for CSE outcome excluded the 33 cases with missing data as well as the 

434 cases with a low outlier IG z-score and/or a low outlier DM z-score. The restricted 

CSE common sample for IG z-score excluded the 33 cases of individuals with missing 

data as well as the 325 cases of individuals with CSE IG z-score low outliers. The 

restricted CSE common sample for IG excluded 33 missing cases and 182 cases with 

CSE DM z-score low outliers. 
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Table 44  

Descriptive Statistics of the CSE Common Samples  

 

Outcome 

(N=10,005) 

IG Z-score 

 (N=10,114) 

DM Z-score  

(N=10,257) 

Variable M (SD) Range M (SD) Range M (SD) Range 

IG z-score 0.13 (0.80) -2.20 - 2.51 0.11(0.81) -2.20 - 2.51 0.05 (0.92) -7.81 - 2.51 

DM z-score 0.10 (0.88) -2.42 - 2.60 0.06 (0.94) -4.52 - 2.60 0.07 (0.90) -2.42 - 2.60 

Age at exama 32.70 (9.20) 19.44 - 68.57 32.76 (9.23) 19.44 - 68.57 32.76 (9.21) 19.44 - 68.57 

Distance       

 Associateb 16.75 (47.09) 0.00 - 1,433.51 16.73 (46.86) 0.0 - 1,433.51 16.61 (46.58) 0.0 - 1,433.51 

 Baccalaureatec  155.00 (213.17) 0.00 - 2,624.38 155.01 (212.65) 0.0 - 2,624.38 155.26 (212.01) 0.0 - 2,624.38 

Note. CSE = Clinical Simulation Examination, IG = information gathering, DM = decision making. The CSE restricted common 

samples were generated from the 10,472 cases of individuals who applied to challenge the NBRC CSE examination in 2011. The 

restricted common sample for CSE outcome excluded the 33 cases with missing data as well as the 434 cases with a low outlier IG z-

score and/or a low outlier DM z-score. The restricted CSE common sample for IG z-score excluded the 33 cases of individuals with 

missing data as well as the 325 cases of individuals with CSE IG z-score low outliers. The restricted CSE common sample for IG 

excluded 33 missing cases and 182 cases with CSE DM z-score low outliers. 
aLog of age at exam, in years. 
b1+ Natural logarithm of the distance between the population centroid of the examination candidate’s home ZCTA and the population 

centroid of the closest CoARC-accredited entry into professional practice associate degree-granting program of study in respiratory 

care ZCTA 
c1+ Natural logarithm of the distance between the population centroid of the examination candidate’s home ZCTA and the population 

centroid of the closest CoARC-accredited entry into professional practice baccalaureate degree-granting program of study in 

respiratory care ZCTA 
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Table 45 

Results of Regression Analyses Estimating CSE Outcome for the CSE Restricted Common Sample (N=10,005) 

  Ordinary Least Squares Regression  Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree -0.006  0.722 0.016 -0.037 – 0.026 -0.097 0.057 0.051 -0.197 – 0.003 

Agea -0.212  0.000 0.019 -0.249 - -0.174 -0.232 0.000 0.022 -0.276 - -0.189 

Sex         

 Male -0.003  0.778 0.010 -0.023 – 0.017 -0.002 0.813 0.010 -0.022 – 0.018 

 Other 0.381 0.000 0.016 0.350 – 0.411 0.374 0.000 0.017 0.341 – 0.407 

Application status 0.053  0.000 0.013 0.028 – 0.078 0.052 0.000 0.013 0.027 – 0.077 

Application type 0.011 0.376 0.012 -0.013 – 0.035 0.011 0.383 0.012 -0.012 – 0.034 

Constant 3.557  0.000 0.179 3.205 – 3.908 3.762 0.000 0.210 3.351 – 4.173 

R2 0.019        

RMSE 0.483        

Note. CSE = Clinical Simulation Examination; b = estimated value of raw (unstandardized) regression coefficient; p = probability of 

the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of 

determination; RMSE = root mean squared error.  
a Logarithm of age on examination date, in days 
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Table 46 

Results of Regression Analyses Estimating IG Z-score for the CSE IG Restricted Common Sample (N=10,114) 

  Ordinary Least Squares Regression Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.048  0.058 0.025 -0.002 – 0.098 -0.023 0.782 0.084 -0.187 – 0.141 

Agea -0.251  0.000 0.031 -0.311 - -0.190 -0.267 0.000 0.036 -0.337 - -0.197 

Sex         

 Male -0.097  0.000 0.017 -0.129 - -0.064 -0.096 0.000 0.017 -0.129 - -0.063 

 Other 0.351 0.289 0.331 -0.297 – 0.999 0.345 0.297 0.331 -0.304 – 0.995 

Application status 0.122  0.000 0.020 0.083 – 0.162 0.122 0.000 0.020 0.082 – 0.161 

Application type 0.058 0.004 0.020 0.018 – 0.097 0.058 0.004 0.020 0.018 – 0.097 

Constant 2.386  0.000 0.290 1.819 – 2.954 2.545 0.000 0.341 1.878 – 3.213 

R2 0.024        

RMSE 0.796        

Note. CSE = Clinical Simulation Examination; b = estimated value of raw (unstandardized) regression coefficient; p = probability of 

the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of 

determination; RMSE = root mean squared error.  
a Logarithm of age on examination date, in days 
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Table 47  

Results of Regression Analyses Estimating DM Z-score for the CSE DM Restricted Common Sample (N=10,257) 

  Ordinary Least Squares Regression Instrumental Variables Regression  

Variable b p SE 95% CI b p SE 95% CI 

Degree 0.016  0.579 0.029 -0.041 – 0.073 -0.192 0.040 0.093 -0.375 - -0.009 

Agea -0.458  0.000 0.035 -0.526 - -0.390 -0.505 0.000 0.040 -0.584 - -0.426 

Sex         

 Male -0.029  0.117 0.018 -0.065 – 0.007 -0.028 0.131 0.018 -0.064 – 0.008 

 Other 0.850 0.092 0.504 -0.138 – 1.839 0.835 0.097 0.502 -0.150 – 1.819 

Application status 0.159  0.000 0.022 0.115 – 0.203 0.157 0.000 0.023 0.113 – 0.201 

Application type 0.053 0.019 0.023 0.009 – 0.097 0.053 0.002 0.023 0.008 – 0.097 

Constant 4.240 0.000 0.325 3.603 – 4.877 4.703 0.000 0.381 3.956 – 5.451 

R2 0.034        

RMSE 0.886        

Note. CSE = Clinical Simulation Examination; b = estimated value of raw (unstandardized) regression coefficient; p = probability of 

the statistic occurring by chance (assuming Ho is true); SE = standard error; CI = confidence interval; R2 = coefficient of 

determination; RMSE = root mean squared error. 
a Logarithm of age on examination date, in days 
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Table 48  

Results of Ordinary Least Squares Regression Estimating Academic Degree on Home-

Closest Program Distances for the CSE Restricted Common Samples, Tests of 

Assumptions 

 CSE Outcome  CSE IG z-score CSE DM z-score 

 N=10,005 N=10,114 N=10,257 

IV Regression Assumptions statistic p statistic p statistic p 

Weak predictive power        

Excluded instruments F 353.45 0.0000 354.66 0.0000 357.31 0.0000 

Angrist-Pischke chi-square  707.47 0.0000 709.88 0.0000 715.17 0.0000 

Order condition/ 

Underidentification test 
  

    

Kleibergen-Paap rk LM chi-

square statistic 
561.37 0.0000 563.87 0.0000 568.17 0.0000 

Weak identification F tests       

Cragg-Donald Wald 576.18  578.50  586.83  

Kleibergen-Paap 353.45  354.66  357.31  

Weak instrument robust inference 

tests  
  

    

Anderson-Rubin Wald F value 5.18 0.0056 2.47 0.0850 4.92 0.0073 

Anderson-Rubin Wald chi-

square 
10.37 0.0056 4.94 0.0848 

9.84 0.0073 

Stock-Wright chi-square 10.35 0.0056 4.96 0.0835 9.84 0.0073 

Note. CSE = Clinical Simulation Examination, IG = information gathering, DM = 

decision making; p = probability of the statistic occurring by chance (assuming Ho is 

true).
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Table 49 

Control for Multiple Comparisons, Restricted Common Samples 

  Corrected Alpha Level; Conclusion 

Variable 

Observed p 

Value Bonferroni Benjamini Hochberg 

Benjamini Hochberg 

Under Dependency 

WRT z-score 0.020 0.007; Retain Ho 0.007; Retain Ho 0.003; Retain Ho 

CSE DM z-score 0.040 0.007; Retain Ho 0.014; Retain Ho 0.006; Retain Ho 

CSE outcome 0.057 0.007; Retain Ho 0.021; Retain Ho 0.009; Retain Ho 

WRT outcome 0.110 0.007; Retain Ho 0.029; Retain Ho 0.011; Retain Ho 

CRT z-score 0.441 0.007; Retain Ho 0.036; Retain Ho 0.014; Retain Ho 

CRT outcome 0.507 0.007; Retain Ho 0.043; Retain Ho 0.017; Retain Ho 

CSE IG z-score 0.782 0.007; Retain Ho 0.050; Retain Ho 0.020; Retain Ho 

Note. CRT = Certified Respiratory Therapist examination; WRT = Written Registry Examination for Advanced Respiratory 

Therapists; CSE = Clinical Simulation Examination; p = probability of the statistic occurring by chance (assuming Ho is true); Ho = 

null hypothesis, no relationship between academic degree and NBRC examination results.  
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