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ABSTRACT 

The Boston Naming Test (BNT) is frequently administered to elicit word-finding or 

confrontational naming difficulties—which are associated with a wide range of neurological 

disorders affecting both children and adults alike. Despite the BNT’s documented efficacy in 

distinguishing between disease-related impairments and typical age-related declines, several test 

items were identified as displaying differential item functioning (DIF) among Caucasian and 

African Americans living in the United States. The presence of DIF suggests that examinees of 

equivalent ability do not have the same probability of correctly answering a test question due to 

construct-irrelevant factors such as culture or geographic location. The present study adopted a 

multi-method approach to uncover DIF items between examinees based on geographic or 

regional experiences. The 60-item BNT was administered to a total of 285 college-aged Hawaiʻi 

and North American residents. DIF items were identified through observed score analysis 

utilizing the Mantel-Haenszel test, the Breslow-Day test, and an item parameter (Wald test) and 

model comparison (likelihood ratio test) approach under logistic regression. In addition, DIF was 

also identified through latent score analysis using item parameter (IRT Wald test) and model 

comparison (IRT likelihood ratio test) approaches under an item response theory framework.  

Results from all methods converged on four BNT items (compass, scroll, tripod, and abacus). 

Uniform DIF was detected on three items (compass, scroll, and abacus) where Hawaiʻi residents 

possessed a consistent and significant advantage over North American residents. Nonuniform 

DIF was detected on the test item, tripod, where North American residents were significantly 

favored until the advantage switched at higher levels of naming ability. These results suggest that 

at least four items on the BNT functioned differently between college-aged examinees of equal 

naming ability but differed in cultural and geographic experiences. Thus, clinicians should be 
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aware that those items should be interpreted with caution. The results also suggest further 

refinement of the BNT, such as replacing identified DIF items, and utilization of the reported 

item-level psychometric information to select items for future editions. Specific suggestions for 

test refinement, implications for researchers and clinicians, limitations of this study, and future 

directions are further discussed.  
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CHAPTER 1. INTRODUCTION 

An essential skill in human communication is the ability to perceive an object and 

retrieve the correct word association from memory. This skill, called word-finding or naming 

ability, is considered to be the result of interactions between multiple cognitive processes 

including (a) visual perception, (b) object recognition, (c) semantic memory, (d) phonological 

memory of the target word (i.e., pronunciation), (e) motor planning (e.g., how to structure the 

mouth to produce the correct phonetic sounds), and finally (f) articulation (DeLeon et al., 2007; 

Harry & Crowe, 2014; Hillis, 2007). Neuroscience research has identified corresponding brain 

regions and structures associated with the different cognitive processes involved in naming 

ability. In general, functional imaging studies demonstrated that picture-naming tasks elicit 

widespread activation across the left-hemispheric perisylvian language cortical region which 

includes the well-known Broca and Wernicke’s areas as well as parts of the temporal and parietal 

lobes (DeLeon et al., 2007; Hillis, 2007).  

When injuries or lesions to the brain regions associated with naming ability occur, 

difficulties in one or all of the underlying cognitive processes are observed (Harry & Crowe, 

2014). In fact, impaired naming ability is considered to be the most prevalent symptom among 

neurologically-based language disorders (Goodglass & Wingfield, 1997; Hillis, 2007), most 

frequently reported symptom among patients with traumatic brain injury (Kerr, 1995), one of the 

earliest signs of Alzheimer’s disease (Chosak Reiter, 2000; Laine et al., 1997; Margolin et al., 

1990), and may be the only persistent deficit that remains after medical treatment (Goodglass & 

Wingfield, 1997; Hillis, 2007; Kerr, 1995).  

In a doctor’s office setting, physicians gauge a person’s naming ability by asking the 

patient to name different body parts or objects in the examination room (Lezak et al., 2004). In 
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more extensive neuropsychological examinations, this ability is typically assessed through 

confrontational picture-naming tasks.  

Picture-naming tasks consist of presenting the patient with a series of drawings, in most 

cases depicting objects or other nouns, in which the patient is asked to provide a name for them 

(Lezak et al., 2004). Although multiple picture-naming tests exist, the 60-item Boston Naming 

Test (BNT; Kaplan et al., 1983) is the most frequently used confrontational picture-naming test 

(Harry & Crowe, 2014; Rabin et al., 2016). In fact, survey results from psychologists and 

counselors indicated that the BNT was the most frequently used test among all types of language 

assessments in 2001 and again in 2011 (Rabin et al., 2016). Similarly, Weintraub and colleagues 

(2009) reported that more than 80% of the Alzheimer’s Disease Centers funded by the National 

Institute of Aging used the BNT. The BNT’s popularity extended to other countries outside of 

the United States and was cited as the most frequently used test in Israel (Kavé, 2005), Australia 

and Britain (Worrall et al., 1995).  

The BNT’s widespread use is understandable since naming impairments are a common 

complaint among numerous medical conditions affecting individuals at any age of the life 

span. For example, aphasia, an acquired language disorder under which naming impairments are 

classified, can occur at any age—from young children to older adults (National Institute on 

Deafness and Other Communication Disorders, 2015). In addition, aphasias are quite prevalent 

in the United States. The National Aphasia Association estimated that approximately two million 

Americans are living with aphasia and that there are nearly 180,000 new cases each year 

(National Aphasia Association, n.d.). In many health conditions associated with naming deficits, 

underrepresented groups have been disproportionately affected by the disease. For instance, 

older African and Hispanic/Latino Americans have been more likely than Caucasian Americans 
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to receive an Alzheimer’s disease diagnosis (Alzheimer’s Association, 2020). And poorer 

outcomes after a traumatic brain injury (i.e., hospitalizations and morbidity) have been 

associated with African and Native American/Alaskan Native ethnicities (Gao et al., 

2018). Therefore, it is imperative to ensure that the assessment tools used in the diagnostic 

process are capturing an accurate representation of a person’s ability—especially for 

underrepresented groups. Utilizing measurements that may be inaccurate or invalid for a 

particular group has the potential to result in misdiagnosis or misclassification of cognitive 

impairment. Previous literature has documented accounts of misdiagnosis among African 

Americans (Manly et al., 1998) that can be rectified by utilizing demographically similar 

normative reference data instead (Harry & Crowe, 2014; Manly, 2005). 

Potential Sources of Group Differences on the Boston Naming Test   

In the case of the BNT, prior research has illustrated that African Americans, Asians, and 

Hispanics perform significantly worse than Caucasian Americans (Boone et al., 2007; Pedraza et 

al., 2009; Strauss et al., 2006; Whitfield et al., 2000). Furthermore, these cultural differences 

have been observed on individual BNT items too. In fact, multiple studies have identified several 

BNT items that could be potentially biased against certain cultural groups (Barker-Collo, 2001; 

Cruice et al., 2000; Pedraza et al., 2009). For example, Pedraza and colleagues (2009) observed 

that African Americans had significantly greater difficulty in naming the object, palette, than 

Caucasians—even after controlling for overall naming ability level. These results suggested that 

factors beyond naming ability are likely affecting performance on this test. 

Current conceptual models underlying naming ability identified several factors that 

influence certain cognitive processes at different stages of picture naming. For example, concept 

familiarity (i.e., the extent to which a person is familiar with or have been exposed to a given 
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concept) is thought to affect the activation of semantic representations stored in memory (Alario 

et al., 2004; Graves et al., 2007). While word frequency (i.e., the regularity a given word is used 

within society) and age of acquisition (i.e., the age a given word was learned) is considered to 

affect access to the correct lexical representation (Alario et al., 2004; Graves et al., 2007). Under 

these models, it is theorized that increased concept familiarity and word frequency and an earlier 

age of aquisition have a positive effect on naming ability and speed (Alario et al., 2004; 

Brysbaert & Ellis; 2016; Ellis & Morrison, 1998; Graves et al., 2007). In other words, it is faster 

to remember and articulate the name for objects that are continuously present from a young age 

and had numerous opportunities to use the object’s name in speech or writing. 

However, the objects that people encounter in their daily lives, as well as the frequency 

of exposure, can vary depending on other factors such as geographic location, cultural affiliation, 

and socio-economic status. For example, the availability of snow shovels can be greater in colder 

regions of the United States than in locations where it rarely snows (e.g., Hawaiʻi). In addition, 

the names of even commonplace objects can vary across different locales. For example, thong 

sandals (i.e., those with y-shaped straps) are regularly called slippers in Hawaiʻi but are more 

commonly known as flip flops elsewhere. These differences in life experiences and language use 

could be reflected in performance on object-naming tasks such as the BNT. In fact, several 

authors have suggested that limited access or exposure to certain BNT test items could 

potentially explain naming errors that are not the result of neurological disease or injuries 

(Barker-Collo, 2001; Beattey et al., 2017; Hamberger & Seidel, 2003). Poor test performance 

due to unfamiliarity with the test content as a result of geographic location poses a significant 

problem when administering the BNT in areas that are unique in culture and environment—such 

as in Hawaiʻi. 
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Statement of the Problem 

The State of Hawaiʻi is home to 1.4 million Americans where the largest racial group is 

Asian—comprising nearly 40% of the State’s population (U.S. Census Bureau, 2019). 

Neurological disorders associated with naming impairments are also prevalent in Hawaiʻi. For 

example, it is estimated that approximately 53 out of every 100,000 people are affected by a 

stroke—slightly higher than the national average (State of Hawaii Department of Health, 2020). 

And currently, there are 29,000 residents diagnosed with Alzheimer’s disease with a projected 

increase to 35,000 individuals by the year 2025 (Alzheimer’s Association, 2020). Since Hawaiʻi 

is unique in both geographic climate and culture from the continental United States, where the 

BNT was developed, it is possible that performance on the BNT may be different for individuals 

who were raised in this State. Thus, a preliminary investigation examining BNT performance 

among college-aged students from two disparate geographic locations (i.e., Hawaiʻi or North 

America) was conducted (Nip, 2012). This pilot-test utilized differential item functioning (DIF) 

which is a psychometric approach used to investigate performance discrepancies between 

comparable groups on a test. Ideally, individuals with equal ability, in this case naming ability, 

should perform similarly on each test item regardless of ethnicity, geographic location, or other 

characteristics. However, a test item displays DIF when individuals with equal ability, but from 

different groups, have different probabilities of achieving a correct response to an item 

(Hambleton et al., 1991). Results from this pilot-study identified at least two DIF items 

indicating that Hawaiʻi residents with equal naming ability as North American residents had a 

significantly lower probability to correctly answer these test items (Nip, 2012). To date, this is 

the first and only report of BNT performance among Hawaiʻi residents.  



 

 6 

The primary aim of this study was to build upon the previous pilot investigation and 

uncover potentially biased items on the BNT among a larger group of Hawaiʻi and North 

American residents utilizing a multi-method DIF approach. In addition, the current study 

delivered item-specific characteristics for Hawaiʻi residents—a group in which BNT item-level 

performance has not been previously reported. Thus, this work contributed to the larger body of 

BNT research in identifying BNT items that are vulnerable to construct-irrelevant influences 

(such as cultural and regional experiences) for specific groups of test users. Furthermore, 

delivering population-specific BNT performance information (as in the case of Hawaiʻi 

residents) could potentially be utilized in developing future versions of the BNT or other 

confrontational naming tests. 
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CHAPTER 2. LITERATURE REVIEW 

This chapter is organized into two broad topical areas and begins with a discussion on the 

effects of culture on the Boston Naming Test (BNT). Results from previous literature 

summarizing the performance discrepancies between groups of BNT users at both the test and 

item level highlights the need for further research to investigate potentially biased items on this 

test. This section ends with an account of the preliminary investigation that served as the basis 

for the present study. Next, the chapter moves into the second topical area, differential item 

functioning (DIF) by providing a brief history of DIF methods. The DIF methods utilized in this 

study are described in detail and I also highlight the commonalities and differences among the 

methods. Finally, the chapter ends with the purpose of this study and research questions.   

The Boston Naming Test 

The Boston Naming Test is composed of series of simple black and white drawings of 

different objects. The items are presented to examinees in order of difficulty from easiest (or the 

most common objects) to the hardest (or least familiar objects). Examinees are expected to 

recognize the object, extract the associated name from memory, and verbally produce the name 

to the examiner within 20 seconds. The name provided by the examinee must be identical to the 

target word listed in the test booklet. Official test administration guidelines do not allow for 

synonyms (e.g., mouth organ instead of harmonica) or words that are categorically related but 

either more general (e.g., animal instead of beaver) or more specific (e.g., cottage instead of 

house). Examinees are allowed two cues to correct for any misperceptions. The first, called a 

semantic or stimulus cue, is related to the meaning of the word (e.g., a piece of furniture) and 

given after the first incorrect answer. If the semantic clue is not helpful, then a phonemic clue 

(e.g., the word starts with /s/) is given. Both stimulus and phonemic cues are provided by the test 
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developers and standard testing protocols require that these cues are read verbatim to the 

examinee. Since test items are ordered in increasing difficulty, struggling to recognize earlier test 

items is considered an indication of more severe impairment (Beattey et al., 2017). Thus, testing 

is discontinued after eight consecutive incorrect responses.   

An overall (or total) score is calculated as the total number of test items correctly 

recognized spontaneously or after a semantic clue. No points are awarded for correct responses 

following the phonemic cue or for any items that were not administered after item 30—as in 

cases when the test was discontinued. Total scores are then used to classify naming ability into 

one of seven categories—ranging from very superior to impaired (Lezak, 1995; Mitrushina et al., 

2005). The BNT authors provided a normative dataset derived from 85 healthy adults (ages 18–

59), 30 healthy children (ages 5.5–10.5), and 82 individuals with aphasias to serve as a 

comparative reference of naming impairment (Kaplan et al., 1983). In 2001, these norms were 

updated with a sample of 178 adults (ages 18–79) possessing 14 years of education on average 

(Strauss et al., 2006). Typically, total scores associated with performance at or below the 10th 

percentile is often considered as the threshold for impaired naming ability (Graves et al., 2004; 

Strauss et al., 2006). 

The BNT has been reported to effectively identify naming impairments in a wide range of 

neurological conditions such as temporal lobe epilepsy (e.g., Busch et al., 2005), traumatic head 

injury (e.g., Lezak et al., 2004), stroke (e.g., Rohrer et al., 2008), and Alzheimer’s disease (e.g., 

Harry & Crowe, 2014). The BNT has also demonstrated the ability to differentiate between 

dementia types (Ferman et al., 2006; Jefferson et al., 2007). For example, when used in 

conjunction with another cognitive assessment, Jefferson and colleagues (2007) reported over a 
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90% success rate in distinguishing patients with either frontal dementia, semantic dementia or 

Alzheimer’s disease.   

The Effect of Culture on BNT Performance 

Despite its widespread use in the United States, a large body of research has 

demonstrated the BNT’s vulnerability to cultural and environmental factors which in turn has the 

potential to complicate or present inaccurate diagnostic impressions for certain patient 

populations. In general, underrepresented groups in the United States (i.e., African Americans, 

Asians and Hispanics) tend to perform significantly worse on the BNT than their Caucasian 

American counterparts—scoring 9 to 10 points lower on average (Boone et al., 2007; Pedraza et 

al., 2009; Whitfield et al., 2000). This significant effect of race/ethnicity still existed after 

controlling for age, gender, and educational attainment (Fillenbaum et al., 1997; Jefferson et al., 

2007; Wagner et al., 2007; Whitfield et al., 2000).   

The main concern with significant cultural differences on diagnostic tests is the potential 

for misdiagnosis. Brandt (2007) warns that using cut-off scores derived from primarily 

Caucasian American normative datasets “results in unacceptably high numbers of false-positive 

diagnoses of neurologic dysfunction among minorities, particularly African-Americans” (p. 554).  

And that, improved diagnostic accuracy occurs when using impairment thresholds calculated 

from a normative dataset that is more demographically similar to the patient (Harry & Crowe, 

2014; Manly, 2005). As an example, the average BNT score of healthy New Zealanders fell 

below the 10th percentile, when using a North American normative dataset, resulting in a higher 

false-positive rate (Barker-Collo, 2001). 

These results prompted the development of race-specific norms or substantial revisions of 

the original BNT items. In the United States, race-specific norms were published for African 
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Americans arranged by age, years of education and gender (Heaton et al., 2004) and a separate 

large-scale effort that specifically targeted older African Americans (Lucas et al., 2005). For 

Hispanic/Latino Americans, half of the original BNT items were removed after being identified 

as culturally inappropriate by expert judges and the modified Boston Naming Test for Spanish 

speakers (MBNT-S) was created with the remaining 30 original BNT items (Pontón et al., 1992).   

In countries and cultures outside of the United States, similar efforts were made to reduce 

the cultural impact on BNT performance for populations living in foreign countries. The majority 

of the BNT adaptations (10 out of 13 foreign adaptations) involved replacement of BNT items 

such as in Australia (Worrall et al., 1995), Korea (Kim & Na, 1999), Jamaica (Unverzagt et al., 

1999), China (Cheung et al., 2004), Tonga (Ballard et al., 2019), and with Portuguese-speakers 

in Brazil (Miotto et al., 2010).  Other adaptations included changing the original target word 

(Swedish BNT; Tallberg, 2005) or accepting culturally appropriate synonyms instead (Italian 

BNT; Riva et al., 2000). 

Culturally Sensitive Items   

Cultural inappropriateness was the most frequently cited reason for replacing or 

removing original test items in foreign adaptations of the BNT (10 out of 13 adaptations) (e.g., 

Korean BNT; Kim & Na, 1999). Cross-cultural research on responses to individual BNT items 

found that less than 29% of Australian, New Zealand, and Dutch-speaking Belgian examinees 

correctly named the test item pretzel in comparison to 92% in a Canadian sample (Barker-Collo, 

2001; Mariën et al., 1998; Tombaugh & Hubiey, 1997; Worrall et al., 1995). These researchers 

suggested that the observed performance discrepancies may be due to infrequent word usage or 

the lack of the particular test stimulus in the local environment. For example, pretzel is not 

commonly found in Australia and New Zealand (Barker-Collo, 2001; Worrall et al., 1995). 



 

 11 

Instead, Barker-Collo (2001) reported that New Zealanders called the pretzel a “knot” or 

“rope”—objects more commonly found in their oceanic environment. Similarly, a picture of the 

beaver elicited names of other physically comparable animals more readily seen by New 

Zealanders, such as “platypus” or “possum” (Barker-Collo, 2001). Interestingly, many other 

foreign adaptations also identified pretzel and beaver as culturally inappropriate and 

subsequently removed these items (e.g., Korean BNT, Kim & Na, 1999; Chinese BNT, Cheung 

et al., 2004; and the Tongan BNT, Ballard et al., 2018).    

In the few studies that focused on detecting problematic test items on the 60-item BNT, 

between three and 31 test items (11 items on average) were identified as favoring one group over 

another (e.g., Barker-Collo, 2001; Pedraza et al., 2009; Worrall et al., 1995). The test items 

identified by the majority of these studies as eliciting a response bias were: tripod, protractor, 

and beaver (Barker-Collo, 2001; Benson, 2014; Mariën et al., 1998; Nip, 2012; Pedraza et al., 

2009; Worrall et al., 1995). Among these three test items, beaver was the most surprising result 

since it appears early in the test and is presumed to be an easier test item; whereas, protractor 

and tripod appear near the end of the test. 

Taken together, the results from these studies illustrated the impact of culture on 

individual BNT items and highlighted that test-taker characteristics, beyond naming ability, have 

the potential to provide a significant advantage or disadvantage on BNT performance.  

A Preliminary Study with Hawaiʻi Residents 

In 2012, the BNT was administered to a small sample of college-aged Hawaiʻi and North 

American residents to explore the possibility of potentially biased items existing on this test 

before embarking on a larger investigation (Nip, 2012). Responses from a total of 55 university 

students were analyzed using two model comparison approaches from both item response theory 
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and logistic regression to avoid spurious findings from a single method. Results from IRT 

identified five test items (pelican, accordion, noose, tripod and protractor) as functioning 

differently between resident groups while logistic regression detected only two items (accordion 

and tripod). Perhaps the strongest evidence for potentially biased items occurred on the test items 

accordion and tripod where results from both approaches converged. 

However, the most notable finding from the preliminary investigation was that Hawaiʻi 

residents were significantly disadvantaged on all flagged test items. On the test items accordion, 

noose, tripod and protractor, North Americans residents consistently displayed a greater 

probability of correctly naming those objects even after matching participants on naming ability. 

These results served as the primary motivator to futher explore DIF items on the BNT with a 

special focus on Hawaiʻi residents who were repeatedly unfavored on several test items.   

Differential Item Functioning 

Concerns about whether tests were measuring the intended ability and/or some other 

unrelated factor, such as ethnic group membership, can be traced as far back as the early 1900s 

when researchers began to observe differences in test scores between groups of people. For 

example, in 1910, Alfred Binet’s concerns that a child’s socioeconomic class also contributed to 

their test performance, prompted the removal of certain test items from his intelligence test 

(Camilli & Shepard, 1994). Binet was not alone in observing test score differences between 

classes. Other researchers, such as German psychologist William Stern, observed similar 

differences between social classes prompting him to declare that tests “clearly favor one class 

over another” (Camilli & Shepard, 1994, p. 5). 

However, it wasn’t until the era of the civil rights movement when the emergence of item 

bias research really took hold in both the psychometric and political arenas (Angoff, 1993; 

Camilli & Shepard, 1994). In the late 1960s and early 1970s, growing public concerns over the 
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ability of intelligence tests to deny certain groups of people (typically from underrepresented 

ethnic groups) from accessing education and employment opportunities led to a seemingly 

sudden birth of psychometric literature. Since tests are composed of items, naturally, researchers 

turned to test items as a potential source of bias (Zumbo, 2007). 

As statistical methods were developed to identify problematic test items, the term DIF 

gained widespread use to refer to the statistical result that occurs when “individuals having the 

same ability, but from different groups, do not have the same probability of getting the item 

right” (Hambleton et al., 1991, p. 110). Thus, DIF was built upon the reasoning that individuals 

with the same ability level should perform similarly on each test item; and thus, have similar 

overall test results. Concerns with tests emerged when DIF analyses illustrated that individuals 

with the same ability level do not perform equally on certain test items.  

Early DIF research utilized psychometric methods that operationally defined item 

characteristics based on Classical Test Theory. For example, the difficulty level of a test item 

was represented as the proportion of examinees who got that test item correct (called p value) 

and was used in comparisons between subgroups of examinees (e.g., African or Caucasian 

Americans). However, researchers have since demonstrated that p values are notoriously known 

to be sample or group dependent—that is they are subject to change based on the characteristics 

of the sample of examinees drawn from the population (Angoff, 1993; Camilli & Shepard, 1994; 

Hambleton et al., 1991; Magno, 2009). Therefore, item difficulty expressed as p values cannot 

separate examinee and test characteristics; and as a result, methods utilizing p values are 

vulnerable to both Type 1 (false-positive) and Type 2 (false-negative) errors. Due to these 

reasons, methods utilizing p values are no longer recommended (Camilli & Shepard, 1994). 

After exposing the weaknesses of p value methods, it became clear that additional steps 

were necessary to accurately judge whether between-group test score differences were the result 
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of problematic test items or true groups differences, such as lack of experiences or educational 

opportunities that disproportionately impact test scores for certain subgroups. The solution was 

matching examinees on ability and then determining whether there are significant between-group 

differences in answering correctly. In other words, researchers started using DIF methods to 

investigate group effects and interactions between group and test items while controlling for 

ability level (Zumbo, 2007). 

 Finding a suitable external criterion that accurately represents the target skill or construct 

being assessed and that can be used to match test examinees based on their ability levels may not 

be routinely available or exist (Clauser et al., 1993). Thus, researchers turn to an internal 

criterion—an observed or estimated score of ability utilizing the examinee’s overall test or 

individual test item responses (Clauser et al., 1993; Hambleton, 2006). Yet, these forms of 

internal criterion are generated from all test item responses, including items that are suspected to 

be DIF. Thus, it is recommended that the internal criterion is “purified” of suspected DIF 

influence through an iterative process before the main DIF analyses are carried out (Camilli & 

Shepard, 1994; Hambleton, 2006). Generally, these purification techniques are multi-step 

procedures which begin with conducting a preliminary DIF analysis using all test items and then 

suspected DIF items are removed from the internal criterion (e.g., observed total test score) 

(Camilli & Shepard, 1994; Holland & Thayer, 1986; Zieky, 1993). Once the internal criterion is 

composed of only DIF-free test items (also called anchor items), the main DIF study can be 

conducted using this “purified” criterion to match examinees with equal ability levels.    

Considerable research has evaluated the performance of purification techniques among 

several DIF methods (e.g., Clauser et al., 1993; Finch, 2005; Holland & Thayer, 1986). In 

general, these studies demonstrated that multi-step purification processes improved DIF 
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identification and reduced Type 1 or Type 2 errors (Camilli & Shepard, 1994; Hambleton, 2006; 

Teresi, 2006). 

Overview of DIF Methods 

 Decades of DIF research and computer innovation have made it possible to have an 

abundance of DIF methods and associated software at a researcher’s disposal. Because each 

method possesses a unique set of advantages and limitations, the general recommendation is that 

DIF identification studies are carried out with more than one method to “determine the level of 

convergence” (Hambleton, 2006, p. S186). Camilli & Shepard (1994) further recommended that 

the selected DIF methods may be complementary techniques in that some focus on significance 

testing while others on description and differences in item characteristics. Since DIF procedures 

vary on multiple dimensions (e.g., assumptions, internal criterion used, model-based or not); and 

thus can produce inconsistent results, it is reasonable that stronger conclusions can be drawn 

from test items flagged as DIF across multiple methods (Hambleton, 2006).   

I adopted a multi-method approach to DIF detection on the BNT. The methods used in 

this study can be categorized into two approaches based on the matching internal criterion. The 

following section provides an overview of the two approaches using six methods to identify the 

DIF items of the BNT. 

DIF Methods Using Observed Variables 

 One approach to DIF detection is utilizing a readily available observed variable, such as 

total test scores, as a proxy for naming ability. For the BNT, the examinee’s total test score is the 

number of test items that are correctly recognized spontaneously or following the stimulus cue. 

Under this approach, stratified contingency table and logistic regression methods have 
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demonstrated efficacy at detecting DIF items using total test scores (e.g., Belzak, 2019; Hidalgo 

& López-Pina, 2001). 

Stratified Contingency Table Methods. Two stratified contingency table tests, Mantel-

Haenszel and Breslow-Day, are used to detect different types of DIF—uniform and nonuniform 

DIF. In uniform DIF, there is a consistent difference in test performance between groups across 

the entire spectrum of ability. In this case, one group has a significant advantage in correctly 

responding—regardless of ability level. Alternatively, in nonuniform DIF, group differences 

vary across the ability spectrum—favoring one group at lower ability levels while at higher 

ability levels the advantage is switched to the other group. The Mantel-Haenszel test has been 

used to detect uniform DIF and can be supplemented by the Breslow-Day test in detecting 

nonuniform DIF (Penfield, 2003).   

  Mantel-Haenszel Test. Holland & Thayer (1986, 1988) first proposed to apply the 

Mantel-Haenszel (MH) procedure, a three-way contingency table method, as a comprehensive 

strategy to test the significance and estimate the magnitude of DIF among test items. For each 

test item, a series of contingency tables organized along three dimensions (total test scores, test 

item response and group membership) are created to compare the odds of success between two 

groups—typically between the focal and reference groups. (The focal group is the primary target 

of investigation whose performance is compared against the performance of the reference group 

which serves as the standard to identify DIF.) First, total test scores are utilized as the matching 

criterion to create comparability among the test examinees. Then, for each test score level, 

examinees with the same or similar test scores are sorted into a contingency table based on group 

membership and test item response (i.e., correct or incorrect). 
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Table 1 

Contingency Table at Total Score Level k 

Total Score Level k Correct (1) Incorrect (0) Total 

Reference Group (r) ak bk nrk 

Focal Group (f) ck dk nfk 

Total m1k m0k Tk 

 

Table 1 illustrates how examinees from total score level k are sorted into a 2 x 2 contigency table 

where ak is the observed number of reference group members who answered correctly, bk is the 

observed number of reference group members who answered incorrectly, ck is the observed 

number of focal group members who answered correctly, dk is the observed number of focal 

group members who answered incorrectly, nrk and nfk are the number of members in the 

reference and focal groups respectively, m1k is the total number of correct responses across both 

groups, m0k is the total number of incorrect responses across both groups and Tk is the total 

number of examinees at this score level.  

Using the values in this table, an odds ratio can be calculated which represents the 

difference in odds in answering this test item correctly between groups at a particular test score 

level. Equation 1 illustrates how the MH procedure is applied as a test of significance for 

uniform DIF that follow a chi-square distribution with one degree of freedom (Holland & 

Thayer, 1986).  

 𝑀𝐻!! =	
(|∑ 𝑎" − ∑ (𝐴")"" | − 0.5)#

∑"𝑉𝐴𝑅(𝑎")
 (1) 

 

where Ak is the expected values for the number of reference group members who 

responded correctly at total score k under the null hypothesis H0: ak = 1 and VAR(ak) is: 
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 𝑉𝐴𝑅(𝑎") = 	
𝑛$"𝑛%"𝑚&"𝑚'"

𝑇#(𝑇" − 1)
 (2) 

 

Summing the odds-ratio for each test score level and then applying the natural log 

transformation generates a single ratio, called the common log odds ratio and denoted as ln(aMH) 

in Equation 3, that falls symmetrically around zero with a range from -∞ to +∞. A common log 

odds ratio equal to zero indicates that examinees from both groups have the same odds of 

success. In contrast, increasing deviations from zero indicates increasing magnitudes of DIF. 

 𝑙𝑛(𝛼()) = 𝑙𝑛 7
∑ 𝑎"𝑑"/𝑇""

∑ 𝑏"" 𝑐"/𝑇"
< (3) 

 

where k is the kth level of the stratifying variable (i.e., total test score). 

 

Knowing the magnitude of DIF for each test item can have a practical application in 

prioritizing items to remove or further investigate by content-area experts. Originally proposed 

by Holland and Thayer in 1986, Zieky (1993) described the Educational Testing Service (ETS) 

method which first rescales ln(aMH) into the ETS’ delta scale through Equation 4. Then the 

resulting delta scale statistic (also known as the MH delta) is sorted into three categories 

presented in Table 2. Note that the absolute value of D is used in Table 2 since the positive or 

negative value signals which group is favored. 

 𝐷 =	−2.35@𝑙𝑛(𝛼())A	 (4) 
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Table 2 

ETS DIF Magnitude Classification with Corresponding Action  

Class Type Criteria Action 

Class A |D| < 1 Test items in this category should be retained over test items 
from Categories B and C. 

Class B 1.0 < |D| < 1.5 Test developers should find an alternative equivalent test 
item with a smaller magnitude of DIF. 

Class C |D| > 1.5 Test items are not used in the final version unless deemed to 
be vital for the test 

  

Holland and Thayer (1986) also proposed utilizing a two-step MH procedure to purify the 

matching criterion of DIF items. Previous studies demonstrated the benefit of employing this 

two-step purification procedure in reducing Type 1 error and improving power to identify DIF 

items (Clauser et al., 1993; Holland & Thayer, 1986). In the first step of purification, all test 

items are included in the analysis. Then, items that are flagged as DIF are removed from the 

matching criterion. The MH procedure is repeated until none of the items in the matching 

criterion are flagged as DIF.  

Considerable research has examined the performance of the MH procedure in comparison 

to other DIF methods. Studies have shown that MH detected DIF items at a similar rate to 

logistic regression (Hidalgo & López-Pina, 2001; Swaminathan & Rogers, 1990) and the area 

method under the item response theory framework (Hambleton & Rogers, 1989). MH’s power in 

DIF identification was greatest especially for uniform DIF test items (Swaminathan & Rogers, 

1990). Detection rates for MH also improved when differences in item difficulty and 

discrimination between the groups were greater (Clauser et al., 1993; Hidalgo & López-Pina, 
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2001). Swaminathan and Rogers (1990) also reported that MH produced a smaller Type 1 error 

rate in comparison to logistic regression. 

However, it is widely acknowledged that the MH test struggles to detect DIF when there 

is a significant group advantage at only a certain range of ability—or nonuniform DIF 

(Hambleton & Rogers, 1989; Swaminathan & Rogers, 1990). Although, some studies have 

shown that MH is sensitive in detecting nonuniform DIF items when (a) the item difficulty was 

moderate (Penfield, 2003), (b) there was a great magnitude of uniform DIF (Clauser et al., 1993, 

Hidalgo & López-Pina, 2004), or (c) when there were differences in both item difficulty and item 

discrimination (Hidalgo & López-Pina, 2004). When comparing the MH and IRT performance in 

detecting DIF, Hambleton and Rogers (1989) observed that MH’s inability to detect nonuniform 

DIF could be attributable to an imbalance in the number of examinees within a particular total 

score range where there was the greatest group difference. 

Breslow-Day Test of Trend in Odds Ratio Heterogeneity. Breslow and Day (1980) 

addressed inefficiency of the MH test at detecting nonuniform DIF by proposing a 

complementary procedure that evaluates whether the odds ratios become more heterogeneous 

across the total score categories. Equations 5, 6 and 7 are used to calculate the Breslow-Day 

(BD) statistic. 

 𝜒*+# =
[∑ X,(a, − A,) − 0.5]#,

,-&

∑ X,#,
,-& V(a,) −	

[∑ X,V(a,)]#,
,-&
∑ V(a,),
,-&

	 (5) 

 

where Xk is the value of the kth level of the stratifying variable (i.e. total test score) and 

 𝑉(𝑎!) = 	 '
"
#!
+ "

$!
+ "

%!
+ "

&!
)-1	 (6) 
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where Ak is the expected value of ak, Bk is the expected value of bk and so on. Asymptotic 

expected values can be estimated using the following: 

𝐴" =	
𝑛&" − 𝑛." −Ψ(𝑛&" + 𝑛/") ± L(𝑛." − 𝑛&" +Ψ𝑛&" +Ψ𝑛/")# + 4(1 − Ψ)(𝑛/"𝑛&"Ψ)

2(1 − Ψ)  

where Y is the odds of a correct response.       (7) 

 

The BD test serves as a suitable complement to the MH test as it has been shown to 

detect nonuniform DIF among test items that MH could not while maintaining Type 1 error 

across simulated test items with varying characteristics (e.g., difficulty and discrimination) 

(Penfield, 2003). Specifically, the BD test was shown to be powerful in detecting nonuniform 

DIF among test items with moderate difficulty; whereas, MH was more powerful than BD 

among test items with extreme difficulties (Penfield, 2003). Additionally, Penfield’s (2003) 

study demonstrated that combining results from both tests consistently exhibited both high power 

and maintained low Type 1 error across all item difficulty levels. 

Logistic Regression. Although the MH and BD methods has been effective strategies for 

uniform and nonuniform DIF detection when utilized together, researchers sought a method that 

allowed simultaneous testing of both types of DIF. Swaminathan and Rogers (1990) first applied 

logistic regression as a DIF method to address this need. Unlike stratified contingency table 

methods, under this framework, examinees are not sorted into score categories based on their 

total test scores. Instead, total test scores are utilized as a continuous independent variable 

(Zumbo, 1999). 

In general, logistic regression estimates the probabilities of endorsing categories of an 

outcome variable based on the influence of categorical or continuous predictors. In the context of 

DIF, logistic regression models the probability of a correct response after considering a person’s 
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ability (represented by total test score), group membership (i.e., focal or reference group) and an 

interaction between ability and group membership. Equation 8 illustrates the relationship 

between the outcome variable (i.e., the log odds ratio or Logit) and b0 (the Y-intercept), b1 (the 

regression coefficient for total scores representing persons’ naming ability), b2 (the regression 

coefficient for group membership), and b3 (the regression coefficient for the interaction between 

total scores and group membership). 

 𝐿𝑜𝑔𝑖𝑡 = 𝑏' + 𝑏&𝑇𝑂𝑇𝐴𝐿 + 𝑏#𝐺𝑅𝑂𝑈𝑃 + 𝑏0(𝑇𝑂𝑇𝐴𝐿 ∗ 𝐺𝑅𝑂𝑈𝑃)	 (8) 

Within the logistic regression approach to DIF detection, two methods can be employed 

to detect both uniform and nonuniform DIF simultaneously—the Wald test comparing regression 

coefficients and the likelihood-ratio test using model comparison (Li, 2014; Magis et al., 2011). 

Wald Test. The Wald test statistic (denoted as W and follows a chi-square distribution 

with one degree of freedom) compares an estimated item parameter (e.g., group membership) 

against its standard error (Agresti, 2002). 

 For uniform DIF, 𝑊# =	Y
𝑏2
𝑆𝐸2
Z
2
 (9) 

 

 whereas for nonuniform DIF, 𝑊0 =	Y
𝑏3
𝑆𝐸3
Z
2
 (10) 

 

where b2 and b3 are the regression coefficients for the group and interaction term 

respectively and SE2 and SE3 are the standard errors for the group and interaction coefficients. 

Thus, the Wald test only considers the significance of the regression coefficients when 

flagging a test item as DIF. Specifically, a significant group term signifies uniform DIF whereas 

a significant interaction term signals nonuniform DIF. 
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Likelihood Ratio Test. Although the Wald test is a well-known test of significance under 

the logistic regression framework (Magis et al., 2011), the more common strategy is taking a 

model comparison approach using log-likelihood values, called the logistic regression 

likelihood-ratio test (LR-LRT) (Hidalgo & López-Pina, 2004). When Swaminathan and Rogers 

(1990) first introduced logistic regression to DIF identification, the method was intentionally 

designed as a two degree of freedom test that simultaneously assessed for uniform and 

nonuniform DIF together—in essence, testing whether DIF existed or not. However, as these 

authors wrote, “the interaction term may adversely affect the power of the procedure when only 

uniform DIF is present because one degree of freedom is lost unnecessarily.” (Swaminathan & 

Rogers, 1990, p. 366). Thus, the prevailing approach utilizes a multi-step sequential modeling 

strategy (consisting of ability, group and an interaction between group and ability) where the log-

likelihood values among models are sequentially compared to assess DIF (Camili & Shepard, 

1994; Hidalgo & López-Pina, 3004; Jodoin & Gierl, 2001; Zumbo, 1999). By successively 

adding terms and comparing model fit, the unique variation resulting from adding a particular 

term emerges—essentially allowing researchers to test individually for uniform DIF and 

nonuniform DIF (Jodoin & Gierl, 2001; Zumbo, 1999).   

Equations 11, 12, and 13 illustrates how the sequential model comparison approach can 

be used as a one degree of freedom hypothesis test for uniform and nonuniform DIF (Zumbo, 

1999). 

 Model A: 𝐿𝑜𝑔𝑖𝑡 = 𝑏' + 𝑏&𝑇𝑜𝑡𝑎𝑙 (11) 

 Model B: 𝐿𝑜𝑔𝑖𝑡 = 𝑏' + 𝑏&𝑇𝑜𝑡𝑎𝑙 +	𝑏#𝐺𝑟𝑜𝑢𝑝 (12) 

 Model C: 𝐿𝑜𝑔𝑖𝑡 = 𝑏' + 𝑏&𝑇𝑜𝑡𝑎𝑙 + 𝑏#𝐺𝑟𝑜𝑢𝑝 + 𝑏0(𝑇𝑜𝑡𝑎𝑙 ∗ 𝐺𝑟𝑜𝑢𝑝) (13) 
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Then, the difference in the deviance, (i.e., negative two times log-likelihood values or      

-2LL), for the models, are calculated to test DIF: 

  LR-LRTAB  =  (-2LLModelA) -  (-2LLModelB)      (14) 

  LR-LRTBC  =  (-2LLModelB) - (-2LLModelC)      (15) 

where LR-LRTAB and LR-LRTBC are the changes in -2LL values between Models A and B and 

Models B and C, respectively. Each LR-LRT follows a chi-square distribution with one degree of 

freedom. A significant change in log-likelihood values between Models A and B signifies 

uniform DIF; whereas, a significant change between Models B and C signifies nonuniform DIF. 

  In addition to significance test results, it is also recommended that a measure of DIF size 

is considered when identifying DIF items through logistic regression procedures since small 

sample sizes may mask sizeable statistical effects (Zumbo, 1999) and reduce instances of inflated 

Type 1 error by validating hypothesis testing results (Jodoin & Gierl, 2001). In logistic 

regression, the magnitude of DIF is based on the change in R-squared values between each 

model (Hidalgo & López-Pina, 2004; Jodoin & Gierl, 2001; Zumbo, 1999). The difference 

values can be classified into three categories of DIF magnitude using criteria provided by either 

Zumbo (1999) or Jodoin and Gierl (2001). For example, Jodoin and Gierl (2001) utilized the 

following thresholds to classify DIF into negligible, moderate and large DIF. 
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Table 3 

Classification of DIF Sizes Using Change (D) in R2 Values (Jodoin & Gierl, 2001) 

Class Type  DR2 Criteria 

Negligible (Class A)  DR2 < 0.035 

Moderate (Class B) Null hypothesis is rejected &  
0.035 <  DR2 < 0.070   

Large (Class C) Null hypothesis is rejected &  
DR2 > 0.070   

 

Similar to the MH procedure, purifying the matching criterion (i.e., total test score) has 

been recommended to reduce Type 1 errors (Zumbo, 1999) and increase the power of the test 

(Holland & Thayer, 1986). Purifying the matching criterion includes testing all items in the first 

analysis. Then, DIF items are removed sequentially until the final matching criterion set is 

composed of DIF-free test items (Hidalgo & López-Pina, 2004; Zumbo, 1999). 

In previous studies, logistic regression has demonstrated an ability to detect DIF in a 

variety of conditions when compared to other methods. For instance, the LR-LRT performed 

comparably to a one-parameter item response theory model in sample sizes as low as 100 

examines when DIF effect sizes were medium or large (Belzak, 2019). Logistic regression also 

displayed a better detection rate than the crossing simultaneous item bias test (SIBTEST) in 

identifying nonuniform DIF (Li & Stout, 1996). The MH procedure had a slight advantage in 

detecting strictly uniform DIF cases (Hidalgo & López-Pina, 2004; Swaminathan & 

Rogers,1990). However, logistic regression has demonstrated more power in identifying 

nonuniform DIF—especially symmetrical nonuniform DIF cases where the differences between 

the two groups are canceled out by equal magnitudes of DIF on opposing sides of the ability 

spectrum (Hidalgo & López-Pina, 2004). Logistic regression also demonstrated reasonable 
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control of Type 1 error (Belzak, 2019; Finch & French, 2007). However, other studies have 

reported elevated Type 1 error rates that exceed conventional standards (Li & Stout, 1996; 

Narayanan & Swaminathan, 1996) which could be attributable to large sample sizes, degree of 

DIF contamination and ability distribution (Finch & French, 2007; Narayanan & Swaminathan, 

1996). 

DIF Methods Using Latent Variables  

Logistic regression and stratified contingency table methods (e.g., MH) utilizes an 

observed variable (i.e., total or summed test scores) as the internal matching criterion to 

represent ability. Although previous literature has demonstrated that these methods are suitable 

DIF strategies, total test scores are the combined result of a person’s true ability and random 

measurement error. Latent variable methods, including item response theory (IRT), are better 

able to hone in on a person’s true ability by separating item-specific variance related to 

measurement error (Belzak, 2019). 

Overview of Item Response Theory. Under the item response theory (IRT) approach, 

ability, and item characteristics (e.g., item difficulty and discrimination) are estimated where the 

contributions of each test item in calculating ability is weighted differently (Camilli & Shepard, 

1994). IRT models incorporate the following test characteristics: (a) item difficulty (how easy or 

difficult a test item is; also called item threshold or item location), (b) item discrimination (how 

well the item distinguishes examinees with different ability levels), and (c) guessing (the 

probability of a correct response without possessing proper knowledge or ability). In the one-

parameter logistic model (1PL), only item difficulty is estimated, and item discrimination is 

assumed to be equal across test items. In a two-parameter logistic model (2PL), both item 

difficulty and discrimination are estimated. A model that includes a guessing parameter in 
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addition to the difficulty and discrimination parameters is a three-parameter logistic model 

(3PL). This model is typically reserved for multiple-choice tests where test results are influenced 

by random guessing. Since examinees do not respond to BNT items in a multiple-choice format, 

a 3PL model was not considered for this study. 

Equation 16 expresses the 2PL logistic model where P(Y=1| θ) is the probability (P) of a 

correct response (assigned numerical value of 1) given at a certain ability level (θ) on a scale 

with a mean of 0 and a standard deviation of 1, bi is the item difficulty parameter for item i, and 

ai is the item discrimination parameter for item i. 

 P(Y = 1|θ) = 	
𝑒&.23"(567")

1 +	𝑒&.23"(567")
=	

1
1 +	𝑒6&.23"(567")

 (16) 

 

Item difficulty (bi) is defined as the ability level at which there is a 50% chance of 

correctly answering an item (i.e., P = 0.5). Item discrimination (ai) is the instantaneous slope of 

the tangent line at P = 0.5. Steeper slopes (i.e., larger a values) indicates that the test item is 

better able to differentiate from low to high ability examinees. The equations of the 1PL model 

and Rasch model can be obtained when the a-parameters for all items are equal (for 1PL) or 

fixed at 1 (for Rasch model) 

 The relationship between ability and the test characteristics are graphically represented 

by a monotonically increasing s-shaped function called the item characteristic curve (ICC). An 

ICC for a test item visually shows that the probability of success increases as the level of ability 

increases. In other words, a person with higher ability has a greater chance of answering the test 

item correctly. ICCs are plotted on a graph where the x-axis represents the spectrum of ability 

ranging from -∞ to +∞ (but typically displayed from -3 to +3), and the y-axis represents the 

probability of success. The item difficulty (or location) parameter determines the location of the 
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ICC along the x-axis—indicating the relationship with the ability scale. For example, for more 

difficult items, ICCs are located on the right or higher end of the ability scale since more ability 

is associated with greater probabilities of success for that test item. Item discrimination is the 

value of the instantaneous slope of the tangent line located at P = 0.5 and shows how steep the 

rise in probabilities of success is as ability levels increase.   

Figure 1 contains ICCs of two test items with different difficulty (b) parameters but 

identical discrimination (a) parameters. For Item 1, the b-parameter is estimated at -1.0—

meaning that persons performing at one standard deviation below the mean has a 50% chance of 

answering test Item 1 correctly. In contrast, for Item 2, the b-parameter is estimated at +1.0— 

signifying that greater ability level is associated with a 50% likelihood of success and indicating 

that this item is more difficult than Item 1.  

 

Figure 1 

Examples of Item Characteristic Curves (ICCs) of Two items  
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 As ICCs provide a graphical representation of how the probability of a correct response 

changes across the ability spectrum, IRT also has the capability to illustrate the accuracy of each 

test item in estimating a person’s ability at each point along the ability continuum. These 

functions, called information functions, are inversely related to standard error; and so, yield 

greater values (i.e., more precision in estimating ability) along the ability spectrum where the 

variability associated with error is the smallest. Similar to ICCs, information function values for 

each item can be plotted along the θ estimates. Interpreting the ability scale is analogous to the z-

score (standard normal) distribution with mean of 0 and standard deviation of 1.   

In Figure 2, each item displays varying amounts of precision at certain ranges of the 

ability spectrum (the x-axis). For example, Item 1 is more accurate in estimating ability for the 

individuals within the below-average ability range while Item 2 is equally as precise but for 

individuals within the above-average range.  

 

Figure 2 

Examples of Information Functions of Two Items
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Summing the item information functions for each test item creates an overall test 

information function. The test information function illustrates the test’s overall accuracy in 

estimating ability at each point along the ability continuum. As in item information functions, 

some tests may be better in estimating ability at a specific range than other tests. 

Information functions improves traditional forms of test reliability (e.g., Cronbach’s 

Alpha) in that reliability is no longer viewed in terms of a single value but rather, the amount of 

precision (or reliability) can be estimated at each point along the ability continuum. The utility of 

information functions in test construction and evaluation is that, in addition to DIF, test items can 

be evaluated in terms of their individual contribution to overall test precision at specific intervals 

of the underlying ability. In addition to DIF items, test developers or users can consider 

removing test items with little contribution to the overall test.  

IRT DIF Methods. Through IRT, item characteristics and examinee performance are 

now considered in terms of probabilities of success and thus a more evident connection to the 

definition of DIF—individuals with equal ability, but from different groups, have different 

probabilities of answering a test item correctly (Hambleton et al., 1991). As with other DIF 

methods, group differences can manifest in two ways: uniform and nonuniform DIF. When DIF 

is not present, the ICCs for both groups look similar and are virtually overlapping. Figure 3 

illustrates the differences between uniform and nonuniform DIF by comparing two test items. 

For each test item, the ICCs represent Group A or Group B. In uniform DIF, groups differ in the 

location of the estimated item difficulty parameter. For example, in the left graph in Figure 3, the 

ICCs for each group maintain the same slope; however, their location on the graph are different 

and visibly spaced apart. In this case, one group is favored over another across the entire 

spectrum of ability levels. For nonuniform DIF, groups will have significantly different 
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parameter estimates for item discrimination. As depicted in the right graph in Figure 3, the ICCs 

represented for each group clearly look dissimilar and intersect. In this case, at a certain range of 

ability, one group is favored, and then this relationship is reversed at a different range of ability. 

 

Figure 3 

 Examples of Item Characteristic Curves for Cases of Uniform and Nonuniform DIF 

   

Similar to logistic regression approaches, IRT DIF methods test for both uniform and 

nonuniform DIF through either an item parameter comparison with the Wald test (e.g., Cao, et 

al., 2016) or a model comparison with the likelihood ratio test (Thissen et al., 1993).  However, 

IRT DIF methods differ from logistic regression methods in that parameter estimations are 

completed using latent ability scores rather than total test scores. 

IRT Wald Test. For each test item, the Wald test compares the estimated item parameters 

between two groups of examinees and then divides the difference by the standard error. When 

multiple item parameters are compared simultaneously, the parameter estimates are arranged in 
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matrix form and the standard error as a covariance matrix (Woods et al., 2013).  Equation 17 is 

the Lord’s (1980) Wald test to detect DIF for two groups. 

 𝜒# = v'∑6&v (17) 

 

where 𝐯 = d3#63$
7#67$

e and S is the variance-covariance matrix for the difference between  

the estimated item parameters for the focal (f) and reference (r) groups. 

After initially employed as an IRT-based DIF method by Lord (1980), the Wald Test 

approach under this framework evolved over time. In 2008, Langer introduced a two-stage 

equating method (called Wald-2) to estimate item parameters for multiple groups 

simultaneously. The item parameters resulting from the second stage can be used in the Wald test 

equation to test for significant differences between groups (Cao et al., 2016). A practical 

advantage of Langer’s improved Wald-2 test is that anchor items (or non-DIF items) do not need 

to be preselected to serve as a comparative set as all test items are tested for DIF (Cao et al., 

2016; Woods et al., 2013). Not knowing which test items are free of DIF before the DIF analysis 

begins can be more authentic to real-world research settings. 

Simulated studies show that the Wald-2 test demonstrated an equal or slightly better 

ability to detect DIF (i.e., power) in comparison to other approaches (Langer, 2008; Woods et al., 

2013). Yet, this improved power comes at the expense of inflated Type 1 error rates (Cao et al., 

2016; Woods et al., 2013). Woods and colleagues (2013) explained that 

“The problem with Wald-2 is that differently functioning items are assumed to be DIF-

free in the first stage. In the presence of DIF (that does not cancel out at the scale level), 

this model is misspecified, driving up the Type I error rate.” (p. 542).  
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Cai and colleagues (2011) eliminated the need for a two-stage equating method by 

requiring that anchor items are prespecified. As a result, DIF testing can occur after only one 

stage, called the Wald-1 approach (Cao et al., 2016). In a simulated study, Wald-1 demonstrated 

a better control of Type 1 error while maintaining a high ability to detect DIF (Woods et al., 

2013). Yet, the disadvantage for this approach is that items free of DIF (or anchor items) must be 

known before testing for DIF. In cases where anchor items are unknown, Woods and colleagues 

(2013) suggested that Wald-2 is used to identify anchor items before employing Wald-1 to 

identify DIF items. Tay and colleagues (2015) illustrated a step-by-step procedure for utilizing 

both Wald-2 and Wald-1 as a combined DIF approach—later termed the iterative Wald 

approach. In the iterative Wald approach, Wald-2 is used to identify anchor items, followed by 

employing Wald-1 to test for DIF in the remaining items (Cao et al., 2016; Tay et al., 2015). 

Non-DIF items identified by Wald-1 are added to the anchor item set and Wald-1 is employed 

again until all the remaining test items are considered as DIF (Cao et al., 2016; Tay et al., 2015). 

Note that this iterative procedure is similar to the purification processes mentioned for other DIF 

methods such as logistic regression. A significant difference on the a-parameter estimate 

indicates nonuniform DIF while a significant difference on the b-parameter estimate signals 

uniform DIF.  

The rationale for utilizing Wald-2 to identify anchor items in the first step is that Wald-2 

demonstrated good power—indicating a strong ability to separate non-DIF from DIF items (Cao 

et al., 2016; Tay et al., 2015). However, since Wald-2 was also shown to have high Type 1 error, 

there is higher likelihood that items identified as DIF by Wald-2 are false-positives (Cao et al., 

2016). Thus, Wald-1 is employed in the second step to remove these false-positives since Wald-1 



 

 34 

has been shown to maintain good control of Type 1 error and power when anchor items are 

known (Cao et al., 2016; Tay et al., 2015).   

 When directly tested against Wald-2, the iterative Wald method demonstrated better 

control of Type 1 and power rates were within 5% between methods for all simulated testing 

conditions (Cao et al., 2016). Although these results suggested an improvement over Wald-2 

when anchor items are not known, the iterative Wald test did struggle to maintain Type 1 error 

rates below the acceptable criteria (i.e., 5%) when sample sizes increased and especially when 

40% of items were DIF of medium or large magnitude (Cao et al., 2016).   

IRT Likelihood Ratio Test. Although simulated studies showed a substantial 

improvement in DIF hypothesis testing under the iterative Wald test, Zimbra (2018) reported that 

an IRT-based model comparison approach, known as the IRT Likelihood Ratio test, 

demonstrated better control of Type 1 error under all simulated conditions in comparison to the 

iterative Wald approach. While the IRT Wald test and IRT likelihood ratio test (IRT-LRT: 

Thissen et al., 1993) are asymptotically equivalent, these methods take different approaches to 

DIF detection. Instead of the direct comparison of IRT estimated item parameters, IRT-LRT 

compares models composed of IRT-derived parameters (i.e., item difficulty and discrimination) 

(Camilli & Shepard, 1994). In one of the models (referred to as the reduced model), item 

parameters are assumed to be all equal. In the comparison model (referred to as the full model), 

item parameters for one test item are assumed to differ between groups and thus, are freely 

estimated for both groups. Similar to the likelihood-ratio test of logistic regression, the difference 

of the deviance values (i.e. loglikelihood values multiplied by negative two or -2LL) between the 

two models serves as the hypothesis test for DIF as shown in Equation 18 where R is the reduced 
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model, and F is the full model. This statistic follows a chi-square distribution with two degrees 

of freedom for a 2PL model. 

IRT-LRT= (-2LLR)-(-2LLF)      (18) 

 

This process is continued until the model comparisons are completed for all test items.  

When DIF is suspected, the test item is separated until the program identifies the DIF-free anchor 

set. In the beginning iterations, suspected DIF items are compared against a set of items which 

may include test items that are later identified as DIF. Therefore, in the final stage, the program 

reanalyzes all the suspected or candidate DIF items against the purified anchor set to reconfirm 

their DIF status.   

         For each suspected DIF item, subsequent model comparisons are performed to determine 

on which item parameter(s) DIF occurs. In these follow up comparisons, first, models comparing 

equal and unequal item discrimination parameters are compared. Then, models comparing equal 

and unequal item difficulty parameters are compared. Similar to the first stage of analysis, 

significant difference in the models’ deviance values (i.e., -2LL) follows a chi-square 

distribution with one degree of freedom. Test items with significant differences between models 

comparing item discrimination parameters are considered to be nonuniform DIF while items with 

differences between models comparing item difficulty parameters are flagged as uniform DIF. 

The performance of IRT-LRT has been well studied. IRT-LRT was successfully utilized 

in a previous BNT DIF investigation with similar goals to this study (Pedraza et al., 2009). 

Previous research also indicated that this method performed equally or better than other 

approaches in identifying DIF (e.g., Bolt, 2002; Kim & Cohen, 1995; Woods et al., 2013) and 

controlling Type 1 error (e.g., Cohen et al., 1996; Finch, 2005; Finch & French, 2007; Woods et 
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al., 2013; Zimbra, 2018). IRT-LRT detected both uniform and nonuniform DIF across the entire 

range of ability—as opposed to ICC area comparison methodology such as Raju’s area (Camilli 

& Shepard, 1994; Teresi, 2006). Belzak (2019) also found that IRT-LRT is frequently used with 

one and two-parameter logistic models and performed well even with small samples. 

Commonalities and Triangulation Across the DIF Methods  

The goal of differential item functioning research is to identify test items that may be 

unintentionally favoring a particular group of examinees. The methods used to uncover these 

potentially biased test items have evolved over the years.  The earliest methods involved 

comparing the proportion (or percentage) of the examinees who answered correctly between two 

groups of people. However, as Zieky (1993) wrote “raw differences in percentages correct 

between groups confound real group differences in relevant knowledge, skill and ability with 

differences that may have been caused by unfairness in the item” (p. 338). Thus, all methods 

presented in this chapter improved upon the earliest DIF approaches by utilizing an internal 

criterion variable to match examinees with equal or comparable ability before exploring group 

differences on test items. Additionally, these methods all utilize a multi-step purification process 

in which contamination from DIF items is systematically removed from the matching criterion 

(or anchor) set—further ensuring a level playing field in which to judge test items. 

Although each method adopted a different perspective and set of procedures to identify 

DIF items, a connective thread that runs through all methods presented in this chapter is the 

transformation of categorical outcomes into terms of the log odds-ratios. Some DIF methods, 

such as MH, applied the log odds-ratio directly into the test of significance (as cited in Camilli & 

Shepard, 1994) while other frameworks, such as logistic regression and IRT, modeled the log 

odds in terms of the item and group. This allowed DIF methods the ability to expand statistical 
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models that can simultaneously estimate item and ability parameters as well as test for uniform 

and nonuniform DIF. 

 Despite the shared conceptual and mathematical foundation among the DIF methods 

presented in this chapter, it is well known that different DIF approaches do not yield identical 

outcomes (Hambleton, 2006). However, the recommended practice is still to utilize multiple DIF 

methods to triangulate results (Camilli & Shepard, 1994; Hambleton, 2006). Adopting this multi-

method approach, the item responses between the North American and Hawaiʻi resident group 

were analyzed using the approaches of a stratified contingency table, logistic regression and IRT 

as well as from an observed or latent variable approach—allowing for a more complete picture 

of the effect of geographic location and cultural experiences on the BNT. 

Purpose of the Study  

The ability to correctly recognize and name an object is an important cognitive skill that 

is often impacted by neurological disease and injury. Damage to the brain regions responsible for 

naming ability can occur in all ethnic groups, across all geographic regions, and all age groups.  

Therefore, it is imperative that there is an accurate and fair assessment of naming ability for 

diagnostic purposes as well as to monitor disease progression for all groups of people. However, 

previous research has also highlighted significant differences between ethnic groups at both the 

test and item level (e.g., Boone et al., 2007; Pedraza et al., 2009). Using both traditional and 

modern psychometric methods, BNT DIF investigations identified problematic test items for 

groups such as African Americans, New Zealanders, Australian, and Dutch-Speaking Belgians 

(Barker-Collo, 2001; Mariën et al., 1998; Pedraza et al., 2009). Barker-Collo (2001) suggested 

that a lack of exposure or availability of the test items in the individual’s immediate environment 

could negatively impact that person’s ability to correctly recognize the test object. Since the 
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BNT contains pictures of objects that are not found in Hawaiʻi (e.g., beaver), it is hypothesized 

that Hawaiʻi residents may struggle to recognize these test items. To test this hypothesis, Nip 

(2012) conducted a study with a small sample of college-aged Hawaiʻi and North American 

residents. Results from this pilot-test suggested that Hawaiʻi residents may be significantly 

disadvantaged on several items on the BNT, yet with the exception of this preliminary 

investigation, Hawaiʻi resident performance on the BNT has never been studied (Nip, 2012).  

To address this gap in research, the current study extended the work of the previous 

investigation by uncovering DIF on the BNT among a larger sample of college-aged Hawaiʻi and 

North American residents. To detect DIF, a multi-method approach was adopted utilizing six 

DIF methods from an observed (or non-IRT) and a latent variable (IRT) technique. Thus, the 

present study aimed to address the following research questions: 

1. Are any of the BNT items demonstrating DIF? 

2. What is the level of agreement among DIF methods in identifying DIF items? 

3. What DIF items do the different DIF methods converge on? 

4. What type of DIF is detected (i.e., uniform or nonuniform DIF)? 

5. What are potential sources of DIF? 
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CHAPTER 3. METHODS 

Participants  

 Both undergraduate and graduate students were recruited by word-of-mouth and through 

advertisements shared through class announcements, social media platforms and internal 

research databases on the University of Hawai‘i at Mānoa (UHM) campus in Honolulu, Hawai‘i. 

The Mānoa campus was selected as the location for recruitment due to the availability of Hawai‘i 

resident and non-resident students. For example, in the Fall semesters of 2020 and 2021, the 

university’s Institutional Research Office reported that an average of 11,510 Hawai‘i resident 

students and 5,725 students from other states in the United States (U.S) were enrolled at the 

Mānoa campus in either undergraduate or graduate courses (Mānoa Institutional Research 

Office, 2021a; 2021b). Therefore, both Hawai‘i and North American residents could be selected 

from the same locale—reducing the potential effect of test score differences due to college 

campus. Students were informed that their participation would help gain a better understanding 

about the effect of culture on object recognition. All participants received a gift card and/or class 

assignment credit from their course instructor.   

 Between October 2020 and December 2021, a total of 325 university students 

participated in this study. Due to the sensitive nature of releasing medical information, 

participants were not required to divulge their disability status or reveal any prior neurological 

diagnoses. However, observations of individual test performances and behaviors did not indicate 

any pre-existing language impairments. Therefore, all examinees were considered healthy, 

cognitively-intact participants and no exclusions were made based on medical condition. 

However, 40 participants who reported that they were born and/or raised in a country outside of 

the U.S. were excluded from the final participant sample—including students from U.S. military 
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families who lived abroad and spent less than 10 years residing in the United States. After these 

exclusions, the final participant sample totaled 285 examinees.   

Demographic Survey 

Participants completed an online survey to provide demographic information—including 

age, gender, race/ethnicities, primary languages spoken and locations (city, state, country), of 

where the participant considers he/she/they were “raised.” The final sample of participants was 

categorized into two study groups, North American and Hawai‘i residents, based on the self-

reported location of where they were raised (i.e., their home state) and the length of time they 

reportedly resided there. All North American participants reported living in one of the 49 

continental United States for at least 10 years. Similarly, Hawai‘i participants also lived in the 

State of Hawai‘i for more than 10 years. None of the participants spent an equal amount of time 

residing in both Hawaiʻi and in the continental United States.  

Table 4 displays the characteristics of the participant sample by study group.  There was a 

larger proportion of participants who identified as a woman in comparison to those who 

identified as a man and gender fluid. However, a chi-square test of independence indicated that 

there were no significant differences in the self-reported gender distribution between groups 

(c2(2) = 2.58, p = .275). In addition, an independent samples t-test determined that the groups 

were not significantly different on age (t(283) = 0.63, p = .526) and years educated in the United 

States (t(281) = -0.30, p = .768). However, the groups significantly differed in the number of 

years they spent in the location they were raised (t(282.92) = -3.94, p < .001). On average, the 

Hawai‘i resident group lived in their home state 2.3 years longer than the North American group. 

This result was expected since the North American residents left their home state to attend 

college in Hawai‘i. Although the North American group moved to Hawaiʻi to attend college, 
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their exposure to the Hawaiian environment and culture was still significantly less than the 

Hawaiʻi residents (t(273.17) = -31.48, p < .001). 

 
Table 4 

Participant Characteristics by Group 

Group  
N 

Gender Age  
(in Years) 

Years in 
Home 
State 

Years 
Educated 

in the U.S. 

Years 
living in 
Hawai‘i 

Male Female 
Gender 
Fluid M M M M 

North 
American 119 24 94 1 21.9 (6.4) 18.0 (4.2) 17.7 (4.8) 2.7 (3.5) 

Hawai‘i 166 43 123 0 21.5 (5.9) 20.3 (5.9) 17.9 (4.8) 20.3 (5.9) 

Note. Standard deviations are reported in parentheses. 

 

 Chi-square test of independence results indicated that the composition of race between 

the study groups were significantly different (c2(6) = 119.81, p < .001). Roughly 57% of the 

Hawaiʻi residents self-identified as Asian American while Asian Americans made up only 13% 

of the North American group. Instead, the North American group primarily consisted of 

White/Caucasian Americans (51%). 
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Table 5 

Participant Race by Group 

Group 
African 

American Asian 
Hispanic/ 

Latino 

Native 
American
/ Alaskan 

Native 
Hawaiian
/ Pacific 
Islander 

Multiple 
Race 

White/ 
Caucasian  

North 
American 4.2% 13.4% 8.4% 2.5% 2.5% 17.6% 51.3% 

Hawai‘i 0% 56.6% 3.0% 0% 8.4% 27.7% 4.2% 
 

The Boston Naming Test 

The BNT (Kaplan et al., 1983) consists of 60 black and white drawings of common to 

rare objects—arranged with an increasing level of difficulty. The current BNT edition continues 

to utilize the original 60 test items that were initially developed in 1978 (Mitrushina et al., 2005; 

Strauss et al., 2006).   

 Regarding reliability, reports of internal consistency (i.e., Cronbach’s alpha) for the BNT 

ranged from .78 to .96 (Strauss et al., 2006). For test-retest reliability, following a short one to 

two-week delay, Strauss and colleagues (2006) reported about a one point gain on average (SE = 

1.02) after the second administration; thus, indicating scores are relatively stable over short gaps. 

For longer intervals, test-retest reliability correlations ranged from .62 to .89 (Strauss et al., 

2006).  

Test Administration Procedures 

Due to the limited physical and social interactions during the COVID-19 pandemic, the 

BNT was administered virtually through the video conference application Zoom (Version 5). 

Previous telepsychology research did not report a difference in scoring, administration 

preference, nor require additional in-person assistance through remote video conferencing 
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assessment methods (Munro Cullum et al., 2014; Wadsworth et al., 2016). Virtual test 

administration followed relevant telepsychological testing guidelines recommended by the Joint 

Task Force for the Development of Telepsychology Guidelines for Psychologists (2013) and best 

practices recommended by Luxton, Pruitt and Ostenbach (2014). For example, prior to virtual 

test administration, the test administrator ensured sufficient and consistent internet connectivity 

and that the participant was removed from potential distractors. 

To administer the BNT, black and white drawings of the test stimuli were presented one-

by-one, and examinees were asked to name each object. If an examinee failed to provide the 

correct answer within 20 seconds, a semantic cue was given. Semantic (or stimulus) cues hint at 

the type of object or how the object is used. If the examinee failed to recognize the object 20 

seconds after the semantic cue, a phonemic cue was provided. Only correct responses provided 

spontaneously or following a semantic cue were awarded one point. All other responses were 

considered incorrect, including responses such as “I don’t know,” and were awarded zero points.  

In addition, incorrect responses were recorded exactly as stated by the participant.   

Departing from standard administration procedures, testing began with the first item and 

continued until the last. In a typical administration, BNT examiners begin with item 30 and 

proceed forward until eight consecutive incorrect responses are received. However, since the 

purpose of this study was to examine the individual test items of the BNT, it was important to 

collect participant responses from all 60 test items. This modified testing procedure was also 

adopted by other studies with similar research goals (e.g., Barker-Collo, 2001; Mariën et al., 

1998; Pedraza, et al., 2011). 
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Differential Item Functioning Analysis 

Mantel-Haenszel and Breslow-Day Test 

 The Differential Item Functioning Analysis System (DIFAS) (Version 4) program 

(Penfield, 2007) was used to run the MH and BD tests. Both MH and BD statistics follow the 

chi-square distribution with one degree of freedom—as described in the previous chapter. The 

total test scores (i.e., the number of correct responses) were set as the initial matching criterion. 

Creating a DIF-free (or purified) matching criterion set involved a two-step purification process 

(Clauser et al., 1993; Holland & Thayer, 1986). The first stage included all items in the DIF 

analysis and identified potential DIF items. Then, the new matching criterion was calculated by 

removing the items that were flagged as DIF. The MH and BD tests were conducted again using 

the revised test score as a purified matching criterion. For any newly identified DIF item, similar 

purification processes were iterated until no new DIF items were detected. DIF items were 

identified using the critical value on the chi-square distribution (when df = 1 at a = .05). For 

items identified as uniform DIF, positive log odds ratio values signaled that the reference group 

was favored; while, negative log odds ratio values indicated that the focal group had an 

advantage. Finally, the magnitude of the DIF items was classified into the three categories (listed 

in Table 2) using the ETS Delta Statistic (Zieky, 1993).   

Logistic Regression 

Logistic regression was performed for each item with the natural log of the odds ratio as 

the outcome variable and three independent variables (i.e., test total score, group, and the 

interaction between test total score and group) as the predictors. For the group variable, the 

North American group was coded as 0 and the Hawaiʻi group was coded as 1. Critical values 
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associated with a = .05 and df = 1 of the chi-square distribution were utilized in the analyses as 

the criteria for DIF. Logistic regression was performed using SPSS (Version 28). 

Likelihood Ratio Test (LR-LRT).  The presence of DIF was examined by the deviance 

values for three sequential models. Following the steps illustrated by Zumbo (1999), a significant 

difference in deviance values between the model with total test score and another model with 

group indicated uniform DIF. Significant differences in deviance values between the model with 

group and another model with the interaction term signified nonuniform DIF. Zumbo (1999) also 

recommended an iterative purification procedure nearly identical to the purification process of 

logistic regression-based Wald, MH and BD tests where subsequent DIF analyses are performed 

after removing DIF and recalculating the total scores. 

The magnitude of DIF was determined by calculating the change in Nagelkerke R2 values 

between models (Jodoin & Gierl, 2001; Hidalgo & López-Pina, 2004; Zumbo, 1999). Following 

the classification scheme described by Jodoin and Gierl (2001), changes in Nagelkerke R2 values 

less than 0.035 were considered negligible DIF (A-level), values between 0.035 and 0.070 were 

considered moderate DIF (B-level) and values greater than or equal to 0.070 were considered 

large DIF (C-level). Combining this classification scheme in conjunction with significance 

testing results to identify DIF items was found to reduce Type I error (Jodoin & Gierl, 2001).  

Wald Test. Wald tests were also used to identify potential DIF items—specifically for 

the main effect of the group (i.e., uniform DIF) and the interaction effect between total score and 

group membership (i.e., nonuniform DIF). Again, a two-step purification process was completed 

to remove DIF contamination from the matching criterion set. Thus, after the initial stage, total 

test scores were recalculated by excluding item responses from test items identified as DIF in the 
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previous stage. The process was repeated until the same set of DIF items was identified in two 

sequential stages.  

Item Response Theory Analysis 

Two assumptions of IRT (i.e., unidimensionality and local independence) were verified. 

First, the dimensionality of the test data was analyzed through an exploratory factory analysis 

(EFA) using a tetrachoric correlation matrix and a weighted least-squares (WLS) estimator as the 

factoring method with JASP (Version 0.17.1; JASP Team, 2023). The unidimensional nature of 

the test was reviewed through the following sources: (a) scree plot results, (b) results from a 

parallel analysis based on principal components (Hayton et al., 2004; Horn, 1965), (c) the ratio 

between the first and second eigenvalue, and (d) the total variance of the first eigenvalue. 

Following guidelines described in Graves and colleagues (2004), unidimensionality is confirmed 

when the ratio between the first and second eigenvalue is greater than three and the first 

eigenvalue accounts for greater than 30% of the total variance of the item response variables. In 

addition to these criteria, results from the parallel analysis and scree plot illustration were also 

reviewed for additional evidence of unidimensionality. 

IRTPRO (Version 6; Vector Psychometric Group, 2022) was used to: (a) verify the 

second IRT assumption (i.e. local independence), (b) select the IRT model, and (c) conduct the 

iterative Wald test. To verify local independence among test items, IRTPRO calculated Chen and 

Thissen’s (1997) local dependence chi-square statistics (denoted as LD c2) for each pair of test 

items. Items that severely violate the local independence assumption were identified by chi-

squared values greater than 10 (Thissen et al., n.d.). 

To select the best fitting IRT model, the deviance difference (denoted as G2) using -2LL 

values of the one-parameter (1PL) and two-parameter (2PL) models was calculated. This 
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difference follows a chi-square distribution (where df = the number of the 2PL parameters – the 

number of the 1PL parameters). 

Wald Test. The iterative Wald steps were equivalent to the steps taken with the two 

approaches in logistic regression. First, the Wald-2 test (Langer, 2008) was employed using the 

feature “test all items, anchor all items.” Results from the Wald-2 test provided the initial set of 

DIF and anchor items. Specifically, test items with significant Wald-2 test results on either the a 

(discrimination) or b (difficulty) parameters (using a = .05 with df = 1 on a chi-square 

distribution) were selected as DIF candidate items for the Wald-1 test. In the second stage using 

the Wald-1 test (Cai et al., 2011), the DIF-free test items were specified as the anchor set to 

reconfirm the DIF status of the remaining items using the option “test candidate items, estimate 

group differences with anchor items.” Test items no longer considered as DIF were moved to the 

anchor item set and then the Wald-1 test was repeated. This purification process continued until 

test items no longer changed DIF status.  

 Likelihood Ratio Test (IRT-LRT). IRTLRDIF (Version 2.0b; Thissen, 2001) was used 

to conduct the IRT-LRT. Similar to the iterative Wald test, in the first stage of IRT-LRT, no 

anchor items are selected and thus, the IRT estimated parameters from all test items were utilized 

in the analysis. The first result of this model comparison using the deviance values indicated the 

presence of DIF but not the type of DIF detected. Thus, the IRTLRDIF program automatically 

conducted post-hoc analyses for any test item with an IRT-LRT statistic greater than the critical 

value at a = .05 with df = 1 on a chi-square distribution (Thissen, 2001). These post-hoc analyses 

revealed the type of DIF (i.e., uniform or nonuniform) present. The purification process for IRT-

LRT was conducted an equivalent fashion to the iterative Wald test.  
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CHAPTER 4. RESULTS 

Overall Test Performance 

 In general, the North American and Hawaiʻi resident groups performed similarly on the 

BNT with an average total test score of 52.26 (SD = 3.91) and 51.78 (SD = 4.49) respectively. 

No significant differences were found between the North American and Hawaiʻi resident groups 

on their average total test scores (F(1, 284) = 0.892; p = .35). However, the average total test 

score for both groups fell between one and two standard deviations below the mean when 

referencing the BNT’s original scoring guide (Kaplan et al., 1983). Using demographically 

adjusted norms from the Halstead-Reitan Battery (Heaton et al., 2004), the group’s average 

performance on the BNT fell in the mild cognitive impairment category based on Caucasian 

norms or between the below average to average ability range based on the African American 

norms. 

Item Difficulty Gradient 

The test items on the BNT were arranged in order of difficulty—starting with the easiest 

objects to recognize to the more rare or difficult (Kaplan et al., 1983). However, other authors 

observed a pattern of increasing and then decreasing difficulty (Pedraza et al., 2009) or a gradual 

increase in difficulty embedded with unexpected and pronounced declines due to extremely 

difficult test items (Barker-Collo, 2001; Pedraza et al., 2011; Worrall et al., 1995). To compare 

results with previous studies, Figure 4 shows the percent of correct responses by the Hawaiʻi 

resident group and the North American group for test items 21 through 60. For both Hawaiʻi and 

North American residents, test items began oscillating between easy and difficult after the first 

23 items. As an example, items 56 (yoke) and 57 (trellis) were recognized by 10% or less of 
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Hawaiʻi residents, however subsequent test items 58 (palette) and 59 (protractor) were much 

easier—recognized by 54% and 66% of this group respectively.  

 

Figure 4 

Item Difficulty Index as Percentage of Correct Responses for Each Study Group for Items 21 to 

60 

 

 

Preparing for the DIF Analyses 

Twenty-one test items had no variance because all participants responded correctly. Other 

BNT studies reported similar results where an average of 27 test items, especially items 

occurring at the beginning of the test, were correctly recognized by the entire participant sample 

(Barker-Collo, 2001; Barker-Collo, 2007; Tombaugh & Hubiey, 1997). In this DIF study, these 
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21 items with all correct responses were excluded from the analysis. Secondly, eight test items 

where only one participant answered incorrectly were also removed (i.e., 0.3% were incorrect 

responses). In these cases, all members of one of the groups answered correctly. Similarly, 

Graves & colleagues (2004) removed BNT test items where less than three participants (out of 

206) answered incorrectly (i.e., 1.4% were incorrect responses).  del Toro and colleagues (2011) 

also removed test items where less than 90% of examinees answered either correctly or 

incorrectly. 

In addition, nine test items where less than five members of either resident group 

responded incorrectly were also excluded from the final analysis because stratified chi-square 

tests (i.e., the MH and BD tests) can be conservative even with expected cell counts less than 

five (Bradley, et al., 1979). Therefore, the final dataset consisted of 22 test items, and 91% of 

these test items fell within the second half of the test. Thus, the test items included in the current 

study were similar to the test items shown during a typical administration in which examinees 

begin with item 30 and proceed until item 60. 

DIF Results from the Mantel-Haenszel and Breslow-Day Tests 

 To identify a purified or DIF-free anchor set, MH and BD tests were repeated eight times. 

After each iteration, DIF items were removed and total scores were recalculated. After purifying 

the anchor set, results from the MH test (c2MH) and BD test (c2BD) flagged four BNT items 

(compass, tripod, scroll and abacus) as DIF. The test item, tripod, was identified as nonuniform 

DIF while the remaining three items were identified as uniform DIF. 

For the test item, knocker, the MH test chi-squared statistic was 0.01 from meeting the 

significance criteria (i.e., c2MH = 3.83). For this case, an alternative method was referenced to 

determine DIF status. Especially for cases where the size of the strata is small, Camilli and 
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Shepard (1994) recommended utilizing a z statistic generated by dividing the log odds ratio 

(ln(aMH)) by its standard error as a test for uniform DIF. This standardized z statistic follows a 

standard normal (or z) distribution, and values greater than +2 or less than -2 indicate the 

presence of DIF (Penfield, 2007). Under this method, the test item, knocker, met the significance 

criteria for uniform DIF (z = 2.06). Furthermore, z statistics for all other items identified as 

uniform DIF by MH tests (i.e., compass, scroll, and abacus) also met the significance criteria 

using this z test. 

Among the uniform DIF items, only the test item, knocker, showed a significant 

advantage for the North American resident group—signaled by positive z statistics (i.e., aMH Z in 

Table 6). For all other uniform DIF items, the Hawaiʻi resident group were significantly 

favored—indicated by negative z statistics. 

 

Table 6 

Mantel-Haenszel and Breslow-Day DIF Test Results 

Item c2MH c2BD ln(aMH) aMH SE aMH Z DIF Type Favored Group 

Knocker 3.83 0.46 0.58 0.28 2.06* U North American 

Compass 16.94** 0.10 -1.14 0.27 -4.19** U Hawaiʻi 

Tripod 0.13 4.60* 0.18 0.34 0.53 NU Neither 

Scroll 5.37* 0.00 -0.99 0.40 -2.46* U Hawaiʻi 

Abacus 13.48** 0.35 -1.40 0.37 -3.75** U Hawaiʻi 

Note. c2MH = Mantel-Haenszel test statistic; c2BD = Breslow-Day test statistic; ln(aMH) = Mantel-

Haenszel common odds ratio; aMH SE = Standard error of the Mantel-Haenszel common odds 
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ratio; aMH Z = Standardized Mantel-Haenszel common odds ratio as a z statistic; U = Uniform 

DIF; NU = Nonuniform DIF. 

*p < .05. **p < .01. 

 

Table 7 reports the magnitude of DIF under the MH test. The uniform DIF items 

(knocker, compass, scroll and abacus) fell into the largest categories (i.e., B and C classes). A 

DIF effect size was not reported for the nonuniform DIF item, tripod, since the BD test is not 

associated with a measure of magnitude. Delta Scale Score is the absolute value when the log 

odds ratio (i.e., ln(aMH)) is multiplied by scaling constant of -2.35 (Zieky, 1993). 

 

Table 7 

Magnitude of Uniform DIF Using the Mantel-Haenszel Method 

Item Delta Scale 
Score DIF Level 

Knocker 1.36 B 

Compass 2.68 C 

Scroll 2.33 C 

Abacus 3.29 C 

 

DIF Results from Logistic Regression Methods 

Similar to the MH and BD DIF test procedures, a purification of the anchor dataset for 

logistic regression DIF methods consisted of recalculating the total test score by removing the 

DIF items and repeating the analysis. For both Wald and the likelihood ratio test a purified or 

DIF-free anchor set was achieved after two iterations. 
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Likelihood Ratio Test (LR-LRT)  

 LR-LRT compared the negative two times log-likelihood values (-2LL) of the regression 

models and produced similar results to the stratified contingency table methods using the MH 

and BD tests. Identical to MH and BD results, LR-LRT identified the same four items as uniform 

DIF (knocker, compass, scroll and abacus) and tripod as the sole nonuniform DIF item. 

However, unlike the contingency table methods, LR-LRT also identified muzzle as a uniform 

DIF item. For the uniform DIF items, the North American resident group displayed a consistent 

advantage for the test items knocker and muzzle only. Hawaiʻi residents were favored on 

compass, scroll and abacus. For the nonuniform DIF item, tripod, the North American resident 

group were favored at lower naming ability levels only. 

 

Table 8 

Logistic Regression Likelihood Ratio DIF Test Results 

Item -2LLA -2LLB -2LLC D-2LLAB D-2LLBC DIF Type Favored Group 

Knocker 338.19 331.87 331.70 6.32* 0.17 U North American 

Muzzle 260.99 256.73 256.39 4.26* 0.34 U North American 

Compass 374.49 355.39 355.39 19.1** 0.01 U Hawaiʻi 

Tripod 248.02 247.43 242.65 0.60 4.78* NU Neither 

Scroll 197.06 192.03 191.98 5.03* 0.06 U Hawaiʻi 

Abacus 272.05 257.36 254.95 14.69** 2.41 U Hawaiʻi 

Note. D-2LL = change in -2LL values; U = uniform DIF; NU = nonuniform DIF. 

*p < .05. **p < .01. 
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 Most of the DIF items (i.e., knocker, muzzle, tripod and scroll) were classified as 

negligible (or A-level) DIF according to the criteria thresholds suggested by Jodoin & Gierl 

(2001). However, the advantage of the Hawaiʻi residents on the test item compass was 

categorized as large (C-level) DIF while the test item, abacus, was classified as moderate (B-

level). 

 

Table 9 

Magnitude of DIF Using Change in Nagelkerke R-squared (R2) Approach 

Item R2A R2B R2C D R2AB D R2BC DIF Level 

Knocker 0.17 0.19 0.19 0.03 U 0 A 

Muzzle 0.36 0.38 0.38 0.02 U 0 A 

Compass 0.08 0.17 0.17 0.08 U 0 C 

Tripod 0.06 0.06 0.09 0 0.03 NU A 

Scroll 0.18 0.21 0.21 0.03 U 0 A 

Abacus 0.28 0.34 0.35 0.06 U 0.01 B 

Note. D R2 = the change in Nagelkerke R2 values. 

U = uniform DIF. NU = nonuniform DIF.  

 

Wald Test  

 After two iterations, results from the Wald test under the logistic regression framework 

were identical to LR-LRT. Knocker, muzzle, compass, scroll and abacus were identified as 

uniform DIF where the North American group was consistently favored on the test items knocker 



 

 55 

and muzzle only. Tripod was the only nonuniform DIF item in which North American residents 

were favored at lower ability levels before the advantaged was switched to Hawaiʻi residents. 

 

Table 10 

Logistic Regression-based Wald DIF Test Results 

Item b2 SE2 W2 b3 SE3 W3 DIF Type Favored Group 

Knocker -0.68 0.28 6.15* -0.05 0.11 0.17 U North American 

Muzzle -0.66 0.32 4.13* -0.09 0.15 0.33 U North American 

Compass 1.12 0.27 18.05** 0.01 0.10 0.01 U Hawaiʻi 

Tripod -0.26 0.34 0.59 0.27 0.12 4.67* NU Neither 

Scroll 0.85 0.38 4.91* 0.03 0.14 0.06 U Hawaiʻi 

Abacus 1.22 0.33 13.40** -0.27 0.18 2.21 U Hawaiʻi 

Note. b2  = the uniform DIF coefficient; b3  = the nonuniform DIF coefficient; W2 = Wald test 

statistic for uniform DIF test; W3 = Wald test statistic for nonuniform DIF test; U = uniform DIF; 

NU = nonuniform DIF. 

*p < .05. **p < .01. 

 

DIF Results using the Two Parameter Logistic IRT Model  

Assumption Checking and Model Selection  

Results from an EFA suggested three eigenvalues larger than one. The first dimension 

explained 32% of the variance for the Hawaiʻi and North American resident groups combined 

together. When conducting an EFA for each study group separately, the first dimension 

explained 33% of the variance for the Hawaiʻi residents and 30% of the variance for the North 
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American group. Results from a parallel analysis, using combined data from both groups and 

based on principal components to extract the eigenvalues from the randomized simulated data, 

are displayed in the scree plot in Figure 5. These results suggested that three dimensions were 

larger than the simulated data. Yet, the presence of the first eigenvalue was dominant in 

comparison to the other two eigenvalues that were closer to one. A dominant first eigenvalue was 

also apparent in the parallel analyses and scree plots for Hawaiʻi and North American groups 

when analyzed separately. In addition, when evaluating dimensionality from the perspective of 

eigenvalue ratios, the ratio between the first and second eigenvalues was 5.03 when combining 

both resident groups, 4.33 for just the Hawaiʻi group, and 3.78 for the North American group 

only. These results supported the unidimensional nature of this test. Furthermore, these results 

were similar to previous BNT research exploring DIF in different ethnicities and gender. In those 

studies, the second eigenvalue ranged between 1.80 and 2.06, and the ratio of the first to the 

second value ranged between 2.46 and 8.98 (Benson, 2014; Pedraza et al., 2009). 

 

Figure 5 

Parallel Analysis Results Using Combined Resident Groups 
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In addition, results from the Chen-Thissen’s (1997) Test of Local Independence did not 

identify any item pairings with LD c2 statistic greater than 10. Thus, the local independence 

assumption (i.e., performance on a test item is not correlated to another test item after controlling 

for the naming ability) was satisfied. Regarding IRT model selection, the deviance test showed 

the 2PL model better fitted the data over the 1PL model (G2(22) = 106.56, p < .01).  

IRT Likelihood Ratio Test (IRT-LRT)  

 A purified anchor set was achieved after five iterations using IRT-LRT—a model 

comparison approach under the IRT framework. After each iteration, items that no longer met 

the criteria for DIF joined the anchor set and then IRT-LRT was repeated. The final DIF results 

identifed compass, scroll and abacus, as uniform DIF with the Hawaiʻi resident group having a 

consistent advantage over the North American resident group. Tripod was identified as 

nonuniform DIF with the North American group initially favored at the lower levels of ability 

and the Hawaiʻi resident group favored at higher levels of ability. 

Unlike the stratified contingency table and logistic regression methods, results from IRT-

LRT test did not flag the item, knocker, as uniform DIF. In addition, results from this method 

differed from logistic regression approaches (including LR-LRT using total test scores) in that 

muzzle was not identified as uniform DIF.  
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Table 11 

DIF Test Results and Item Parameters Under the IRT-LRT Method 

 North American Hawaiʻi 
c2a c2b DIF Type Favored 

Group Item a b a b 
Compass 0.70 1.21 0.70 -0.60 0.10 22.50** U Hawaiʻi 

Tripod 0.05 -36.13 0.91 -1.96 5.30* 0.30 NU NA 

Scroll 1.26 -1.53 1.26 -2.38 0.10 7.20** U Hawaiʻi 

Abacus 1.79 1.31 1.79 0.33 2.20 21.30** U Hawaiʻi 

Note. a = discrimination parameter; b = difficulty parameter; U = uniform DIF; NU = 

nonuniform DIF; NA = not applicable. 

*p < .05. ** p < .01. 

 

Iterative Wald Test  

 Wald-2 test results identified five items (knocker, compass, tripod, scroll and abacus) as 

DIF items. All other test items were considered as DIF-free and utilized as anchor test items in 

the next stage. In the first round of the Wald-1 test, four out of the five items identified by the 

Wald-2 test maintained their DIF status (i.e., compass, tripod, scroll and abacus). The test item, 

knocker, was not flagged for DIF although the group difference on the difficulty parameter was 

almost significant (c2(1) = 3.10, p = 0.08).  Thus, this test item was assigned to the anchor item 

set in the next round. In the second round of the Wald-1 test, the same four items (i.e., compass, 

tripod, scroll and abacus) maintained their DIF status. These results were identical to IRT-LRT 

in that compass, scroll and abacus were flagged as uniform DIF favoring the Hawaiʻi group and 

tripod was the only nonuniform DIF item with the North American residents having the 

advantage at lower ability levels. 
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Table 12 

DIF Test Results and Item Parameters from the Second Round of the Wald-1 Test 

 North American Hawaiʻi 
c2a  c2 b  DIF Type Favored 

Group Item a b a b 
Compass 0.90 0.98 0.66 -0.64 0.40 18.90** U Hawaiʻi 

Tripod 0.04 -43.34 0.87 -2.23 4.30* 0.20 NU NA 

Scroll 1.25 -1.56 1.31 -2.37 0.00 6.00* U Hawaiʻi 

Abacus 3.03 1.05 1.45 0.38 2.20 8.20** U Hawaiʻi 

Note. a = discrimination parameter; b = difficulty parameter; U = uniform DIF; NU = 

nonuniform DIF; NA = not applicable. 

*p < .05. ** p < .01. 

 

Integration of the DIF Results Across the Six Methods 

Four BNT items were consistenly flagged as DIF across the six DIF methods—compass, 

tripod, scroll and abacus. Among these items, uniform DIF favoring the Hawaiʻi residents was 

identified on three items—compass, scroll and abacus. Figures 6 to 8 illustrate the consistent 

advantage of the Hawaiʻi resident group on the items, compass, scroll and abacus, as shown in 

the item characteristic curves (ICC) estimated by the 2PL model.   
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Figure 6 

Item Characteristic Curve for Item 50 Compass 

 

Figure 7 

Item Characteristic Curve for Item 53 Scroll 
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Figure 8 

Item Characteristic Curve for Item 60 Abacus 

 

The test item, tripod, was consistently identified as nonuniform DIF by all methods.  

Tripod was an easy test item for the North American group as 86% of participants from this 

group correctly named this item. As illustrated by the ICC in Figure 9, the probability of a 

correct response was nearly one across all ability levels for the North American resident group. 

In contrast, only Hawaiʻi residents with average or above average ability (i.e., q > -0.30) had an 

equal or greater probability than North American residents on correctly identifying this object.   
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Figure 9 

Item Characteristic Curve for Item 52 Tripod 

 

 There are two test items (muzzle and knocker) on which the DIF methods did not reach a 

consensus. Logistic regression methods (i.e., LR Wald Test and LR-LRT) identifed muzzle as a 

uniform DIF item favoring the North American resident group. This item was not flagged by 

stratified contingency table or IRT methods. However, there was a small change in estimated R2 

values suggesting that the magnitude of DIF for muzzle was negligible and perhaps too trivial to 

be detected by other methods. The test item, knocker, was identified as uniform DIF favoring the 

North American group by both contingency table and logistic regression methods but not 

through IRT. Yet, for the Wald-1 test the p value for the difficulty parameter approached 

significance and for IRT-LRT, knocker was flagged as uniform DIF in two out of five iterations. 

In general, knocker was an easier test item for North American residents where 72% of the 

participants in this group correctly identified this item whereas only 57% of the Hawaiʻi 
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residents responded correctly. Thus, it is possible that the Hawaiʻi residents could be unfairly 

disadvantaged on this item when using a larger sample.  

 Although results from the MH & BD tests, logistic regression analysis and IRT analysis 

slightly differed, there was a perfect level of agreement within the methods under the same 

framework.  For example, logistic regression Wald test and LR-LRT, both identified the same 

five test items as DIF.   

 

Table 13 

DIF Results Across the Methods 

Item MH & BD LR-Wald LR-LRT IRT-Wald IRT-LRT 

Knocker Uniform Uniform Uniform Not identified Not identified 

Muzzle Not identified Uniform Uniform Not identified Not identified 

Compass Uniform Uniform Uniform Uniform Uniform 

Tripod Nonuniform Nonuniform Nonuniform Nonuniform Nonuniform 

Scroll Uniform Uniform Uniform Uniform Uniform 

Abacus Uniform Uniform Uniform Uniform Uniform 

Note. MH = Mantel-Haenszel; BD = Breslow-Day; LR = Logistic regression; LRT = Likelihood 

Ratio Test; IRT = Item response theory; IRT-LRT = Item response theory likelihood ratio test. 

 

Hawaiʻi Resident Group Results 

To provide further insight into Hawaiʻi resident performance on the BNT, outside of the 

context of DIF, item parameters and information functions for this group is presented in this 

section. 
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Difficulty and Discrimination Parameter Estimates of the 2PL Model  

 Item difficulty and discrimination parameters were estimated using a 2PL model for 18 

test items that were not identified as DIF. Table 14 displays the estimated item difficulty and 

discrimination parameters along with their standard errors. 

 

Table 14 

Item Parameter Estimates for the Hawaiʻi Resident Group 

BNT Item Discrimination (a) Difficulty (b) 

28. Wreath 2.49 (0.73) -1.49 (0.20) 

29.  Beaver 0.74 (0.29) -2.79 (0.97) 

34.  Stilts 1.42 (0.35) -1.30 (0.24) 

38.  Harp 2.99 (1.07) -1.56 (0.20) 

40.  Knocker 1.16 (0.26) -0.30 (0.18) 

41.  Pelican 1.45 (0.33) -1.04 (0.20) 

42.  Stethoscope 1.82 (0.50) -1.48 (0.23) 

44.  Muzzle 1.92 (0.43) -0.55 (0.14) 

46.  Funnel 1.13 (0.30) -1.53 (0.33) 

47.  Accordion 1.62 (0.36) -0.43 (0.15) 

48.  Noose 1.25 (0.30) -1.03 (0.22) 

51.  Latch 0.36 (0.19) 0.76 (0.58) 

54.  Tongs 0.90 (0.42) -3.41 (1.32) 

55.  Sphynx 1.48 (0.32) 0.13 (0.15) 

56.  Yoke 2.40 (0.96) 1.73 (0.33) 
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BNT Item Discrimination (a) Difficulty (b) 

57.  Trellis 1.54 (0.49) 1.93 (0.42) 

58.  Palette 0.53 (0.20) -0.34 (0.32) 

59.  Protractor 0.41 (0.20) -1.71 (0.85) 

Note. Standard errors are listed in parentheses. 

 

The easiest items for the Hawaiʻi group were items 54 (tongs), 29 (beaver), and 59 

(protractor). The most difficult items were items 57 (trellis), 56 (yoke) and 51 (latch). The most 

discriminating items for this group were items 38 (harp), 28 (wreath) and 56 (yoke).   

Item and Test Precision 

 The information functions for this group highlighted several test items that provide little 

information towards estimating a person’s ability. Items 51 (latch), 58 (palette) and 59 

(protractor) provided the least amount of information across the entire spectrum of ability. For 

low naming ability (defined as q < -1.0), the test items that were most accurate at estimating 

ability in this range were items 28 (wreath), 38 (harp), and 42 (stethoscope). The test items that 

were most accurate at estimating naming ability in the average range (defined as -1.0 > q  < 

+1.0) were 44 (muzzle), 47 (accordion), 55 (sphynx).  For high naming ability (defined as q  > 

+1.0) the items 56 (yoke) and 57 (trellis) were most informative and accurate.  

 Figure 10 displays overlapping information functions to further highlight how each BNT 

item can contribute greater information towards estimating ability at specific ranges of the ability 

scale. 
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Figure 10 

Information Functions of Selected Items 

 

Overall, the BNT appeared to have the greatest precision in estimating the naming ability 

of respondents in the low range (i.e., q < -1.0). Figure 11 displays the total test information 

function which is the cumulation of the item information values across all 18 test items. Figure 

12 provides the item characteristic curves and information functions for each of the 18 DIF-free 

test items. 
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Figure 11 

Test Information Function 

 

Figure 12 

Item Characteristic Curves and Item Information Functions 
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CHAPTER 5. DISCUSSION 

  The inability to accurately recognize an object and retrieve the appropriate word from 

memory is a common symptom among numerous neurological conditions such as Alzheimer’s 

disease, traumatic head injury, and epilepsy (Goodglass & Wingfield, 1997; Hillis, 2007). The 

Boston Naming Test (BNT) was designed to elicit impairments in the naming process by asking 

patients to provide the name for a series of objects. This task has been shown to effectively 

distinguish between patients with known disease-related naming deficits and those with general 

age-related decline (Mitrushina et al., 2005). The test’s sensitivity to detect even mild naming 

impairments has led to its widespread and frequent use in medical facilities across the United 

States (Rabin et al. 2016; Weintraub et al., 2009) as well as in other countries (Kavé, 2005; 

Worrall et al., 1995). 

 Despite the test’s popularity, several test items included on the BNT have been identified 

as possessing an unequal probability of correctly naming the object among different groups of 

test users—especially those from underrepresented cultural and ethnic groups or geographically 

unique regions of the United States (Benson, 2014; Nip, 2012; Pedraza et al., 2009). Hawaiʻi 

residents are a population of active BNT test users unique in both culture and geographic 

experiences. However, beyond a pilot investigation preceding this study (i.e., Nip, 2012), 

Hawaiʻi resident performance on the BNT has never be studied. Therefore, the present study 

addressed this gap in research through uncovering BNT items displaying differential item 

functioning (DIF) between a group of North American and Hawaiʻi residents.  

 To detect DIF, I adopted a multi-method approach which employed a collection of DIF 

methods. Although the methods adopted in the current study differed in some aspects, they also 

shared important commonalities. First, all methods improved upon early DIF methods by 
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matching examinees on an internal criterion (either an observed or an estimated latent variable) 

which served as a proxy for naming ability. In this way, any observed performance discrepancies 

can be attributed to construct-irrelevant factors rather than between-group ability differences. In 

addition, all methods were accompanied by iterative purification procedures to remove the 

inherent bias from the internal criterion—thus creating a DIF-free anchor item set used to make 

comparisons. 

Previous DIF research evaluating BNT items typically used one or two DIF methods 

(e.g., Barker-Collo, 2001 and Pedraza et al., 2009). However, by intentionally selecting DIF 

methods that were comparable tests from both observed and latent variable approaches, this 

study provided an opportunity to observe the level of agreement and the degree of convergence 

among different DIF methods. For this study, DIF methods from the approaches of logistic 

regression and IRT demonstrated perfect agreement. In addition, the results across all methods 

converged on four test items—compass, scroll, tripod and abacus. These test items that were 

flagged by all DIF methods, and thus provide the strongest evidence for DIF, are the focus of this 

discussion.  

Similarities and Differences with Previous BNT DIF Research 

 For the uniform DIF items (compass, scroll and abacus) the Hawaiʻi resident group 

displayed a consistent advantage over their North American counterparts. Even after matching 

the resident groups on ability, the probability of correctly naming these objects was higher for 

Hawaiʻi residents than their North Ameican counterparts. Using IRT results as an example to 

illustrate this group difference, for the item compass, a naming ability of one standard deviation 

above the mean was required for the North American group to achieve a 50% chance of getting 
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the item correct. In comparison, at this same ability level, Hawaiʻi residents had an 86% chance 

of a correct response. 

 Among the four DIF items, the Hawaiʻi resident group was only significantly 

disadvantaged on the nonuniform DIF item, tripod. Even then, the disadvantage only occurred at 

ability levels below the mean. For abilities above the mean, the Hawaiʻi residents had a greater 

probability of a correct response in comparison to North Americans. However, for North 

Americans, tripod was an easy test item with no discrimination power (note that the a-parameter 

estimate was nearly zero) where examinees with naming abilities as low as two standard 

deviations below the mean had a 94% chance of a correct response whereas the probability of 

success was 58% for Hawaiʻi residents at this ability level. 

 In 2012, a preliminary investigaton was conducted to explore DIF on the BNT with a 

small sample of Hawaiʻi and North American residents before continuining to a larger study 

(Nip, 2012). The pilot-study utilized two likelihood ratio tests—IRT-LRT and LR-LRT. Results 

from IRT-LRT identified five DIF items (pelican, accordion, noose, tripod and protactor) while 

LR-LRT identified two items (accordion and tripod). For this study, Hawaiʻi residents displayed 

a significantly lower probability of correctly recognizing these test items in comparison to their 

North American peers with equal naming ability. Even on the nonuniform DIF test item, pelican, 

Hawaiʻi residents continued to be disadvantaged at lower ability levels. The only common result 

between the current and pilot-study was the identification of the test item, tripod. In both studies, 

North American residents continued to have a significant advantage over Hawaiʻi residents. In 

fact, results from both studies show that North Americans with theta scores of -2 (i.e., two 

standard deviations below the mean) had at least a 90% probability of a correct response. 
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There are several reasons to potentially explain the different results between the current 

and pilot-study. First, the pilot-work was conducted nearly a decade prior to the current study 

potentially reflecting differences between cohorts or changes in environmental factors during 

that time such as exposure to test objects through social or other media. For example, study 

participants mentioned recognizing test objects that were highlighted in popular animated or 

motion picture films at the time. In addition, there was a greater proportion of North American 

participants in the pilot-study from northern climate regions of the United States which included 

the Northwest, Northern Rockies and Plains, Upper Midwest and Northeast zones (i.e., 52% in 

the pilot-study and 31% in the current study). Thus, it is possible that the performance observed 

by the North American residents in the current study actually reflected their lack of experiences 

with a colder weather climate that is more akin to the geographic area where the BNT was 

constructed. Pedraza and colleagues (2009) also cited geographic residence as a potential factor 

in the observed ethnicity-based DIF since all African American participants were tested in 

Florida. Finally, differences in the results between the current and pilot-study could be due to the 

small sample size utilized in the pilot investigation. Although Belzak (2019) demonstrated that 

1PL IRT-LRT and LR-LRT can identify DIF (especially those of a larger magnitude) with 

samples as small as 50 to 100 participants per group, the pilot-test consisted of a total of 55 

university students. Thus, parameter estimations could have been unstable especially in cases of 

small or moderate magnitudes of DIF.  

 However, the results of the current study mirror inequities highlighted in prior BNT DIF 

investigations with other populations. Mariën and colleagues (1998) also identified compass and 

abacus as possessing a disadvantage towards Australians in comparison to Dutch-speaking 

Belgians. Instead, Australians found scroll easier than Dutch-speaking Belgians. Utilizing IRT, 
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Pedraza and colleagues (2009) also reported uniform DIF for the test item scroll which favored 

elderly African Americans over Caucasian Americans while hierarchical logistic regression 

methods also flagged abacus as a DIF item. While the uniform DIF items were cited by one or 

two other investigations, the nonuniform DIF item, tripod, was flagged by an alarming number 

of prior BNT DIF research affecting several populations of test users. These investigations 

reported a significant disadvantage on this item for Australians (Barker-Collo, 2001; Mariën et 

al., 1998), New Zealanders (Barker-Collo, 2001), African Americans (Benson, 2014; Pedraza et 

al., 2009) as well as in my previous pilot-study with Hawaiʻi residents (Nip, 2012). 

The BNT researchers examining DIF were not alone in reporting problematic items on 

this test. Several authors who developed and validated foreign adaptations of the BNT either 

removed or replaced the test items compass, tripod, scroll and abacus—often deeming these 

items as culturally inappropriate or infrequently used words in their countries (e.g., Cheung et 

al., 2004; Kim & Na, 1999; Miotto et al., 2010; Unverzagt et al., 1999). For example, compass, 

tripod, scroll and abacus were removed in the Korean (Kim & Na, 1999), Tongan (Ballard et al., 

2018), and the Portuguese-speaking Brazilian BNT (Miotto et al., 2010). While developing the 

Greek BNT, scroll was not recognized by 80% of a Greek participant sample and as a result was 

replaced by a Greek column (Patricacou et al., 2007). Interestingly, only the Chinese BNT 

retained tripod, abacus and compass but not the item scroll because of “the cultural relevance of 

the items in the local context” (Cheung et al., 2004; p. 48). 

Investigation of Incorrect Responses 

To partially explain these cultural or regional group differences, researchers (e.g., Azrin 

et al., 1996; Barker-Collo, 2001) scrutinized participants’ incorrect or erroneous responses on 

specific BNT items. Barker-Collo (2001) reported that a common incorrect response among New 
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Zealanders to the item beaver was platypus—an animal more commonly found in their oceanic 

environment. African Americans, from the southern region of the United States, referred to stilts 

as walkers or tom-walkers with significantly greater frequency than Caucasian Americans (Azrin 

et al., 1996). Among Hawaiʻi residents, seagull was the most frequent incorrect response to the 

item pelican—accounting for almost 86% of the errors on this item (Nip, 2012). In comparison, 

none of the North American participants in the pilot-study committed this error. For the current 

study, however, a similar proportion of each group made the same types of errors. For instance, 

roughly the same percentage of North American and Hawaiʻi residents were not able to initially 

recognize the test item, abacus (i.e., 59% of the North American and 60% of the Hawaiʻi 

resident total errors) before any cues were given. For the item compass, “protractor” made up 

49% of the total incorrect answers provided by the North American group and 40% for the 

Hawaiʻi group—which is a similar percentage reported by Tombaugh and Hubiey (1997) among 

a Canadian sample (i.e., 41% of total errors on this item).  

Although the resident groups committed similar error types, these groups also differed in 

two ways. First, the group with a significant advantage on the identified DIF items (i.e., 

compass, scroll, tripod and abacus) had a marginally greater proportion of members who 

correctly described the item upon first presentation even though they were not able to retrieve the 

correct name from memory. Thus, for the uniform DIF items (compass, scroll and abacus) a 

larger percentage of Hawaiʻi residents correctly described these items but not for the nonuniform 

DIF item, tripod, where Hawaiʻi residents were disadvantaged. For example, when first shown 

the test item, abacus, 23% of the total errors committed by Hawaiʻi residents were accurate 

descriptions of this object in comparison to 14% of North Americans. Instead, North Americans 
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committed more semantic related errors (e.g., calling the abacus a counter or calculator) or visual 

misperceptions (e.g., calling the abacus a game). 

Another distinct pattern that emerged from investigating the error responses was that the 

group with a significant advantage on the test item had a marginally greater proportion of 

members who benefited from the stimulus cue. The stimulus cue is a semantically related prompt 

that is given to the participants after the first presentation of the object to allow for any incorrect 

misperceptions. If the participant correctly responded after the stimulus cue, a point was 

awarded. If the participant continued to respond incorrectly, no points were awarded for that test 

item. In this study, a greater percentage of Hawaiʻi residents retrieved the correct name from 

memory following the stimulus cue on the uniform DIF items for which they had a consistent 

advantage. For example, for the uniform DIF item scroll, 38% of the Hawaiʻi resident group who 

initially answered incorrectly was able to respond with “scroll” following the stimulus cue in 

comparison to only 13% of the North American residents. 

Although an analysis of the incorrect responses of the DIF items in this study did not 

yield clear-cut differences between groups as in previous studies, these occurrences lend itself to 

a greater conversation on cultural or regional group differences in types of errors made and 

responsiveness to cueing. Error types and cue responsiveness have been correlated with specific 

types of neurological disease or location of neurological impairment (Lezak et al., 2004; 

Mitrushina et al., 2005). However, differences in errors and responsiveness to cueing could also 

correlate to other factors such as cultural group affiliation and geographic or regional 

experiences. In other words, stimulus cues may be significantly more beneficial for specific 

populations of BNT test users which in turn leads to a higher total test score. Future studies could 

explore significant group differences on stimulus and/or phonemic cueing as a potential source 
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of systematic error as well as identify characteristics of these cues that lead certain examinee 

groups to the correct semantic and/or lexical activation pathways. 

Implications 

Test Refinement 

 Although automatically removing DIF items flagged in this study seems like the obvious 

next step, the identification of DIF is just one out of many steps in test development and 

refinement. DIF items identified in this as well as other studies typically serve as candidate items 

for further review by a committee of test developers and content area experts. Besides DIF, 

candidate items are also judged on several factors related to test performance such as the items’ 

individual, as well as combined, impact on total test score and clinical decisions, effect on the 

overall test’s reliability, and appropriateness of the content within a particular context. Thus, the 

practical application of these results is providing committee members with psychometric 

information that can be utilized to evaluate individual test items for retention or exclusion from 

future editions of this test. In addition, as suggested by Zieky (1993), DIF magnitudes and 

classification systems (e.g., the Delta Scale Score) can help prioritize which candidate test items 

should be reviewed and potentially removed before others. For example, items that consistently 

display large magnitudes for DIF (e.g., items compass and abacus in this study) should be 

considered for exclusion over test items exhibiting smaller or trivial DIF effects (e.g., knocker). 

In addition, uncovering the potential sources of bias may be as important to test 

refinement as the detection and removal of DIF from tests. Commonalties among DIF items as 

well as patterns that distinguish DIF from non-DIF test items provide a deeper understanding of 

the sources of bias that are hidden within a test. Results from this study can be utilized in 

combination with results presented in other BNT DIF investigations to explore emergent patterns 
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of bias across multiple populations of test users. Once these underlying systematic biases are 

discovered, the construction or selection of replacement test items can be completed without the 

unintentional introduction of new DIF items. 

Using Item-level Psychometric Information for Test Development 

Not only does item-level psychometric information aid in the retention or exclusion of 

DIF items, this level of detailed information can also be utilized to develop alternative versions 

of this test (e.g., abbreviated, regional-specific or age-specific formats). Several authors (del 

Toro et al., 2011, Graves et al., 2004 and Pedraza et al., 2011) demonstrated or described using 

IRT parameter estimates to select test items for abbreviated versions (also called short forms) of 

the BNT. As an example, the two-parameter IRT item difficulty estimates from this study can be 

used to arrange the BNT items from the easiest to hardest before selecting a couple items to 

represent specific ability levels. Furthermore, item information functions can be referenced to 

select: (a) test items that provide the most accuracy at targeted ability levels (e.g., an alternative 

format designed for patients with below-average naming ability), or (b) a collection of test items 

that collectively provide maximum precision or ability estimation accuracy across the entire 

spectrum of naming ability. 

Shorter versions of neuropsychological tests, as in the BNT, have several advantages. 

Short forms accommodate patients with low motivation, attention, and stamina as well as 

measure disease progression with less concern about practice effects. Additionally, in many 

cases, neuropsychological tests are administered as a collection as tests—typically taking 

between two and eight hours (Rabin, et al., 2016). Therefore, reducing the time burden for 

patients with medical conditions that limit their physical stamina, energy or attention to sit in a 

chair or bed for several hours—while maintaining a great degree of test reliability and validity—
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would be a great benefit to both the patient and the examiner. Using available item-level 

psychometric information, such as the IRT parameters and information functions reported in this 

study, can facilitate in the initial construction of such short forms. Results from the current study 

could be particularly helpful in the development of a short form designed for young adults living 

in Hawaiʻi. 

Awareness of DIF and the Lack of Item Difficulty Gradient  

  Constructing new versions of the BNT as well as refinement of the current version are 

both time and resource consuming endeavors. In the meantime, results of the current study can 

bring awareness of DIF items affecting certain populations of test users to current clinical BNT 

users. For example, results of this study suggests that young adults residing in North America are 

consistently disadvantaged on three BNT items—regardless of their naming ability level. Thus, 

when evaluating a patient belonging to this group, examiners should interpret incorrect responses 

to the items compass, scroll and abacus with caution and may elect to administer additional tests 

or review alternative evidence to support the presence of naming impairment. 

Additionally, BNT items were intentionally designed to appear in order from easiest to 

more difficult test items so that incorrect responses to items that appear earlier in the test 

correlates to greater severity of disease or naming impairment. However, similar to results 

reported by other studies (e.g., Barker-Collo, 2001; Pedraza et al., 2011) the item difficulty 

gradient observed in this study cycled between easy and difficult items. In fact, both the easiest 

and most challenging items occurred within the last five test items for both participant groups. 

Taken together with previous research, these results further caution clinicians in referencing 

progressive BNT item performance as an indicator of disease severity or naming impairment in 

both older and younger adults.  
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Limitations and Future Directions 

The results of this study have several limitations. First, the participant sample was 

comprised of cognitively-intact college-aged students who attended the same university. 

Although recruiting a relatively homogenous sample was intentionally designed to minimize 

effects from known correlated factors such as age and educational achievement, there was little 

or no response variability for nearly half of the test items. As a result, the 29 test items where all 

members of at least one of the study groups got the item correct was excluded from the analysis. 

Perhaps, recruiting a more diverse group of participants (including those with medically 

confirmed naming difficulties) would have resulted in greater response variability and less items 

where most participants answered correctly. 

In addition, because of the homogenous sample, the generalizability of this study can be 

limited when it comes to other age groups beyond young adults attending college. To gain a 

broader view of Hawaiʻi residents’ performances on the BNT, future studies should investigate 

BNT performance among a wider age range and attempt to uncover cohort-related DIF with 

larger sample sizes. Changes in word usage, object’s appearance, and the accessibility or 

visibility of objects over time have the potential to affect a person’s ability to accurately and 

recognize BNT test items. For example, the usage of the items, compass and protractor, may 

decrease as traditional measurement tools are replaced by more readily accessible mobile device 

applications. Investigations into cohort-based DIF, may identify BNT items that no longer serve 

the current population in the same way it did when these items were first constructed in the late 

1970s. 

However, the results of this study do contribute to the limited body of research on BNT 

performance among young adults in general. A considerable amount of attention has been paid to 
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older adult performance on the BNT; however, young adults are also afflicted by common 

neurological disorders that are associated with naming impairments such as traumatic brain 

injury. In fact, the Mayo Foundation for Medical Education and Research (n.d.) as well as the 

Defense Health Agency (2017) lists young adults (between the ages of 18 and 24) as one of the 

groups most at-risk for this type of neurological injury. Besides the presence of DIF on the BNT, 

results from the current study suggests that, on average, healthy college-aged adults from the 

United States (both Hawaiʻi and North American residents) are performing between one and two 

standard deviations below the mean when utilizing age-appropriate norms (e.g., Kaplan et al., 

1983; Tombaugh & Hubiey, 1997). Even when referencing demographically adjusted norms 

which removed influence due to non-construct related factors (e.g., gender and educational 

experience), the average performance for this sample still fell in the mildly impaired or below-

average categories (Heaton et al., 2004). Only when utilizing norms developed for female 

African Americans (with the same educational experience and age range) did the average 

participant performance reach a nonimpaired ability level (Heaton et al., 2004). Barker-Collo 

(2001) reported a similar performance on the BNT with a sample of college-aged New 

Zealanders scoring at 1.2 standard deviations below the mean or below the 10th percentile using 

age-appropriate norms provided by Tombaugh and Hubiey (1997). Since comparing individual 

relative performance to a relevant normative dataset is oftentimes the main method in which 

individuals are classified into impaired or nonimpaired categories, the normative dataset should 

accurately represent the performance for the population of young adult test users. Otherwise, 

nonimpaired BNT performance can be mistaken for naming difficulties resulting in a greater 

potential for misdiagnosis among cognitively healthy young adults. Future BNT research should 
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focus on young adult performance on the BNT to prevent inaccurate diagnostic impressions for 

members of this age group.  

Conclusion 

The main goal of this study was to uncover potentially biased BNT items using multiple 

DIF methods—especially those that negatively impact Hawaiʻi residents. Although many BNT 

studies examining DIF typically employed one or two DIF identification methods, the current 

study intentionally selected six DIF methods using different psychometric approches. As a result, 

the degree of agreement among methods could be observed. The results from all DIF methods 

utilized in this study converged on four test items—compass, scroll, tripod and abacus. Although 

the findings of this study identified more BNT items that did not favor the North American group 

rather than Hawaiʻi residents, the presence of DIF is still concerning in that it questions the 

BNT’s validity, and ultimately the test’s utility in accurately and fairly assessing naming ability 

among heterogenous populations. 

Although utilizing demographically appropriate normative data could be a solution to 

reducing existing item bias on the BNT, separate group norms do not address underlying 

psychometric issues (Brandt, 2007; Manly, 2005; Pedraza et al., 2009), improve construct 

validity (Manly, 2005), nor attempt to explain or explore reasons for cultural differences (Brandt, 

2007; Manly, 2005). However, investigating between-group performance discrepancies at the 

item level allows for cross-cultural comparisons as well as the development of alternative 

versions of the BNT which excludes DIF items affecting multiple groups of test takers. Since 

item-level psychometric information has never been reported for Hawaiʻi residents before, item 

parameter estimates (i.e., difficulty and discrmination) as well as conditional standard error or 

precision in ability estimations were reported from the IRT analysis. 
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Overall the results of this study provide emerging insights and awareness into Hawaiʻi 

resident performance as well as young adult performance on the BNT—the most widely and 

frequently utilized test of confrontational naming ability (Rabin et al., 2016). This work 

contributes to the collective understanding of how different groups of intended and active test 

users respond to the items on this test. Identification of DIF items is a step towards ensuring the 

BNT is fairly and accurately capturing naming abilities for all.  
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