
INTRODUCTION

The Boston Naming Test (BNT), introduced in 1983 by Ka-
plan, Goolglass, and Weintraub, may be the most widely used 
naming test worldwide.1 Impairment in language function is 
one of the core symptoms of dementia,2 so the BNT has been 
used in clinical situations to support the diagnosis of demen-
tia. Moreover, BNT performance is useful for predicting the 
subsequent development of AD in preclinical cases or progno-
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sis in patients with early AD.3,4

Meanwhile, the validity of tools used to assess cognitive func-
tion is usually influenced by a subject’s educational attainment.5 
Specifically, those with low education levels are often embar-
rassed and sometimes refuse to complete pencil-and-paper-
based assessments. For those who are not accustomed to read-
ing and writing, confrontational naming tests like the BNT may 
be more comfortable to perform because literacy is not re-
quired. From this point of view, the BNT is an especially useful 
tool for evaluating cognitive function in elderly Korean indi-
viduals since many have been deprived of the chance to learn to 
write during the Japanese colonization period and Koran war.

A 60-item Korean version of the BNT (K-BNT) was stan-
dardized by Kim and Na.6 The K-BNT uses a similar admin-
istration method to that of the original BNT, but most of the 
items were changed due to the linguistic and cultural differ-
ences between Korean and English speakers.7 When admin-
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istered to patients with dementia, the length of the 60-item 
version often detracts from the patient’s concentration and can 
be a barrier to completion. To address this limitation, several 
abbreviated forms have been proposed.8,9 The 15-item Modi-
fied Boston Naming Test (BNT-KC) in the Korean version of 
the Consortium to Establish a Registry for Alzheimer’s Disease 
Assessment Packet (CERAD-K) Neuropsychological Assess-
ment Battery (CERAD-K-N) is one of them.10 Fifteen items 
were chosen from the K-BNT. Three groups of five items each 
were identified as having high, medium, and low frequencies 
of occurrence. Phonemic and semantic dissimilarities in ar-
ranging the items were also considered.10 BNT-KC is the most 
widely used short version of the K-BNT because it is includ-
ed in the CERAD-K-N, the most extensively used neuropsy-
chological test battery in Korea.

Because cognitive test results are influenced by demograph-
ic factors such as age, sex, and educational level, normative 
information on eight tests in the CERAD-K-N were provid-
ed to help interpret the results. However, normative data does 
not give us enough information about the differences be-
tween the items. If the conditional probability of a correct re-
sponse differs between two ability-matched groups, the item 
demonstrates differential item functioning (DIF).11 An item 
with DIF measures differently for one subgroup than anoth-
er, resulting in less subgroup assessment validity. Thus, un-
derstanding the DIF that leads to intergroup score discrepan-
cies may have important clinical implications that normative 
data cannot provide.

To date there have been several reports about DIF in the 
Mini-Mental State Examination (MMSE),12-14 but there has 
been little research about DIF in the BNT except for race/eth-
nicity attributes.11 Considering that educational attainment in 
Korean elderly individuals varies widely from illiteracy to high 
education levels, DIF in BNT according to educational level 
is strongly expected. For example, some items of the BNT-KC 
such as “mermaid” and “dinosaur” are not usually spoken in 
ordinary life and are encountered only in literature or movies. 
Thus, individuals with low education levels, especially those 
who are illiterate, may have more difficulty responding cor-
rectly to these items despite not having naming ability im-
pairments.

This study aimed to investigate the impact of education on 
DIF in BNT-KC in a clinical sample. To address this issue, the 
current study used the item response theory (IRT), which was 
used previously to study DIF in various psychiatric assess-
ment tools.15-17

METHODS

Sample
The study sample included total 773 elderly individuals, 

386 from the National Dementia Epidemiological Study in 
Korea (NDESK) and 387 from the memory clinic of Kyung-
pook National University Medical Center (KNUMC). The 
study protocol for the NDESK was previously described in 
detail.18 In brief, the NDESK study investigated the preva-
lence and associated risk factors of dementia from a nation-
wide sample of Korean elders. A multi-stage cluster sampling 
design was adopted. Fifteen catchment areas were selected 
across six major administrative districts, including metropoli-
tan Seoul and five provinces. Approximately 500 participants 
(65 years or older) were allotted to each catchment area. A to-
tal of 8,199 elderly individuals were invited to participate in 
the Phase I screening assessment using the Korean version of 
the MMSE (MMSE-KC) by door-to-door home visits; among 
them, 6,141 subjects responded (response rate=74.9%). Of 
those subjects, 2,336 were invited to participate in the Phase 
II diagnostic assessment for dementia and 1,673 subjects re-
sponded (response rate=71.6%). The CERAD-K-N was used 
to assess cognitive impairment.10 Among the 15 catchment ar-
eas, five catchment areas (Yeoncheon-gun, Incheon, Daegu, 
Gwangju, and Jungnang-gu in Seoul) were selected to inves-
tigate the prevalence of sleep problems and depression with 
executive dysfunction (DED). A total of 3,074 participants 
were selected from the five catchment areas, of which 2,007 
subjects completed Phase I interviews (response rate=65.3%). 
Of those subjects, 806 were invited to participate in the Phase 
II diagnostic assessment for dementia, of which 557 subjects 
responded (response rate=69.1%). Data from 386 partici-
pants from five research centers who completed the BNT-KC 
were used in the current study. The study sample from the 
memory clinic in KNUMC included 387 elderly individuals 
aged ≥60 years who were evaluated for the presence of de-
mentia between April 2013 and February 2015. The Institu-
tional Review Board of KNUMC (Daegu, Korea) approved this 
study. From both samples, the individuals who were unable 
to complete the BNT-KC due to a visual disturbance, hearing 
difficulty, poor general condition, or other psychiatric condi-
tion were excluded. Among the 773 elderly who completed the 
BNT-KC, the participants who scored <10 on the MMSE-KC 
(n=53; 22 from NDESK and 31 from KNUMC) were also ex-
cluded because severe cognitive impairments can prevent 
proper test performance. Ultimately, the data of 720 individu-
als were analyzed (364 from NDESK and 356 from KNUMC).

Assessments
The CERAD-K-N was administered to every participant by 
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neuropsychologists or trained research nurses.18 The CERAD-
K-N consists of nine neuropsychological tests as follows: Ver-
bal Fluency Test, 15-item Modified Boston Naming Test, 
MMSE-KC, Word List Memory Test, Constructional Praxis 
Test, Word List Recall Test, Word List Recognition Test, Con-
structional Recall Test, and Trail Making Test.10 All instru-
ments were previously validated in the Korean population.19 
The BNT-KC was administered to participants without cue-
ing. All 15 line drawings were presented and the total number 
of spontaneous correct responses was calculated. In both 
NDESK and KNUMC samples, the diagnosis of dementia was 
defined according to the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition diagnostic criteria after a 
thorough clinical interview by clinicians, laboratory tests in-
cluding complete blood cell count, chemistry profile, serologi-
cal test for syphilis, echocardiography, chest X-ray, and brain 
computed tomography or magnetic resonance imaging.2

 
Statistical analysis

IRT model
To evaluate DIF in BNT-KC between the low and high edu-

cation groups, a two-parameter item response model was 
used. The basic goal of IRT modeling is to determine item re-
sponse functioning (IRF) for each item. An IRF is a mathe-
matical function that describes the link between where an in-
dividual falls on the continuum of a given construct such as 
naming ability and the probability that he or she will give a 
particular response to a scale item designed to measure that 
construct, and it can be used to evaluate item quality.20 Diffi-
culty is the ability value that is associated with a 50% probabili-
ty of responding correctly on an individual item.21 Discrimina-
tion is an index of how well an item can differentiate between 

patients of varying severity levels.21 Item difficulty and dis-
crimination are easily visualized using an item characteristic 
curve (ICC) for each item (Figure 1). Item difficulty is the lo-
cation along the latent trait axis (x-axis) where the IRF curve 
changes direction (its inflection point; β in Figure 1).20 Item 
discrimination is the steepness of the IRF at the curve’s inflec-
tion point (i.e., at the item’s difficulty level; α in Figure 1).20 A 
two-parameter IRT model estimates a difficulty parameter and 
a discrimination parameter of the item.

Unidimensionality assumption
The important assumption of IRT is unidimensionality, 

which means that a single latent trait is sufficient to account 
for the observed pattern of item responses. The BNT-KC the-
oretically assumes that responses to each item are linked to a 
single construct of naming ability. Statistically, we tested the 
unidimensionality of the BNT-KC with confirmatory factor 
analysis using AMOS 21 (2012; IBM, Armonk, NY, USA). 
Model fit was evaluated with the comparative fit index (CFI), 
Tucker-Lewis Index (TLI), and the root-mean-square error 
of approximation (RMSEA).

Differential item functioning
We used IRTLRDIF version 2.0b (D. Thissen, IRTLRDIF v. 

2.0b: Software for the Computation of the Statistics Involved 
in Item Response Theory Likelihood-Ratio Tests for Differen-
tial Item Functioning, 2001, unpublished manuscript) to car-
ry out the DIF analyses.22 IRTLRDIF uses the likelihood-ratio 
test statistic to provide a significance test for the null hypothe-
sis that the parameters of an item’s response function do not 
differ between groups, and the significance of that test statistic 
is the detection of DIF.22

In the current study, the null hypothesis was that the item 
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parameters do not differ between the low and high education 
groups. Analyses proceeded by initially constraining both dif-
ficulty and discrimination estimates were equal for the two 
groups across all 15 items. This step produces llAllEqual, the log 
likelihood for all item parameters constrained equal (no DIF 
for any item). For each of the 15 items, a model was then fit that 
constrains all of the remaining items’ difficulty and discrimi-
nation estimates to be equal but allows the estimates for one 
item (Item I) to differ between the two groups (llItemInotEqual). 
The value of G2 (d.f.)=-2 (llAllEqual-llItemInotEqual) provides an om-
nibus test (df=2) of whether there is DIF for the difficulty and/
or discrimination estimate for this item. The difference be-
tween the log-likelihood statistics of the two models is distrib-
uted as a χ2 statistic (G2) with degrees of freedom equal to the 
difference in parameter estimates between the two models.22 
A significant G2 statistic at the p<0.05 level indicates that at 
least one of the parameters differs between the groups and is 
assumed to demonstrate DIF. Given that we conducted DIF 

analyses across multiple items, it is important to account for 
the risk of Type I errors. We employed the Benjamini-Hoch-
berg procedure because it has been shown to demonstrate 
greater power than Bonferroni correction.23,24

RESULTS

Sample characteristics
Characteristics of the final sample are summarized in Ta-

ble 1. Participants were grouped into high (≥7 years) and low 
(≤6 years) education groups. The proportion of women in 
the low education group was higher than that in the high ed-
ucation group (71.2% vs. 34.8%, χ2=88.294, p<0.001). The low 
education group was significantly older (74.7±6.6 vs. 72.5±6.1, 
t=4.306, df=718, p<0.001) and had lower MMSE-KC scores 
(19.7±4.8 vs. 23.8±4.4, t=-11.480, df=487.327, p<0.001). The 
proportion of individuals living in rural areas (Yeoncheon-gun) 
was higher in the low education group compared to the high 

Table 1. Characteristics of the study participants (N=720)

Participant characteristic
All participants

(N=720)
Low education group 

(N=490)
High education group 

(N=230) p value*
N (%) or mean±SD N (%) or mean±SD N (%) or mean±SD

Age at baseline interview (years)  0.004
60–64 31 (4.3) 18 (3.7) 13 (5.7)
65–69 162 (22.5) 97 (19.8) 65 (28.3)
70–74 205 (28.5) 134 (27.3) 71 (30.9)
75–79 178 (24.7) 127 (25.9) 51 (22.2)
80–84 91 (12.6) 69 (14.1) 22 (9.6)
≥85 53 (7.4) 45 (9.2) 8 (3.5)

Sex  <0.001
Female 428 (59.4) 141 (28.8) 151 (65.7)
Male 292 (40.6) 349 (71.2) 79 (34.3)

Diagnosis 0.274
Normal 452 (62.8) 301 (61.4) 151 (65.7)
Dementia 268 (37.2) 189 (38.6) 79 (34.3)

Sampling site  0.450
NDESK (community) 356 (49.4) 243 (49.6) 121 (52.6)
KNUMC (hospital) 364 (50.6) 247 (50.4) 109 (47.4)

Residence 0.006
Urban 570 (79.2) 374 (76.3) 196 (85.2)
Rural 150 (20.8) 116 (23.7) 34 (14.8)

Years of education 5.6±4.6 3.0±2.7 11.0±2.8 <0.001
Age at baseline interview (years) 74.0±6.6 74.7±6.6 72.5±6.1 <0.001
MMSE-KC scores 21.0±5.1 19.7±4.8 23.8±4.4 <0.001
*chi-square tests were used for categorical variables and t-tests were used for continuous variables. NDESK: National Dementia Epidemiolog-
ical Study in Korea, KNUMC: Kyungpook National University Medical Center, SD: standard deviation, MMSE-KC: Korean version of the 
Mini-Mental State Examination
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education group (23.7% vs. 14.8%, χ2=7.502, p=0.006). How-
ever, there was no significant difference in the proportion of 
individuals who were diagnosed with dementia between the 
low and high education groups (38.6% vs. 34.3%, χ2=1.195, 
p=0.274).

Unidimensionality assumption
Results from a confirmatory factor analyses showed χ2= 

185.972, CFI=0.912, TLI=0.897, and RMSEA=0.047. These 
findings indicated a reasonable data fit. Results from a confir-
matory factor analyses showed χ2=107.701, CFI=0.936, TLI= 
0.924, and RMSEA=0.042. These findings indicated a reason-
able data fit. We determined that these fit statistics were suffi-
cient to proceed to fitting IRT models.

Differential item functioning
Table 2 shows the frequency of incorrect answers to each 

item of the BNT-KC in the low and high education groups as 
well as corresponding difficulty and discrimination parameter 
estimates. The ICC for each item is demonstrated in Figure 2. 
For every item, the frequency of incorrect answers was higher 
in the low education group than in the high education group, 
which was reflected in the difference in mean BNT-KC scores 
(7.5±3.1 vs. 10.0±2.9, t=-10.766, df=718, p<0.001). Seven of 
15 items initially demonstrated DIF: “balloon,” “bat,” “mer-
maid,” “acorn,” “compass,” “pomegranate,” and “monk’s hat.” 
After controlling for multiple comparisons, four items, name-

ly “mermaid,” “acorn,” “compass,” and “pomegranate,” contin-
ued to demonstrate DIF, while the other items did not. 
Among the four items demonstrating DIF, “acorn” and 
“pomegranate” showed higher β parameters in the low educa-
tion group, whereas “mermaid” and “compass” showed higher 
β parameters in the high education group.

The order of the four most difficult items was the same in 
both groups: “monk’s hat” (β=1.54 for the low education group, 
β=1.65 for the high education group), “wind bell” (β=1.10 for 
the low education group, β=0.84 for the high education group), 
“dinosaur” (β=0.54 for the low education group, β=0.66 for the 
high education group), and “funnel” (β=0.14 for the low educa-
tion group, β=0.21 for the high education group). “Pomegran-
ate” is usually considered a difficult item because it is a low fre-
quency word in the BNT-KC. However, its difficulty parameter 
(β=-0.77) was similar to those of middle frequency words (β= 
-0.87–-0.64) in the high education group. Moreover, it was even 
lower (β=-1.42) than those of the middle frequency words (β= 
-1.18–-0.23) in the low education group.

The order of the five easiest items was the same in both ed-
ucation groups: “hand” (β=-4.45 for the low education group, 
β=-151.95 for the high education group), “red pepper” (β= 
-3.96 for the low education group, β=-9.16 for the high edu-
cation group), “baduk (go)” (β=-2.35 for the low education 
group, β=-2.54 for the high education group), “cobweb” (β= 
-1.96 for the low education group, β=-2.15 for the high edu-
cation group), and “balloon” (β=-1.80 for the low education 

Table 2. Item parameters for study participants (N=720)

Item 
frequency

Item 
no.

Name
Low education group High education group

G2

(df=2)Incorrect 
answer (%)

α β
Incorrect 

answer (%)
α β

Low 1 Hand 0.8 1.86 -4.45 0.0 0.29 -151.95 0.6
2 Red pepper 1.8 1.85 -3.96 0.4 0.61 -9.16 1.2
3 Baduk (go) 14.5 2.18 -2.35 2.2 2.54 -2.54 2.0
4 Cobweb 24.1 1.82 -1.96 7.8 1.54 -2.15 0.4
5 Balloon 30.1 1.49 -1.80 17.0 2.27 -1.16 9.2*†

Middle 6 Bat 45.5 2.34 -1.15 24.3 2.06 -0.87 7.2*†

7 Traffic light 60.1 1.75 -0.65 30.9 1.49 -0.74 0.8
8 Mermaid 68.2 2.54 -0.42 27.0 2.30 -0.79 10.7**
9 Acorn 45.3 1.66 -1.18 31.3 1.73 -0.64 13.7**

10 Compass 72.7 2.19 -0.23 31.3 1.57 -0.74 17.6***
High 11 Dinosaur 88.0 1.92 0.54 66.5 1.49 0.66 1.1

12 Pomegranate 42.4 0.87 -1.42 38.3 0.66 -0.77 10.6**
13 Funnel 75.9 1.27 0.14 55.7 1.87 0.21 4.2
14 Wind bell 91.8 1.52 1.10 72.6 1.74 0.84 1.0
15 Monk’s hat 85.9 0.78 1.54 82.6 1.19 1.65 8.1*†

*p<0.05, **p<0.01, ***p<0.001, †differential item functioning test not statistically significant after Benjamini-Hochberg procedure, G2=chi-
square with two degrees of freedom (df)
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group, β=-1.16 for the high education group), all of which 
were high frequency words.

In the low education group, the least discriminating item was 
“monk’s hat” (α=0.78), which represented the most difficult 
item. The second-least discriminating item was “pomegranate” 
(α=0.87) in this group. In the high education group, the least 
discriminating item was “hand” (α=0.29) and the second-least 
discriminating item was “red pepper” (α=0.61), which repre-
sented the easiest items, and the error rate was <2% in both 
groups. Interestingly, the third-least discriminating item in the 
high education group was “pomegranate” (α=0.66), which was 
the second least discriminating item in the low education 
group. The most highly discriminating item in the low educa-
tion group was “mermaid” (α=2.54), while that in the high edu-
cation group was “baduk (go)” (α=2.54).

DISCUSSION

Here we explored the influence of education on DIF in 
BNT-KC using IRT. To the best of our knowledge, this was the 
first study to investigate DIF of BNT by educational attain-
ment. To date, few studies have examined DIF in the BNT ex-
cept with respect to race/ethnicity attributes.11 In contrast, sev-
eral studies have reported the influence of education on DIF in 
the MMSE.12-14,25 These studies have reported that naming 
items (e.g., pencil, watch, etc.) are biased by level of educa-
tion;14,25 however, this finding is not consistent across studies.13

In the current study, we found DIF in several items of the 
BNT-KC that were attributable to educational attainment. 
Those with low education levels were more likely to respond 
incorrectly to “mermaid” and “compass” despite having com-
parable naming ability to that of individuals with high educa-
tion levels, whereas those with high education levels experi-
enced greater difficulty correctly responding to “acorn” and 
“pomegranate” compared to those with low education levels.

Both “mermaid” and “compass” are items that are uncom-
mon in everyday life. “Mermaid” is a character in fairytales of 
western culture of which most Korean elders with low educa-
tion levels are ignorant. Wrong answers often include “half girl, 
half fish” or “fish woman,” and even after they were explained 
the answer (mermaid), they did not understand it. Consider-
ing that aged people in Korea had a lower chance of being fa-
miliar with western culture, the cultural factors should be con-
sidered in the process of developing a revised naming test to 
aid the diagnosis of dementia.

“Compass” is not a familiar item in everyday life as well. 
Most people have a basic understanding of a compass—its 
magnetic characteristic and the usage for orientation—from 
their time in school. Thus, the higher difficulty experienced in 
identifying this item in the low educated group is not surpris-

ing. Another possibility is that this result may come from the 
confounding effect of sex on education since, in the current 
sample, the high education group showed a higher proportion 
of male sex than the low education group. Korea has a con-
scription system for men, who are taught how to read a map 
using a compass during military life. In the analysis of DIF us-
ing IRTLRDIF, we could not control the confounding effect of 
other variables on the results. To eliminate the confounding 
effect of sex, we had to match the sample according to sex, but 
we did not consider it in the study design because the smaller 
sample size may decrease the detectable effect size at a given 
power.26 To address this limitation, a larger study based on a 
sex-matched sample may be required.

Two items, “acorn” and “pomegranate,” demonstrated lower 
naming difficulty in the low education group than in the high 
education group. Decades ago, individuals raised in rural areas 
usually stopped going to school after elementary school to 
help with the farm work. Thus, those individuals usually had 
fewer years of education than those raised in urban areas. 
However, both “acorn” and “pomegranate” are fruits of plants 
that can be more commonly seen in rural than in urban areas. 
This may have contributed to the lower naming difficulty of 
these items in the low education group. The finding in the cur-
rent study that the proportion of individuals living in rural ar-
eas was higher in the low education group compared to the 
high education group may support this interpretation. How-
ever, given that individuals may learn the words “acorn” and 
“pomegranate” during childhood or adolescence, data about 
childhood residence may be more critical than data about cur-
rent residence. Unfortunately, we did not collect data on child-
hood residence in this study.

It is important to note that this result does not mean that the 
proportion of individuals who responded correctly to “acorn” 
and “pomegranate” was higher in the low education group than 
in the high education group. Rather, it means that if the indi-
viduals have the same naming ability (i.e., total score on the 
BNT-KC), the probability of responding correctly to “acorn” 
and “pomegranate” is higher in individuals with low education 
levels than in those with high education levels. Although this 
simplified explanation assumes that DIF types are uniform,11 all 
of the items in the current study demonstrated uniform DIF 
(Figure 2).

It is usually expected that the less frequent the word is en-
countered, the more difficult it is for one to name it. However, 
in case of “pomegranate,” even though it is a low frequency 
word, its naming difficulty was similar to those of middle fre-
quency words. This demonstrates that it is not always true 
that the frequency of exposure to a word is inversely correlat-
ed with difficulty naming it.

“Hand” and “red pepper” were too easy for most subjects, so 
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these items appeared less useful for the early diagnosis of de-
mentia in the clinical setting. Besides, “pomegranate” and 
“monk’s hat” seemed less useful for the diagnosis of dementia 
due to their low discriminating feature. In other words, many 
individuals with a normal naming ability failed to correctly 
name these items, while persons with impaired naming ability 
frequently named them correctly. The low discriminating fea-
ture of these items may in part be attributable to the vagueness 
of the figure in the BNT-KC. Persons with normal cognitive 

function often mistake the pomegranate for a flower and the 
monk’s hat for a towel. Further study of the visual perceptual 
errors of these items is needed.

We must acknowledge several study limitations. First, as 
mentioned earlier, we did not control for the possible con-
founding effects of other variables such as age and sex. We 
did not observe an interaction between education and po-
tential confounding variables such as age, sex, and residence. 
Nevertheless, differences in sociodemographic variables be-

Figure 2. Item characteristic curves for the items of the 15-item Modified Boston Naming Test in the Korean version of the Consortium to 
Establish a Registry for Alzheimer’s Disease Assessment Packet Neuropsychological Assessment Battery (BNT-KC). Four items, namely 
“(8) mermaid”, “(9) acorn”, “(10) compass”, and “(12) pomegranate”, demonstrated differential item functioning between the low and high 
education groups. “(1) Hand” and “(2) red pepper” were too easy for most subjects. “(12) Pomegranate” and “(15) monk’s hat” seemed less 
useful for the diagnosis of dementia due to their low discriminating feature. 	 (Continued to the next page)
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tween low and high education groups may have influenced 
the findings of this study. Several studies have reported an 
association between increasing age and lower BNT scores.19,27,28 
In the current sample, the low education group was approxi-
mately 2 years older than the high education group. Howev-
er, this difference was not large enough to infer any clinical 
significance, given that normative values for the BNT are 
usually presented in at least 5-year intervals. The influence of 
sex on language remains controversial. Although sex did not 

affect scores on the original BNT or 60-item K-BNT,7,27 sex 
had a significant effect on the total BNT-KC score, necessi-
tating the development of normative values for age, sex, and 
education level.19 Several investigators have reported that AD 
has a greater negative impact on language function in female 
patients,29,30 although this finding is not consistent across stud-
ies.31 To the best of our knowledge, no previous reports have 
found an influence of sex on DIF in the BNT. However, one 
study found an influence of sex on DIF in the Picture Nam-

Figure 2. (Continued form the previous page) Item characteristic curves for the items of the 15-item Modified Boston Naming Test in the Ko-
rean version of the Consortium to Establish a Registry for Alzheimer’s Disease Assessment Packet Neuropsychological Assessment Battery 
(BNT-KC). Four items, namely “(8) mermaid”, “(9) acorn”, “(10) compass”, and “(12) pomegranate”, demonstrated differential item function-
ing between the low and high education groups. “(1) Hand” and “(2) red pepper” were too easy for most subjects. “(12) Pomegranate” and 
“(15) monk’s hat” seemed less useful for the diagnosis of dementia due to their low discriminating feature.	 (Continued to the next page).
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ing in Repeatable Battery Assessment of Neuropsychological 
Status (RBANS),32 which suggests that sex is a potential con-
founding factor in the current study. The only method we 
know to control for confounding in DIF analyses based on 
IRT is matching; however, we were unable to match samples 
in the current study due to our limited sample size. To adjust 
for multiple variables without matching, other statistical meth-
ods such as the multiple indicators-multiple causes (MIMIC) 
model or logistic regression model can be used.13,33 However, 
we employed the IRT model to explore item characteristics 
(e.g., difficulty, discrimination, etc.), which cannot be mea-
sured by other approaches. In the future, a sufficiently large 
sample matched for age and sex may be warranted to exam-
ine the effect of education on DIF. Second, patients with de-
mentia were considered a homogeneous group in the current 
study. However, there have been reports that there are differ-
ences in naming difficulty patterns among dementia types 
(i.e., AD vs. vascular dementia; AD vs. frontotemporal demen-
tia).34,35 Although the proportion of patients with dementia did 
not differ between the low and high education groups, the dif-
ferent dementia types could be influential. Third, the results 

of this study cannot be generalized to other countries using 
different language versions of the BNT since the items in the 
BNT-KC were altered from the original BNT to compensate 
for the linguistic and cultural differences between Korean and 
English speakers.7 Nevertheless, the results of this study sug-
gest that DIF attributable to education could exist in other 
language versions of the BNT.

In summary, the current study revealed that elderly individ-
uals in Korea with low education levels are more likely to in-
correctly name “mermaid” and “compass,” while those with 
high education levels are more likely to incorrectly name 
“acorn” and “pomegranate.” “Hand” and “red pepper” are too 
easily named for use in the early detection of dementia, while 
“monk’s hat” and “pomegranate” are less discriminating than 
other items, which limits their usefulness in the clinical setting. 
These findings may provide useful information for the devel-
opment of a revised version of the BNT-KC to help clinicians 
make diagnostic decisions more accurately.
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