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Objective: To test the psychometric properties of the Oral Health Literacy Adult Questionnaire (OHL-AQ) in English. The OHL-AQ 
was designed to test functional oral health literacy in general populations and was initially validated in Iran. Methods: The instrument 
was administered to 405 adult subjects (mean age 45 (SD 16) years and 67% female) attending the 2014 Minnesota State Fair. The 
OHL-AQ is composed of 17 items measuring four conceptual dimensions: reading comprehension, numeracy, listening, and decision- 
making. Participants selected the best answer for written or verbally administered items and entered answers on an electronic tablet. 
Item responses for each individual were combined into a summary score (range 0–17) with higher scores indicating better oral health 
literacy. Score dimensionality, reliability, and validity were investigated. Results: For dimensionality, both exploratory factor analysis and 
a parallel analysis yielded evidence for scale unidimensionality. Reliability was sufficient indicated by a Cronbach’s alpha >0.74. Valid-
ity of scores was supported by “small” and “medium” effect sizes for construct validity. “Small” effect sizes were observed for global 
oral health self-report, OHIP-5 scores, treatment urgency, and having a regular dentist. “Medium” effect sizes were seen for presence 
of dentures, number of natural teeth present, and educational level. Conclusions: Dimensionality, reliability and validity of the English 
version of the OHL-AQ in a general adult English-speaking population is supported, providing sufficient psychometric properties in an 
important target population of the instrument. 
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Introduction

 Oral health literacy (OHL) has been identified as a 
domain of health literacy and a determinant of health 
(NIDCR, 2005). Defined as “the degree to which individu-
als have the capacity to obtain, process, and understand 
basic oral health information and services needed to 
make appropriate health decisions and act on them,” 
measuring OHL is seen as a necessary initial step toward 
improving oral health and reducing oral health disparities 
(ADA, 2009). Multiple instruments have been developed 
to measure OHL with the most widely used instruments 
quantifying reading and numeracy skills (Dickson-Swift 
et al., 2014). While a deficit of these skills is associ-
ated with poorer general and oral health, contemporary 
researchers have identified additional domains as im-
portant attributes of functional OHL. These include the 
ability to communicate with health care providers and 
decision-making skills (Dickson-Swift et al., 2014). One 
instrument designed to assess the functional domains of 
OHL is the Oral Health Literacy Adult Questionnaire 
(OHL-AQ). Specifically, the OHL-AQ includes items 
to measure reading comprehension, numeracy, listening 
(communication skills), and decision-making (Naghibi 
Sistani et al., 2014). These dimensions are important 
because a broad range of skills are needed to achieve 
high levels of OHL.
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 While other OHL instruments were developed and tested 
in research or clinical settings, the OHL-AQ was originally 
developed to measure OHL in a public health setting among 
the general population. Survey administration settings using 
the same or similar behavioral items have generated different 
prevalence estimates. In addition to the data collection setting, 
differences are also attributed to different target populations, 
data collection methodology, type of consent, and timing of 
data collection (Kann et al., 2002). Participant attention can 
be more challenging in a general population as compared to 
clinical research settings where more time may be available 
for responding (Rhodes et al., 2003). Of particular significance 
to oral health literacy assessment, patients in clinical settings 
have already shown their ability to navigate the health care 
system, which may indicate a sample not representative 
of the wider population. Because successful public health 
interventions require that baseline measures be gathered in 
similar settings, it is important to use instruments that are well 
suited to the environment and population. The initial OHL-
AQ was designed in Iran and administered in the Persian 
language with promising initial psychometric properties 
(Naghibi Sistani et al., 2014). Though validation findings 
were published in English, psychometric properties of the 
OHL-AQ have not yet been validated in an English-speaking 
population. The purpose of this study was to analyze the 
psychometric properties of OHL-AQ questionnaire in an 
English-speaking, general population of adults.
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Methods

 The original Persian language version of the instru-
ment consisted of 21 questions based on an item pool 
extracted from existing international instruments (Naghibi 
Sistani et al., 2014). Following content and face valid-
ity procedures, the instrument was reduced to 17 items. 
Subsequent testing for internal consistency and stability 
of the questionnaire yielded satisfactory properties. Valid-
ity was established by known-groups comparisons, and 
the instrument discriminated well among subgroups by 
levels of education and tooth-brushing frequency (Naghibi 
Sistani et al., 2014).

 The final instrument used in the current study was 
translated into English by the developing authors (Naghibi 
Sisanti et al., 2013; 2014), but was not back-translated 
nor piloted in an English-speaking population prior to 
publication (personal communication, Dr M.M. Naghibi 
Sistanti, 31.12.2015). Slight language modifications were 
made for the American English-speaking sample. Ques-
tions are grouped into four sections: reading comprehen-
sion, numeracy, listening and decision-making. Reading 
comprehension (reading and knowledge skills) consists 
of three questions with six missing words or phrases. 
Respondents chose from a list of five multiple choice 
responses to complete each sentence. Numeracy (reading, 
writing and calculation skills) was assessed by reading 
two sample prescriptions, each followed by answering 
two questions: one free-text and one multiple choice. 
Listening (listening, reading, writing, calculation, and 
communication skills) was assessed by a study coordi-
nator reading aloud sample post-extraction instructions, 
followed by one free-text response and one multiple 
choice question. Appropriate decision-making (reading, 
comprehension, and decision making skills) consisted 
of five multiple choice questions. Correct answers were 
scored, 1, and incorrect answers, 0, with a summed OHL-
AQ score potentially ranging from 0 to 17 points. Based 
on the original authors’ criteria, OHL-AQ scores were 
categorized into one of three categories: inadequate OHL 
(0-9), marginal (10-11), and adequate (12-17) (Naghibi 
Sistani et al., 2014).

 Self-reported oral health information, clinical findings, 
and saliva samples were collected from a convenience 
sample of adult attendees of the 2014 Minnesota State Fair 
which attracted about 1,824,000 attendees or ~20% of all 
Minnesota residents. The University of Minnesota has a 
research facility for data collection on the Fair site where 
this study’s data were collected in one of several booths 
in the building over six days of the 12 day fair. Individu-
als self-selected to interact with a study coordinator (SC) 
who invited participation and determined study eligibility. 
Inclusion criteria were: aged 18 or older, conversational 
competence in English, and not physically or cognitively 
impaired. Participants provided oral consent and the SC 
reviewed survey instructions and use of electronic tablets 
for data entry. Participants self-administered the survey 
until reaching the questions requiring oral administra-
tion. The SC then read aloud the ”listening“ section, and 
participants completed the remaining questions. An oral 
screening using the Basic Screening Survey (ASTDD, 
2015) followed completion of the survey.

 The University of Minnesota Institutional Review 

Board approved the study. 
 The correlation matrix of the questionnaire items was 

assessed to determine the extent of co-variance between 
constructs that represent all the possible relationships be-
tween individual responses from the instrument (Pett et al., 
2003). Because item scoring was dichotomous, tetrachoric 
correlations were calculated. Resulting correlation coef-
ficients of 0.3 or greater, meaning the items share about 
10% or more of their variance, were used as a threshold 
to define notable correlations. Identifying these notable 
correlations in the data allowed for highly correlated 
variables to be grouped, which is useful for assessing 
the data’s tendency to separate into different dimensions. 

 An item analysis was performed (Allen and Yen, 2001) 
with the proportion of correct response items compared 
in terms of their ability to characterize subjects along the 
item continuum (item ‘difficulty’). Item ‘discrimination’ 
was measured using the corrected item-total correlations. 
This refers to the extent to which the questionnaire item 
differentiates between subjects with different levels of 
the trait. This was computed as the correlation between 
each item and the summed responses of the rest of the 
scale items. 

 Dimensionality was assessed by using exploratory 
factor analysis (EFA) and subjected a tetrachoric cor-
relation matrix to EFA using the iterated principal factor 
method (Woods, 2002). Dimensionality was determined 
by considering the ratio of the first-to-second eigenvalue 
(Hattie, 1985), Cattell’s scree plot (1966), and Horn’s 
parallel analysis (1965). It has been suggested that a ratio 
of first-to-second eigenvalues >4 is evidence of unidimen-
sionality (Reeve et al., 2007). Cattell’s method plots the 
eigenvalues in decreasing order and retains as many fac-
tors as there are eigenvalues above the elbow of the plot. 
Horn’s parallel analysis modifies Cattell’s scree plot by 
comparing the observed eigenvalues to random simulated 
eigenvalues, retaining as many factors as the number of 
observed eigenvalues that exceed the simulated eigenvalues. 

 Cronbach’s alpha was computed as a measure of the 
internal consistency among items. Known-groups validity 
was assessed by comparing OHL-AQ scores in groups 
of participants known to differ in their oral health (OH). 
Several hypotheses were investigated:

• Subjects with poorer self-reported oral health, meas-
ured by a global oral health indicator, should have 
lower OHL. Global oral health was assessed with 
the question “How would you describe the condition 
of your mouth and teeth --- including false teeth or 
dentures?” with response categories excellent, very 
good, good, moderate, and poor. 

• Subjects with more impaired oral health-related 
quality of life (OHRQoL) should have lower OHL. 
Oral health quality of life was measured with the 
five-item Oral Health Impact Profile (OHIP-5) (John 
et al., 2006). 

• Subjects with dentures should have lower OHL. 
Subjects with upper and with lower dentures were 
assessed separately using the Basic Screening Survey 
(ASTDD, 2015).

• Subjects with fewer teeth should have lower OHL. 
The “number of natural teeth present” was dichoto-
mized as ≥20 teeth or <20 teeth (Sheiham et al., 
2002). 
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• Treatment urgency assessed by a dental health profes-
sional should also be related to OHL, with higher 
treatment urgency observed in those with lower OHL. 
Treatment urgency was categorized as ‘no obvious 
problem’, ‘early care’ and ‘urgent care’. Because of 
the small number of subjects early and urgent care 
were grouped together as ‘treatment need’. Group 
differences were expressed as effect sizes. 

 Effect sizes of d=0.2 are considered to be small, 0.5 me-
dium and 0.8 large (Cohen, 1988). For this computation data 
were dichotomised into ‘excellent’, ‘very good’ and ‘good’ 
for comparison with ‘fair’ and ‘poor’. Likewise, OHIP-5 
scores were grouped as ‘better’ (1st and 2nd quintiles) versus 
‘worse’. OHRQoL (3rd, 4th and 5th quintiles) and education 
level was grouped into ‘college graduates’ (postgraduate, 
some postgraduate and college graduate) versus ‘non college 
graduates’ (‘trade/vocational/technical training’, ‘some college 
credit’, ‘high school graduates’, and ‘some high school’).

 All analyses were performed using the statistical soft-
ware package STATA v13.1 and the probability of a type I 
error was set at the 0.05 α-level. For validity analyses, items 
with information missing were Global oral health indicator, 
n=2; OHIP scores, n=2; Presence of denture, n=7; Treatment 
urgency, n=9; Number of natural teeth present, n=8; Regular 
dentist/, n=3; and for Education level, n=2.

Results

 Surveys were completed by 405 adults with a mean 
age of 45.0 (SD 15.7) years. Most were white (91%), non-
Hispanic (89%), female (67%), and had at least a college 
education (72%). Many (86%) participants had ‘adequate’ 
OHL with OHL-AQ scores between 12-17, and the remaining 
participants presented equal proportions of ‘inadequate’ and 
‘marginal’ OHL (OHL-AQ scores between 0-9, and 10-11, 
respectively).

 The correlation matrix scores for the OHL-AQ items 
showed substantial, but variable correlations (Table 1). All 
17 items correlated moderately (≥0.3) in 86 of 136 possible 

correlations. As over 60% of the items shared at least 10% 
of their information with each other, these results were inter-
preted as evidence that the OHL-AQ items shared common 
underlying factors. Average inter-item correlation was 0.18.

 The proportion of correct responses for all items ranged 
from 22.2-97.8% (see Table 2). The largest proportion of 
correct responses was for a reading comprehension question 
(Brushing …at least twice a day [answer]…can prevent tooth 
decay). The smallest proportion of correct answers was for 
the free text response in the ‘listening’ domain. Item-rest cor-
relations were between 0.21 and 0.50 indicating a substantial 
correlation between each item and the construct as a whole. 
Table 2 includes recoding definitions used subsequently in 
Table 3 to identify each survey question.

 The eigenvalues of the tetrachoric correlation matrix 
suggested the presence of a dominant general factor. The 
first eigenvalue was 6.9 and the second eigenvalue was 1.1, 
yielding a first-to-second eigenvalue ratio of 6.2. Cattell’s 
scree plot presented a steep drop from factor one to factor 
two, also supporting a strong general factor. Horn’s paral-
lel analysis also suggested a one-factor solution (Figure 1). 

              Reading comprehension              Numeracy             Listening              Decision-making    
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Q2   0.40
Q3   0.44 0.61
Q4   0.35 0.74 0.65
Q5   0.40 0.58 0.57 0.69
Q6   0.22 0.18 0.11 0.28 0.41
Q7   0.06 0.36 0.47 0.41 0.32 0.09
Q8   0.13 0.49 0.42 0.61 0.40 0.26 0.52
Q9   0.49 0.68 0.66 0.71 0.50 0.26 0.49 0.74
Q10   0.07 0.21 0.77 0.30 0.23 0.10 0.31 0.36 0.40
Q11   0.12 0.25 0.74 0.39 0.11 0.10 0.15 0.15 0.23 0.70
Q12 -0.01 0.24 0.28 0.29 0.16 0.20 0.13 0.23 0.49 0.18 0.09
Q13   0.24 0.39 0.44 0.56 0.54 0.44 0.30 0.44 0.52 0.20 0.26 0.38
Q14   0.24 0.33 0.39 0.59 0.39 0.26 0.34 0.43 0.60 0.15 0.07 0.46 0.64
Q15   0.24 0.50 0.51 0.56 0.37 0.33 0.19 0.28 0.48 0.30 0.44 0.41 0.63 0.55
Q16   0.26 0.53 0.53 0.65 0.48 0.29 0.36 0.44 0.57 0.35 0.34 0.26 0.62 0.54 0.74
Q17   0.12 0.44 0.47 0.34 0.38 0.23 0.27 0.24 0.43 0.23 0.24 0.20 0.38 0.44 0.49 0.49 

Table 1. Correlation matrix for the OHL-AQ Instrument

Correlations ≥0.3 bolded;     Refer to Table 2 for more detailed question wording 
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Table 4: Group Comparisons (Construct Validity) of OHL-AQ scores     339 
Variables No of 

subjects 
OHL-AQ 17  

mean (SD) 
     p¶ Effect size,  

Cohen’s d (95% CI) 
Global oral health indicator a 403  0.04 0.32 (0.05, 0.58) 
   Excellent 44 14.0 (1.7)   
   Very good 129 13.7 (1.9)   
   Good 163 13.3 (2.8)   
   Fair 55 12.6 (3.7)   
   Poor 12 13.3 (1.8)   
OHIP5 scores a 403  <0.001 0.31 (0.11, 0.51) 
   1 quintile (best OHRQoL) 117 13.8 (2.1)   
   2 49 14.0 (1.3)   
   3 105 13.5 (2.4)   
   4 74 12.9 (3.2)   
   5 quintile (worst OHRQoL) 58 12.6 (3.0)   
Presence of denture b 398                                0.02 0.75  (0.00, 1.50) 
   No 391 13.5 (2.4)   
   Yes 7 11.7 (3.4)   
Treatment urgency b 396  0.10 0.24 (-0.12, 0.60) c 

   No obvious problem 364 13.6 (2.4)   
   Early care 
   Urgent care  

31 
1 

13.0 (2.2) 
15.0 (   0) 

  

Number of natural teeth present b 397  0.03 0.62 (-0.04,1.08) 
    More than 20 teeth 388 13.6 (2.3)   
    Less than 20 teeth 9 12.0 (2.3)   
Regular dentist/dental home b 402                                 <0.001 0.43 (0.13, 0.73) * 
   Yes 349 13.6 (2.4)   
   No 50 12.5 (3.0)   
   Don’t know 3 10.0 (6.2)   
Educational level a 403  <0.001 0.60 (0.38, 0.82) 
   Postgraduate degree 114 13.8 (2.3)   
   Some postgraduate work 32 13.8 (2.0)   
   College graduate 145 13.9 (1.9)   
   Trade/vocational/tech. training 33 12.5 (3.8)   
   Some college credit 46 12.8 (2.6)   
   High school graduates 25 11.4 (3.6)   
   Some high school 9 11.8 (3.6)   
Spearman rank correlation coefficient;    ¶ T test or Anova test;     

a Spearman Correlation coefficient;   b Point Biserial 340 
Correlation coefficient;   *Excluding don‘t know category;   c Excluding ‘Urgent care’ group because of too few subjects 341 
 342 

  343 
Figure 1. Parallel analysis: plot of actual and randomly generated eigenvalues 344 
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Based on the results of the parallel analysis, one factor 
was extracted. As displayed in Table 3, all OHL-AQ 
items had substantial loadings on this factor ranging 
from 0.37 to 0.85. 

Internal consistency was considerable with a Cron-
bach’s alpha of 0.74 with a lower limit of the 95% 
confidence interval of 0.70.

Almost all dose-response relationships between self-
reported OHRQoL and OHL-AQ scores (Table 4) were 
statistically significant. While all relationships were 
observed in the expected direction, only the p-value for 
differences between OHL and treatment urgency was 
not statistically significant. The presence of dentures and 
treatment urgency presented a considerable influence on 
OHL-AQ scores in the hypothesized direction. 

As predicted, higher OHL-AQ scores were also ob-
served in participants with >20 natural teeth as compared 
to subjects with fewer natural teeth or in subjects who had 
a regular dentist compared to subjects without a regular 
dentist. Furthermore, educational level had an influence 
on OHL-AQ scores. Overall, even when some categories 
did not present the exact pattern predicted, e.g., high 
school graduates had slightly lower OHL scores than 
subjects with only some high school education, a trend 
for better OHL scores with higher levels of education 
was observed. When group differences were expressed in 
a standardized metric, “small” effect sizes were observed 
for self-reported OHRQoL, OHIP-5 scores, treatment 
urgency, and having a regular dentist. “Medium” effect 
sizes were seen for presence of dentures, number of 
natural teeth present, and educational level.

Discussion

 This study provides dimensionality, reliability, and valid-
ity findings for scores of the English-language version of 
the OHL-AQ. The instrument is conceptually appealing 
and had promising basic psychometric properties in its 
original language. The instrument evidently has similar 
properties in English-speaking subjects, making it suitable 
for future use in this and similar populations. 

Dimensionality is a psychometric property not explored 
in the original OHL-AQ or other OHL instrument analy-
ses but is a fundamental property of instrument scores 
because it determines the number of scores required to 
characterize the construct adequately. This study’s findings 
provide preliminary evidence that OHL measured with the 
OHL-AQ has a strong general factor. This is in contrast 
to the aforementioned theory of OHL. The construct is 
believed to be multidimensional, i.e., it supposedly has 
several important attributes within the OHL umbrella 
construct. The original OHL-AQ authors suggested that 
four components exist: reading comprehension, numeracy, 

Section Item wording summary and recoding descriptors Percentage of 
correct responses

Item-rest 
correlation

Reading Q1,   Link between oral and other diseases (Link) 62.2 0.21
Comprehension Q2,   Brushing with fluoride (Fluoride) 93.0 0.40

Q3,   Brushing at least twice a day (Brushing) 97.8 0.39
Q4,   Avoid sugar to prevent decay (Sugar) 94.0 0.48
Q5,   Number of permanent teeth (Teeth) 89.4 0.40
Q6,   Get the first tooth at 6 years old (Eruption) 50.6 0.25

Numeracy Q7,   Time to take the tablet (Tablet) 84.9 0.27
Q8,   Stop taking the medication (Stop) 92.8 0.33
Q9,   Swallow the mouthrinse (Swallow) 97.3 0.40
Q10,  Eat or drink (Eat) 38.3 0.27

Listening Q11,  Take the gauze out of your mouth (Gauze) 22.2 0.24
Q12,  Can you eat hot food (Hot food) 89.0 0.21
 

Decision Making Q13,  Bleeding occurs after brushing (Bleeding) 90.1 0.44
Q14,  Pain when swallowing (Pain) 89.9 0.39
Q15,  Remove stains and calculus (Stain) 88.6 0.46
Q16,  “I exonerate my dentist...” (Legal) 84.9 0.50
Q17,  History of drug allergy (Allergy) 75.0 0.34

Table 2. Item analysis of OHL-AQ instrument questions

Item Factor 1 Uniqueness
Q1   Link 0.39 0.85
Q2   Fluoride 0.72 0.49
Q3   Brushing 0.81 0.35
Q4   Sugar 0.85 0.28
Q5   Teeth 0.67 0.56
Q6   Eruption 0.37 0.86
Q7   Tablet 0.49 0.76
Q8   Stop 0.63 0.60
Q9   Swallow 0.85 0.28
Q10  Eat 0.48 0.77
Q11  Gauze 0.44 0.81
Q12  Hot food 0.41 0.83
Q13  Eating 0.71 0.5
Q14  Stain 0.66 0.57
Q15  Pain 0.71 0.50
Q16  Legal 0.77 0.41
Q17  Allergy 0.54 0.70

Table 3. One-factor solution for 17 OHL-AQ 
items using recoding descriptors  

See Table 2 for more detailed question wording
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Variables No of 
subjects

OHL-AQ 17  
mean (SD)

     p¶ Effect size,  
Cohen’s d (95% CI)

Global oral health indicator a 403 0.04 0.32 (0.05, 0.58)
   Excellent 44 14.0 (1.7)
   Very good 129 13.7 (1.9)
   Good 163 13.3 (2.8)
   Fair 55 12.6 (3.7)
   Poor 12 13.3 (1.8)

OHIP5 scores a 403 <0.001 0.31 (0.11, 0.51)
   1 quintile (best OHRQoL) 117 13.8 (2.1)
   2 49 14.0 (1.3)
   3 105 13.5 (2.4)
   4 74 12.9 (3.2)
   5 quintile (worst OHRQoL) 58 12.6 (3.0)

Presence of denture b 398                               0.02 0.75 (0.00, 1.50)
   No 391 13.5 (2.4)
   Yes 7 11.7 (3.4)

Treatment urgency b 396 0.10 0.24 (-0.12, 0.60) c

   No obvious problem 364 13.6 (2.4)
   Early care
   Urgent care 

31
1

13.0 (2.2)
15.0 (   0)

Number of natural teeth present b 397 0.03 0.62 (-0.04,1.08)
    More than 20 teeth 388 13.6 (2.3)
    Less than 20 teeth 9 12.0 (2.3)

Regular dentist/dental home b 402                                <0.001 0.43 (0.13, 0.73) *

   Yes 349 13.6 (2.4)
   No 50 12.5 (3.0)
   Don’t know 3 10.0 (6.2)

Educational level a 403 <0.001 0.60 (0.38, 0.82)
   Postgraduate degree 114 13.8 (2.3)
   Some postgraduate work 32 13.8 (2.0)
   College graduate 145 13.9 (1.9)
   Trade/vocational/tech. training 33 12.5 (3.8)
   Some college credit 46 12.8 (2.6)
   High school graduates 25 11.4 (3.6)
   Some high school 9 11.8 (3.6)

Table 4: Group Comparisons (Construct Validity) of OHL-AQ scores

Spearman rank correlation coefficient;    ¶
 T test or Anova test;     

a Spearman Correlation coefficient;   b Point Biserial Corelation coefficient;   
*Excluding don‘t know category;   c Excluding ‘Urgent care’ group because of too few subjects

listening and decision-making. Other authors suggest these 
and additional components such as communicating with 
health care providers and ability to navigate the health 
care system (Dickson-Swift et al., 2014). While consen-
sus among the research community regarding the exact 
OHL dimensions has not been established, the current 
results indicate that although multiple dimensions most 
likely exist, they are substantially correlated. The end 
result is that OHL can be summarized adequately with 
one total score. 

 While direct comparisons of this study’s results 
with those of other OHL questionnaires are impractical 
because they did not perform dimensionality analyses, 
results can be compared to the widely used construct 
of oral health-related quality of life (OHRQoL). Here, 
theory also supports multidimensionality of the construct 
and several studies point to the existence of dimensions 
although these are poorly understood (John et al., 2014b). 
Specifically, in a large study using the Oral Health Impact 
Profile to determine the dimensions of OHRQoL (John 

et al., 2014b), four dimensions (oral functions, orofacial 
pain, orofacial appearance, psychosocial impact) were 
found with different factor analytic approaches (John 
et al., 2014a; c). Notably, the OHRQoL construct could 
also be characterized with the total score of the general 
OHRQoL factor. It seems that the OHRQoL construct 
and OHL – two of oral health’s major latent concepts - 
share similarities, in particular their dimensionality. As 
with OHRQoL, this study’s OHL findings suggest that 
this multidimensional construct can also be characterized 
by an overall score and that possible dimensions are not 
too different so that they can be summarized. 

Following the determination of score dimensionality, 
reliability findings can be interpreted. Internal consistency 
was used as a measure of reliability. Satisfactory reli-
ability (α=0.74) was observed consistent with the original 
Persian version (α=0.72) (Naghibi Sistani et al., 2014). 
Other OHL instruments such as the TOFHLiD (Gong et 
al., 2007) had lower (α=0.63); similar, Comprehensive 
Measure of Oral Health Knowledge (α=0.74) (Maeck et 
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al., 2010); or higher reliability REALMD 20 item ver-
sion (α=0.86) (Gironda et al., 2013), REALMD 84 item 
version (α=0.96) (Atchison et al., 2010). However, the 
varying results may reflect the heterogeneity of instru-
ment length as longer instruments tend to have higher 
internal consistency. Cronbach’s alpha is a function of 
the inter-item correlation and therefore, in this study, 
a low inter-item correlation of 0.17 translated into a 
respectable Cronbach’s alpha of 0.74. According to the 
Spearman-Brown Formula, a theoretical 84-item version 
of the study’s instrument, would give an alpha of 0.93. 
This result is similar to the 84-item REALMD and may 
indicate that internal consistency among OHL instruments 
does not differ substantially when taking the number of 
items into account. Conversely, the findings and the low 
inter-item correlation among OHL instruments in general 
could be important to consider when determining the 
components of the construct. 

 This study’s dimensionality finding is in line with 
earlier studies investigating OHL validity. Previous 
authors often reported a questionnaire summary score 
suggesting that they considered the OHL construct as 
sufficiently unidimensional to be adequately described 
with one score (Lee et al., 2007; Richman et al., 2007; 
Stucky et al., 2011). The small and moderate effect size 
estimates also support the construct validity of OHL-AQ 
scores. The results can be compared to a medium effect 
size of 0.34 for HeLD-14 (Jones et al., 2014) and 0.32 
for HeLD-29 (Jones et al., 2015) for a comparison of 
global oral health indicator and OHL-AQ score. 

 Associations between oral health measures and 
OHL-AQ scores varied as compared to other instru-
ments reporting similar relationships in the literature. A 
correlation coefficient of 0.16 was observed for OHIP-5 
scores in this study (not presented in results.) Correla-
tion results between the REALD-30 (Lee et al., 2007) 
and the OHIP-14 showed a similar relationship (r=0.14). 
Two other studies showed stronger correlations with 
the OHIP-14. The REALD-99 (Richman et al., 2007) 
reported an absolute value of 0.74. This result seems 
high in light of a correlation of 0.90 (Larsson et al., 
2014; Shueb, 2014) for two instruments that measure 
the same construct (14-item version and 5 item ver-
sion of OHIP as measures of OHRQoL) and also share 
some items. A lower correlation was reported for the 
TOFHLiD (Gong et al., 2007) and OHIP-14 (r= 0.50). 
A correlation of this magnitude can be compared to cor-
relations between two different instruments that measure 
the same construct. For example, a global self-reported 
oral health indicator, measuring perceived oral health, 
and OHIP-14 or OHIP-5, also characterizing perceived 
oral health, correlated with 0.53 (Larsson et al., 2014) 
or 0.48 in a Japanese prosthodontic patient population 
(Baba et al., 2008). 

 On calculating correlation coefficients to express the 
relationship between OHL scores and validity variables 
(findings not presented in the results section), the cor-
relation of r=0.09 between perceived oral health and 
OHL-AQ was similar to the findings from REALMD 
(Atchison et al, 2010) (r=0.07), but substantially lower 
than both the REALD 30-item (Lee et al., 2007) (r=0.35) 
and 99-item versions (Richman et al., 2007) (r = 0.61). 
The magnitude of the REALD-99 is surprising because 

it reaches levels of validity coefficients usually observed 
between two instruments measuring the same construct. 

 As with some other studies, participants with less 
education scored lower on the OHL-AQ. Indeed, this study 
found a difference between educational levels and the OHL-
AQ. The REALMD (Atichison et al., 2010), REALMD 20 
(Gironda et al., 2013) and the Comprehensive Measure or 
Oral Health Knowledge (CMOHK) (Macek et al., 2010) 
also found a significant relationship between educational 
attainment and oral health literacy levels. In contrast, the 
associations of Hong Kong Rapid Estimate of Adult Literacy 
in Dentistry (HKREALD-30) (Wong et al., 2012) and Oral 
Health Literacy Instrument (OHLI) (Sabbahi et al., 2009) 
with educational level were not statistically significant. This 
variation in the magnitude of this association implies that 
educational level alone is not clearly understood, and is 
not an adequate conceptual proxy for oral health literacy.

 The sample size in this study was relatively large and 
likely included broader segments of the population as com-
pared to prior OHL studies restricted to specialized dental 
patients during routine clinic visits. The sample, compared 
to the whole state of Minnesota, was less racially but more 
ethnically diverse (91% vs 85% White, and 89% vs 96% 
non-Hispanic), and more highly educated (98% vs 72% 
with a high school education or greater). More participants 
were female compared to Minnesota’s general population 
(67% vs 50%) and were older (45 vs 37 years of age) 
(US Census Bureau, 2015). While a randomly selected 
sample would have been preferable, representativeness 
is not required for psychometric analyses. Limitations 
included the self-reported nature of some covariates. Future 
research should replicate and extend validation activities 
of the OHL-AQ in more diverse populations, in particular, 
populations with expected low OHL, and with subjective 
as well as a larger number of objective markers of oral 
health. Test-retest reliability is an important part of instru-
ment development, a psychometric property that was not 
evaluated in this study. 

Conclusion

 Perhaps this study’s most important finding, subject to 
further confirmation in other populations, is that OHL 
can be validly gauged with the single overall score from 
the OHL-AQ. The lower than expected correlations with 
some other important oral health indicators provides 
stimulating insight about the construct of OHL, perhaps 
indicating that the OHL-AQ measures a rather distinct 
aspect of OHL when compared to other tools. 
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