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ABSTRACT

Objective: To culturally adapt the Turkish version of Rapid Estimate of Adult Literacy in Dentistry
(TREALD-30) for Turkish-speaking adult dental patients and to evaluate its psychometric properties.
Material and methods: After translation and cross-cultural adaptation, TREALD-30 was tested in a
sample of 127 adult patients who attended a dental school clinic in Istanbul. Data were collected
through clinical examinations and self-completed questionnaires, including TREALD-30, the Oral Health
Impact Profile (OHIP), the Rapid Estimate of Adult Literacy in Medicine (REALM), two health literacy
screening questions, and socio-behavioral characteristics. Psychometric properties were examined using
Classical Test Theory (CTT) and Rasch analysis.

Results: Internal consistency (Cronbach’s Alpha=0.91) and test-retest reliability (Intraclass correlation
coefficient =0.99) were satisfactory for TREALD-30. It exhibited good convergent and predictive validity.
Monthly family income, years of education, dental flossing, health literacy, and health literacy skills
were found as stronger predictors of patients’oral health literacy (OHL). Confirmatory factor analysis
(CFA) confirmed a two-factor model. The Rasch model explained 37.9% of the total variance in this
dataset. In addition, TREALD-30 had eleven misfitting items, which indicated evidence of multidimen-
sionality. The reliability indeces provided in Rasch analysis (person separation reliability=0.91 and
expected-a-posteriori/plausible reliability = 0.94) indicated that TREALD-30 had acceptable reliability.
Conclusion: TREALD-30 showed satisfactory psychometric properties. It may be used to identify
patients with low OHL. Socio-demographic factors, oral health behaviors and health literacy skills
should be taken into account when planning future studies to assess the OHL in both clinical and
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community settings.

Introduction

In the last several years, there has been an increasing
emphasis on oral health literacy (OHL), which represents the
cognitive and social skills that determine the ability of indi-
viduals to obtain, process, and understand basic oral health
information and services needed to make appropriate oral
health decisions [1]. OHL is recognized as an important deter-
minant of oral health as well as a causal factor that contrib-
utes to oral health disparities [2-4]. As an empowerment
strategy [5], OHL also has a critical role in empowering peo-
ple’s motivation and ability to promote their awareness of
the importance of oral health and its link to general know-
ledge about disease and health management [4,6,7].
Individuals’ health literacy level is the product of a complex
set of skills and interactions on the part of the individual, the
health care system, and the cultural and societal context
[5,8,9]. Due to a mismatch between the skills of individuals
and the demands of the health care system, including dental
team members, patients face many difficulties in sharing per-
sonal health information with providers, understanding and

using oral health information, and managing oral diseases.
For these reasons, effective communication between dentists
and their patients is essential for quality dental care and to
improve patient’s OHL. Recognizing its importance in dentis-
try, a growing movement has begun to create a user-friendly
physical environment and patient-centered strategies have
been used to develop and maintain health literacy-based
practice in all settings of dentistry [5,7-9].

Studies showed that low OHL is associated with adverse
oral health outcomes such as worse oral health status
[3,10-13], inadequate oral health behaviors [10,14,15], poor
ability to understand oral health information [15,16], and
lower oral health knowledge [10,14,17].

In the last few years, some initiatives have begun to
improve and assess the health literacy of both the commu-
nity and health providers in Turkey. To date, there are few
validated instruments to assess health literacy in Turkish
adults. A recent study that used the European Health
Literacy Survey Questionnaire reported that approximately
65% of Turkish adults had limited health literacy [18].
Unfortunately, the assessment of OHL still remains a
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neglected area in Turkey. Community-based oral health pro-
motion programs are needed urgently for the promotion of
oral health in Turkey [19]. In countries with developing
health care systems, an assessment of OHL is crucial for
designing effective health educational materials for individu-
als, as well as designing intervention programs to success-
fully achieve oral health promotion at a community level
[4,10,20-23].

To date, there is currently no valid and reliable instrument
for measuring OHL in Turkish adults. For this reason, educa-
tional level is used as a proxy measure for OHL in the field of
dentistry. It is known that this proxy measure is often limited
and may overestimate an individual’s OHL level, because lit-
eracy is usually several grades lower than the attained educa-
tional level [20]. Several instruments have been developed to
measure OHL, which vary in their approach and design, as
well as in terms of their purpose, such as word recognition,
conceptual knowledge, numeracy, and reading comprehen-
sion [21-23]. As a screening instrument, we chose to use the
Rapid Estimate of Adult Literacy in Dentistry (REALD-30), a
word recognition test designed to assess OHL [20]. This
instrument is more user-friendly and faster to use in a clinical
setting to identify patients with low health literacy level
[22-26]. It has been translated and validated in Indian [25],
Chinese [26], Spanish [27], Arabic [28], and Portuguese [24].
This measure was developed in English and cannot be used
directly in Turkish-speaking groups because language and
culture have significant impacts on the reliability and validity
of OHL instruments [6,7,22]. Therefore, the aims of this study
were to develop a Turkish version of Rapid Estimate of Adult
Literacy in Dentistry-30 (TREALD-30) and to evaluate its psy-
chometric properties among adults patients who attended a
dental school clinic in Istanbul.

Material and methods

The study was performed in two stages. First, REALD-30 was
translated from English into Turkish and adapted to Turkish
culture, after obtaining permission from the developer, Prof.
Lee. In the second stage, its psychometric properties were
assessed using both classical test theory (CTT) and Rasch ana-
lysis in a sample of 127 adult patients who attended a dental
school clinic in Istanbul.

REALD-30 was developed and validated to measure OHL.
It is a word recognition test that includes 30 words of dental
context arranged in order of increasing difficulty, based both
on average word length, number of syllables, and difficult
sound combinations. The study participant is asked to read
each word out loud with one point given for each word that
is pronounced correctly, resulting in a 0-30 cumulative score
where 0=lowest and 30 = highest literacy [20].

Turkish adaptation process of the REALD-30

Based on standard recommendations [29], the process of
cross-cultural adaptation involves five steps, as follows:

Stage 1 - initial translation: Two independent native
Turkish-speaking translators translated the original REALD-30
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into Turkish. One of the translators was a physician and
therefore aware of the concepts being measured with
REALD-30, and the second translator was a language special-
ist without a medical background. Each translator produced
a written report of their translation and additional comments,
highlighting uncertainties along with the rationale for their
final choices.

Stage 2 - synthesis of these translations: The two transla-
tors and a member from the research team as a mediator
met to compare the two translations, and to produce one
common consensus translation (T-12). In this stage, dictionary
definitions, comprehensiveness, and grammar were checked.
After all discrepancies were resolved by consensus discussion
among the team members, the T-12 was produced together
with a report that documented the process.

Stage 3 - Back-translation: The T-12 version was backward
translated by two bilingual ‘back-translators’ whose mother
tongue was English and who were completely blind to the
original version of REALD-30, producing translations BT1 and
BT2. This stage is a process of validity checking to ensure the
translated version accurately reflects the item content of the
original version. To avoid information bias and to elicit unex-
pected meanings of the items in the translated questionnaire,
the translators had no medical background. These transla-
tions were compared with the original English version. Some
discrepancies related to wording were resolved by consensus
between the two translators.

Stage 4 - expert committee review: An expert commit-
tee consisting of a biostatistician, six oral health professio-
nals (public dental health, pediatric dentistry, oral surgery,
oral radiology), one linguist, and four translators consoli-
dated all translated versions, discussing discrepancies raised
in previous stages, and a consensus was reached on all
items.

Considering semantic, experiential, and conceptual equiva-
lence, this committee developed the ‘pre-final version’ of
TREALD-30. This was then reviewed to ensure that the
final translation was fully comprehensible and to verify the
cross-cultural equivalence of the source and final version. In
addition, the face and content validity of TREALD-30 were
examined by the expert panel in order to assess the clarity
of the dental terms. During this stage, Item-level Content
Validity Index (I-CVI) was used to assess the equivalence
of each word between the Turkish and English versions of
REALD-30. The panel of experts rated the equivalence of
each word using a 4-point rating scale (from 1 =not equiva-
lent to 4 = most equivalent). I-CVI was calculated as the num-
ber of experts who provided a rank of 3 or 4, divided by the
total number of experts [30]. The experts were asked to
assess the item regarding difficulty with reading the words
on a 3-point Likert scale (1 =easy; 2 =moderate, 3 =difficult).
Consensus on an item difficulty was defined as agreement by
at least 80% of the experts [31].

Stage 5 - pretesting: To guarantee sensitivity to local cul-
ture and to determine whether the operational characteristics
of TREALD-30 (instructions, items, response choices, and
administration) was pilot-tested on a convenience sample of
35 adult patients who attended a dental school clinic in
Istanbul.
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Psychometric testing of the scale

Participants

This cross-sectional study for psychometric testing of
TREALD-30 was performed on a series of consecutive adult
patients who attended the Department of Oral Medicine and
Radiology, Istanbul University, between January and March
2014.

Sample size for internal consistency was calculated using
an online sample size calculator (https://www.statstodo.com/
SSiz1Alpha_Pgm.php) with the following parameters: prob-
ability of Type | error (o) was 0.05, power (1—f) was 0.8,
number of items=30, the expected level for Cronbach
alpha=0.80; for the required level for Cronbach’s alpha=
0.70, a sample size of 101 subjects was required for
this study.

To be eligible for participation in this study, the subjects
had to meet the following criteria: (a) able to read and write
Turkish, (b) aged over 18 years, (c) willing to participate, (d)
without obvious signs of cognitive impairment, and (e) with-
out vision or hearing problems.

Procedure

The study was approved by the ethics committee of Istanbul
Faculty of Medicine and conducted in accordance with the
principles of the Helsinki declaration. All subjects were
informed about the nature of the study by a clinical assistant.
Informed consent was obtained from each subject who agreed
to participate in the study prior to clinical examination.

Clinical oral examination was conducted by a trained
dentist on dental chairs under unit light using a dental mir-
ror and periodontal probe. The decayed, missing due to car-
ies, and filled teeth (DMFT) index and its components was
calculated to assess patient's dental status. After clinical
examinations, all interviews were conducted by two inter-
viewers. The principal author (K.P) conducted the three-day
training (theoretical and practical) and calibration course for
interviewers. Each session lasted 2 h. In the theoretical train-
ing, the interviewers were trained on how to administer
and score the REALD-30 and on the criteria for selecting
pronunciation errors. For practical training, two interviewers
and the principal author watched videos of six patients and
scored the patients independently. After that, their scores
were compared and discussed to resolve scoring/coding dis-
crepancies. In the calibration training, interviewers watched
videos of 12 patients and recorded scores. The examiners
evaluated the videos individually and repeated the evalu-
ation after two weeks in order to analyze the intra-rater
agreement. Intra-rater and inter-rater reliability for each
item was assessed using the Kappa coefficient, in which val-
ues above 0.81 indicated excellent reproducibility [31]. Intra-
rater reliability coefficients ranged from 0.91 to 1.00,
whereas the inter-rater reliability coefficients ranged from
0.83 to 0.92.

Each participant was given a laminated copy of TREALD-
30 by the trained interviewer and asked to read each word
aloud. If participants could not read a word, they instructed
to say ‘blank’ and move to the next word.

Measures

Data were collected using a two-part questionnaire instru-
ment. The first part comprised socio-demographic information
(sex, age, marital status, educational level, and family
monthly income), self-rated oral health, oral health behaviors,
and dental caries experience. The second part consisted of
TREALD-30, the Rapid Estimate of Adult Literacy in Medicine
(REALM), the Oral Health Impact Profile (OHIP-14), and the
two health literacy screening questions.

Health literacy was measured using REALM, which is a 66-
item word recognition and pronunciation test. This scale had
been previously validated with Turkish patients at a family
medicine clinic [32]. REALM scores range from 0 to 66 based
on the total number of correctly pronounced words, with
higher scores indicating greater health literacy.

To identify patients with inadequate health literacy, two
health literacy screening questions were included: ‘How often
do you have someone help you read hospital materials?” and
‘How confident are you with completing forms by yourself?’
[33]. The first item is scored on a 4-point scale (1=always,
2 =sometimes, 3 =rarely, and 4 =never), with higher scores
indicating higher reading ability. The item on perceived con-
fidence is scored on a 3-point scale (1 =not at all confident,
2 =somewhat confident, and 3 =extremely confident), with
higher scores indicating greater perceived confidence.

Oral health-related quality of life was measured using the
Turkish version of OHIP-14, which consists of fourteen items
organized in seven subscales [34]. Each item is scored as:
O0=never, 1=hardly ever, 2=sometimes, 3 =fairly often,
and 4 =very often. The OHIP-14 scale ranged from 0 to 56,
with higher scores indicating poorer oral health-related qual-
ity of life.

Self-rated oral health was based on responses to a single
item (How do you consider your oral health in general?).
This item was rated on a 5-point Likert-type scale that
ranged from 1 (very poor) to 5 (excellent), with higher scores
indicating better self-rated oral health.

In this study, oral health-related behaviors including tooth
brushing frequency, dental attendance pattern, use of dental
floss, and daily consumption of sugar-added food and bever-
ages were assessed. These particular oral health behaviors
and their categorization were chosen based on recommenda-
tions of the latest Delivering Better Oral Health guidance and
published studies [35-37]. Oral health behaviors were dicho-
tomized as follows: tooth brushing frequency (> twice a day
versus <once a day) [35], use of dental floss (use versus do
not use) [36], dental attendance pattern (regular dental
check-up at least once a year versus symptom-oriented) [37],
and daily consumption of sugar-added food and beverages
(<three a day versus > four a day) [35].

Data analysis

Classical test theory (CTT)

The reliability and validity of TREALD-30 were firstly assessed
using the traditional CTT. Face and content validity of the
questionnaire were examined by the expert panel in order to
assess the clarity of the dental terms prior to the main study.
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Reliability was assessed in two ways: internal consistency and
test-retest reliability [38]. Internal consistency was evaluated
using Cronbach’s alpha. Cronbach’s alpha values >0.70 and
item-total correlation coefficients >0.20 were regarded as
acceptable. An item was considered for removal if its dele-
tion resulted in a > 0.1 increase in the Cronbach’s alpha coef-
ficient. The percent-correct item responses were used to
estimate the item difficulty parameters. The test-retest reli-
ability of the TREALD-30 total score was estimated using the
intra-class correlation coefficient (ICC) calculated for 46 out of
127 subjects who were re-tested two weeks after the first
set. The sample size for the test-retest reliability was calcu-
lated according to Walter et al. [39], setting «=0.05,
p=0.20, and assuming an acceptable ICC of 0.80 with an
expected ICC of 0.90. An ICC=0.8 was defined as the min-
imal acceptable level of reliability and we hypothesized that
our findings would be consistent with a minimum coefficient
of 0.9. Following these assumptions, 46 stable subjects were
required. We considered an ICC less than 0.4 as poor, an ICC
of 0.4-0.75 as fair or good, and an ICC greater than 0.75 as
excellent [40].

To examine construct validity, we performed a principal
component analysis (PCA) with varimax rotation. The
adequacy of the data for factor analysis was investigated
using the Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy and Bartlett's test of sphericity. The KMO value for
the TREALD-30 was 0.847 and the Bartlett's test for sphericity
was significant (p < 0.001), which suggested that TREALD-30
was suitable for PCA. Factors were extracted using Kaiser's
criterion of retaining factors with eigenvalues of >1, the char-
acteristics of the screen plot of eigenvalues, at least three
items substantially loading on a factor; a simple structure
with distinctive factors with its items highly loading (> 0.50)
on single factor, and meaningful interpretability [41,42].

To test the convergent validity of TREALD-30, the associa-
tions between TREALD-30 and REALM, and between TREALD-
30 and two single-item indicators of health literacy were
assessed. We hypothesized that the TREALD-30 would be
related to a participant’s reading ability and perceived confi-
dence, as well as REALM.

We evaluated the predictive validity of TREALD-30 by
relating scores to five variables: (a) self-rated oral health, (b)
clinical oral health status, (c) oral health behaviors, (d) oral
health-related quality of life, and (e) socio-demographic fac-
tors. We hypothized that higher OHL would be positively
associated with higher levels of education, better oral health
behavior, better oral health-related quality of life, good oral
health status, and better self-rated oral health. To explore the
relationship between TREALD-30 and other variables, the
Mann-Whitney U test was used for dichotomous variables,
and Spearman’s rank correlation coefficient was used for con-
tinuous variables. Interpretation of correlation coefficients
was as follows: r<0.49 weak relationship, 0.50<r<0.74
moderate relationship, and r>0.75 strong relationship [43].
Hierarchical multiple linear regression with enter method was
used to determine factors related to the participants’ OHL.
TREALD-30 scores were used as dependent variables. The
independent variables were entered in the following steps:
the socio-demographic variables were entered into the first
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block, the clinical indexes in block 2, and the oral health
behaviors in block 3. Finally, subjective oral health measures
(OHIP-14 and self-rated oral health) and health literacy meas-
ures (REALM-66, two health literacy screening questions)
were sequentially and separately entered in blocks 4 and 5.
Tabachnick and Fidell [44] suggested that sample size should
be at least 104 events plus the number of independent varia-
bles, in the case of this study, at least 122 [104 + 18]. The
number of participants met these requirements. The magni-
tude of R2 change at each step was used to determine the
variance explained by each set of variables. Collinearity
among the independent variables was tested based on vari-
ance inflation factors and tolerances for individual variables.
A tolerance of less than 0.10 and/or a variance inflation fac-
tor of more than 10 indicated a multicollinearity problem
[45]. Statistical significance was achieved when p <0.05.
Statistical analysis was performed using IBM SPSS Statistics
version 19 for Windows (SPSS Inc., Chicago, IL, USA).

Rasch analysis

Rasch analysis using the Partial Credit Model was employed to
further assess the psychometric properties of TREALD-30
because it provided information regarding the extent to which
each item was difficult to endorse. Before we proceeded with
the Rasch analysis, we first needed to evaluate the dimension-
ality of TREALD-30 items because unidimensionality is consid-
ered the most critical and basic assumption of Rasch models.
The new factor structures obtained by PCA were compared
with the one factor structure based on a conceptual model by
performing confirmatory factor analysis (CFA) using Lisrel 9.1
(Scientific Software International, Skokie, IL) with the maximum
likelihood model. We evaluated the goodness of fit of the
model using the following multiple indices [46]: Chi-square
degree of freedom (Chi-square/df <5), comparative fit index
(CFIl, > 0.9), incremental fit index (IFI >0.9), Tucker-Lewis index
(TLI >0.9) and root mean square error of approximation
(RMSEA, < 0.08). The reliability and validity of TREALD-30 were
evaluated using person and item reliability coefficients, item fit
statistics, and item parameter difficulty estimates. Item fit was
assessed using information-weighted fit statistic (infit) and out-
lier-sensitive fit statistic (outfit) mean square index (MNSQ).
These statistics are more informative to explore the fit of the
items to the Rasch model because they give relatively more
weight to unexpected responses among persons who are well
targeted to the item calibrations. An item with an infit and out-
fit statistic >1.3 or <0.7 was considered ‘lack of fit" according
to the Rasch model for binary items [47]. Reliability was
assessed using person separation and the expected a posteri-
ori/plausible value (EAP/PV) reliability. The person reliability
coefficient is an indication of the precision of the scale by
showing how well the scale can distinguish individuals, and
the EAP/PV reliability (similar to Cronbach’s alpha) is an esti-
mate of how reliably the items can be used to distinguish indi-
viduals’ underlying abilities. Reliability coefficients greater than
0.81 and a variance of 60% or greater explained by measure
are considered good [48]. The sample size for Rasch analysis of
dichotomous data was based on recommendations by Linacre
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[49]. These authors recommended a target sample size of
64-144 to provide 95% confidence +0.5 logits.

Rasch analysis was performed using Construct Map soft-
ware version 4.6 (UC Berkeley, CA. Available at: http://bear-
center.berkeley.edu/software/constructmap) and the R
package eRm (R package version 0.15-4. Available at: http://
cran.r-project.org/web/packages/eRm/).

For the CFA, LISREL 9.1 for Windows (Scientific Software
International, Skokie, IL) was used [50].

Results
Adaptation into Turkish

Even though English and Turkish belong to different language
families, similarities exist between these languages along with
many common words (cognates). Eighteen of the 30 words
(pulp, fluoride, braces, genetics, restoration, bruxism, abscess,
plaque, dentition, malocclusion, periodontal, hypoplasia, hali-
tosis, analgesia, cellulitis, fistula, temporomandibular, and
hyperemia) are common words used frequently by Turkish
oral health professionals in dental practice. Thus, we decided
to use these common words that have the same meaning but
minor pronunciation changes. Following a discussion and con-
sensus between both translators and the expert committee, a
few small changes were made to increase conceptual and
semantic equivalence. In this context, the words gingiva,
incipient, sealant, and apicoectomy were replaced with gum,
incipient caries, fissure sealant, and apical resection, because
their translation into Turkish generated compound words,
which are commonly used dental terms by oral health profes-
sionals in the Turkish language. All items had an excellent
content validity (I-CVI >0.78). The range of I-CVI was 0.833 to
1.0, which indicated that each item of the two versions was
equivalent. Based on the level of agreement among the
experts (agreement percentage >80%), 10 items were classi-
fied as ‘easy’ (items 1-4, 11-14, 16, and 20), 9 as ‘moderate’
(items 5, 7,9, 15, 19, 22, 26, 27, 29), and 11 as ‘difficult’ (items
6,10, 17, 18, 21, 23-25, 28, and 30).

The pretest revealed that there were no problems in
understanding the instructions and items, or in its
administration.

Psychometric testing

Characteristics of the study participants

The study sample consisted of 127 patients (52% females,
48% males) with a mean age of 37.04 years (SD=13.2).
Table 1 presents the sample distribution according to socio-
demographic, behavioral and clinical factors, as well as the
distribution of scaled study scores. Only 32% of patients were
receiving assistance to read hospital materials, 34% reported
being somewhat or less confident with forms. The mean com-
pletion time for TREALD-30 was 2.75 (SD = 1.09) minutes.

CTT analysis
Internal consistency reliability, as measured by Cronbach’s
alpha, was 091, which indicated acceptable internal

Table 1. Sample characteristics (n=127).

Characteristics N (%)
Gender

Female 66 (52)

Male 61 (48)
Marital status

Married 74 (58.3)

Single, divorced, or widowed 53 (41.7)
Employment status

Employed full or part-time 51 (40.2)

Unemployed 76 (59.8)
Family monthly income, TL, Mean (SD) 1855.59 +1071.82
Education, Mean (SD) 9.59+4.24
Age (years), Mean (SD) 37.04+13.12
Dental attendance

Regular dental check-up 55 (43.3)

Symptoms-oriented 72 (56.7)
Tooth brushing

>Twice a day 42 (33.1)

<Once a day 85 (66.9
Dental flossing

Use 28 (22)

Do not use 99 (78)
Daily consumption of sugar added food and beverages

<Three a day 75 (59.1)

>Four a day 52 (40.9)
DMFT, Mean (SD) 8.90 +£5.62
DT, Mean (SD) 2.11+2.22
MT, Mean (SD) 3.98+5.05
FT, Mean (SD) 2.79+3.37
REALM, Mean (SD) 46.52+6.90
OHIP, Mean (SD) 15.70+8.81
SROH, Mean (SD) 2.81+1.02
TREALD-30, Mean (SD) 17.93+£6.02
Reading ability of hospital materials, Mean (SD) 3.36+1.06
Perceived confidence in completing medical forms, Mean (SD)  2.51+0.73

SD: standard deviation; TL: Turkish Lira; SROH: self - rated oral health; REALM:
Rapid Estimate of Adult Literacy in Medicine; OHIP: Oral Health Impact Profile;
TREALD-30: the Turkish version of the Rapid Estimate of Adult Literacy in
Dentistry.

consistency. Cronbach's alpha coefficients did not increase by
deleting any items. The corrected item-total correlation coef-
ficients were from 0.26 to 0.66. None of these items were
pronounced correctly by all the participants.
Temporomandibular (96.9%), malocclusion (89%), fluoride
(88.6%), periodontal (75.6%), bruxism (72.4%), apicoectomy
(71.7%), halitosis (70.9%), hypoplasia (68.5%), gingiva (54.3%),
and sealant (52%) were the most mispronounced dental
terms. The ICC used to examine the test-retest reliability was
0.99 for all instruments, which indicated good reliability.

The PCA with varimax rotation initially revealed nine fac-
tors with eigenvalues greater than 1, accounting for 64.25%
of the total variance. This solution was not further investi-
gated because seven of the nine factors comprised fewer
than three items. Additionally, 10 items were eliminated due
to low factor loadings (<0.50) and cross loading issues. An
inspection of the scree plot suggested the retention of two
factors. Therefore, we extracted two factors that accounted
for 35.26% of the total variance. The first factor accounted
for 27.72% of the total variance (items 4, 5, 7, 8, 9, 11, 12, 13,
15, 16, 19, 26, 27; Alpha=0.87; eigenvalue =8.31) and was
interpreted as dental terms used by patients in daily life. The
second factor made up 7.53% of the total variance and was
interpreted as specific dental terms used by oral health pro-
fessionals in dental practice (items 10, 18, 21, 23, 24, 28, 30;


http://bearcenter.berkeley.edu/software/constructmap
http://bearcenter.berkeley.edu/software/constructmap
http://cran.r-project.org/web/packages/eRm/
http://cran.r-project.org/web/packages/eRm/

Table 2. Findings for convergent and predictive validity of TREALD-30.

REALD-30
Variables Mean (SD) p value
Gender®
Female (n = 66) 17.96 £5.79 0.977
Male (n=61) 17.90£6.30
Marital status®
Married (n =74) 17.00+5.89 0.04
Single, divorced, or widowed (n =53) 19.24+6.01
Employment status®
Employed full-time or part-time (n=51) 18.52+6.03 0.405
Unemployed (n =76) 17.53+6.02
Dental attendance®
Regular dental check-up (n=55) 18.67 £5.78 0.231
Symptoms-oriented (n =72) 17.37+6.17
Tooth brushing®
>Twice a day (n=42) 19.00 £6.35 0.113
<Once a day (n=285) 17.41+£5.82
Dental flossing®
Use (n=28) 19.85+£6.75 0.029
Do not use (n=99) 17.39+5.72
Daily consumption of sugar added food and beverages®
<Three a day (n=75) 18.93+5.62 0.043
>Four a day (n=52) 16.50 £ 6.34
Family monthly income (r) 0.39%*
Education (r) 0.78**
Age (1) —0.28**
DT (n 0.02
MT (r) —0.26**
FT () 0.04
REALM 0.73**
OHIP (r) —0.28**
SROH (r) 0.34**
Reading ability of hospital materials (r) 0.69%*
Perceived confidence in completing 0.59%*

medical forms (r)

*p < 0.05.

**p <0.01.

SD: standard deviation; r: spearman’s rank correlation coefficient; SROH: self-
rated oral health; REALM: Rapid Estimate of Adult Literacy in Medicine; OHIP:
Oral Health Impact Profile.

“Statistical evaluation by Mann-Whitney U-test.

Alpha=0.78; eigenvalue =2.26). According to the criterion
of a ratio greater than 4.0 for evidence of unidimensionality,
the ratio of the first to the second eigenvalue was 3.67
(8.31/2.26), which showed that TREALD-30 was multidimen-
sional [51].

As shown in Table 2, the total TREALD-30 score was sig-
nificantly weakly correlated with age (r=-0.28, p<0.01),
monthly family income (r=0.39, p<0.01), the number of
missing teeth (r=-0.26, p<0.01), the OHIP-14 (r=-0.28,
p<0.01), and self-rated oral health (r=0.34, p<0.01).
TREALD-30 was positively and moderately correlated with
REALM (r=0.73, p<0.01), and two single-item indicators of
health literacy (r=0.69, p < 0.01 for reading ability of hospital
materials; r=0.59, p <0.01 for perceived confidence in com-
pleting medical forms). A strong positive correlation was
found between TREALD-30 and education (r=0.78; p <0.01).
Further, we found that participants who reported using den-
tal floss had higher scores on the TREALD-30 than those who
reported never using dental floss (p=0.029). Participants
who consumed sugar-added food and beverages less than
four times/day had higher scores on TREALD-30 than those
who consumed them > four times/day (p = 0.043). Single par-
ticipants scored higher than married participants (p=0.04).
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These significant associations supported both the convergent
and predictive validity of TREALD-30.

Table 3 shows the results of the multiple linear regression
analysis. In the first block, the years of education was signifi-
cantly related to the dependent variable. Pattern of dental
attendance and years of education were a significant pre-
dictor when the model was tested for clinical indices (step 3),
and subjective oral health measures (step 4) were significant
predictors of OHL. Monthly family income, years of education,
dental flossing, health literacy, health literacy skills related to
both reading hospital materials and confidence completing
medical forms were the strongest individual predictors in the
final model, which accounted for 79.9% of the variance in
adult patients’” OHL. All tolerance values were higher than
0.47 and the VIF values were no higher than 2.12, which indi-
cated absence of any significant multicollinearity in the
model.

The R? change showed that socio-demographic variables
accounted for 56.8% of the variance; oral health behaviors
added 3.6% to the explained variance, clinical indices added
0.4%, and subjective oral health measures added 2.2%. The
last step, which included health literacy measures, added
another 19.7% to the explained variance. The results of CFA
indicated that the two-factor model demonstrated a better
fit than did the one-factor model (y/df=1.34, CFI=0.89,
IFl=0.90, TLI=0.89, and RMSEA = 0.052).

Rasch analysis

Rasch analysis of TREALD-30 is presented in Table 4.
Nineteen out of 30 items (63.3%) had INFIT/OUTFIT statistics
between 0.7 and 1.3, reflecting that these items contributed
to a single underlying construct. Eleven items (Bruxism,
Malocclusion, Incipient, Caries, Periodontal, Sealant, Halitosis,
Analgesia, Cellulitis, Temporomandibular, and Apicoectomy)
had the extreme OUTFIT values, indicated that these items
did not fit the model well and were not closely related to
the overall construct.

Table 4 shows that the range of difficulty in TREALD-30
was from —5.51 to 5.90 in which the ‘caries’ item was the
easiest task, and ‘temporamandibular’ was the most difficult.

The Rasch model explained 37.9% of the total variance in
this dataset, which indicated that multidimensionality was
present in this scale. Person separation and the EAP/PV reli-
ability were above the criterion of 0.80. In this study, the sep-
aration reliability was 0.91, which showed a high level of
reliability across the test items. The EAP/PV reliability was
0.94, which indicates a high level of precision. No floor or
ceiling effects were found for TREALD-30.

Discussion

The development of TREALD-30 to assess the OHL of Turkish
adults has been described in this study and evidence has
been provided for its validity and reliability. To the best of
our knowledge, this study is the first attempt at providing
novel insights into OHL competences among Turkish adult
patients. The term ‘oral health education’ has been used for
many years instead of the concept of ‘health literacy’ as an
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Table 3. Hierarchical models of the factors associated with OHL in adult dental patients (n=127).

Model 1
Socio-demographic

Model 2
Add oral

Model 3

Model 4
Add clinical indices Add subjective oral health Add health literacy

Model 5

variables only  health behaviors to Model 2 measures to Model 3 measures to Model 4

Socio-demographic variables

Gender (men/women) —0.053 —0.058 —0.057 —0.052 0.010

Age (years) —0.044 —0.058 —0.022 —0.011 —0.050

Monthly family income, TL 0.090 0.090 0.093 0.096 0.107*

Years of education 0.696*** 0.6247%%* 0.629%** 0.567*** 0.252%**

Marital status 0.043 0.062 0.065 0.096 0.022

Employment status (Employed/unemployed) 0.040 0.022 0.037 0.013 0.024
Oral health behaviors

Dental attendance —0.153%* —0.154%* —0.155%* —0.068

Tooth brushing 0.054 0.051 0.047 0.028

Dental flossing —0.119 —0.116 —0.094 —0.101%*

Daily frequency of sugar intake —0.051 —0.065 —0.074 —0.047
Clinical indexes

DT 0.068 0.077 0.092

MT —-0.017 0.025 —-0.019

FT 0.010 0.032 0.001
Subjective oral health measures

OHIP —0.081 —0.052

SROH 0.134%* 0.042
Health literacy measures

REALM —0.182%**

Reading ability of hospital materials 0.368***

Perceived confidence in completing medical forms 0.207%**

R? 0.568 0.605 0.609 0.630 0.828

Adjusted R-square 0.547 0.571 0.564 0.580 0.799

R-square change 0.568 0.036 0.004 0.022 0.197

F change 26.346%** 2.676* 0.351 3.264* 41.271%%*

Standardized beta coefficients are presented.

SROH: self-rated oral health; REALM: Rapid Estimate of Adult Literacy in Medicine; OHIP: Oral Health Impact Profile.

*p < 0.05.
*kp = 0.01.
%D < 0,001,

Table 4. Rasch analysis of TREALD-30.

Item Estimate Standard error Infit MNSQ Outfit MNSQ
1 —4.766 0.230 0.79 0.72
2 —2.498 0.200 0.89 0.84
3 —2.498 0.200 0.88 0.85
4 —3.259 0.211 0.75 0.71
5 —1.253 0.182 0.93 0.88
6 4213 0.195 1.00 0.89
7 0.102 0.169 0.92 0.86
8 —2.149 0.194 0.82 0.79
9 0.912 0.165 0.94 0.74
10 2.591 0.171 0.85 0.59
11 —1.252 0.182 0.75 0.71
12 —2.044 0.193 0.89 0.84
13 —2.765 0.204 0.83 0.75
14 —2914 0.206 0.82 0.78
15 0.596 0.166 0.90 0.77
16 —2.258 0.196 0.75 0.72
17 1.330 0.165 1.02 0.90
18 4214 0.195 0.76 0.54
19 —1.101 0.180 0.72 0.68
20 —5.511 0.235 0.77 0.63
21 2.840 0.174 0.98 0.65
22 1.172 0.165 0.77 0.69
23 2.297 0.168 0.91 0.73
24 2471 0.170 0.78 0.63
25 2.905 0.174 0.95 0.66
26 0.701 0.166 0.71 0.58
27 —0.889 0.178 0.77 0.78
28 5.904 0.222 0.74 0.52
29 0.378 0.167 0.87 0.85
30 2.531 0.153 1.19 1.37

important component of oral health promotion initiatives in
Turkey. It is known that health literacy differs from health
education because it focuses on gaining knowledge and
enhancing an individual's communication skills and
empowerment to become co-producers of their health [5].
Language and culture have significant impacts on the reli-
ability and validity of OHL instruments [6,7,22]. Thus, cultur-
ally-relevant evidence-based screening tools are needed for
more accurate assessment of patients’ OHL in practice-based
applications [8]. To develop the new version of an OHL
instrument, some researchers used different methods, includ-
ing the Delphi process [27], corpus database [26], and check-
ing newspapers/audiovisual media [24]. After a careful
process of translation and cultural adaptation, the original
English-language REALD-30 was translated into Turkish, and
resulted in a back-translated version that was very similar to
the original although dental word modifications were made
to take into account both the cultural differences, the dic-
tionary definition and the frequency of use in dental practice.
There were some differences in spelling and pronunciation of
words because Turkish orthography is to a large extent
phonemic, employing a one-to-one letter-sound correspond-
ence. In Turkish, the spelling of words is changed when the
pronunciation changes. These types of changes are only con-
cerned with consonants that have voiced and unvoiced
equivalents. In contrast to the original version, TREALD-30
consisted of some compound words. The I-CVI of each item
was higher than 0.80, which indicated the equivalance of



each word between the Turkish and English version of
REALD-30. We investigated whether reading difficulty could
be related to these compound words. The results of both
CTT and Rasch analysis supported the experts’ classification
of ‘difficult.’

In contrast to the original validation study [20], a combin-
ation of CTT and Rasch analysis has been used in the develop-
ment of new language versions of REALD-30 [26-28]. We used
a similar method to evaluate the psychometric properties of
TREALD-30, because Rash analysis may provide additional
information to the CTT and allow for the examination of an
individual item’s difficulty level and discriminatory ability.

An initial assessment of the scale based on the CTT
showed that the Cronbach alpha obtained for this study was
0.91, which indicated excellent internal consistency. The
Cronbach’s alpha value was higher than those reported in
previous validation studies conducted in the United States of
America (USA) [20] and Saudi Arabia [28], and lower than in
the Indian study [25]. The ICC used to examine the
test-retest reliability was 0.99 for all instruments, which indi-
cated good reliability. The ICC for TREALD-30 was similar to
the validation studies in Saudi Arabia [28] and Brazil [24], but
higher than reported in a previous validation study con-
ducted in Bangalore [25].

The results of both CTT and Rasch analysis used in this
study support the multidimensionality of OHL. The CFA
showed the presence of two factors in agreement with previ-
ous validation studies [20,28,34]. The dental terms loaded
with the second factor are more difficult. These terms are
used by oral health professionals for specific dental prob-
lems. The first factor consisted of commonly used dental
terms by patients in daily life. As stated in previous studies
[20,24-28], the two domains underlying the OHL may be
related to differences in reading ability and the difficulty of
the words. The Rasch analysis showed that 19 out of 30
items demonstrated a good fit to the Rasch model with
regard to the criteria mentioned above, which reflected that
these items contributed to a single underlying construct. The
remaining 11 items (bruxism, malocclusion, incipient, caries,
periodontal, sealant, halitosis, analgesia, cellulitis, temporo-
mandibular, and apicoectomy) were misfits due to extreme
OUTFIT values, which indicated a lack of the expected prob-
abilistic relationship between the item and other items in the
TREALD-30. According to rules for improving the instrument’s
quality, misfitting items are removed until there are no fur-
ther improvement-in-fit requirements. For identifying misfit-
ting items, more emphasis should be placed on infit values
than on outfit values [52]. No item was deleted in TREALD-30
based on the results of an item analysis because their infit
mean-square statistics were acceptable.

Evidence of misfit for some items was found in the Saudi
Arabian validation study [28]. Across these studies, there is
considerable variation in misfitting items. It may be that dif-
ferences in culture, and sample characteristics and sizes con-
tributed to this lack of consistency in the fit of REALD-30
data in adult patients from Saudi Arabia and Turkey. In add-
ition, the amount of variance explained by Rasch measures in
this study was found lower than those in the Arabic valid-
ation study [28], suggesting that an additional construct
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could exist. When compared with this study, the difficulty
level of the items was very similar. The results of the Rasch
analysis for the TREALD-30 indicated satisfactory readability
for this instrument, which is consistent with a previous study
in Saudi Arabia. [28]. Similar to our results, the authors also
found that all items correlated positively with the estimated
measure. Our findings may provide valuable information for
future studies aiming to explore the construct validity of
TREALD-30. However, future studies with a larger and repre-
sentative sample are needed to confirm the assumed multidi-
mensional structure of OHL.

Bivariate analysis showed that TREALD-30 was positively
correlated with REALM, as well as with the participants’ read-
ing ability of hospital materials, thus indicating its convergent
validity.

TREALD-30 scores were significantly correlated with the
number of missing teeth, age, OHIP-14 score, years of school-
ing, self-rated oral health, and family monthly income and
significantly associated with two oral health behaviors (use of
dental floss and daily consumption of sugar-added food and
beverages). These findings provide support for the predictive
validity of TREALD-30.

Multivariate analyses showed that monthly family income,
years of education, dental flossing, health literacy, health lit-
eracy skills related to both reading hospital materials and
confidence completing medical forms were the strongest
individual predictors of OHL, accounting for 79.9% of the
variance. A larger proportion of variance in OHL was
explained by socio-demographic factors (56.8%). However,
previous validation studies have reported conflicting results
regarding the associations between OHL and socio-
demographic factors. Similar to previous validation studies
[20,24,27,28], we found that participants with a higher educa-
tion had higher TREALD-30 scores. In contrast to previous
studies [20,26-28], we found that TREALD-30 scores were sig-
nificantly correlated with participants’ age and income.

Like previous validation studies [20,26,28,53,54], we found
no association between dental attendance patterns and
REALD-30. This result was not surprising, because Turkish
adults were more likely to have problem-oriented visiting pat-
terns. Of all oral health behaviors, only dental floss use was
found as a predictor of OHL. Previous validation studies sug-
gested that the clinical oral status of participants could be
helpful in assessing the predictive validity of REALD-30
[20,26,28]. Consistent with prior studies [12,13], a significant
negative correlation between TREALD-30 scores and the num-
ber of missing teeth was found in bivariate analysis, but not in
the multivariate analysis. Clinical indices and oral health behav-
iors explained only a small portion of the variance (4%) in OHL.
Future studies are needed to confirm the association of socio-
demographic, clinical, and behavioral factors with OHL.

Consistent with previous validation studies [20,27], we
found that TREALD-30 scores were significantly related to
self-rated oral health and the OHIP-14 in the bivariate ana-
lysis. However, multivariate analyses showed no association
between OHL and subjective oral health measures. Subjective
measures independently explained only a small proportion of
variance of OHL (2.2%). A possible explanation for these
results may be the lack of of communicative and critical
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health literacy components in REALD-30, which also can
influence health outcomes.

Consistent with previous validation studies in the USA [20]
and Spain [27], we found a significant positive correlation
between REALD-30 and REALM in both bivariate and multi-
variate analyses. These findings support the importance of
integration of oral health into health promoting programs.
There are some mass media campaigns and national projects
to increase health literacy in our community. To date, oral
health care is not integrated into national health pro-
grammes. Thus, there is a need to give more attention to
mass media campaigns to heighten public awareness of oral
health. In line with previous studies [26,27], we found that
TREALD-30 scores were correlated with participants’ reading
ability of hospital materials and perceived confidence in com-
pleting medical forms in both univariate and multivariate
analyses. Health literacy measures explained alone 19.7% of
the variance in OHL. TREALD-30 appears to be useful for
measuring the reading ability of patients as well as for
detecting limited medical/dental health literacy in patients
attending in dental clinics.

It is noteworthy but not surprising that with the exception
of India, the mean TREALD-30 score among dental patients
in this study was lower than reported from previous valid-
ation studies performed in other countries [20,24-28]. There
are two potential explanations for these reported differences.
First, socio-economically disadvantaged Turkish adults tend
to use public or university dental hospitals more than socio-
economically advantaged adults because of dental health
care costs. Secondly, the mean number schooling years of
Turkish adults is 7.6 years [55]. This value is lower than all
countries where validated versions of REALD 30 were avail-
able, but higher than India. As mentioned above, the lower
OHL scores observed in this study were associated with hav-
ing low monthly family income and education levels. Our
study confirms findings from a previous study [2] that OHL
may contribute to oral health disparities because adults with
low OHL are more likely to be poor and not well educated.

There are several limitations to this cross-sectional study
that should be taken into account when considering these
findings. The study was conducted in only one large dental
training hospital in Istanbul, which limits the generalizability
of the results and conclusions because these patients are
probably not representative of the entire Turkish adult popu-
lation. Future studies should be conducted using TREALD-30
to fully evaluate its psychometric properties in both clinical
and population-based studies. The cross-sectional design did
not allow causation or changes over time in participants’
OHL to be studied. Recent studies have shown that REALD-
30 was correlated with oral health knowledge [10,14,17]. The
REALD-30 does not assess understanding or comprehension.
To measure OHL, some researchers enhanced REALD-30 by
adding a comprehension component [27,56]. Recent reviews
of existing OHL tools suggested that more comprehensive
and culturally sensitive tools, including communicative/inter-
actional and critical levels could be used in both clinical and
research settings to improve OHL skills and dentist—patient
communication [21-23]. No cut-off points have yet been
established for REALD-30 to determine what score would

indicate inadequate OHL [12,20,23,24]. Future research will
be necessary to examine the association of OHL with oral
health knowledge, and to determine its cut-off points.

Despite these limitations, this study has some strengths.
First, minimum sample sizes were calculated for Cronbach'’s
alpha, the test-retest reliability, and Rasch analysis before
conducting this study. Secondly, clinical dental status and
oral health behaviors were used to assess the predictive val-
idity of TREALD-30. Lastly, using Rasch analysis along with
CTT provides additional support to the factor structure of
TREALD-30.

Conclusions

TREALD-30 appears to be a valid and reliable tool for assess-
ing OHL in adult patients of the studied community. This
measure may be used to identify patients with low OHL, who
have difficulty communicating with their dentist and follow-
ing up with oral care instructions due to poor understanding
of basic oral health vocabulary. Socio-demographic factors,
oral health behaviors, and health literacy skills should be
taken into account when planning future studies to assess
OHL in clinical setting.
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