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ABSTRACT

Background: Health literacy encompasses various levels of communication for an individual, provider, and 

an organization. Validated and reliable tools have been developed to assess health literacy; however, there 

is a paucity of tools available to assess health literacy in native languages for indigenous and racial/ethnic 

minority populations. Objective: This article shares the process taken to translate and evaluate validation 

and reliability of the Short Test of Functional Health Literacy in Adults for use with the Samoan population. 

Methods:  Respondent-driven sampling was used to collect data from 1,543 adults age 45 years and older 

in American Samoa. A confirmatory factor analysis using a two-factor model for validation was conduct-

ed. Key Results: The validation results indicated a “good fit” in multiple indices and Cronbach’s alpha indicat-

ed high internal consistency in both the English and Samoan languages. Conclusions: Developing culturally 

validated and reliable health literacy assessment tools is important to help health care professionals decrease 

health disparities and address inadequate health literacy in all cultures. [HLRP: Health Literacy Research and 

Practice. 2022;6(4):e247–e256.] 

Plain Language Summary: The INSPIRE project studied the Short Test of Functional Health Literacy in Adults 

(STOFHLA) tested on the American Samoan population age 50 years and older. The results would show if the 

STOFHLA is a valid tool to measure functional health literacy in American Samoa adults. 

Health literacy is an emerging issue and was designated 
a priority area in public health by the United States Depart-
ment of Health and Human Services (Institute of Medicine, 
2004). Health literacy requires a combination of reading, lis-
tening, and analytical, skills that can be applied to making 
decisions in health situations (National Institutes of Health, 
2021). Health literacy encompasses various levels of commu-
nication for an individual, provider, and an organization. For 
the purposes of this study, health literacy will be referred to 
as the individual’s functional health literacy defined as “the 
degree to which individuals have the capacity to obtain, pro-
cess, and understand basic health information and services 
needed to make appropriate health decisions” (Institute of 
Medicine, 2004).   

Sentell and Braun (2012) found that inadequate health lit-
eracy levels were associated with poorer self-reported health 
status in racial and ethnic minority populations. The U.S. 
population is comprised of 42.2% racial and ethnic minor-
ity and indigenous groups (U.S. Census Bureau, 2020). It is 

conceivable that these populations may not participate in 
health promotion or follow medication directions because 
the populations cannot understand them (Tong, 2012). This 
may result in more health care utilization and contribute to 
higher costs (Haun et al., 2015). These groups are affected 
more than others by health disparities, including access to 
health care and higher rates of mortality, yet it is difficult to 
find culturally appropriate valid and reliable health literacy 
assessment tools (Han et al., 2011; Haun et al., 2012; Nguyen 
et al., 2015; Polite et al., 2005). Additionally, with the cur-
rent “infodemic” related to the COVID-19 (coronavirus dis-
ease 2019) pandemic, health literacy is crucial to navigating 
the overabundance of valid and invalid health information 
(Okan et al, 2020; Paakkari & Okan, 2020). 

HEALTH-RELATED ISSUES IN AMERICAN SAMOA
American Samoa is a U.S. territory located in the South 

Pacific, approximately 2,400 miles southwest of Hawai’i and 
1,600 miles east of New Zealand. The territory is comprised 
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of five islands and two atolls measuring approximately 76.8 
square miles. The population was reported to be 55,519 indi-
viduals, with 92% who self-identify as Samoan (World Bank, 
2020). Approximately 57.8% of the population earns lower 
than the federal poverty level and is a contributing social de-
termine of health to alarmingly high levels of behavioral risk 
factors for disease (Tofaeono et al., 2020; U.S. Census Bureau, 
2010). The result has been a shift in the health burden for 
the past 30 years from communicable to non-communica-
ble diseases such as diabetes, hypertension, cancer, and Al-
zheimer’s disease and related dementias. The American Sa-
moa Cancer Registry reported a total of 369 cases of cancer 
diagnosed between 2007 and 2018 (Pacific Regional Central 
Cancer Registry, 2020). The most prevalent cancer sites are 
(1) breast, (2) uterine, (3) colorectal, (4) stomach, (5) lung, 
and (6) prostate (Pacific Regional Central Cancer Registry, 
2020). Tobacco (79%) and obesity (62%) were the most relat-
ed contributing risk factors in adult cancers (Pacific Regional 
Central Cancer Registry, 2020). Furthermore, in 2018 of the 
adults age 18 years and older, 93.5% were obese, 21.5% were 

daily smokers, and 30.9% self-reported fair or poor health 
(American Samoa Government, 2018, p. 4). Persons who 
have higher prevalence estimates of risk factors require more 
health-related information (Knighton et al., 2017). Assessing 
individual levels of functional health literacy could identify 
health disparities within the population.    

The INdigenous Samoan Partnership to Initiate Research 
Excellence (INSPIRE) program is a 5-year U24 project fund-
ed by the National Institutes of Health’s National Institute of 
Minority Health and Health Disparities (1U24MD011202). 
The U24 mechanism supports projects contributing to in-
crease the capability of resources for research by building 
infrastructure and implementing a study. The research study 
aim of the INPSIRE program was to assess the health literacy 
levels in adults age 45 years and older living in American 
Samoa. The results would address the paucity of data for 
health literacy and create the first validated and reliable tools 
to assess functional health literacy in American Samoa. Thus, 
this article describes the validation and reliability proce-
dures for the English and Samoan versions of the Short Test 
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of Functional Health Literacy in 
Adults (S-TOFHLA). The data 
used for this article are a com-
bination of three datasets col-
lected by the INSPIRE program.  

THE SHORT TEST OF 
FUNCTIONAL HEALTH 
LITERACY IN ADULTS

The S-TOFHLA is a timed 
reading comprehension test 
that uses a modified Cloze procedure to measure the un-
derstanding of written material (Baker et al., 1999). The S-
TOFHLA was selected because of its use in approximately 
two thirds of published papers assessing health literacy, its 
ability to determine health literacy as a variable in educa-
tion programs (Paasche-Orlow, 2005), and previous use in 
the Samoan population in California (Tong, 2012). Partici-
pants read sentences with missing words and circled the let-
ter (either a, b, c, or d) in front of the word the participant 
feels would fit best (Figure 1). The original S-TOFHLA was 
comprised of 36 reading comprehension questions, 4 nu-
meracy questions, and had a 12-minute time limit (Baker 
et al., 1999). The 36 questions were based on 2 passages: 
preparation for an upper gastrointestinal series (4th grade 
level) and the patient rights and responsibilities section of 
a Medicaid application (10th grade level). The numeracy 
questions were later removed based upon the difference in 
psychometric properties, reducing the administration time 
to 7 minutes (Paasche-Orlow et al., 2008). This version was 
used for the purposes of these studies.  

The S-TOFHLA has been translated into several different 
languages for use with diverse populations including Brazil-
ian Portuguese, Chinese, Hebrew, Hungarian, Serbian, and 
Turkish. These studies calculated reliability but experienced 
limitations when adapting the instrument due to issues with 
contextual translations and the need to modify examples to 
become relevant to local health systems (Connor et al., 2013). 
For instance, Baron-Epel et al. (2007) created the Hebrew 
Health Literacy Test using the S-TOFHLA, as items were not 
valid in Hebrew or not relevant in the Israeli health system. 
The scoring was changed to a scale of 0 to 12, and therefore 
the scoring categories were 0 to 2 for low health literacy, 3 to 
10 for marginal health literacy, and 11 to 12 for high health 
literacy. Irrespective of these modifications, Cronbach’s alpha 
was relatively high in the Hebrew version as well as other 
translated scales (Table 1).   

Chang et al. (2012) developed and evaluated the Chinese 
version of the short Test of Functional Health Literacy in Ad-

olescents (c-sTOFHLAd). This is the only study to perform a 
confirmatory factor analysis (CFA) to assess the underlying 
factor structure. The initial analysis began with a two-factor 
model, but less than adequate results changed the approach 
to a single factor. Chi-square was not within limits; howev-
er, 3 out of 5 goodness of fit indices were within acceptable 
ranges (Table 2). The study concluded the c-sTOFHLAd as 
the first validated tool available to measure functional health 
literacy in Chinese adolescents (Chang et al., 2012). Other 
studies have used CFA to successfully evaluate validity in 
other health literacy assessment tools, such as the Health 
Literacy in Dentistry Scale (Ju et al., 2018), the Health Lit-
eracy Instrument for Adults (Tavousi et al., 2020), and the 
Oral Health Literacy Assessment in Spanish (Bado et al., 
2018). Developing culturally validated and reliable health 
literacy assessment tools is important to help health care 
professionals decrease health disparities and address in-
adequate health literacy in all cultures (Tong, 2012).       

METHODS 
Ethical Considerations

All study procedures were reviewed and approved by 
the American Samoa Department of Health’s Institutional 
Review Board (#00001249) and Federal Wide Assurance 
(#00001749). Participants were screened for eligibility 
and completed an informed consent protocol, including a 
signed consent form in their preferred language.   

The Samoan S-TOFHLA 
The S-TOFHLA was translated into the Samoan lan-

guage using a modification of the process described by 
Beaton et al. (2002). Forward translation was performed 
by four research trainees. An independent party with a 
background in translation services reviewed the docu-
ment to obtain synthesis in creating a common transla-
tion. The common translation was back translated using 
four separate focus groups, comprising a total of fourteen 
participants.  

HLRP: Health Literacy Research and Practice • Vol. 6, No. 4, 2022

Figure 1. Short Test of Functional Health Literacy in Adults question.
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Eligible participants were identified as bilingual, non-
medical personnel, male or female, at least age 45 years, and 
recruited through word of mouth or social media posts. Dur-
ing each focus group, the common translation was transferred 
into a matrix provided to each participant for back transla-
tion. Once completed, the matrices were collected, and slides 
were shown for each question and the corresponding English 
translation. An audio-recorded open group discussion took 

place to obtain feedback. The translation matrix was revised 
and re-administered to the next focus group until a consen-
sus translation was reached after the fourth focus group.  

The consensus translation of the Samoan S-TOFHLA was 
used to conduct 30 cognitive interviews to collect verbal in-
formation on the item response characteristics and quality, 
to ensure equivalency and cultural appropriateness, and to 
determine if the questions generated the intended informa-
tion (Willis & Artino, 2013; Willis et al., 2005). INSPIRE 
staff were rigorously trained in cognitive interviewing by 
INSPIRE co-investigators, which included training in the 
following areas: ensuring participants understood the mea-
surement objectives of the items, knowledge of possible 
survey errors, recognizing adequate think-aloud and probe 
responses, being sensitive to cultural and linguistic nuances, 
and recognizing participant confusion and reluctance (Hay et 
al., 2014; Willis & Artino, 2013; Willis et al., 2005). One-hour 
semi-structured cognitive interviews were conducted at loca-
tions convenient and private to participants. Staff conducted 
a pre-interview process with participants to discuss the pur-
pose of the study, obtain informed consent, and for the par-
ticipants to be aware that the interview would be audiotaped 
and that their information would remain confidential. The 
interviewer evaluated the participant’s comprehension of the 
question (question intent, meaning), retrieval from memory 
for relevant information (recall of information and strategy), 
decision-making processes (motivation and sensitivity/social 
desirability), and response processes (mapping the response) 
(Hay et al., 2014; Willis & Artino, 2013; Willis et al., 2005). At 
the end of the interview, participants received a $20 gift card 
for their participation. 

Both think-aloud and verbal probing techniques were 
used to take advantage of the strengths of both methods (Hay 
et al., 2014; Willis & Artino, 2013; Willis et al., 2005). To re-
duce interviewer bias associated with verbal probing, a list of 
scripted and spontaneous probe questions to elicit responses 
and focus on specific issues that emerge during the interview 
was created. Staff asked the participants to respond to the 
survey questions and about information related to the ques-
tion and answer provided (Willis & Artino, 2013). Interview 
recordings were transcribed and compiled into online quali-
tative data analysis software to identify contextual themes. 
The results were shared with the INSPIRE principal investi-
gator, co-investigators, and program director. Revisions were 
made accordingly, and a final translation was approved.

Validation and Reliability
Validity and reliability are fundamental elements that 

distinguish whether an instrument is measuring what it is 
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TABLE 1 

Reliability Coefficients of Translated 
Versions of the Short Test of Functional 

Health Literacy in Adults 

Language Author
Sample 

Size

Age 
Group 
(years)

Cronbach’s 
Alpha

Brazilian 
Portuguese

Carthery-
Goulart et al. 
(2009)

312 19-81 -

Chinese Chang et al. 
(2012)

300 16-17 0.85

Hungarian Náfrádi et al. 
(2019)

302 20+ 0.95

Hebrew Baron-Epel et 
al. (2007)

119 19+ 0.98

Serbian Jovic-Vranes 
et al. (2013)

120 21-84 0.94

Turkish Eyüboğlu & 
Schulz (2016)

302 18+ 0.97

TABLE 2

Goodness-of-Fit Indices for the Chinese 
Version of Short Test of Functional 

Health Literacy in Adolescents

Index Cut-Off for Good Fit c-STOFHLAd
Chi Square p value >.05 p < .001

RMSEA RMSEA <0.08 0.06a

GFI GFI ≥ 0.95 0.92

AGFI AGFI ≥0.90 0.90a

SRMR SRMR <0.08 0.068a

CFI CFI ≥0.90 0.89

Note. aDenotes the value is within the specific cut-off for good fit. AGFI = adjusted 
goodness of fit index; CFI = comparative fit index; c-sTOFHLAd = Chinese version of 
Short Test of Functional Health Literacy in Adolescents; GFI = goodness of fit index; 
RMSEA = root mean square error of approximation; SRMR = standardized root mean 
square residual.
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intended to measure and if it 
can do so consistently (Tavakol 
& Dennick, 2011). Cronbach’s 
alpha coefficient is the most 
widely used measure to deter-
mine reliability in social and be-
havioral research studies (Bonett 
& Wright, 2015). A coefficient of 
0.70 is considered the minimum 
acceptable reliability coefficient 
(Thorndike, 1995). CFA has been 
the preferred method to test va-
lidity by measuring the degree of 
discrepancy between predicted 
and empirical factor structures 
to determine if the construct is 
well-structured (Meyer, 2020; 
Prudon, 2015). The model is 
evaluated using the relative chi-
squared (χ2/df) test statistic and 
the following indices of “good-
ness of fit”: goodness of fit index, 
adjusted goodness of fit index 
(AGFI), comparative fit index 
(CFI), root mean square error 
of approximation (RMSEA), and 
standardized root mean square 
residual (SRMR) (Prudon, 
2015). Additionally, it is recom-
mended that at least two differ-
ent indices be used to determine 
validity (Hu & Bentler, 1999; 
Tabachnick & Fidell, 2013).  

Sample
Respondent-driven sampling 

was used from September 2018 
to December 2020 to test the ef-
ficacy of social relationships and 
networks in American Samoa to recruit for research purpos-
es. Upon completion of the studies, participants were given 
a primary incentive and coupons to recruit a maximum of 
three participants. A secondary incentive was provided to the 
recruit for those who completed the study before the expira-
tion period. This process continued until the study samples 
were met. Participants were eligible for inclusion in the stud-
ies based on the criteria listed in Table 3. Exclusion criteria 
included persons who could not speak or read and write in 
Samoan less than well.

Procedures
The studies were administered in a dedicated space at 

the INSPIRE program’s main office. Located in the village of 
Nu’uuli, one of the more populated villages on island, the of-
fice was conveniently positioned off the main road, making 
it accessible to those with or without private transportation. 
The study staff were comprised of six staff members trained 
and assigned to four specific roles of the survey process.  Ad-
ministration of the English and Samoan S-TOFHLA followed 
the directions provided by the original publishers. A scripted 
introduction was read verbatim by an INSPIRE research staff 
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TABLE 3 

Inclusion Criteria

Criteria Study 1 Study 2 Study 3
Resident of American Samoa X X X

Age 45 years or above X X

   Age 60 years or above X

Had not been diagnosed or treated for colon cancer X

Did not participate in a previous health literacy study X X

Could read and speak in Samoan and English X X X

Could provide written informed consent X X X

Have a home address and working phone X X X

Are willing to provide information on their health 
behaviors and basic demographics

X X X

Figure 2.  English sample item means, standard deviations, and correlations.
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member. The participants were provided with the instrument 
and were not informed of a time limit. The researcher began 
timing using a digital clock once the participants circled the 
first response. After the designated 7 minutes, the researcher 
notified the participants the completion of the assessment, 
collected the instrument, and thanked them for participat-
ing. The results were entered into an online survey system for 
analysis. Participants were provided instructions for recruit-
ment and were referred to receive their primary incentive 
payment.

Statistical Analysis
Descriptive statistics were obtained using IBM SPSS Sta-

tistics 27 for descriptive statistics and to calculate Cronbach’s 

alpha. SAS 9.4 was used for eval-
uating construct validity using 
CFA to measure if two higher-
order and six lower-order latent 
variables of the S-TOFHLA can 
make inferences to individual 
functional health literacy. The 
CFA is used more when there is 
a proven structure using a new 
data set, rather than exploratory 
factor analysis when there is no 
knowledge of the factor struc-
ture (Orçan, 2018). Correlation 
of the two higher-order factors 
was allowed. The maximum-
likelihood parameter estima-
tion method assessed the overall 
goodness-of-fit and estimated 
the individual parameters. Items 
1-16 represented the gastro-
intestinal series (higher-order 

factor 1), and items 17-36 represented the patient rights and 
responsibilities section (higher-order factor 2) of a Medic-
aid application (the lower-order factors represented subsec-
tions). Chi square along with the following fit indices and 
cutoff values recommended by Hooper et al., (2008) were 
used to evaluate the goodness of fit based upon sample size, 
parsimony, and incremental fit indices: RMSEA <.07, AGFI 
>.90, SRMR <.08, and Bentler CFI >.90. These are among 
the standard indices that are reported and better suited for 
large study samples (Prudon, 2015). In addition, diagonally 
weighted least squares (DWLS) was calculated for SRMR and 
AGFI as it is more appropriate for dichotomous items and 
a better fit for maximum likelihood. Reliability was assessed 
of the two higher-order factors for internal consistency with 
Cronbach’s coefficient alpha. An alpha coefficient of ≥0.70 
was considered acceptable.   

RESULTS
RDS recruitment yielded 1,543 total participants (693 

English, 850 Samoan). Women (66.1% English, 54.7% 
Samoan) were recruited more than men (33.9% English, 
41.6% Samoans).  

Descriptive Statistics
No items were missing values. The mean score for English 

was 23 (standard deviation [SD] = 9.74) and 17.6 (SD = 9.49) 
for Samoan. Individual item means, standard deviations, and 
correlations are listed in Figure 2 (English) and Figure 3 
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TABLE 4 

Confirmatory Factor Analysis 
Goodness-of-Fit Indices Results

Index (Cutoff) English (DWLS) Samoan (DWLS)
SRMR (<.08) 0.08 (0.07)a 0.07 (0.06)a

AGFI (>.90) 0.79 (0.99) 0.86 (.99)

RMSEA (<0.08) 0.07a 0.05a

Bentler CFI (> 0.90) 0.89 0.91a

Note. aDenotes the value is within the specific cut-off for good fit. AGFI = adjusted 
goodness of fit index; CFI = comparative fit index; DWLS = diagonally weighted least 
squares; RMSEA = root mean square error of approximation; SRMR = standardized 
root mean square residual. 

Figure 3.  Samoa sample item means, standard deviations, and correlations.
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(Samoan). Skewness for English 
(–0.35) indicates a left tail, a 
right tail in Samoan (0.03), and 
can be considered asymmetri-
cal. Kurtosis of both languages 
(English –1.24, Samoan –1.09) 
indicate a platykurtic curve.  

Validity
CFA was performed through 

structural equation model-
ing, with maximum likelihood 
and DWLS. Table 4 reveals the 
results of the goodness-of-fit 
indices.

The two-factor CFA indicat-
ed that, in the study population, 
the data did support the speci-
fied model. Chi-square test-
ing of both versions (English, 
χ2 = 2,535, df 587, p < .0001; 
Samoan, (χ2 = 1913, df 587 
p < .0001) showed the model fit 
was significant, but chi square 
is known to be inconsistent 
when having larger sample sizes 
(Bentler & Bonnett, 1980).  

Additionally, the factor load-
ings of the 36 items of the Samo-
an S-TOFHLA were calculated 
as two factors as a measure of 
an individual’s level of health lit-
eracy (Figures 4 and 5).

Reliability
Cronbach’s alpha of the Eng-

lish higher order factors was 0.87 
(Factor 1) and 0.96 (Factor 2). 
The Samoan 0.86 (Factor 1) and 
0.95 (Factor 2). All results were 
higher than the suggested mini-
mum value of 0.70 as an indica-
tion of acceptable internal con-
sistency reliability (Thorndike, 
1995). 

DISCUSSION
The present study evaluated the validity and reliability of 

the English and Samoan version of the S-TOFHLA for use in 

the American Samoa population in those who are age 45 years 
and older. CFA provided support for the validity of a two-
factor model in both the English and Samoan S-TOFHLA. 
Consequently, the English and Samoan S-TOFHLA are the 
first statistically validated tool to measure functional health 

HLRP: Health Literacy Research and Practice • Vol. 6, No. 4, 2022

Figure 4. English sample standardized results.
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literacy in adults age 45 years and older living in American 
Samoa. Additionally, this is only the second study to use CFA 
to validate the factor structure. This is important for two rea-
sons. First, it decreases the paucity of validated instruments 

that are appropriate to use for 
indigenous populations. Second, 
the Samoan population has been 
one of the largest and fastest 
growing Native Hawaiian and 
Other Pacific Islander groups in 
the U.S. Social determinants of 
health that can effect functional 
health literacy in indigenous 
Samoans may change for those 
who are acculturated in the U.S. 
The validation of the Samoan 
s-TOFHLA allows for further 
research in these groups and to 
compare the results to find inno-
vative approaches that improve 
public health practices.       

The S-TOFHLA has been ex-
tensively used with adults and 
in languages other than English, 
but the measure has not been 
used with adults in American 
Samoa. The results in the pres-
ent study indicated that both the 
English and Samoan versions of 
the S-TOFHLA had high inter-
nal consistency reliability. This is 
consistent with other studies us-
ing English and translated ver-
sions of the S-TOFHLA. Addi-
tionally, there are similarities in 
the health systems of American 
Samoa and the U.S. The Samoan 
S-TOFHLA was able to maintain 
the same items, point totals, and 
cut-offs as the English version.    

Given these contributions, 
there are limitations to the study 
that deserve mentioning. First, 
it is important to point out that 
validity is not a property of the 
instrument, but of the instru-
ment when used on a sample 
(Anastasi, 1989; Knekta et al., 
2019). The sample included only 

older adults age 45 years and older. Therefore, the results can-
not be generalizable to the overall population of American 
Samoa. Future research should include other age groups and 
further evaluation of the psychometric properties. Second, an 

HLRP: Health Literacy Research and Practice • Vol. 6, No. 4, 2022

Figure 5. Samoan sample standardized results.
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important limitation to consider is that the S-TOFHLA only 
measures reading ability or print literacy, and not numeracy. 
Therefore, one could argue that the measure is not a com-
prehensive test of health literacy (Housten et al., 2018). In 
addition, there are instruments that assess health literacy in 
clinical settings, in health care providers, and regarding so-
ciodemographic and geographic factors. These instruments 
should be considered in addition to determining how health 
literacy should be assessed in low-resource urban area popu-
lations, including indigenous populations (Haun et al., 2012).  

CONCLUSION
Functional health literacy is defined as the ability of an 

individual to comprehend health information for informed 
decision-making. Although it has been designated a priority 
area, there are limited validated tools to assess health literacy 
for racial and ethnic minorities and indigenous populations. 
This is the first study to assess the validity and reliability of 
the English and Samoan version of the S-TOFHLA. The two-
factor model demonstrated the best fit, and the measure’s re-
liability was confirmed using Cronbach’s alpha. Consequent-
ly, both the English and Samoan versions of the S-TOFHLA 
have utility as a validated instrument to assess functional 
health literacy in the indigenous adult population of those 
age 45 years and older living in American Samoa.

REFERENCES
Anastasi, A. (1989). Ability testing in the 1980s and beyond: Some major 

trends. Public Personnel Management, 18(4), 471–485. https://doi.
org/10.1177/009102608901800407

American Samoa Government. (2018). American Samoa Adult Hy-
brid Survey. https://cdn.who.int/media/docs/default-source/ncds/
ncd-surveillance/american_samoa_steps_hybrid_2017-2018-final-
report.pdf?sfvrsn=2d828855_1&download=true

Bado, F. M. R., Rebustini, F., Jamieson, L., Cortellazzi, K. L., & Mialhe, 
F. L. (2018). Evaluation of the psychometric properties of the Bra-
zilian version of the Oral Health Literacy Assessment in Spanish 
and development of a shortened form of the instrument. PLoS One, 
13(11), e0207989. https://doi.org/10.1371/journal.pone.0207989 
PMID:30496226

Baker, D. W., Williams, M. V., Parker, R. M., Gazmararian, J. A., & Nurss, 
J. (1999). Development of a brief test to measure functional health 
literacy. Patient Education and Counseling, 38(1), 33–42. https://doi.
org/10.1016/S0738-3991(98)00116-5 PMID:14528569

Baron-Epel, O., Balin, L., Daniely, Z., & Eidelman, S. (2007). Valida-
tion of a Hebrew health literacy test. Patient Education and Coun-
seling, 67(1-2), 235–239. https://doi.org/10.1016/j.pec.2007.02.005 
PMID:17386994

Beaton, D., Bombardier, C., Guillemin, F., & Bosi-Ferraz, M. (2002). 
Recommendations for the cross-cultural adaptation of the DASH & 
QuickDASH outcome measures (2nd ed.). https://dash.iwh.on.ca/
sites/dash/files/downloads/cross_cultural_adaptation_2007.pdf

Bentler, P. M., & Bonnett, D. G. (1980). Significance tests and goodness 
of fit in the analysis of covariance structures. Psychological Bulletin, 
88(3), 588–606. https://doi.org/10.1037/0033-2909.88.3.588

Bonett, D. G., & Wright, T. A. (2015). Cronbach’s alpha reliability: Inter-

val estimation, hypothesis testing, and sample size planning. Jour-
nal of Organizational Behavior, 36(1), 3–15. https://doi.org/10.1002/
job.1960

Carthery-Goulart, M. T., Anghinah, R., Areza-Fegyveres, R., Bahia, V. 
S., Brucki, S. M., Damin, A., Formigoni, A. P., Frota, N., Guariglia, 
C., Jacinto, A. F., Kato, E. M., Lima, E. P., Mansur, L., Moreira, D., 
Nóbrega, A., Porto, C. S., Senaha, M. L. H., Silva, M. N., Smid, J., . 
. . Nitrini, R. (2009). Performance of a Brazilian population on the 
test of functional health literacy in adults. Revista de Saude Publica, 
43(4), 631–638. https://doi.org/10.1590/S0034-89102009005000031 
PMID:19488667

Chang, L.-C., Hsieh, P.-L., & Liu, C.-H. (2012). Psychometric evaluation 
of the Chinese version of short-form Test of Functional Health Liter-
acy in Adolescents. Journal of Clinical Nursing, 21(17-18), 2429–2437. 
https://doi.org/10.1111/j.1365-2702.2012.04147.x PMID:22784219

Connor, M., Mantwill, S., & Schulz, P. J. (2013). Functional health lit-
eracy in Switzerland—Validation of a German, Italian, and French 
health literacy test. Patient Education and Counseling, 90(1), 12–17. 
https://doi.org/10.1016/j.pec.2012.08.018 PMID:23089240

Eyüboğlu, E., & Schulz, P. J. (2016). Validation of Turkish health literacy 
measures. Health Promotion International, 31(2), 355–362. https://
doi.org/10.1093/heapro/dau111 PMID:25586111

Han, H.-R., Kim, J., Kim, M. T., & Kim, K. B. (2011). Measuring health 
literacy among immigrants with a phonetic primary language: A 
case of Korean American women. Journal of Immigrant and Minority 
Health, 13(2), 253–259. https://doi.org/10.1007/s10903-010-9366-0 
PMID:20585985

Haun, J., Luther, S., Dodd, V., & Donaldson, P. (2012). Measurement 
variation across health literacy assessments: Implications for assess-
ment selection in research and practice. Journal of Health Communi-
cation, 17(Suppl. 3), 141–159. https://doi.org/10.1080/10810730.201
2.712615 PMID:23030567

Haun, J. N., Patel, N. R., French, D. D., Campbell, R. R., Bradham, D. 
D., & Lapcevic, W. A. (2015). Association between health literacy 
and medical care costs in an integrated healthcare system: A region-
al population based study. BMC Health Services Research, 15, 249. 
https://doi.org/10.1186/s12913-015-0887-z PMID:26113118

Hay, J. L., Atkinson, T. M., Reeve, B. B., Mitchell, S. A., Mendoza, T. R., 
Willis, G., Minasian, L. M., Clauser, S. B., Denicoff, A., O’Mara, A., 
Chen, A., Bennett, A. V., Paul, D. B., Gagne, J., Rogak, L., Sit, L., 
Viswanath, V., Schrag, D., Basch, E., & the NCI PRO-CTCAE Study 
Group. (2014). Cognitive interviewing of the US National Cancer 
Institute’s Patient-Reported Outcomes version of the Common Ter-
minology Criteria for Adverse Events (PRO-CTCAE). Quality of 
Life Research: An International Journal of Quality of Life Aspects 
of Treatment, Care and Rehabilitation, 23(1), 257–269. https://doi.
org/10.1007/s11136-013-0470-1 PMID:23868457

Hooper, D., Coughlan, J., & Mullen, M. (2008). Structural equation 
modelling: Guidelines for determining model fit. Electronic Journal 
of Business Research Methods, 6(1), 53–60. https://arrow.tudublin.ie/
cgi/viewcontent.cgi?article=1001&context=buschmanart

Housten, A. J., Lowenstein, L. M., Hoover, D. S., Leal, V. B., Kamath, G. 
R., & Volk, R. J. (2018). Limitations of the S-TOFHLA in measuring 
poor numeracy: A cross-sectional study. BMC Public Health, 18(1), 
1–9. https://doi.org/10.1186/s12889-018-5333-9

Hu, L., & Bentler, P. (1999). Cutoff criteria for fit indexes in covari-
ance structure analysis: Conventional criteria versus new alter-
natives. Structural Equation Modeling, 6(1), 1–55. https://doi.
org/10.1080/10705519909540118

Institute of Medicine. (2004). Health literacy: A prescription to end con-
fusion. National Academies Press. https://www.ncbi.nlm.nih.gov/
books/NBK216032/

Jovic-Vranes, A., Bjegovic-Mikanovic, V., & Marinkovic, J. (2009). Func-
tional health literacy among primary health-care patients: Data 

HLRP: Health Literacy Research and Practice • Vol. 6, No. 4, 2022



e256

from the Belgrade pilot study. Journal of Public Health (Oxford, 
England), 31(4), 490–495. https://doi.org/10.1093/pubmed/fdp049 
PMID:19454605

Ju, X., Brennan, D. S., Parker, E., Chrisopoulos, S., & Jamieson, L. (2018). 
Confirmatory factor analysis of the health literacy in dentistry scale 
(HeLD) in the Australian population. Community Dental Health, 35, 
140–147. https://doi.org/10.1922/CDH_4325Ju08 PMID:30130002

Knekta, E., Runyon, C., & Eddy, S. (2019). One size doesn’t fit all: Us-
ing factor analysis to gather validity evidence when using surveys in 
your research. CBE Life Sciences Education, 18(1), rm1. https://doi.
org/10.1187/cbe.18-04-0064 PMID:30821600

Knighton, A. J., Brunisholz, K. D., & Savitz, S. T. (2017). Detecting risk 
of low health literacy in disadvantaged populations using area-
based measures. eGEMS, 5(3), 7. https://doi.org/10.5334/egems.191 
PMID:29930971

Meyer, J. (2020). One of the many advantages of running confirmatory fac-
tor analysis with a structural equation model. https://www.theanaly-
sisfactor.com/advantage-to-running-confirmatory-factor-analysis-
with-structural-equation-modeling/

Náfrádi, L., Papp-Zipernovszky, O., Schulz, P. J., & Csabai, M. (2019). 
Measuring functional health literacy in Hungary: Validation of S-
TOFHLA and Chew screening questions. Central European Journal 
of Public Health, 27(4), 320–325. https://doi.org/10.21101/cejph.
a4885 PMID:31951692

National Institutes of Health. (2021). An introduction to health literacy. 
National Library of Medicine. https://nnlm.gov/initiatives/topics/
health-literacy

Nguyen, T. H., Park, H., Han, H.-R., Chan, K. S., Paasche-Orlow, M. 
K., Haun, J., & Kim, M. T. (2015). State of the science of health lit-
eracy measures: Validity implications for minority populations. 
Patient Education and Counseling, 98(12), 1492–1512. https://doi.
org/10.1016/j.pec.2015.07.013 PMID:26275841

Okan, O., Bollweg, T. M., Berens, E.-M., Hurrelmann, K., Bauer, U., & 
Schaeffer, D. (2020). Coronavirus-Related Health Literacy: A Cross-
Sectional Study in Adults during the COVID-19 “infodemic” in 
Germany. International Journal of Environmental Research and Pub-
lic Health, 17(15), E5503. Advance online publication. https://doi.
org/10.3390/ijerph17155503 PMID:32751484

Orçan, F. (2018). Exploratory and confirmatory factor analysis: Which 
one to use first? Egitimde ve Psikolojide Ölçme ve Degerlendirme 
Dergisi [Journal of Measurement and Evaluation in Education and 
Psychology], 9(4), 414–421. https://doi.org/10.21031/epod.394323

Paakkari, L., & Okan, O. (2020). COVID-19: Health literacy is an un-
derestimated problem. The Lancet. Public Health, 5(5), e249–e250. 
https://doi.org/10.1016/S2468-2667(20)30086-4 PMID:32302535

Paasche-Orlow, M. K., Parker, R. M., Gazmararian, J. A., Nielsen-Bohl-
man, L. T., & Rudd, R. R. (2005). The prevalence of limited health 
literacy. Journal of General Internal Medicine, 20, 175–184. https://
doi.org/10.1111/j.1525-1497.2005.40245.x PMID:15836552

Paasche-Orlow, M. K., & Wolf, M. S. (2008). Evidence does not sup-
port clinical screening of literacy. Journal of General Internal Medi-
cine, 23(1), 100–102. https://doi.org/10.1007/s11606-007-0447-2 
PMID:17992564

Pacific Regional Central Cancer Registry. (2020). American Samoa 
Cancer Data Sheet 2007-2018. American Samoa Cancer Regis-

try. https://asccancercoalition.org/american-samoa-cancer-data-
sheet-2007-2018/

Polite, B. N., Dignam, J. J., & Olopade, O. I. (2005). Colorectal cancer 
and race: Understanding the differences in outcomes between Af-
rican Americans and whites. The Medical Clinics of North Amer-
ica, 89(4), 771–793. https://doi.org/10.1016/j.mcna.2005.03.001 
PMID:15925649

Prudon, P. (2015). Confirmatory factor analysis as a tool in research us-
ing questionnaires: A critique. Comprehensive Psychology, 4, 10. Ad-
vance online publication. https://doi.org/10.2466/03.CP.4.10

Sentell, T., & Braun, K. L. (2012). Low health literacy, limited English 
proficiency, and health status in Asians, Latinos, and other racial/
ethnic groups in California. Journal of Health Communication, 
17(Suppl. 3), 82–99. https://doi.org/10.1080/10810730.2012.712621 
PMID:23030563

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics (6th 
ed.). Pearson.

Tavakol, M., & Dennick, R. (2011). Making sense of Cronbach’s alpha. 
International Journal of Medical Education, 2, 53–55. https://doi.
org/10.5116/ijme.4dfb.8dfd PMID:28029643

Tavousi, M., Haeri-Mehrizi, A., Rakhshani, F., Rafiefar, S., Soleyma-
nian, A., Sarbandi, F., Ardestani, M., Ghanbari, S., & Montazeri, A. 
(2020). Development and validation of a short and easy-to-use in-
strument for measuring health literacy: The Health Literacy Instru-
ment for Adults (HELIA). BMC Public Health, 20(1), 656. https://doi.
org/10.1186/s12889-020-08787-2 PMID:32397970

Thorndike, R. M. (1995). Book review: Psychometric Theory (3rd ed.). 
In J. Nunnally & I. Bernstein (Eds.). Applied Psychological Measure-
ment, 19(3), 303–305.

Tofaeono, V., Ka’opua, L. S. I., Sy, A., Terada, T., Taliloa-Vai Purcell, R., 
Aoelua-Fanene, S., Tong, K., Tofaeono, V., Unutoa-Mageo, T., Scan-
lan, L., Cassel, K., & Rosario, A. (2020). Research capacity strength-
ening in American Samoa: Fa’avaeina le Fa’atelega o le Tomai Sa’ili’ili 
i Amerika Samoa. British Journal of Social Work, 50(2), 525–547. 
https://doi.org/10.1093/bjsw/bcz160 PMID:32280149

Tong, K. (2012). Health literacy and health promotion behaviors 
among Samoans [Doctoral dissertation, University of San Diego]. 
ProQuest Dissertations & Theses. http://search.proquest.com/
docview/1286932136

U.S. Census Bureau. (2020). 2020 U.S. population more racially and 
ethnically diverse than measured in 2010. https://www.census.gov/
library/stories/2021/08/2020-united-states-population-more-racial-
ly-ethnically-diverse-than-2010.html

Willis, G. B., & Artino, A. R., Jr. (2013). What do our respondents think 
we are asking? Cognitive interviewing is used to improve medical 
education surveys. Journal of Graduate Medical Education, 5(3), 353–
356. https://doi.org/10.4300/JGME-D-13-00154.1 PMID:24404294

Willis, G., Lawrence, D., Thompson, F., Kudela, M., Levin, K., & Miller, 
K. (2005, November 14–16). The use of cognitive interviewing to 
evaluate translated survey questions: Lessons learned. Proceedings 
of the Federal Committee on Statistical Methodology Research Con-
ference, Arlington, VA. https://nces.ed.gov/FCSM/pdf/2005FCSM_
Willis_Lawrence_etal_VIIIB.pdf

World Bank. (2020). American Samoa. https://data.worldbank.org/coun-
try/american-samoa

HLRP: Health Literacy Research and Practice • Vol. 6, No. 4, 2022


