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A B S T R A C T   

Objective: Health literacy is a critical health determinant, for which few computerized, self-administered as-
sessments exist. This study adapted and tested the reliability of the Newest Vital Sign© (NVS) as a computerized, 
self-administered health literacy screener. 
Methods: Phase one involved 33 participants to create response options for a computerized, self-administered 
NVS (C-NVS). Phase two was a randomized crossover trial to test the consistency of C-NVS and original, 
interviewer-administered NVS (I-NVS) scores in 89 participants. 
Results: Linear mixed-effects regression model results showed a significant carryover effect (p < .001). Crossover 
trial data from time 1 showed that participants who initially received the C-NVS had significantly higher average 
scores (M = 5.7, SD = 0.6) than participants who received the I-NVS (M = 4.5, SD = 1.5; t(87) = 5.25, p < .001). 
Exploratory analysis results showed that when the washout period was longer than 33 days (75th percentile) the 
carryover effect was not statistically significant (p = .077). 
Conclusion and innovation: Findings suggest learning can occur when health literacy screeners are administered 
more than once in less than a month's time and computerized, self-administered health literacy screeners may 
produce ceiling effects. A universal precautions approach to health literacy therefore remains germane.   

1. Introduction 

Health literacy, the ability to access, process, and use health infor-
mation and services, is vital to health and wellbeing [1-5]. Health lit-
eracy skills may include the ability to interpret a nutrition label, locate 
and understand information in healthcare documents, and follow 
medication instructions [1,3]. Approximately 80 million U.S. adults 
(36%) have limited health literacy [6]. Individuals who: are older, have 
less education, have lower income, identify as an ethnic minority, and/ 
or live in a rural area are at the highest risk of limited health literacy 
[6,7]. Limited health literacy is related to an array of adverse health 
outcomes including missed prescription refills and provider visits, 
increased hospitalizations, and poorer overall health among U.S. adults 
[8]. These findings underscore the need to better understand and 
address health literacy, especially for vulnerable populations in 
healthcare settings [5]. 

In a technology-focused society that is continuously innovating, 
computerized health literacy assessment may have benefits for 

clinicians, patients, and researchers. According to the World Health 
Organization (2018), digital technologies such as computerized assess-
ments are predicted to have a positive impact on healthcare access. That 
is, technology may help to optimize the use of computerized resources in 
healthcare leading to greater health information accessibility [9]. 
Healthcare organizations are rapidly transitioning to using eHealth 
systems to communicate health information and provide health services. 
Relatedly, telehealth visits are becoming increasingly prevalent, which 
may make patients more responsible for accessing and comprehending 
the health information provided to them online [10]. This rapid tech-
nological transition has, however, given rise to disparities in access to 
and use of health information and services thereby perpetuating 
persistent health inequities [9-11]. Consequently, it is imperative that 
patient health literacy continue to be both assessed and addressed 
through eHealth systems. On the assessment end, this may involve 
adapting existing health literacy assessments to be computerized and 
self-administered as part of eHealth systems. 

The Newest Vital Sign© (NVS) is an interviewer-administered, health 
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literacy screener that is widely utilized in clinical practice [12-14]. The 
original NVS was developed in English and Spanish by Weiss and col-
leagues (2005) and is valid, reliable, and quickly administered—taking 
an average of 2–3 min for patients to complete [14-16]. The NVS has 
been adapted and determined to be reliable for use in other countries 
such as China [17], Italy [18], and the United Kingdom [19]. Yet, few 
studies have adapted the NVS for computerized, self-administration to 
accommodate the fast-changing technological advancements in health-
care delivery and health services research. 

Mansfield and colleagues (2018) did conduct a randomized cross-
over trial to assess the reliability of a computerized, self-administered 
adaptation of the NVS in Canada [20]. Their study's results demon-
strated that participants' health literacy scores were similar between the 
new, computerized and original, interviewer-administered versions of 
the NVS, suggesting that the computerized, Canadian NVS is reliable. 
Still, the NVS has not yet been adapted for computerized, self- 
administration in the United States. This study, therefore, sought to 
adapt and examine the reliability of the NVS as a computerized, self- 
administered health literacy screening tool. 

2. Methods 

2.1. Overarching study design 

This study's two-phase design followed that of the previous study 
conducted by Mansfield and colleagues (2018) to adapt and test the 
reliability of the NVS in French and as a computerized, self-administered 
tool for Canadian adults [20]. The first phase of this study, conducted 
from June to October 2020, involved administering the original, 
interviewer-based NVS (I-NVS) to determine the distractor response 
options that would be used in the study's second phase with the 
computerized-based NVS adaption (C-NVS). The second study phase, 
conducted from October 2020 to August 2021, used a randomized cross- 
over trial design with a two-to-nine-week washout period (median = 24 
days). Because of safety concerns related to the COVID-19 pandemic, 
both study phases were conducted through telephone and videocon-
ference. Some evidence exists to support the validity of the NVS when 
administered remotely via telephone or videoconference versus in- 
person [21]. The first author's Institutional Review Board approved 
this study's protocol. 

2.2. Phase 1 instruments 

2.2.1. I-NVS 
The original NVS is a validated six-question tool that utilizes an ice 

cream nutrition label (Fig. 1) and is read aloud by an interviewer to 
assess a participant's health literacy and numeracy skills [14]. Correct 
responses are scored with one point, and incorrect responses receive a 
score of zero. A score of four to six indicates adequate health literacy, 
while anything below indicates limited health literacy. A score of zero or 
one indicates likely limited health literacy and a score of two or three 
indicates possible limited health literacy [13,14]. For the purposes of 
this study, the I-NVS questions were read aloud by a research team 
member over the telephone or on videoconference while the participant 
viewed the ice cream nutrition label. Research team members recorded 
and scored their responses. 

2.2.2. Demographic and health questionnaire 
In phase one, participants also completed a verbally administered 

demographic and health questionnaire. This questionnaire included 
items adapted from the National Health Interview Survey regarding 
participants' age, sex, Hispanic or Latin ethnicity, race, health insurance 
coverage, marital status, and employment. Additional questionnaire 
items were included regarding participants' health status and quality of 
life from the 36-item Short Form Health Survey (SF-36) [22], as well as 
impacts of the COVID-19 pandemic across personal and social life 

domains from the Epidemic – Pandemic Impacts Inventory Survey [23]. 

2.3. Phase 1 sample 

2.3.1. Phase 1 recruitment 
Patients who were 18 years or older and had one or more visit(s) at 

one of two federally qualified health centers in Northern Arizona during 
the past 12 months were randomly sampled by each health center using 
simple random sampling. For the patients sampled, recruitment initially 
occurred by mail with an invitation letter sent containing information 
about the study. Patients at one of the two federally qualified health 
centers were also contacted via telephone one to four weeks after the 
recruitment letters were sent if they had not already called the study 
team about participating. All individuals enrolled in the study provided 
verbal informed consent. 

2.3.2. Phase 1 participants 
Thirty-three individuals were enrolled in the study's first phase, and 

31 participants provided complete I-NVS data. Because the purpose of 
the study's first phase was to generate distractor response options for the 
C-NVS, individuals were recruited and enrolled in the study's first phase 
until no new incorrect responses, which could serve as possible dis-
tractor response options, were being given by phase one participants to 
the I-NVS. The mean participant age was 55 years. Thirty-two percent of 
phase one participants identified as American Indian or Alaska Native. 
Approximately 6 % of phase one participants identified as Hispanic. 
Over half (54.8%) of phase one participants had public health insurance. 
Table 2 displays all phase one participant demographic characteristics. 

Fig. 1. Newest vital sign ice cream nutrition label. 
This is the ice cream label used as part of the Newest Vital Sign. 
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2.4. Phase 1 data collection 

Data were collected and managed using REDCap (Research 
Computerized Data Capture) tools hosted at Northern Arizona Univer-
sity [24]. REDCap is a secure, web-based software platform designed to 
support data capture for research studies, providing (1) an intuitive 
interface for validated data capture; (2) audit trails for tracking data 
manipulation and export procedures; (3) automated export procedures 
for seamless data downloads to common statistical packages; and (4) 
procedures for data integration and interoperability with external 
sources. All five research team members involved in data collection for 
the study underwent training on collecting data in REDCap, including 
administering the NVS, for phases one and two. 

The first study phase involved determining the C-NVS distractor 
response options based on the participant interviews conducted using 
the I-NVS. The I-NVS was verbally administered by telephone or 
videoconference to allow participants the ability to freely respond. 
Participants were timed by the research member administering the 
survey using the research team member's telephone timer to determine 
the average amount of time that the I-NVS took participants to complete. 
Responses from the first phase were compiled, and the research team 
met to collectively determine the distractor response options for the C- 
NVS according to the incorrect responses most frequently given to the I- 
NVS items. For example, in response to the first NVS item (“If you eat the 
entire container, how many calories will you eat?), some phase one 
participants said 250 cal as their response (the correct response is 1000 
cal). Because this was the most frequent incorrect response to this NVS 
item, it was used as a distractor response option for this item in the C- 
NVS. For NVS questions that did not have many incorrect responses 
given, such as question six, the study team included distractor options 
from the electronic NVS created by Mansfield and colleagues (2018). 
Participants received a $20 payment for completing the study's first 
phase. 

2.5. Phase 2 instruments 

For the C-NVS, a Microsoft PowerPoint© with the nutrition label 
from the I-NVS utilized pre-recorded narration and programmed buttons 
to capture participants' answers. The first slide of the PowerPoint© was 
an instructional slide that walked participants through how to answer 
the C-NVS questions. As the participant proceeded through each slide, 
they would hear the narration of the questions from the original I-NVS 
and see the nutrition facts label and the available answer options for 
each question. Table 1 shows the questions with the response options 
that were utilized within the PowerPoint©. Participants would complete 
the C-NVS on their own via PowerPoint© or via Zoom's shared screen 
feature if they did not feel confident in the navigation of the Power-
Point©. If completed on their own, they would save their work and then 
send it back to the research team via email and the research team would 
enter their responses into REDCap. Only five participants elected to 
complete the C-NVS via Zoom with a research team member. This was 
typically because they did not have familiarity with REDCap and were 
uncomfortable completing the survey on their own. An example of a C- 
NVS item and the text of the pre-recorded narration for that item is 
shown in Fig. 2. Phase two participants additionally completed the same 
demographic and health questionnaire completed by participants in the 
study's first phase. 

2.6. Phase 2 sample 

2.6.1. Phase 2 recruitment 
Phase two recruitment strategies, participant eligibility criteria, and 

informed consent procedures were identical to phase one of the study. 
To ensure we met the requisite sample size needed for phase two, we 
additionally recruited individuals through word-of-mouth referrals 
(snowball sampling) and by posting flyers in the community. Eighteen 

individuals who were enrolled in phase two of the study were recruited 
through word-of-mouth referrals and one individual who was enrolled 
in phase two of the study was recruited as a result of seeing a flyer. 

2.6.2. Phase 2 sample size calculation 
Based on prior research by Mansfield and colleagues (2018), a 

sample size calculation was conducted for a paired, two-sided t-test with 
an effect size (Cohen's d) of 0.35, α = 0.05, and power > 0.90 [20]. This 
calculation showed that 90 participants would be needed to complete 
both the I-NVS and C-NVS. We aimed to recruit 110 participants, 
expecting that 20% of participants would not complete both the I-NVS 
and C-NVS in the study's second phase. 

2.6.3. Phase two participants 
Ninety-two individuals were enrolled in the study's second phase. Of 

the study's phase 2 participants, 89 had complete data for the I-NVS and 
C-NVS during period one (first NVS administration) of phase two. There 
were no statistically significant differences between participants 
assigned to the I-NVS or C-NVS in terms of their demographic charac-
teristics. In phase two, the mean participant age was similar to phase one 
(phase 2 M = 53.1 years). Twenty percent of participants in phase two 
identified as American Indian or Alaska Native. Approximately 8 % of 
phase two participants identified as Hispanic or Latin. Nearly half 
(44.7%) of phase two participants had public health insurance. Table 2 
displays all phase two participant demographic characteristics. 

2.7. Phase 2 data collection 

Similar to phase one, phase two data were collected and managed 
using REDCap (Research Computerized Data Capture) tools hosted at 
Northern Arizona University [24]. Simple random assignment was used 
to assign participants to first complete either the I-NVS or adapted C- 

Table 1 
Computerized NVS (C-NVS) questions and response options.  

Question (Same Questions were used for the I-NVS) Response Options 

1. If you eat the entire container, how many calories 
will you eat? 

A. 250 Calories (Distractor) 
B. 500 Calories (Distractor) 
C. 750 Calories (Distractor) 
D. 1000 Calories 
E. I don't know 

2. If you are allowed to eat 60 g of carbohydrates as a 
snack, how much ice cream could you have? 

A. 1/2 cup (1 serving) 
B. 1 cup (2 servings) 
C. 2 cups (4 servings) 
(Distractor) 
D. I don't know 

3. Your doctor advises you to reduce the amount of 
saturated fat in your diet. You usually have 42 g of 
saturated fat each day, which includes one serving 
of ice cream. If you stop eating ice cream, how many 
grams of saturated fat would you be consuming each 
day? 

A. 0 g (Distractor) 
B. 9 g (Distractor) 
C. 33 g 
D. 39 g (Distractor) 
E. I don't know 

4. If you usually eat 2500 cal in a day, what percentage 
of your daily value of calories will you be eating if 
you eat one serving? 

A. 5% (Distractor) 
B. 10% 
C. 25% (Distractor) 
D. I don't know 

5. Pretend that you are allergic to the following 
substances: Penicillin, peanuts, latex gloves, and bee 
stings. Is it safe for you to eat this ice cream? 

A. Yes 
B. No 
C. I don't know 

6. Why not? A. Contains peanut or 
peanut oil 
B. Comes from bees 
(Distractor) 
C. Contains egg 
(Distractor) 
D. Contains macadamia 
nuts (Distractor) 
E. I don't know 

Question 6 was only asked if participants responded “No” to question 5. Dis-
tractor is indicated for the incorrect response options for the C-NVS. 
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NVS. Upon completion of the first version of the NVS, a date two to nine 
weeks from that day was set to complete the second NVS version. The 
time to complete each NVS by participants was recorded in the same 
way that it was for phase one. Participants completing the C-NVS were 
instructed to do so on their own, without assistance. Participants who 
provided data for period one received $20 and an additional $25 for 
providing data in period two during the study's second phase. 

2.8. Phase 2 analysis 

Descriptive statistics such as means, standard deviations, fre-
quencies, and relative frequencies were initially computed for all vari-
ables of interest and to characterize the study sample. We computed 
two-sample t-tests and chi-square tests to examine differences in the 
demographic characteristics of participants initially assigned to the C- 
NVS versus I-NVS in phase two. Per guidance on the appropriate analysis 
of data from crossover trials [25], we first assessed whether there was a 
carryover effect from period one to two by fitting a linear mixed effects 
random intercept regression model with participants' health literacy 

score as the outcome variable and looking at period, treatment, and the 
interaction between period and treatment as the independent variables. 
Because the interaction effect between period and treatment was sta-
tistically significant (p < .001), we primarily examined period one data 
to determine differences in participants' scores on the I-NVS versus the 
C-NVS. We additionally conducted an exploratory, sensitivity analysis to 
examine the extent to which carryover effects varied by washout period 
length. If the carryover effect was not significant, we fit an exploratory 
linear mixed effects model within the subgroup with adequate washout 
period length, removing the interaction term to test for differences in 
NVS scores by version over both periods. We used an alpha value of 0.05 
to determine statistical significance, and all hypothesis tests were two- 
sided. Data were analyzed with Stata 17 [26]. 

3. Results 

3.1. Phase 1 results 

Thirty-one participants completed the verbally administered I-NVS. 

Fig. 2. Example of computerized newest vital sign item with response options and pre-recorded narration as text. 
Voice Over Provided: “This Nutrition Facts label is on the back of the pint of ice cream. 
If you eat the entire container of ice cream how many calories will you eat? 
250 cal? 
500 cal? 
750 cal? 
1000 cal? 
I don't know?” 
This figure displays the first item of the computerized, self-administered Newest Vital Sign and the voice over provided with the item. 
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Question one elicited seven different responses. Twenty-two partici-
pants answered correctly with “1000 cal.” One participant answered 
that they did not know. The incorrect responses included 250 cal (n = 4), 
10,000 cal (n = 1), 900 cal (n = 1), 800 cal (n = 1), and 480 cal (n = 1). 
Question two revealed 11 different responses. Any participant who said 
one cup (two servings) or any amount up to one cup or half the 
container, was correct (n = 26). Two participants answered that they did 
not know. The incorrect responses included: 24% (n = 1), 150 g (n = 1), 
and 2 cups (n = 1). Question three had nine different responses. Fifteen 
participants answered correctly with 33 g. Three participants answered 
that they did not know. The incorrect responses included: 9 g (n = 5), 0 g 
(n = 2), 36 g (n = 2), 37 g (n = 1), 35 g (n = 1), 24 g (n = 1), and 2 g (n =
1). Question four had nine different responses. Twenty participants 
answered correctly with 10%. One participant answered that they did 
not know. The incorrect responses were as follows: 25% (n = 4), 250 g 
(n = 1), 250 cal (n = 1), 150 cal (n = 1), 6.25% (n = 1), 5% (n = 1), and 
4.8% (n = 1). Question five required a “yes” or “no” response. Twenty 
participants answered correctly with a “no” response. Eleven partici-
pants answered incorrectly with a “yes” response. The final question of 
the I-NVS was only asked if patients answered question five correctly 
(“no”). Of the twenty participants who were asked question six, 19 
participants answered correctly with “peanut oil”. The participant who 
answered incorrectly stated “honey.” 

3.2. Phase 2 results 

Table 3 displays the frequencies and percentages of total scores and 
health literacy categories for participants assigned to the I-NVS or C-NVS 
during period one. Among participants in period one, none who were 
assigned to the C-NVS had limited (likely or possible) health literacy 
while 10 (24.4%) who were assigned to the I-NVS had limited (likely or 
possible) health literacy. For those with limited health literacy in the I- 
NVS condition during period one, only two participants had likely 
limited health literacy (score = 1). Participants in the C-NVS condition 

had significantly higher NVS scores (M = 5.7, SD = 0.6) than those in the 
I-NVS condition (M = 4.5, SD = 1.5) during period one (Table 4; t(87) =
5.25, p < .001). In addition, the amount of time to complete the C-NVS 
(M = 6:43, SD = 2:49) was significantly higher than the time taken to 
complete the I-NVS (M = 3:21, SD = 1:23) during period one (t(86) =
7.28, p < .001). 

Results from the sensitivity analysis exploring carryover effects by 
washout period length showed that for those participants with a 
washout period >16 days (25th percentile), the carryover effect 
remained statistically significant (p = .004). We additionally examined 
the carryover effect in participants with a washout period length >24 
days (the median) and found that the carryover effect among these 
participants was still statistically significant (p = .028). Last, we exam-
ined the carryover effect in participants with a washout period greater 
than the 33 days (75th percentile) and found that the carryover effect 
among these participants was not statistically significant (p = .077). 
Among the sample subgroup that had a washout period greater than the 
75th percentile (n = 20), results showed that over both periods the NVS 
total did not differ significantly by version (p = .14, mean difference =
− 0.73), but that their I-NVS scores were still lower than their C-NVS 
scores. 

4. Discussion and conclusion 

To our knowledge, this was one of the first studies to adapt and test 
the reliability of the NVS for computerized, self-administration in the 
United States. Although we followed a similar protocol to other cross-
over trial studies that have sought to adapt the NVS in other countries 
[13,20], we found a statistically significant carryover effect among 
participants in this trial. That is, participants' average NVS scores 
significantly improved between period one and period two, regardless of 
whether they were initially assigned to first complete the I-NVS or the C- 
NVS in phase two of this study. When we examined the data only from 
period one, we additionally found that participants assigned to the C- 

Table 2 
Participant demographic characteristics.   

Phase 1 
(n = 31) 

Phase 2 
(n = 89) 

Age, years M (SD)  
55.3 (17.2) 53.1 (18.5) 

Sex n (%) 
Male 15 (48.4) 37 (41.6) 
Female 16 (51.6) 52 (58.4) 

Race n (%) 
American Indian or Alaskan Native 10 (32.3) 18 (20.2) 
Black or African American 0 1 (1.1) 
Native Hawaiian or Other Pacific Islander 2 (6.5) 0 
White or Caucasian 19 (61.3) 73 (82.0) 

Ethnicity n (%) 
Hispanic, Latino, or Spanish 2 (6.5) 7 (7.9) 
Not Hispanic, Latino, or Spanish 28 (93.6) 82 (92.1) 

Employed n (%) 
Yes 19 (62.3) 43 (48.3) 
No 12 (38.7) 46 (51.7) 

Insurance Coverage n (%) 
Private Insurance 14 (45.2) 40 (52.6) 
Public Insurance 17 (54.8) 34 (44.7) 
No Health Insurance 0 2 (2.3) 

Recruited From n (%) 
Federally Qualified Health Center 31 (100) 70 (37.8) 
Word of Mouth or Flyer 0 19 (21.4) 

Children ages <18 years n (%) 
Yes 7 (22.6) 17 (19.1) 
No 24 (77.4) 72 (80.9) 

Marital Status n (%) 
Married or Living with Partner 20 (64.5) 35 (39.3) 
Divorced 6 (19.4) 8 (9.0) 
Widowed 1 (3.2) 4 (4.5) 
Single 4 (12.9) 40 (44.9)  

Table 3 
Phase 2 NVS total scores and health literacy levels at first NVS administration (N 
= 89).   

Received the I-NVS 
First 
Total = 41 
n (%) 

Received the C-NVS 
First 
Total = 48 
n (%) 

NVS Total Score   
Score = 0 0 0 
Score = 1 2 (4.9) 0 
Score = 2 3 (7.3) 0 
Score = 3 5 (12.2) 0 
Score = 4 8 (19.5) 4 (8.3) 
Score = 5 9 (22.0) 5 (10.4) 
Score = 6 14 (34.2) 39 (81.3) 

Health Literacy Level   
Likely Limited or Possible Limited 
Health Literacy 10 (24.4) 0 

Adequate Healthy Literacy 31 (75.6) 48 (100) 

NVS, Newest Vital Sign. For the NVS, a score of zero or one indicates likely 
limited health literacy, and a score of two or three indicates possible limited 
health literacy. An NVS score of 4–6 indicates adequate health literacy. 

Table 4 
Phase 2 NVS mean scores at first NVS administration (N = 89).   

Mean Score (SD) Mean Time (SD) 

Interviewer Administration (n = 41) 4.5 (1.5) 3:21 (1:23) 
Computerized, Self-Administration (n = 48) 5.7 (0.6) 6:43 (2:49) 

Independent, two-sided t-test results for NVS scores by version were as follows: t 
(87) = 5.25, p < .001. Independent, two-sided t-test results for time it took 
participants to complete the NVS by version were as follows: t(86) = 7.28, p <
.001. NVS, Newest Vital Sign; SD, standard deviation. 
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NVS scored significantly higher than participants assigned to the I-NVS. 
The C-NVS also took participants significantly longer, slightly more than 
double the time, to complete than the I-NVS. 

Because learning likely contributed to the carryover effect found, we 
explored the effect that washout period length had. When limiting the 
sample to those participants who had a washout period longer than 16 
days (25th percentile) or 24 days (median), we still found a statistically 
significant carryover effect. It was only when we limited the sample to 
those participants who had a washout period longer than 33 days (75th 
percentile) that the carryover effect was no longer statistically signifi-
cant, suggesting that a washout period of at least five rather than two 
weeks may be needed in future crossover trials similar in nature. Even 
so, among this subgroup, their I-NVS scores were still lower than their C- 
NVS scores. Because of this, it may be necessary to change the response 
option format of computerized, self-administered NVS assessments so it 
more closely matches the I-NVS. In other words, having multiple choice 
response options rather than one response option entered by the indi-
vidual may limit response variability and lead to ceiling effects in NVS 
scores. 

4.1. Limitations 

This study had limitations. Because of COVID-19 pandemic-related 
safety concerns, we administered the I-NVS and C-NVS by telephone or 
videoconference instead of in-person as was originally planned. Though 
we still verbally administered the I-NVS, as would be done in-person, the 
psychometric properties of the NVS administered verbally by telephone 
or videoconference among U.S. adults have not been well-established 
[13]. Similarly, we included voice over narration for the C-NVS; how-
ever, the other study that adapted and tested this type of NVS assessment 
did so in-person rather than by videoconference [20]. Along these lines, 
self-selection bias was likely an issue due to recruitment coinciding with 
the pandemic. That is, individuals who were better resourced and less 
burdened by the pandemic may have been more likely to enroll in this 
study, particularly during phase two that began approximately six 
months into the pandemic [27]. Nevertheless, we did have approxi-
mately 31% and 20% of participants identify as American Indian or 
Alaska Native in phase one and phase two, respectively, which we 
believe is a strength of this study and is fairly representative of the 
racial/ethnic composition of adults in Northern Arizona [28]. In addi-
tion, development of the distractor response options based on the 
incorrect responses of individuals recruited during the first six months of 
the pandemic may have not posed enough difficulty for the possibly 
better-resourced participants recruited for phase two of this study. 
Indeed, the mean NVS scores of participants in phase two were higher 
than those found in the original study of the NVS by Weiss and col-
leagues (2005), as well as the latter study by Mansfield and colleagues 
(2018) [14,20]. Although participants who completed the C-NVS in 
phase two were asked to do so without assistance, they may have sought 
help online or from other individuals. Another limitation of our mea-
sures was that we did not ask participants about their level of educa-
tional attainment, which may be correlated with their health literacy 
level. Last, the washout period for phase two participants varied widely 
(two to nine weeks) in part due to the pandemic and contributing to 
carryover effects. Nevertheless, based on our sensitivity analysis, we 
found that a washout period of more than one month (> 33 days) may 
reduce the risk of carryover effects in similar future research. 

4.2. Innovation 

This study is innovative insofar as it provides a starting point for the 
further development of a reliable computerized and self-administered 
version of the NVS health literacy screener that can be integrated into 
broader healthcare delivery and research innovations. Because health 
literacy is a determinant of health [5] [29], a reliable computerized and 
self-administered health literacy screening tool for U.S. adults is needed 

particularly in the context of more widespread telehealth, electronic 
health record, and patient portal information systems. Moreover, 
capturing health literacy information from more individuals in this 
manner will enable researchers to understand healthcare inequities and 
the drivers of these inequities to a greater extent. 

This work can also be used to inform innovative mobile health 
(mHealth) applications with health literacy assessment embedded for 
the purposes of tailoring the application and/or understanding the 
effectiveness for certain population segments with different health lit-
eracy levels. As concluded by Welch and colleagues (2011), over a 
decade ago, health literacy assessment using a tool like the NVS is often 
feasible in clinical practice; however, clear guidelines do not exist on 
how this information should be used by clinicians in their education, 
counseling, and general communication with patients and their families 
[16]. Therefore, determining ways that information from the NVS and 
other health literacy assessments can be efficiently linked to health re-
cord systems and facilitate clinician prompts, as well as increased usage 
of universal precaution techniques (e.g., pictograms, teach-back) could 
further hold great value for practice [30]. 

4.3. Conclusion 

This study was one of the first to adapt and examine the reliability of 
the NVS as a computerized, self-administered tool among U.S. adults. 
Due to a significant carryover effect, only data from period one of the 
phase two crossover trial were examined showing higher average scores 
on the C-NVS compared to the I-NVS, as well as longer completion times 
for the C-NVS versus the I-NVS. Future crossover trials may need to 
employ a longer washout period of five or more weeks to ensure that 
learning does not lead to carryover effects. Establishing a reliable C-NVS 
tool is important to advancing population health, given the increase in 
telehealth practice, other healthcare innovations, and the need to assess 
health literacy in research. 
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