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Introduction 
 
Study Background 

The concept of health literacy is the degree to which an individual can obtain, process, and understand basic 
health information,1-6 which includes the ability to understand and respond to questionnaires. In recent years, 
the NIH has invested heavily in the creation of the Patient-Reported Outcomes Measurement Information 
System (PROMIS),7-13 which is a large collection of state-of-the-art questionnaires designed to measure 
symptoms and other health-related concepts. PROMIS has advanced health measurement and the ability to 
incorporate patients’ perspectives into clinical decision-making. But PROMIS, like almost all other 
questionnaires, has not been validated for use by people with low health literacy, and may work poorly for 
individuals with low health literacy skills. Thus, people with low literacy may be inaccurately assessed in all 
research and clinical settings due to unrecognized measurement bias. The goal of this study is to determine how 
health literacy affects selected PROMIS and other questionnaires. 
 
At the time of this version of the analysis plan (Version 2), data collection has begun but no analyses have been 
conducted. Our protocol and analysis plan will be updated as needed before any data are examined to maintain 
the integrity of the pre-registration. All analyses that are not pre-registered will be labelled as post-hoc, 
exploratory analyses. This document is meant to supplement the detailed study protocol and focuses on the 
analytic methodology. The goal of this document is to describe a priori statistical and methodological decisions, 
which will be adhered to rigorously through the analysis process. 
 
Study Objectives 

 Using a large sample (N = 1,216) we will determine the psychometric properties of health questionnaires 
across levels of health literacy. Testing will be conducted in English and Spanish, across two modes of 
administration (paper-and-pencil vs. talking touchscreen). Each participant will have three visits (baseline, 3-
month, and 6-month follow-up), described below, in order to determine changes in psychometric properties 
over time. We will use differential item functioning (DIF) and other psychometric analyses to identify 
questionnaire items with varying characteristics across levels of health literacy. 

• Develop alternative modes of test administration that can better accommodate people with low health 
literacy. National statistics indicate that 14% of adults in the United States have below basic reading skills, and 
over 75 million Americans have below basic or basic health literacy skills.14 These data strongly indicate that 
many individuals seeking healthcare will have difficulties with written questionnaires, even those that have 
been carefully crafted such as those in the NIH PROMIS. We will test an alternative mode of administration that 
has been specifically designed to aid people of low health literacy – a computer-assisted “talking” version that 
uses speech technology that participants can privately access as needed to have items and response options read 
to them. We will analyze the talking touchscreen groups and paper-based groups separately. We hypothesize 
that the talking touchscreen will reduce health literacy-related test bias by level of health literacy, relative to 
traditional paper-based methods. This will be evidenced by fewer items being flagged for DIF in the group that 
receives the talking touchscreen. In terms of descriptive statistics to display the magnitude of effects, we will 
report effect sizes (McFadden’s R2) of DIF items, as well as test characteristic curve (TCC) for DIF items. Among 
low-literacy participants, we expect that the discrimination parameters of the touchscreen condition will be 
higher than the paper-based condition 

• Determine the degree of differential item functioning (DIF) of tools relevant to primary care across 
different levels of health literacy. DIF analyses will be conducted to identify test bias by level of health literacy. 
This will ensure that individuals with low literacy are assessed fairly in clinical and research settings. We will 
assess a broadly applicable instrument to primary care – the PROMIS Profile, which measures anxiety, 
depression, fatigue, pain interference, pain intensity, physical function, sleep disturbance, and social roles and 



activities. Other questionnaires included in the study are shown in Table 1.  We will stratify participants into 
low versus adequate literacy levels using HealthLiTT (groups will be formed according to T scores of < 55 vs. 
55+).15 A secondary analysis will use the NUMI, a measure of health numeracy, in three groups (low = 0-3, 
medium = 4-6, high = 7 or greater). Then, we will determine whether psychometric properties of each 
questionnaire scale are consistent for individuals with low health literacy versus adequate health literacy. We 
hypothesize that DIF will be observed for multiple scales using paper-and-pencil administration, suggesting a 
need to improve test items, and a need to examine alternative ways to administer these tools. 

 
Table 1 
Visit 1  Description of instrument 
Language Assessment  To determine testing in English or Spanish 
Single Item Health Literacy Screener To screen for possible literacy status 

Short Portable Mental Status 
Questionnaire (SPMSQ) 

To determine cognitive status to ensure the possible participant has sufficient mental status to participate 

Demographics To assess participant characteristics 
Health Literacy Assessment 
(Health LiTT) 

Assessment of health literacy. 

NUMI Assessment of numeracy. That is, how well the person can process numerical information 

PROMIS Profile To assess health-related quality of life. 
PHQ-9 Self-report measure of depression. 
Berlin  Questionnaire 
 (for sleep) 

Self-report measure of sleep quality 

Purpose and Meaning (NIH Toolbox) Self-report measure of the degree of meaning and purpose a person feels in their life. 
Ruminative Responses Scale (RRS) Self-report measure of negative, repetitive thoughts 

PTSD Checklist Self-report measure of posttraumatic stress disorder symptoms 
* C-SSRS Lifetime Self-report measure of recent history of suicidal ideation and behavior. (This is not a variable of interest 

that will be used only to ensure patients’ safety). 
*C-SSRS Last Contact Self-report measure of suicidal ideation and behavior since the individual’s most recent assessment. 

(Used only as necessary to ensure patients’ safety). 
Visit 2  

PROMIS Profile To assess health-related quality of life 
PHQ-9 Self-report measure of depression 
Berlin  Questionnaire 
(for sleep) 

Self-report measure of sleep quality 

Purpose and Meaning (NIH Toolbox) Self-report measure of the degree of meaning and purpose a person feels in their life. 

RRS Self-report measure of negative, repetitive thoughts. 
PTSD Checklist Self-report measure of posttraumatic stress disorder symptoms. 
*C-SSRS Lifetime Self-report measure of recent history of suicidal ideation and behavior. (This is not a variable of interest 

that will be used only to ensure patients’ safety).  
*C-SSRS Last Contact Self-report measure of suicidal ideation and behavior since the individual’s most recent assessment. 

(Used only as necessary to ensure patients’ safety). 
Visit 3  

PROMIS Profile To assess health-related quality of life. 
PHQ-9 Self-report measure of depression. 
Berlin  Questionnaire 
(for sleep) 

Self-report measure of sleep quality. 

Purpose and Meaning (NIH Toolbox) Self-report measure of the degree of meaning and purpose a person feels in their life. 

RRS Self-report measure of negative, repetitive thoughts. 
PTSD Checklist Self-report measure of posttraumatic stress disorder symptoms.  
*C-SSRS Lifetime Self-report measure of recent history of suicidal ideation and behavior. (This is not a variable of interest 

that will be used only to ensure patients’ safety). 
*C-SSRS Last Contact Self-report measure of suicidal ideation and behavior since the individual’s most recent assessment. 

(Used only as necessary to ensure patients’ safety).  
Exit Interview  

 



 
Study Design 
 This is a randomized experiment aimed at determining whether talking touchscreen technology can 
reduce DIF and provide a better testing experience, relative to paper-based testing. The study design is shown 
below in Table 2. 
 

Table 2: Study Desgin   
Northwestern BUMC 
304 English speaking 
     152 with low health literacy 
        76 women                                 g1 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g2 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
     152 with adequate health literacy 
        76 women                                 g3 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g4 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized talking touchscreen 
             19 Order 1 
             19 Order 2 
 

304 Spanish speaking 
     152 with low health literacy 
        76 women                                 g5 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g6 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
     152 with adequate health literacy 
        76 women                                 g7 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g8 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized talking touchscreen 
             19 Order 1 
             19 Order 2 
 

  304 English speaking 
     152 with low health literacy 
        76 women                                 g9                                  
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g10 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
     152 with adequate health literacy 
        76 women                                 g11                                  
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g12 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
 

   304 Spanish speaking 
     152 with low health literacy 
        76 women                                 g13 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g14 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
     152 with adequate health literacy 
        76 women                                 g15 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 
        76 men                                   g16 
           38 randomized to paper-based 
             19 Order 1 
             19 Order 2 
           38 randomized to talking touchscreen 
             19 Order 1 
             19 Order 2 

 
Study Timepoints 
 Each participant will be asked to complete a baseline assessment (T1), three-month follow-up (T2), and 
a six-month follow-up (T3). Longitudinal data will be analyzed, within language and within mode of 
administration (paper-based vs. talking touchscreen), on a scale-by-scale basis using multiple-group factor 
analysis to compare in Mplus software (see Table 3 schematic below). All items will be treated as categorical 
indicators with response categories collapsed if there are fewer than five responses for a given response option. 
 
Table 3: Schematic of multiple-group confirmatory factor analysis to be used on a scale-by-scale basis 
 T1 T2 T3 
Adequate health literacy Factor loadings/ 

IRT parameters 
Factor loadings/ 
IRT parameters 

Factor loadings/ 
IRT parameters 

Low health literacy Factor loadings/ 
IRT parameters 

Factor loadings/ 
IRT parameters 

Factor loadings/ 
IRT parameters 

 
We hypothesize that a metric invariable model will fit well for the talking touchscreen method. Acceptable fit 
will be defined as CFI >= .90, TLI >= .90, and RMSEA <= .10. We hypothesize that unacceptable fit indices will be 
obtained for the paper-based testing. For descriptive statistics, we will report all fit indices produced by Mplus 
as well as factor loadings for each item. Longitudinal data will also be used to develop new longitudinal DIF 
tools in R, but these results will be considered exploratory until they can be tried and tested in other data sets. 

 
Study Populations 

The study population includes medical patients and community member, all might which complete 
questionnaires in other clinical and research contexts, ages 18 and older.  



 
Study Variables 
Demographics 
 All demographic variables are described in the protocol. We will report descriptive statistics of all 
demographics within language group as well as in total. We do not have specific hypotheses about 
demographics, but may conduct and report analyses of them, as well as presented additional analyses of 
demographics based on requests from manuscript reviewers.  

Health literacy and numeracy 
 HealthLiTT and the NUMI will be used to determine health literacy groups using the above-described 
cutoffs. HealthLiTT is our main health literacy variable. All analyses of the NUMI are secondary. 

Health questionnaires 
 The following questionnaires will be subjected to DIF analyses: the PROMIS Profile (physical function,  
anxiety, depression, fatigue, sleep disturbance, ability to participate in social roles and activities, and pain 
interference), the Berlin Questionnaire (for sleep), the NIH Toolbox scale for purpose and meaning, the PTSD 
checklist (20 symptom items assessing overall PTSD symptoms), the Ruminative Responses Scale (total score 
and brooding and reflection subscales), and the PHQ-9. 

 

Interim analyses to ensure data quality 
 In order to ensure data integrity and quality, we will conduct limited interim data analyses after 150 
patients have enrolled. The goal of this analysis will be to conduct a “dry run” of data management procedures. 
We will import, merge, clean, and examine the data quality. Merging is necessary because data will be collected 
from multiple sites using different data collection platforms. Data merging will require uniformity of file format, 
data variable names, and the value coding within each variable. Once merged, we will examine the data for any 
out-of-range, non-numerical, unexpected or missing values that may represent technological or experimental 
errors. We will also compose statistical software syntax based on existing scoring rules; these rules will name 
and define composite variables at the questionnaire (scale) score level. Health variables will be correlated and 
examined to confirm the correct coding of the variables (e.g., re-coding of responses or reversing). We will 
document these data management steps and produce software syntax necessary for successful merger, any 
challenges encountered, and remedies we put in place. The overarching goal of these interim analyses are to 
prepare for the analyses of the final data set.  

Primary analyses 
DIF by health literacy 
 We hypothesize that DIF will be observed 
across adequate versus low levels of health literacy 
as measured by HealthLiTT.15 In terms of direction, 
we predict that low-health-literacy groups will show 
lower item slopes. All questionnaires and subscales 

Box 1: Models fit by lordif 
 
Model 0: logit[P(Y ≥ k)] = αk 
Model 1: logit[P(Y ≥ k)] = αk + β1 (ability) 
Model 2: logit[P(Y ≥ k)] = αk + β1 (ability) + β2 (group) 
Model 3: logit[P(Y ≥ k)] = αk + β1 (ability) + β2 (group) + β3 (ability × group) 

Note: α and β are logistic regression parameters. k refers to the number 
of thresholds needed for each item. 



mentioned in the “Core battery for DIF Testing” section of protocol will undergo DIF testing. To examine DIF 
across health literacy status, we will conduct separate analyses within language and within testing format 
(paper-based vs. talking touchscreen). The overall N for these analyses, within strata, will be 304. We will use 
the lordif package in R for these analyses. This involves several steps. Four models are fit to the data (see Box 1). 
The models are regressions that link the probability of response type (e.g., “never”, “rarely”, “sometimes”, 
“often”, “always”) to a latent trait. If an item is free of DIF, then group (e.g., adequate vs. low health literacy) 
should have no effect. Thus, Model 2 and Model 3 should not fit significantly better than Model 1. It is well 
known that statistical significance is influenced, in part, by sample size. Thus, lordif uses effect-size measures to 
detect DIF, and to flag individual items where the effect of group exceeds a particular threshold. Effect sizes 
indicative of DIF will be chosen for each scale based on a Monte Carlo simulation carried out in lordif, which 
returns an effect size that would be unlikely given the null hypothesis of no DIF. 
 The following a priori decisions are important. We will use a Type I error rate of α = .01 to generate the 
McFadden ∆R2 effect size for each item that would be considered unusual if the null hypothesis of no DIF were 
true. Within each scale, we will select the smallest McFadden R2 across all of the items. The minimum effect size 
we will consider is .001. This effect size will then be used in lordif to detect items that show DIF. It should be 
noted that the simulation results from lordif would be a minimum, in which case we would need to choose 
larger (i.e., more conservative) effect sizes if lordif identifies a large number of items. In the event that more than 
50% of items are flagged for DIF, we will re-run lordif with successive increases in .005 increments in the DIF 
detection criterion. This will allow us to identify which items produce the highest R2 values consistently, 
regardless of the a priori R2 DIF detection criterion 

We will compile a list of items flagged for uniform (Model 1 vs. 2 from Box 1), non-uniform (Model 2 vs. 
3), and total DIF (Model 1 vs. 3). Our a priori hypothesis is that DIF will be observed across levels of health 
literacy for paper-based testing. We further hypothesize that DIF will also be found for the talking touchscreen, 
but for fewer items. In addition, we hypothesize that the magnitude of each DIF item’s ∆R2 value will be larger 
in the paper-and-pencil group relative to the touch-screen group. 

In addition to testing these specific hypotheses, we will create reports of descriptive statistics. For each 
item flagged for DIF, we will, 1) report the ∆R2 values associated with uniform and non-uniform DIF,  2) 
summarize all IRT parameters across groups, 3) inspect the magnitude of θ versus a DIF-purified θ (see 
reference16 for computational details) on a participant-by-participant basis to determine the practical effects of 
DIF, and 4) evaluate test characteristics curves (TCCs) to determine the effect of DIF on the overall test score. 

In addition to scale-by-scale analyses, we will conduct exploratory analyses of questionnaires together 
(e.g., PROMIS depression together with PHQ-9, PROMIS sleep and Berlin), to explore the power of DIF analyses 
using multiple scales of the same construct. 
  
Assessment of the testing experience 

We hypothesize differences between the talking touchscreen and paper-based testing in terms of the testing 
experience. We will calculate Spearman correlations with 99% confidence intervals (CIs) for the three 5-point 
ordinal questions (see Exit Interview) and whether testing was talking touchscreen or not (coded 0/1). This 
nonparametric approach will determine which method of testing is more appropriate for people of low health 
literacy.  CIs that do not contain zero will be regarded as statistically significant. 
 

Statistical methodology 
 
Overview 

Data will be summarized by group and in total. In summary tables of continuous variables, the minimum, 
maximum, mean, and standard deviation will be presented with one decimal place. We will use counts and 
percentages in table for categorical variables. The denominator for each percentage will be the number of 



participants within the group unless otherwise specified. All hypothesis testing will be carried out at a two-
tailed Type I error rate of α = .05. unless otherwise specified. P-values will be rounded to three decimal places 
with a minimum of < 0.001 in tables. If statistical methods change during analysis, this will be documented in 
all reports with justification. Additional analyses of these data will inevitable, but any exploratory analyses will 
be clearly marked as such. 
 

Statistical power analysis and sample size selection 
IRT and DIF analyses require large samples due to the large number of free parameters to be estimated. The 

proposed sample size herein is larger than other successful implementations of these same analyses carried out 
in other IRT studies.17-20 Moreover, we have carried out computer simulations to determine if our proposed 
sample sizes will be sufficient to create IRT models. We assumed a one-factor model across two groups at n = 
100 each with standardized factor loadings set to .7 for eight questionnaire items. We used two groups for this 
simulation to ensure that any pairwise model comparisons would have adequate power. For this simulation, we 
specified that a non-significant model χ2 was a good fit, which is a conservative decision because this particular 
test is highly sensitive relative to other measures of model fit, especially with large samples. Across 500 
iterations, a good-fitting model was identified across groups 90% of the time. Even dropping the sample size to 
as low as n = 50 would identify a good-fitting model 84% of the time. Thus, our sample size of N = 1,216, with 
subdivisions as small as n = 152, should be adequate. 
 

Missing data 
We will describe the rate of missing data on an item-by-item basis using frequency tables in R. We do not 

anticipate high rates of missing data, but we will conduct subgroup analyses by health literacy, site, and 
administration mode as need to help diagnose any problems with missing data. For DIF analyses, IRT models 
are estimated using full-information approaches that use all available data and can accommodate missing 
responses. We do not foresee a need for an imputation strategy, but if that were to become necessary, we will 
update this plan accordingly before running any analyses. 
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