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Abstract 

Background:  Non-random non-response bias in surveys requires time-consuming, complicated, post-survey analy-
ses. Our goal was to see if modifying cover letter information would prevent non-random non-response bias alto-
gether. Our secondary goal tested whether larger incentives would reduce non-response bias.

Methods:  A mailed, survey of 480 male and 480 female, nationally representative, Operations Enduring Freedom, 
Iraqi Freedom, or New Dawn (OEF/OIF/OND) Veterans applying for Department of Veterans Affairs (VA) disability ben-
efits for posttraumatic stress disorder (PTSD). Cover letters conveyed different information about the survey’s topics 
(combat, unwanted sexual attention, or lifetime and military experiences), how Veterans’ names had been selected 
(list of OEF/OIF/OND Veterans or list of Veterans applying for disability benefits), and what incentive Veterans would 
receive ($20 or $40). The main outcome, non-response bias, measured differences between survey respondents’ and 
sampling frame’s characteristics on 8 administrative variables, including Veterans’ receipt of VA disability benefits and 
exposure to combat or military sexual trauma. Analysis was intention to treat. We used ANOVA for factorial block-
design, logistic, mixed-models to assess bias and multiple imputation and expectation-maximization algorithms to 
assess potential missing mechanisms (missing completely at random, missing at random, or not random) of two self-
reported variables: combat and military sexual assault.

Results:  Regardless of intervention, men with any VA disability benefits, women with PTSD disability benefits, and 
women with combat exposure were over-represented among respondents. Interventions explained 0.0 to 31.2% of 
men’s variance and 0.6 to 30.5% of women’s variance in combat non-response bias and 10.2 to 43.0% of men’s vari-
ance and 0.4 to 31.9% of women’s variance in military sexual trauma non-response bias. Non-random assumptions 
showed that men’s self-reported combat exposure was overestimated by 19.0 to 28.8 percentage points and their 
self-reported military sexual assault exposure was underestimated by 14.2 to 28.4 percentage points compared to ran-
dom missingness assumptions. Women’s self-reported combat exposure was overestimated by 8.6 to 10.6 percentage 
points and military sexual assault exposure, by 1.2 to 6.9 percentage points.
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Background
Not everyone invited to participate in mailed surveys will 
do so, particularly when the survey’s content is sensitive 
[1]. When those who opt out of a survey differ system-
atically from those who participate, bias may enter one’s 
dataset [2]. Missing survey units are typically categorized 
as missing completely at random, missing at random, or 
not at random [3]. Only the first category can be ignored 
in analysis. For the remaining two, researchers must rely 
on computationally intensive, post-experimental balanc-
ing procedures to correct any potential biases. For miss-
ing at random situations, one might consider weighting, 
matching, stratification, multiple imputation, or pro-
pensity score adjustment to address the mechanism of 
missingness [4, 5]. When missingness is non-random or 
informative, analysis requires considerably more com-
plex modeling procedures and expert statistical input 
[6]. There are few off-the-shelf statistical packages to 
address non-random missingness, in part because the 
mechanisms and patterns of missingness can vary sub-
stantially from project to project. Thus, users must often 
write their own computer programs for model estima-
tion (see [7]). Even relatively simple models may become 
computationally prohibitive very quickly. We previously 
showed that male Gulf War I Veterans applying for post-
traumatic disability benefits were substantially less likely 
than other men to return a survey asking about military 
sexual assault if they were sexual assault survivors [8]. 
Accounting for this non-ignorable non-response bias 
using Bayesian [4], maximum likelihood [9], and expecta-
tion-maximization [10, 11] techniques required intensive 
computer time and resources. Besides being time- and 
resource-intensive, analytical remedies for missingness 
must be applied after data collection ends, when the 
underlying biases can no longer be rectified.

According to Leverage-Salience Theory [12], many 
considerations prompt or dissuade people to take part in 
mailed surveys, with different people potentially viewing 
any given factor quite differently. How individuals judge 
a particular survey aspect—either positively or nega-
tively—and how much weight or importance they place 
on that aspect are known as “leverages.” Interest in the 
survey’s topic and monetary incentives are two common 
leverages that typically encourage people to complete and 
return surveys [13]. Sensitive or high-threat questions, 
such as those asking about sexual behavior or personal 

finances, are examples of negative leverages that may 
discourage survey participation [1, 14]. Highlighting or 
emphasizing selected information about a research effort 
influences which leverages participants attend to. This is 
the “salience” part of the theory, since to highlight infor-
mation is to make it more activating or salient to partici-
pants. Several avenues can be exploited in mailed surveys 
to highlight or activate selected leverages [13], including 
pre-notification letters, the questionnaire’s design, or, as 
in the present study’s focus, the cover letter.

Consistent with Leverage-Salience Theory, we previ-
ously showed that specifically mentioning a survey’s 
combat content in a cover letter resulted in over-repre-
sentation from male combat Veterans, even when—per-
haps especially when—other factors thought to suppress 
response rates, such as lower incentives and less privacy, 
were implemented [15]. In other work, we observed no 
difference in disability benefit status between Veteran 
respondents and non-respondents when we told survey 
recipients their name had been “randomly selected from 
an electronic database of Veterans” [16] but an almost 
3-fold over-representation of disability benefit recipients 
when we informed survey recipients their name had been 
selected from a “list of Veterans filing disability claims” 
[15]. In the present study, our goal was to see if modifying 
key cover letter information might prevent non-random 
non-response bias and its attendant need for time-con-
suming, complicated, post-survey modeling procedures. 
The study extends our previous investigations into non-
response bias in studies involving Veterans applying for 
disability benefits.

One cannot measure non-response bias without know-
ing something about the population of interest. Unfortu-
nately, in many studies, population-level information is 
obtained from other sources, such as the United States 
Census, where differences in sampling approaches, ques-
tion asking, and timeframe may introduce methodologi-
cally artifactual estimates of bias [5]. When sampling 
frame data are available, information is often limited to 
just a few sociodemographic characteristics, which, in 
turn, are only marginally related to study outcomes [5]. 
In the present study we take advantage of the Depart-
ment of Veterans Affairs’ (VA) data warehouse to build 
a rich sampling frame of characteristics that we hypoth-
esized would be related to survey non-response and to 
the receipt of VA disability benefits. Known predictors of 

Conclusions:  Our interventions reduced bias in some characteristics, leaving others unaffected or exacerbated. 
Regardless of topic, researchers are urged to present estimates that include all three assumptions of missingness.
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receiving VA disability benefits for posttraumatic stress 
disorder (PTSD) include older age, male gender, and 
combat exposure [17, 18]; negative predictors include 
female sex, non-white race, and history of military sexual 
assault [16, 18]. Greater medical and psychiatric comor-
bidity are associated with receipt of any VA disability 
benefits [19]. We hypothesized that specifically telling 
Veterans that the survey asked about combat would trig-
ger over representation of combat Veterans, that specifi-
cally mentioning military sexual assault would result in 
under-representation from male sexual assault survivors 
and possibly female sexual assault survivors, and that 
providing a more generic description of the survey’s con-
tent would generate the most representative respondent 
pool. We also hypothesized that telling survey recipi-
ents their name had been selected from a list of Veterans 
applying for VA disability benefits would result in over-
participation by disability benefit recipients (and thus 
over-participation by Veterans with more medical and 
psychiatric comorbidities), while giving a less specific 
accounting of where their name came from would result 
in more representative participation.

Our secondary goal was to examine the effects of dif-
ferent incentives on non-response bias. Incentives have 
consistently been shown to increase survey response 
rates, e.g., [20] but the impact on non-response bias is 
less clear, e.g., [21–24]. In prior work with male disabil-
ity applicants, we showed that larger incentives tended 
to attract younger, healthier, working men compared 
to smaller incentives [15]. We anticipated that a larger 
incentive in the present study would also reduce non-
response bias related to age, health, and disability status.

Methods
Study design and human studies oversight
The study is a gender-blocked, randomized, 3X2X2 fac-
torial comparison trial. The Minneapolis VA Health 
Care System’s Internal Review Board for Human Studies 
reviewed and approved the study protocol (#4495-B). All 
analyses were pre-planned. Data were collected between 
February and August 2016.

Participants
Participants were Veterans who had served during 
Operations Enduring Freedom, Iraqi Freedom, and New 
Dawn (OEF/OIF/OND) and had a pending VA disability 
claim for PTSD. From a sampling frame of 14,630 men 
and 2945 women, we randomly selected, without replace-
ment, 480 men and 480 women to receive mailed surveys.

Selected Veterans had a median age of 33.0 years (inter-
quartile range = 12, mean = 35.2, SD = 8.9, range 19–67) 
and 78.0% had received combat pay while on active 
duty. In terms of health, 6.7% had been diagnosed with 

bipolar disorder, schizophrenia, or schizoaffective disor-
der; 10.8% had Charlson Comorbidity Index [25] scores 
greater than zero.

Protocol
Veterans received pre-notification letters 1 week before 
we mailed a cover letter and 22-page questionnaire to 
their homes. The questionnaire asked about PTSD and 
depression symptoms; functioning; pain; substance use; 
and traumatic exposures in the military, including com-
bat and military sexual assault. Of these items, only 
self-reported combat and military sexual assault are con-
sidered here.

Cover letters were mailed with the questionnaires. 
All cover letters used the same language to describe the 
risks and benefits of participating in the research and to 
emphasize that participation was voluntary. At two-week 
intervals, non-respondents received postcard reminders; 
a follow-up mailing of the questionnaire; and a third, final 
mailing of the questionnaire via United Parcel Service’s 
3-day delivery service. Veterans signified their consent 
to participate by returning a completed survey. Except 
for specific cover letter content described in “Study 
Arms” below, all other aspects of the survey were the 
same across groups, including the pre-notification letters, 
reminder postcards, and questionnaires.

Study arms
We used the individual cover letters to deliver the stim-
ulus. As shown in Table  1, the first study factor varied 
the information survey recipients received in the cover 
letter about the survey’s topics. Veterans were told that 
the survey would ask about “combat,” about “unwanted 
sexual attention while in the military,” or about “life-
time and military experiences that can affect well-being.” 
The second factor varied the cover letter’s information 
about how Veterans’ names were obtained: either from 
a “Department of Veterans Affairs list of Veterans who 
served during OEF/OIF/OND” or from a “Department 
of Veterans Affairs list of Veterans who filed a disability 
claim.” The third factor examined the effect of different 
incentives: $20 or $40. Because of local policies, incen-
tives were paid only to Veterans who returned a com-
pleted survey. Veterans were told which incentive they 
would receive in the cover letter.

After blocking on gender, we randomly divided the 480 
men into 12 equal-sized groups of 40 individuals. Each 
of the 12 possible cover letter iterations (i.e., what recipi-
ents were told about the survey’s topic, how their name 
was obtained, and what incentive they would receive) was 
then randomly assigned to one of the 12 groups of men. 
This same procedure was repeated for the 480 women 
(see [26]). Randomizations were accomplished using a 
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computer-generated program, overseen by BAC. The 
remaining co-authors were unaware of allocation until 
after it was completed.

Outcomes
Main outcome
The main outcome was non-response bias on each of our 
8 pre-specified non-response correlates (see “Measures,” 
below).

Secondary outcomes
Secondary outcomes included unit (survey) response, 
the percent of non-response variance in our 8 correlates 
that was explained by the different cover letter and incen-
tive iterations, and the impact of different missingness 
assumptions on the estimated prevalence of combat and 
military sexual assault exposures.

Measures
Non‑response correlates
As mentioned previously, the characteristics we antici-
pated would be related to survey non-response and to 
the receipt/non-receipt of VA disability benefits included 
age, race/ethnicity, combat exposure, history of mili-
tary sexual assault, and greater medical or psychiatric 
comorbidity. Veterans’ VA disability benefit status was 
of itself thought to predict survey non-response. Indica-
tors for all these variables were available for the entire 
sampling frame through the VA’s Corporate Data Ware-
house. Age was dichotomized as < or ≥ to 30 years. We 
used the Race/ethnicity data fields from the Veterans 
Benefits Administration, which categorizes Veterans 
into 7 mutually exclusive categories including, “Asian or 
Pacific Islander,” “Black or African American,” “Hispanic 
ethnicity,” “Other,” “Unknown,” or “White.” For descrip-
tive analyses we combined the “Other” and “Unknown” 

categories. When calculating bias, we dichotomized race 
as “Non-White” and “White.” We used combat flags, 
medical diagnoses, special issue codes, and Veterans’ 
responses to the VA’s military sexual trauma screener 
to categorize them as having combat or military sexual 
trauma exposure. “Military sexual trauma” encompasses 
sexual assault and severe, pervasive physical sexual har-
assment while in the Armed Forces. Results were dichot-
omized as “exposed” or “not exposed.” We used inpatient 
and outpatient VAICD-9-CM and ICD-10-CM codes 
for bipolar disorder, schizoaffective disorder, or schizo-
phrenia to determine Veterans’ serious mental illness 
status, dichotomized as “present” or “not present,” in the 
180 days prior to survey. We likewise used inpatient and 
outpatient VA ICD-9-CM and ICD-10-CM codes to cal-
culate Charlson Comorbidity Index [25] scores for each 
Veteran. We dichotomized results as 0 versus ≥1. Veter-
ans with no VA health care utilization received Charlson 
Comorbidity Scores of 0 (n = 48).

Veterans’ disability claims were pending at the time 
of survey; therefore, their benefit status for any disorder 
or for PTSD specifically was ascertained approximately 
7 months after the survey was fielded. We dichotomized 
results as “receiving disability benefits” or “not receiving 
benefits.”

Self‑reported exposures
Self-reported combat exposure and military sexual 
assault were available for respondents’ only. We used the 
Combat Experiences subscale of the Deployment Risk 
and Resilience Inventory-2 [27] to assess combat expo-
sures and a 5-item adaptation of the Sexual Harassment 
Inventory’s [28] Criminal Sexual Misconduct subscale to 
assess military sexual assault. Note that military sexual 
trauma, obtained from VA administrative data, is not 
equivalent to self-reported military sexual assault, as the 

Table 1  Study Factors and Allocation of Participants

OEF/OIF/OND Operation Enduring Freedom, Operation Iraqi Freedom, Operation New Dawn

Factor 1: What Veterans were told about the survey’s content

Survey Asks about Combat Survey asks about unwanted 
sexual attention

Survey asks about lifetime 
and military experiences

Factor 3: Honoraria Factor 3: Honoraria Factor 3: Honoraria

$20 $40 $20 $40 $20 $40

Factor 2: What 
Veterans were 
told about how 
their name was 
obtained for the 
study

Name obtained 
from list of OEF/
OIF/OND Veterans

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

Name obtained 
from a list of Vet-
erans applying for 
disability benefits

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women

n = 80
40 men, 40 
women
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former term also encompasses severe, physical sexual 
harassment. Self-reported outcomes for combat and for 
military sexual assault were dichotomized as “any” versus 
“none.”

Analysis
Analysis was intention to treat. Results are reported sep-
arately by gender to account for our sampling strategy. 
The primary outcome, non-response bias, was calculated 
as the difference in the percentage of people with each 
non-response correlate in the respondent sample minus 
the percentage of people with the same characteristic in 
the sampling frame. Negative numbers indicate under 
representation of that characteristic in the respondent 
pool, and positive numbers indicate over representation. 
Zero indicates no bias.

We used the American Association for Public Opinion 
Research’s [29] response rate definition #1 to calculate 
survey response rate. Specifically, response rate was cal-
culated as the number of returned surveys in each condi-
tion divided by the number of Veterans assigned to that 
condition. We dichotomized unit response as “survey 
returned” versus “not returned.”

We used ANOVA to see if the mean bias differed statis-
tically significantly across the 3 main interventions. The 
associated degrees of freedom for non-significant inter-
action terms were added to the final model’s error term. 
We took advantage of the ability to partition the sum of 
squares in ANOVA to determine the percent of non-
response variance in our 8 correlates explained by the 3 
study-arm manipulations. The Intervention (study-arm 
manipulations) Sum of Squares (SSI) divided by the Total 
Sum of Squares (SST), or η2, multiplied by 100% repre-
sents the variance explained by each of the study arm 
manipulations.

Following a similar approach to Murdoch, et al. [8], we 
used the survey’s two self-report variables (combat expo-
sure and military sexual assault) to identify the study-
arm manipulations’ impact on missing mechanisms 
(i.e., missing completely at random, missing at random, 

or non-random). Numerically close estimates and small 
variances across the 3 resulting estimates would support 
random missingness. We used observed values to esti-
mate prevalence under missing completely at random 
assumptions, 25 copies of imputed values to estimate the 
prevalence of military sexual assault and combat expo-
sure under the missing at random assumption [30] and 
Ibrahim and Lipsitz’s [10, 11] expectation–maximiza-
tion algorithm to estimate prevalences under a not ran-
dom assumption. Ibrahim and Lipsitz’s method assumes 
that missingness in the outcome variable is related to 
recorded covariates that are assumed or known to be 
associated with the outcome. This information is then 
used to estimate the joint probability of being a non-
respondent and of having the outcome of interest.

We used SPSS version 19.0, SAS version 9.4, and R ver-
sion 4.0.2 for analyses and graphics.

Power
For each of the 3 study manipulations, the study had 
80% power a priori to detect a bias between respondents 
and the underlying sampling frame ranging from 5 to 12 
percentage points, depending on the population’s preva-
lence. For conditions expected to be very common (e.g., 
90% combat exposure or 90% service connection in men 
[8, 18]) or uncommon (e.g., 2% military sexual trauma 
in men [31]), the smallest detectable bias was estimated 
to be 5 percentage points. For intermediate prevalences 
(e.g., 30% combat exposure in women or 50% service 
connection in women [18]) the smallest detectable bias 
was 12 percentage points. Biases in this range approxi-
mate Cohen’s h = 0.25, generally considered a small to 
moderate effect [32]. We assumed a response rate of 50% 
and two-tailed alpha = 0.05.

Results
Response rate
Response rates by each study-arm manipulation and gen-
der are shown in Table 2. A total of 410 Veterans (42.7%) 
returned completed surveys, with an overall response 

Table 2  Survey response (n) and response rate (%) by gender and study-arm manipulation

OEF/OIF/OND Operation Enduring Freedom, Operation Iraqi Freedom, Operation New Dawn

Bold face font signifies a statistically significant different response rate within study-arm manipulation within gender

*p < 0.05

Gender Overall What Veterans were told about content How name was obtained Honoraria

Combat Unwanted 
Sexual 
Attention

Lifetime/
Military 
Experiences

List of OEF/OIF/
OND Veterans

List of Veterans 
Applying for Disability 
Benefits

$20 $40

Men 199 (41.5%) 70 (43.8%) 69 (43.1%) 60 (37.5%) 88 (36.7%) 111 (46.3%)* 86 (35.8%) 113 (47.1%)*
Women 211 (44.0%) 64 (40.0%) 75 (46.9%) 72 (45.0%) 102 (42.5%) 109 (45.4%) 94 (39.2%) 117 (48.8%)*
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rate of 41.5% for men and 44.0% for women. As can be 
seen from Table  2, emphasizing different survey topics 
in the cover letter, such as combat or unwanted sexual 
attention, did not significantly influence either gender’s 
net survey response. Men, but not women, were more 
likely to return a survey if told their name had been 
obtained from a list of Veterans applying for VA disabil-
ity benefits compared to a list of OEF/OIF/OND Veter-
ans. Both men and women were statistically significantly 
more likely to return a survey if they were promised a 
$40 post-paid incentive compared to $20. Supplementary 
Table  1 (Additional File) shows response rates for each 
factorial combination by gender. Men’s survey response 
rates ranged from 22.5 to 60%, depending on their fac-
torial combination, and women’s, from 32.5 to 60%. The 
lowest response rates for both genders were obtained 
from those promised a $20 post-paid incentive, told 
that the survey asked about lifetime and military experi-
ences, and informed that their name had been obtained 
from a list of OEF/OIF/OND Veterans. Omnibus χ2 tests 
indicated that men’s response rates differed significantly 
across the different factorial combinations (p = 0.03), but 
women’s response rates did not (p = 0.88).

Non‑response bias
Table  3 shows the sampling frame’s characteristics 
stratified by gender and survey response status. As 

can be seen, on net, male non-respondents were sta-
tistically significantly more likely to be under age 30 
and less likely to have any VA disability benefits com-
pared to survey respondents. Female non-respondents 
were statistically significantly less likely to have a seri-
ous mental illness and less likely to have VA disability 
benefits for PTSD compared to respondents. There was 
trend for women without combat exposure to be non-
respondents (p = 0.06).

Different interventions could, of course, cancel one 
another out, resulting in a null effect on net non-
response bias. Figures 1 and 2, therefore, show the degree 
to which men and women with the 8 study characteris-
tics were over- or under-represented within each study-
arm manipulation. Supplementary Tables  2a and 2b 
(Additional file) provide the same information in tabular 
form. As Fig. 1 shows, across all the interventions, men 
under age 30 were consistently under-represented among 
respondents, while men with serious mental illness and 
men with any VA disability benefits were consistently 
over-represented. Men with combat exposure were most 
over-represented in the group told the survey asked 
about combat, and men with military sexual trauma were 
most under-represented in the group told the survey 
asked about unwanted sexual attention. Although these 
latter two effects were in the direction expected, neither 
was statistically significant.

Table 3  Sample Characteristics by Gender and Response Status

Results reported as Column Percentages (%). VA Department of Veterans Affairs, PTSD Posttraumatic

stress disorder. Bold face font signifies a statistically significant difference between respondents and non-

respondents within gender

*p ≤ 0.05, ** p ≤ 0.01, ***p ≤ 0.001

Characteristic as obtained from VA 
databases

Men Women

Overall Respondent? Overall Respondent?

No Yes No Yes

N = 480 n = 281 n = 199 N = 480 n = 269 n = 211

Age < 30 30.4 35.2*** 23.6 32.3 34.2 29.9

Race

  White 58.1 58.0 58.3 40.6 37.2 45.0

  Black 19.6 19.6 19.6 36.5 37.9 34.6

  Hispanic 13.3 11.7 15.6 10.2 11.5 8.5

  Asian 6.5 7.1 5.5 6.3 6.0 6.6

  Other/Unknown 2.5 3.6 1.0 6.5 7.4 5.2

Combat exposure 67.1 67.3 66.8 41.3 37.6 46.0

Military sexual trauma exposure 2.1 2.1 2.0 45.6 46.5 44.6

Serious mental illness 5.2 4.1 6.7 8.2 5.6* 11.4
Charlson Comorbidity Index > 0 11.7 10.7 13.1 10.0 9.3 10.9

VA disability benefits for PTSD 56.3 54.8 58.3 45.2 40.5* 51.2
Any VA disability benefits 81.9 78.3* 86.9 77.3 75.5 79.6
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Contrary to our expectations, men with serious mental 
illness and higher Charlson scores were over-represented 
among those told their name had been obtained from a 
list of OEF/OIF/OND Veterans compared to those told 
their name came from a list of Veterans applying for 
disability benefit; again, these differences were not sta-
tistically significant. Compared to the $20 post-paid 
incentive, offering $40 was not associated with statis-
tically significant differences in bias across any of the 8 
administrative variables, though men under age 30 were 
least under-represented in that study arm.

As Fig.  2 shows, in contrast to the men, women with 
combat exposure were consistently over-represented 
among survey respondents, regardless of study-arm 
manipulation. Non-white women were consistently 
under-represented in all the study arms, and women 
receiving VA disability benefits for PTSD were consist-
ently over-represented. Women with military sexual 
trauma were under-represented among those told the 

survey asked about lifetime and military experiences 
compared to those told the survey asked about combat 
or about unwanted sexual attention, but the difference 
was not statistically significant (p = 0.22). Different from 
the men but as we had hypothesized, women with higher 
Charlson scores were statistically significantly over-rep-
resented in the group told their name had been obtained 
from a list of Veterans applying for disability benefits 
compared to those told their name came from a list of 
OEF/OIF/OND Veterans. However, opposite expecta-
tions, women with serious mental illness were simi-
larly over-represented in both groups. As with the men, 
offering $40 was not associated with any statistically 
significant differences in bias compared to offering $20. 
Although we had no specific hypothesis tied to it, bias 
in the percentage of women receiving any VA disability 
benefits was statistically significantly different across the 
three groups receiving different information about the 
survey’s topic (p = 0.04).

Fig. 1  Bias in the 8 non-response correlates in men by the 7 study-arm manipulations. Grid lines range from − 12 (the center point) to + 12 
percentage points. Negative numbers indicate under-representation of the characteristic in respondents compared to the sample, and positive 
numbers, over-representation. The blue circle represents 0 or no bias. MST = military sexual trauma. OEF/OIF/OND = Operation Enduring Freedom, 
Operation Iraqi Freedom, Operation New Dawn. SMI = Serious mental illness diagnosis
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Variance in non‑response bias explained by the study‑arm 
manipulations
Table  4 shows how much of the variance in non-
response bias was explained by each of the three 

study-arm manipulations. This ranged from negligi-
ble to substantial, depending on the characteristic and 
intervention. Different descriptions of the cover letter 
content explained 31.2% of the variance in men’s combat 

Fig. 2  Bias in the 8 non-response correlates in women by the 7 study-arm manipulations. Grid lines range from − 12 (the center point) to + 12 
percentage points. Negative numbers indicate under-representation of the characteristic in respondents compared to the sample, and positive 
numbers, over-representation. The blue circle represents 0 or no bias. MST = military sexual trauma. OEF/OIF/OND = Operation Enduring Freedom, 
Operation Iraqi Freedom, Operation New Dawn. SMI = Serious mental illness diagnosis

Table 4  Variance in bias (η2) explained by each study-arm manipulation, stratified by gender

VA Department of Veterans Affairs, PTSD posttraumatic stress disorder

*Bold face font indicates there was a net non-response bias for that characteristic and study-arm manipulation at p < 0.05

Characteristic as obtained from VA 
databases

What Veterans were told about 
content

How name was obtained Honoraria

Men Women Men Women Men Women

Age < 30 14.5% 24.2% 1.4% 0.1% 36.6% 0.9%

Non-white race 23.1% 38.9%* 0.7% 34.2%* 1.2% 0.0%

Combat exposure 31.2% 2.2% 0.0% 30.5% 18.1% 0.6%

Military sexual trauma exposure 25.6% 31.9% 43.0% 8.3% 10.2% 0.4%

Serious mental illness 12.4% 34.8% 9.1% 0.4% 4.1% 0.4%

Charlson Comorbidity Index > 0 8.5% 14.4% 17.4% 53.8%* 19.1% 4.3%

Any VA disability benefits 9.0% 52.0%* 3.1% 11.8% 0.7% 1.4%

VA disability benefits for PTSD 11.2% 17.4% 0.2% 15.5% 7.2% 8.6%
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non-response bias and 25.6% of the variance in men’s 
military sexual trauma non-response bias; in women, 
the different descriptions explained just 2.2% of the vari-
ance in women’s combat non-response but 31.9% of the 
variance in military sexual trauma non-response bias. 
Almost a third of the variance in non-white women’s 
under-representation was explained by how we said 
their name was obtained; this study-arm manipula-
tion also explained more than 50% of the non-response 
bias in women with Charlson scores > 0. Differences in 
post-paid incentives had mostly negligible impact on 
women’s bias in any of the 8 administrative variables but 
explained 36.6% of the variance in men’s non-response 
bias by age, 18.1% of the variance in men’s combat 

exposure bias, and 19.1% of the bias in men’s Charlson 
scores > 0.

Impact of different missing mechanisms on estimates 
of combat and military sexual assault
Tables 5 and 6 show how estimates of men and women’s 
combat and military sexual assault exposure based on 
self-report changed across the 7 study-arm manipula-
tions, depending on the missingness assumption used. 
Exposures based on VA administrative data are listed 
for reference. As Table  5 shows, when assuming ran-
dom missingness compared to non-random missing-
ness, men’s combat exposure was overestimated by 
19.0 to 28.8 percentage points, and their military sexual 

Table 5  Percentage of Men with Self-Reported Combat and Military Sexual Assault Experiences by Different Missingness Mechanisms 
and Study-Arm Manipulation

VA Department of Veterans Affairs. aVA administrative data assesses military sexual assault plus severe sexual harassment

Characteristic Overall
N = 480

What Veterans were told about content How name was obtained Honoraria Range across 
manipulations

Combat
n = 160

Unwanted 
Sexual 
Attention
n = 160

Lifetime/
military 
experiences
n = 160

List of OEF/
OIF/OND 
Veterans
n = 240

List of Veterans 
Applying for 
disability 
benefits
n = 240

$20
n = 240

$40
n = 240

Self-reported combat if
  Missing com-
pletely at random

89.3% 93.0% 91.1% 95.5% 83.8% 90.1% 92.3% 9.2

  Missing at 
random

85.3% 91.3% 88.0% 94.2% 82.2% 86.6% 89.9% 12.0

  Not missing at 
random

66.8% 69.8% 64.7% 76.5% 56.2% 61.3% 72.5% 20.3

  Variance across 
the 3 missingness 
assumptions

0.0144 0.0167 0.0208 0.0113 0.0240 0.0247 0.0117 0.0134

  Range across 
the 3 assumptions

22.5 23.2 26.4 19.0 27.6 28.8 19.8 9.4

  Combat 
exposure per VA 
administrative 
data

67.1% 65.0% 73.1% 63.1% 65.8% 68.3% 65.0% 69.2% 10.0

Self-reported military sexual assault if
  Missing com-
pletely at random

5.2% 5.6% 9.8% 5.6% 7.7% 10.4% 4.1% 6.3

  Missing at 
random

5.6% 6.1% 9.5% 6.0% 8.1% 9.7% 4.4% 5.3

  Not missing at 
random

25.6% 21.9% 35.6% 27.0% 27.7% 38.8% 18.3% 20.5

  Variance across 
the 3 missingness 
assumptions

0.0136 0.0086 0.0224 0.0150 0.0131 0.0276 0.0066 0.021

  Range across 
the 3 assumptions

20.4 16.3 25.8 21.4 20.0 28.4 14.2 14.2

  Military sexual 
trauma exposure 
per VA administra-
tive dataa

2.1% 3.1% 1.3% 1.9% 2.1% 2.1% 1.7% 2.5% 1.4
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assault exposure was underestimated by 14.2 to 28.4 
percentage points. For women (Table 6), combat expo-
sure was overestimated by 8.6 to 10.6 percentage points 
when assuming random missingess compared to non-
random missingness, but their military sexual assault 
exposure was overestimated by only 1.2 to 6.9 percent-
age points when comparing random to non-random 
missingness.

Across the three missingness assumptions, the 
smallest discrepancy between combat estimates for 
men occurred among those told their name had been 
obtained from a list of OEF/OIF/OND Veterans. At 19 
percentage points, however, the discrepancy was still 

substantial. The smallest discrepancy between mili-
tary sexual assault estimates for men, at 14.2 percent-
age points, was seen among men randomized to receive 
the $40 post-paid incentive. For women, the smallest 
discrepancies between combat estimates and military 
sexual assault estimates both occurred among those 
told the survey would ask about combat (8.6 percentage 
points and 1.2 percentage points, respectively).

Discussion
Our findings showed that modifying the cover let-
ter’s content to say how survey recipients’ names had 
been obtained and offering a more generous post-paid 

Table 6  Percentage of Women with Self-Reported Combat and Military Sexual Assault Experiences by Different Missingness 
Mechanisms and Study-Arm Manipulation

VA Department of Veterans Affairs. aVA administrative data assesses military sexual assault plus severe sexual harassment

Characteristic Overall
N = 480

What Veterans were told about content How name was obtained Honoraria Range across 
manipulations

Combat
n = 160

Unwanted 
Sexual 
Attention
n = 160

Lifetime/
military 
experiences
n = 160

List of OEF/
OIF/OND 
Veterans
n = 240

List of Veterans 
Applying for 
disability 
benefits
n = 240

$20
n = 240

$40
n = 240

Self-reported combat if
  Missing com-
pletely at random

64.2% 63.5% 73.5% 66.8% 67.7% 67.0% 67.4% 10.0

  Missing at 
random

62.3% 60.6% 71.4% 65.8% 63.7% 63.9% 65.6% 10.8

  Not missing at 
random

55.6% 53.2% 63.7% 56.8% 58.3% 56.4% 58.7% 10.5

  Variance across 
the 3 missingness 
assumptions

0.00197 0.00282 0.00266 0.00303 0.00223 0.00297 0.00211 0.00106

  Range across 
the 3 assumptions

8.6 10.3 9.8 10.0 9.4 10.6 8.7 2.0

  Combat 
exposure per VA 
administrative 
data (%)

41.3% 40.6% 37.5% 45.6% 38.8% 43.8% 43.3% 39.2% 6.3

Self-reported military sexual assault if:
  Missing com-
pletely at random

50.1% 64.3% 52.5% 54.3% 57.2% 61.2% 50.2% 14.2

  Missing at 
random

51.0% 66.5% 51.6% 54.8% 57.9% 60.8% 51.9% 15.5

  Not missing at 
random

49.8% 59.6% 47.5% 50.7% 54.0% 57.3% 47.3% 12.3

  Variance across 
the 3 missingness 
assumptions

0.00004 0.00124 0.00071 0.00050 0.00043 0.00046 0.00054 0.0012

  Range across 
the 3 assumptions

1.2 6.9 5.0 4.1 3.9 3.9 4.6 5.7

  Military sexual 
trauma exposure 
per VA administra-
tive dataa

45.6% 43.8% 45.0% 48.1% 45.5% 45.8% 45.4% 45.8% 4.3



Page 11 of 13Murdoch et al. BMC Medical Research Methodology           (2022) 22:61 	

incentive increased net survey response rates by as 
much as 10 percentage points. Our hypotheses related 
to non-response bias were only partially supported. As 
we expected, male combat Veterans were over-recruited 
from the group told that the survey asked about com-
bat, and male sexual assault survivors were under-
recruited from the group told that the survey asked about 
unwanted sexual attention. Differences in what Veterans 
were told about the survey’s content explained almost 
a third of the variance in men’s combat non-response 
bias and a quarter of their military sexual trauma non-
response bias. However, neither of these findings were 
statistically significant. Women combat Veterans were 
over-recruited across all the study-arm manipula-
tions. When told the survey asked about unwanted 
sexual attention, women with those exposures were over-
recruited, but again, at a statistically non-significant level. 
Except for over-recruiting women with Charlson scores 
> 0 in the group told their name came from a list of Vet-
erans filing for disability benefits, none of our hypothe-
ses related to telling Veterans how their name had been 
obtained were supported. A higher post-paid incentive 
likewise had no impacts on improved representativeness 
of Veterans recruited into the study. Men’s self-reported 
combat and military sexual assault exposures were most 
consistent with a non-random pattern of missingness 
across all the study-arm manipulations. Particularly for 
military sexual assault, women’s estimates were consid-
erably closer across the 3 assumptions of missingness, 
suggesting that their missingness may have, in fact, been 
random for this variable. Interestingly, the smallest dis-
crepancy in women’s combat and military sexual assault 
estimates occurred in the group told that the survey 
asked about combat.

We had anticipated that combat Veterans and Veter-
ans applying for PTSD disability benefits would be par-
ticularly interested in participating in research geared 
to those topics. Topic interest is generally considered 
a positive leverage that facilitates research participa-
tion. Whether it results in over-representation by inter-
ested participants is less straightforward [33]. In a clear 
example of topic interest leading to over-representation, 
Groves et al. [13] showed that members of a birdwatching 
association were almost twice as likely to participate in a 
survey about birding than they were a survey about mall 
design. Furthermore, members were more than twice as 
likely as non-members to participate in the birding sur-
vey. On the other hand, Groves et  al. [13] also showed 
that patients with diabetes were no more likely to take 
part in a survey about diabetes than they were to take 
part in a survey about life quality. We showed elsewhere 
that male Gulf War I Veterans were more likely to report 
combat in a mailed survey if they were assigned to a low 

privacy, low incentive condition compared to Veterans 
assigned to greater privacy/higher incentive conditions 
[15]. These results suggested that male combat Veterans 
were particularly motivated to participate in a survey 
asking about combat exposures. The direction of effects 
in the present study is consistent with this interpretation, 
though, again, findings were statistically non-significant. 
Interestingly, even though women with combat expo-
sures were over-represented in all our study-arms, their 
self-reported estimates of combat exposure were closer 
to a random missing pattern than were the men’s.

High-threat questions, such as asking about sexual vic-
timization, are generally considered negative leverages 
that may discourage research participation, particularly 
by those who have experienced unwanted sexual atten-
tion. We previously showed that male Gulf War I Vet-
erans who applied for PTSD disability benefits and had 
a history of military sexual trauma were particularly 
unlikely to participate in a survey asking about such 
experiences [8]. Their self-reported sexual assault expe-
riences also showed a non-random pattern of missing-
ness of a magnitude strikingly similar to what we report 
here. In contrast, telling women that the survey asked 
about unwanted sexual attention resulted in a slight, yet 
not statistically significant over-representation of those 
with military sexual trauma and the largest discrep-
ancy between random and non-random missingness 
assumptions.

Although it increased net response rates, doubling our 
incentive had no statistically significant impacts on the 
bias in any of the 8 administrative variables in either gen-
der, though it did explain almost 37% of the age bias in 
men and 19% of the bias in men’s Charlson Comorbid-
ity scores. We had previously shown that a pre-paid $20 
versus $10 incentive increased respondent representa-
tiveness by bringing younger and healthier participants 
to a survey about military traumas [15]. Possibly there 
are no further gains to be had by increasing incentives 
beyond $20. Other researchers have found mixed effects 
for the impact of incentives on bias [21, 23, 34]. Although 
incentives have been shown in several studies to enhance 
recruitment of African Americans [24], they had no 
impact on the under representation of nonwhites in the 
present study.

Strengths and limitations
The study has several strengths, including its rand-
omized, factorial design and its focus on an important, 
policy-relevant population. While a comprehensive lit-
erature examines the impact of various interventions on 
survey response rates, relatively few examine methods 
to reduce non-response bias. In terms of limitations, our 
response rate was lower than anticipated, particularly in 
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some factorial combinations. Findings are therefore sus-
ceptible to Type II error. The study also does not answer 
how large non-response bias can be before it becomes 
intolerable. Our data indicate that, in some cases, non-
response biases of less than 10 absolute percentage points 
in men were associated with over-estimations of combat 
exposure and under-estimations of military sexual assault 
of almost 30 percentage points. Distortions of this mag-
nitude could lead to misallocating resources—for exam-
ple, underfunding military sexual assault treatment for 
men. VA administrative data are not perfect indicators 
of Veterans’ true combat and military sexual trauma sta-
tus and probably underestimate both. However, positive 
values tend to be correct and thus relate informatively to 
self-reported values. The study also targeted OEF/OIF/
OND Veterans applying for PTSD disability benefits. 
This is a highly selected group, and the manipulations 
we applied to the cover letters were uniquely targeted to 
them. Results may not apply to other populations.

Conclusions
Researchers, e.g., [13, 24], have always acknowledged 
that higher response rates could counterintuitively 
increase non-response bias were the higher response 
rate achieved by over recruiting subgroups with specific 
attributes. This study offers several examples of where 
this occurred. VA administrators need to be aware that 
trauma surveys likely overestimate combat and underes-
timate sexual assault in male PTSD disability applicants 
by a substantial degree. This information should be kept 
in mind when allocating scarce resources to address these 
issues. Specialized methods, which might include tar-
geted recruitment methods for selected subgroups, such 
as men under the age of 30 or non-white women, must 
be used to ensure adequate representation of undercoun-
ted Veterans. Recently, Gray et al. [35] offered a range of 
population estimates for harmful drinking using several 
plausible missingness patterns, Reporting study results 
under different assumptions of missingness allows read-
ers to concretely see the impact of these assumptions on 
study estimates.
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