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Abstract

Purpose The goal of this study is to compare three different types of retrospective frequency response formats on the Healthy
Days Symptoms Module (HDSM). Responses are compared in terms of intra-individual consistency, psychometric value,
and participant feedback about each type of response format.

Methods Respondents each completed three versions of the HDSM, where items were framed to elicit an open-ended
frequency, a fixed choice frequency, or a vague quantifier response. Traditional reliability statistics were used to evalu-
ate intra-individual consistency. Differential item functioning (DIF) was used to test for response format effects, and item
response theory (IRT) scale scores and standard errors were computed across the three forms to compare psychometric value.
Linear mixed modeling was used to examine the associations of IRT scale scores across response formats with respondent
characteristics.

Results People are largely consistent in how they respond to items about their health, regardless of the response format, and
no DIF was detected between response formats. The IRT scores computed from the “# of days” frequency response formats
tend to have better measurement precision than those from vague quantifiers. Open-ended frequencies capture a greater span
of individual differences for people reporting fewer symptoms; however, little measurement precision is lost in collapsing
the frequencies into categories.

Conclusions Both the open-ended and fixed choice frequency response formats offer more measurement precision than vague
quantifiers. While the open-ended frequency response format may capture more individual differences, respondents tend to
report more difficulty with exact frequency recall, and thus, prefer the fixed choice frequency format.

Keywords Response format - Symptom frequency - Symptom recall - Count data

In an effort to track population health-related quality of life
(HRQOL), the Centers for Disease Control and Prevention
(CDC) developed the HRQOL-14 Healthy Days Measure
[1]. The HRQOL-14 includes three subscales that assess
various aspects of perceived physical and mental health
functioning over a 30-day recall period. Of the 14 items
that comprise the HRQOL-14, eight have an open-ended
frequency response format, such that respondents report the
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exact number of days in the prior 30 that they have expe-
rienced a particular symptom or limitation. Five of these
open-ended frequency items comprise the Healthy Days
Symptoms Module (HDSM), which addresses five specific
health-related symptoms: pain, depression, anxiety, sleep-
lessness, and vitality. The HDSM is routinely administered
on CDC-sponsored questionnaires, including the Behavioral
Risk Factor Surveillance System (BRFSS) and the National
Health and Nutrition Examination Survey (NHANES) [2, 3].
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Items eliciting open-ended frequencies are less com-
monly used on questionnaires than more general quanti-
fiers (e.g., “Often”), but may offer some advantages in
HRQOL research [1, 4]. An exact number of days provides
a concrete measure of time that is easily understood by
policymakers and, due to its ratio scale, may be more sen-
sitive to short-term changes in health than other response
formats [4]. Further, because frequencies are in non-rela-
tive units (e.g., 4 days) rather than subjective units (e.g.,
Rarely), they are more likely to be interpreted consistently
across respondents, facilitating score comparison [5-7].
Schneider and Stone found that respondents with a chronic
health condition assigned higher open-ended numeric val-
ues to the same vague quantifiers than respondents without
a chronic health condition [5], likely due in part to the
response shift phenomenon in which people with chronic
illness positively adapt to their disease and report higher
levels of HRQOL, despite having worse health [8, 9]. The
objective nature of open-ended frequencies may make
them less susceptible to response shift. Finally, the contin-
uous response scale of open-ended frequencies may cap-
ture a wider range of individual differences in health than
broader categories [1]. For these reasons, some researchers
and policymakers have advocated for the use of the open-
ended frequency response format on the HDSM [4].

Researchers have examined the reliability and valid-
ity of the HDSM from a classical test theory perspec-
tive [4, 10-13], finding acceptable levels of reliability
(a=0.75-0.90) and moderate to strong associations with
other measures of mental and physical functioning (e.g.,
SF-36) in populations with arthritis [12] and spinal cord
injuries [10], as well as the general population [13]; how-
ever, the psychometric properties of the HDSM have rarely
been studied within a latent variable [i.e., item response
theory (IRT)] framework [14-16]. A primary advantage
of the IRT framework is that measurement error is not
assumed to be constant; rather, the precision with which
an item or scale measures individual differences can vary
across levels of the latent variable, making it possible to
identify subsets of items that may be particularly useful for
measurement at different levels of construct severity [17].
While the latent variable framework is appealing, due to
the open-ended counts, IRT analyses of the HDSM pose
several challenges. Most notably, people have a tendency
to report values that are multiples of five, a phenomenon
known as heaping [18]. For example, it is more common
for people to report experiencing a symptom for 10 days
than 9 or 11 days, consistent with the theory that some
respondents use cognitive heuristics to estimate frequen-
cies rather than counting over longer recall periods [5,
19-22]. Heaping makes the psychometric analysis of mul-
tivariate open-ended frequencies particularly challenging,
as the responses do not tend to follow a standard count
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distribution that can be easily implemented in conven-
tional latent variable software [16].

To circumvent these issues, researchers using IRT to
evaluate the HDSM have typically either ignored the heap-
ing [12, 23, 24] or collapsed the 0-30 open-ended frequen-
cies into a smaller subset of responses after data collection
[15], a practice commonly referred to as binning [25]. While
binning eliminates heaping and offers statistical conveni-
ence, it may result in loss of the information that is pro-
vided by the raw frequencies—similar to the argument
made against the dichotomization of a quantitative variable
[26]. Binning also makes assumptions about the way people
would respond to the item had it used a different response
format—for example, that someone responding 9 days on
the open-ended measure would have endorsed 6-10 days on
a fixed choice version of the measure. To our knowledge,
the assumptions that the response format on symptom fre-
quency measures has no influence on (1) the response itself,
and (2) the psychometric properties of the item—and thus,
the resulting IRT scale score—have not been empirically
tested. Responses that are binned after data collection may
or may not be equivalent to those that would arise from a
fixed choice response format.

To avoid binning, Magnus and Thissen developed a mix-
ture IRT model for open-ended frequency data that also
takes into account heaping [16]. The model includes a latent
class of individuals who respond to the item according to
a count process, as well as a latent class that responds to
the item using an estimation method. The authors fit the
mixture IRT model to HDSM data from the BRFSS and
found that nearly one-third of respondents engaged in some
type of estimation behavior, only endorsing multiple-of-five
responses. When considered with previous research showing
difficulties many participants experience with exact recall
[5, 20, 27], these findings bring to light some of the chal-
lenges associated with using open-ended frequencies for ret-
rospective assessment. The benefits, and costs, this type of
response format may offer in terms of measuring individual
differences remain unclear.

Additional research is needed to better understand how
the format of response options may influence an individual’s
response to symptom-related items, as well as to what degree
the open-ended frequency response format offers psycho-
metric advantages over its more traditional counterparts.
Specifically, how do people’s responses and IRT scale scores
compare when the item is framed to elicit an open-ended
frequency, a fixed choice frequency, or a fixed choice vague
quantifier? The primary goal of this study is to compare the
performance of these response formats when administered
to the same individuals: how consistent are responses across
formats, and what measurement value is added by retaining
the open-ended count response format rather than using a
fixed choice format? Consistency and measurement value
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are evaluated in terms of (1) traditional reliability statistics,
(2) differential item functioning (DIF), and (3) IRT scale
scores and precision. A secondary goal is to use respond-
ent characteristics and feedback to better understand how
individuals engage with each type of response format, and
whether response format may moderate the relationships
between respondent characteristics and IRT scale scores.

Method
Research participants

Data were collected from N =950 respondents over the age
of 18 using Amazon’s Mechanical Turk (MTurk) online
platform. Two hundred and forty-seven (N=247) respond-
ents were excluded from analyses based on evidence of not
paying sufficient attention to the survey items, resulting in
an analytic sample of N=703. Details of participant exclu-
sion criteria can be found in online Appendix A. Respond-
ents were recruited without regard to age, gender, race, or
health status; the only requirement was English proficiency.
Volunteers were compensated with $0.75 for their partici-
pation, requiring approximately 10 min. IRB approval was
obtained through the Office of Research Compliance at Mar-
quette University. The mean respondent age was 37.23 years
(SD=11.89 years); other demographic characteristics of the
analytic sample can be found in Table 1.

Study design

After clicking on the MTurk study link, participants were
brought to a study information page, where they clicked on
a box indicating they understood all study information, were
at least 18 years old, and were willing to participate. Par-
ticipants could also click on a box declining participation.
If they agreed to take part, participants were redirected to a
Qualtrics survey where they completed three versions of the
HDSM, each using a different type of response format: open-
ended frequency, fixed choice frequency, and fixed choice
vague quantifier. The item stems and response formats are
listed in the margins of Table 2. Each HDSM administration
was separated by 4-5 unrelated filler questions to reduce the
possibility of participants recalling their responses from a
previous form. To minimize the potential influence of one
type of response format on subsequent responses, the pres-
entation order was counterbalanced, with participants ran-
domly assigned to one of three order conditions. Items were
presented on the screen one at a time; participants could not
return to a previous item after submitting a response. Items
designed to verify that respondents were paying attention
were embedded throughout the survey; failure to correctly
answer these items resulted in the participant’s automatic

Table 1 Demographic characteristics of the analytic sample (N=703)

N (%)

Gender

Female 316 (45.9)

Male 368 (53.5)

Prefer not to say 4 (0.58)
Education

Less than a high school degree 3(0.4)

High school graduate or GED 75 (11.3)

Some college, technical school, or associate degree 213 (31.0)

College degree or advanced degree 397 (57.7)
Race

‘White/Caucasian 430 (62.5)

Black/African-American 43 (6.3)

Asian or Pacific Islander 167 (24.3)

Hispanic/Latino 23 (3.3)

Other 25 (3.6)
Global health rating

Excellent 78 (11.3)

Very good 217 (31.4)

Good 253 (36.7)

Fair 118 (17.1)

Poor 24 (3.5)
Chronic health condition

Yes 212 (30.7)

No 478 (69.3)

Respondents were free to skip any of the demographic items; thus,
sample sizes do not always sum to N=703

exit from the survey, and the exclusion of their responses
from analyses (see online Appendix A). After completing
all study questionnaires, respondents were asked to answer
some questions about demographics, their general health,
and their experiences taking the surveys.

Statistical methods

Descriptive statistics, histograms, and boxplots were used
to examine the response distribution of each item on all
three forms. Because a main goal of the study was to under-
stand respondent (in)consistency, we removed from the
sample only those individuals failing the attention checks.
To examine the degree to which self-reported open-ended
frequencies increase monotonically with self-reported fixed
choice frequencies, means and standard deviations of the
open-ended frequencies were calculated within each cat-
egory of the fixed choice frequency and vague quantifier
response formats. The percentage of individuals reporting
an open-ended frequency falling within the bounds +2 days
of the corresponding fixed choice frequency categories was
also computed (e.g., the percentage of people who reported
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feeling a symptom for 6—10 days who also provided an
open-ended frequency between 4 and 12 days). The open-
ended frequencies were collapsed to match the fixed choice
frequency categories (e.g., 1, 2, 3, 4, and 5 days were col-
lapsed to 1-5 days), resulting in two sets of items with seven
response categories: fixed choice and binned frequencies.
Weighted kappa was used as a measure of intra-rater reliabil-
ity between these two types of response formats. Spearman
correlations were used to determine the intra-rater reliability
between (1) fixed choice frequencies and vague quantifiers,
and (2) post-hoc binned frequencies and vague quantifiers.
All descriptive analyses were conducted in R [28].

Graded response models (GRMs, described in online
Appendix B) were fit to the data from measures compris-
ing fixed choice frequencies and vague quantifiers [29]. For
the open-ended frequency data, we estimated a mixture IRT
model that accounts for a class of individuals who respond
according to a count process, as well as a class of individuals
who use an estimation method [16]. Details and R code for
estimating this model can be found in online Appendix C.
For all items except the one about energy, a higher frequency
response suggests worse HRQOL; thus, for IRT analyses, the
energy item was reverse coded to reflect a lack of energy.
After calibration, response pattern-based IRT scale scores
and standard errors were estimated from all three sets of
responses. The mixture IRT model was estimated in R [28].
All other IRT analyses were done in IRTPRO [30].

DIF analysis allows one to examine whether an item has
different psychometric characteristics across groups (e.g.,
those administered open-ended frequency items vs. those
administered fixed choice frequency items), after account-
ing for underlying differences in people’s levels of the latent
variable [31]. DIF analyses were conducted to determine
whether the “# of days” frequency items exhibit different
psychometric properties, and thus, yield different scale
scores, depending on whether the question was framed to
elicit open-ended frequencies that were subsequently col-
lapsed into categories, or whether the question was initially
framed with fixed choice frequencies. From the full sample,
two independent subsamples were formed based on form
administration order. One group comprised the 217 respond-
ents who answered the open-ended frequency items first; the
other group comprised the 258 respondents who answered
the fixed choice frequency items first. The remaining 228
people who were administered the vague quantifiers first
were not included in the DIF analyses. Wald tests were con-
ducted to simultaneously test each item for DIF, treating all
items as anchor items.

To compare the precision of IRT scores computed from
each type of response format, and to evaluate any potential
loss of information that occurs as the result of binning or
using vague quantifiers in place of frequencies, we plotted
standard errors as a function of IRT scale scores for three

sets of scores: (1) open-ended frequencies, (2) fixed choice
frequencies, and (3) vague quantifiers.

At the conclusion of all questionnaires, participants
were asked to report their recall difficulty and whether
they used a counting or an estimation method to arrive at
a numeric value. They were also asked to indicate whether
they had a preference for one of the response formats that
they had encountered, and if so, why. The proportion of
individuals preferring each type of response format was
calculated, and from the written responses, the first two
authors identified common themes in the reasons people
provided for preferring a specific type of response format.
Themes representing a preference for open-ended fre-
quencies included liking the precision of an exact count
and the ability to provide what they considered a more
accurate response. Themes representing a preference for
fixed choice frequencies included the ease of responding
compared to recalling an exact count and the fixed choice
frequency offering a good compromise between the exact
count frequency, which is too specific and prone to recall
error, and the vague quantifier, which is too broad and
may carry different meanings across respondents. Themes
representing a preference for vague quantifiers included
the ease of responding compared to recalling a numeric
frequency and the natural tendency for many people to
quantify their symptoms more generally rather than on
a numeric scale. Two independent raters then classified
each written response into these themes. The first author
then identified specific responses that were most clearly
representative of those themes (i.e., the words included in
the responses matched the theme labels). Finally, we used
a linear mixed model with subjects as a random effect to
examine the associations of IRT scale scores with respond-
ent and form characteristics, including response format,
order of form administration, response format preference,
whether the respondent used an estimation or counting
strategy for frequency recall, and the amount of difficulty
the respondent had with frequency recall. Interactions
of respondent characteristics with response format were
included in the model to examine whether response for-
mat moderates any of the relationships between respondent
characteristics and IRT scale scores. Because the follow-
up questions were specific to items eliciting a numeric fre-
quency, scale scores based on vague quantifier responses
were not included in the model. The Benjamini—Hochberg
procedure was used to maintain a false discovery rate of
0.05 [32].
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Results

Descriptive statistics and intra-individual
consistency

Item-level distributions for all three types of response
formats are shown in Fig. 1. Descriptive statistics and
measures of intra-rater reliability are displayed in Table 2.
Several item characteristics are noteworthy. First, for the
open-ended frequency response format, heaping at mul-
tiples of five is present in all items (Fig. 1). Second, the
mean and median open-ended frequency increases across
successively higher levels of the fixed choice response
options. This is true for both the fixed choice frequencies
and the vague quantifiers. Third, the mean open-ended
frequencies generally fall within the bounds of the cor-
responding fixed choice frequencies, with the exception
of the 16-20 days response option for the item about pain.
Fourth, according to aggregate measures of agreement,
people show a high degree of intra-individual consist-
ency in responding to open-ended frequency, fixed choice
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Felt Worried, Tense,
or Anxious

10

Number of Days

Felt Worried, Tense,
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Felt Worried, Tense,
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6-10 Days

frequency, and vague quantifier response formats, with
agreement statistics ranging from 0.79 to 0.92; however,
in examining specific response categories (e.g., 0 days,
1-5 days, etc.), percent agreement tends to dip for moder-
ate to severe symptoms (11-25 days) and then rise for the
most severe response category (2630 days). For the four
items where smaller frequencies reflect better HRQOL,
percent agreement is over 90% through 1-5 days, drops
to around 70-90% for the moderate to severe responses,
and typically returns to over 90% for 26-30 days. Agree-
ment tends to be lowest for the energy item, likely due
to the reversal of the wording from negative to positive.
Taken together, these results suggest that people are over-
all consistent in how they respond to the item, whether the
item is framed as an open-ended frequency, a fixed choice
frequency, or a vague quantifier, and that responses tend
to be more consistent at higher (better) levels of HRQOL.

The results also point to the subjective nature of the vague
quantifier, especially for the “Sometimes” and “Often” cat-
egories. The spread of the open-ended frequencies across
different levels of the fixed choice response categories is
more easily seen in the boxplots in Fig. 2. While the median
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Fig.2 Boxplots of open-ended response frequencies as a function of fixed choice frequency category (upper panel) and vague quantifier cat-

egory (lower panel)

open-ended frequency increases over the fixed choice
response options, there is substantial variability in these
frequencies, particularly for the categories associated with
more frequent symptoms.

Item parameter estimates and differential item
functioning

Item parameter estimates and standard errors for the three
sets of item responses are shown in Table 3. Values of the
RMSEA ranged from 0.03 to 0.04, indicating that the HDSM
is sufficiently unidimensional. For all response formats, the
items with the highest discrimination parameters (a), and
thus the items that can best differentiate among individuals
at varying levels of HRQOL, include those about depression
and anxiety; the items about pain, rest, and energy exhibit
noticeably weaker discrimination values, suggesting that
the HDSM primarily measures mental health, with physical
health being secondary. The large range of threshold values
(b) suggests that the scale is able to measure individual dif-
ferences across many levels of HRQOL. To formally evalu-
ate the assumption that the binning of open-ended frequen-
cies into categories is equivalent to fixed choice responses,

DIF analyses were conducted using two independent sam-
ples of open-ended frequencies after binning and fixed
choice frequencies; results are shown in Table 4. None of
the items exhibit significant discrimination or threshold DIF.
Thus, there is no evidence that framing the question as an
open-ended frequency and then collapsing the frequencies
into categories results in different parameter estimates than
framing the question with fixed choice frequency categories;
the resulting scale scores should be equivalent.

IRT scale scores

To compare (1) the measurement range of the scale, and
(2) the measurement precision across the three response
formats, IRT scale scores and their associated standard
errors were computed for open-ended frequencies, fixed
choice frequencies, and vague quantifiers, shown in Fig. 3.
The observed lower bound of the scale scores is slightly
expanded when scores are computed from the preserved
open-ended frequencies (0= —2.60) compared to either of
the fixed choice responses (8 =—2.22 for fixed choice fre-
quencies, #=—2.27 for vague quantifiers), suggesting that
the open-ended frequency response format is able to capture
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Table 4 Differential item
function (DIF) statistics Ttem Total x2 (df) p-value 2 diserim (dD) p-value 2 iteshold (dD) p-value
lfompaf“}g ﬁ(’;\fd ;f;gl)ce Pain 6.4 (7) 0.50 0.5 (1) 0.50 5.9 (6) 0.4
requencies (N= versus .
open-ended frequencies after Depression 9.8 (7) 0.12 0.0 (D) 0.83 9.8 (6) 0.14
binning (N=258) Anxiety 5.6 (7) 0.59 0.6 (1) 0.43 5.0 (6) 0.55
Rest 9.7 (7) 0.21 0.1 (1) 0.77 9.6 (6) 0.14
Energy 6.3 (7) 0.51 0.5 (1) 0.33 5.3 (6) 0.51
Fig.3 Standard errors as a IRT Scale Scores & Standard Errors for Different Response Formats
function of IRT scale scores for
open-ended frequency (open
triangle), fixed choice frequency Q
(open circle), and vague quanti- o
fier (filled diamond) response 0 o
formats © °
8 3 -
0
B
Q
(2]
N
o
- | Vague Quantifier
© o Fixed Choice Frequency
Open-Ended Frequency
2
T T T T T T T
-3 -2 -1 0 1 2 3

a larger span of individual differences among people report-
ing fewer symptoms; however, the associated measurement
precision is noticeably worse for these same individuals
when the open-ended response format is used. This can be
seen in Fig. 3, where for 6 < — 1, the standard errors associ-
ated with the open-ended response format are larger than
for either of the other two response formats. Items elicit-
ing a frequency, whether open-ended or fixed choice, almost
always yield smaller standard errors than items that elicit
a vague quantifier, particularly in the mid-to-upper range
of the scale scores where standard errors are reduced by
as much as 15%. Importantly, this end of the distribution
represents individuals with more severe symptoms and
thus more likely to endorse the “Sometimes,” “Often,” and
“Always” response categories. At the lower end of the scale
score distribution (6 <0, where respondents experience
milder symptoms and are more likely to endorse “Never”
and “Rarely”), the standard errors of the vague quantifier
scale scores are comparable to those obtained from the other
types of response formats. Thus, it is only at higher levels of
the latent variable that information is sacrificed using vague
rather than more specific frequency quantifiers.

In comparing the open-ended and fixed choice fre-
quency response options, there is a tradeoff in score preci-
sion between lower and upper ends of the latent variable

IRT Scale Score [(Poor) HRQOL]

distribution. For individuals exhibiting moderately severe
symptoms (1 <0< 2), the open-ended frequency response
format yields very slightly smaller standard errors than the
fixed choice frequencies, and thus, measures individual
differences with more precision. The cost for this gain in
precision is considerably larger standard errors for the open-
ended response format for individuals experiencing only
mild symptoms (6 < —1).

Respondent characteristics and preferences

Table 5 shows the proportions of individuals preferring
each type of response format, as well as some representative
explanations for those preferences. Nearly half of the sample
(41%) preferred the fixed choice response format, followed
by approximately one quarter of the sample (25.8%) prefer-
ring vague quantifiers. Table 6 displays estimates of the fixed
effects from the linear mixed model used to examine the
relationships between respondent characteristics, response
format, and IRT scale scores. After controlling for age and
gender, scale scores increase with successively worse ratings
of overall health (*(3)=205.14, p <.001). There is an over-
all effect of recall difficulty ()(2(2) =23.64, p<.001); those
who reported having some (f=.27, p <.001) or a great deal
(f=.54, p=.003) of difficulty with numeric frequency recall
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Table 5 Participant response format preferences and representative sample explanations

Preferred response format

Open-ended frequency

N=123(17.8%) N=283 (41.0%)

Fixed choice frequency

Vague quantifier

N=178 (25.8%)

Representative explanations for preference

“Within 30 days we can exactly predict how
many days we don’t get sleep, or something.
So I think [it’s] always better to give exact
answers.”

“I prefer to have a large range of response
options.”

“I like to make my choices in an open ended
response to show how I truly feel.”

“I feel that it gives me the ideal balance
between numeric accuracy and the possibility
to give approximations.” ber.

“[Compared to a numeric frequency] ‘Rarely’
can mean a lot of things.”

“I found it much easier to choose an option
rather than come up with a specific num-

”»

“I don’t usually quantify the frequency of my
symptoms.”

“I think it helped me put things into perspective “It’s easier to recall and interpret my symp-
better, but it wasn’t too vague.”

toms in terms of never, sometimes, often,
rather than numeric values, because I’'m
just estimating.”

N=106 respondents (15.4%) had no response format preference

also tend to have worse HRQOL compared to those who
report having no difficulty. For the open-ended frequency
response format, people who reported using an estima-
tion strategy for frequency recall show significantly worse
HRQOL than those who indicated that they used a count-
ing method (f=.21, p=.04); however, this effect is moder-
ated by response format, such that the difference in HRQOL
between those who use a counting versus estimation strategy
is smaller (and non-significant) when the fixed choice fre-
quency response format is used (f=.12, p=.11). In sum-
mary, respondents reporting greater symptom frequencies
tend to have worse overall ratings of health, report greater
difficulty with symptom recall, and rely on estimation meth-
ods rather than counting in recalling their symptom frequen-
cies—particularly for the open-ended frequency format.

Discussion

The goals of this study were to examine the potential effects
of different response formats on how people answer ques-
tions about their HRQOL, as well as to what extent the
open-ended frequency response format offers psychometric
advantages over more traditional response scales. Results
suggest that individuals are overall consistent in report-
ing their numeric symptom frequencies when the item is
framed either as (1) an open-ended frequency, or (2) a fixed
choice frequency. The open-ended count responses tend to
map onto the corresponding fixed choice responses, and
intra-rater reliability is high. While there is a high degree
of consistency across response formats, there is substantial
variability in the open-ended frequencies that people provide
within each of the vague quantifier categories. This is par-
ticularly true for the vague quantifiers that tend to be associ-
ated with moderate to severe symptoms (‘“Sometimes” and

@ Springer

“Often”). These findings are consistent with prior research
suggesting that people may interpret vague quantifiers dif-
ferently based on individual differences [5].

The item discrimination parameters across all three types
of response formats suggest that the HDSM primarily meas-
ures HRQOL as it pertains to mental health, with physi-
cal health being a secondary construct. While we chose to
treat the HDSM as “unidimensional enough,” the pattern of
item discrimination parameters also supports prior research
that has split the measure into mental and physical health
subscales [15]. The DIF results offer evidence that binning
open-ended frequencies after data collection does not yield
appreciable differences in item parameter estimates com-
pared to initially framing the item with fixed choice fre-
quencies. This finding is important because it supports the
implicit assumption that binning does not alter the psycho-
metric properties of the items, and consequently, that the
IRT scale scores computed from the item responses do not
depend on the initial response format. Thus, the results of
this study provide justification for the practice of binning
open-ended frequencies into a smaller number of response
categories after data collection (e.g., [15, 25]).

The scores from the fixed choice frequencies nearly
always exhibit better measurement precision than those
from vague quantifier responses, and more often than not,
the open-ended frequency responses as well. While open-
ended frequencies are able to capture a broader span of
individual differences at the healthier end of the latent vari-
able continuum, relatively little score precision is lost in
using the fixed choice frequencies. The location on the latent
variable where open-ended frequencies provide the great-
est improvement in measurement precision is in the mod-
erate to severe range, which represents individuals suffer-
ing from higher symptom frequencies. While this response
format offers slight improvement in measurement precision
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Table 6 .Fixed effects fro.m.a Respondent or form characteristic Fixed effects 95% CI
linear mixed model predicting
IRT scale scores (based on General health
open-ended and fixed choice
frequencies) from form and Excellent (reference) R B
respondent characteristics Very good 0.23% [0.03, 0.43]
Good 0.77%%* [0.57, 0.96]
Fair 1.24 %% [1.01, 1.46]
Poor 1.80%#* [1.45,2.15]
Age —0.01%** [-0.02, —0.01]
Gender
Male (reference) -
Female 0.22%* [0.10, 0.34]
Form type
Open-ended frequency (reference) -
Fixed choice frequency 0.06 [0.00, 0.12]
Form order
First (reference) -
Second 0.04 [0.00, 0.07]
Third 0.05 [0.01, 0.09]
Difficulty with frequency recall
No difficulty (reference) -
Some difficulty 0.27%* [0.14, 0.39]
A great deal of difficulty 0.54%%* [0.19, 0.89]
Counting versus estimation method
Counting (reference) -
Estimation 0.21* [0.07, 0.36]
Response format preference
Open-ended frequency (reference) -
Fixed choice frequency -0.04 [-0.20, 0.12]
Vague quantifier 0.04 [-0.13,0.22]
No preference —-0.18 [—0.38, 0.02]
Form type X counting versus estimation method
Fixed choice frequency X counting (reference) -
Fixed choice frequency X estimation —0.10%* [—-0.16,0.03]

Due to the volume of possible interactions, non-significant interactions are not shown

IRT item response theory

*p <.05; *¥*p<.01; #**p < .001 after applying the Benjamini—Hochberg correction; higher IRT scale scores

indicate worse HRQOL

for these individuals, those experiencing worse HRQOL
also expressed having more difficulty with symptom recall
and reliance on estimation heuristics, particularly with the
open-ended frequency response format, calling into question
the accuracy of these exact responses. This finding is not
unexpected, as previous research suggests that retrospective
recall may be distorted by memory bias and differences in
estimation strategies that people use to recall exact frequen-
cies [19, 20].

For these reasons, the use of open-ended frequencies
over a 30-day recall period may be a less reliable method
of symptom assessment compared to fixed choice response
formats, especially for individuals who suffer from poor

HRQOL. Open-ended frequencies may be able to capture
a wider span of individual differences, and sometimes with
more precision, but the accuracy of these measured indi-
vidual differences is unclear. Further, when the open-ended
frequency response format is used, HRQOL scores differ
depending on recall strategy, such that people with worse
HRQOL are more likely to use estimation strategies. The
same is not true of the fixed choice frequency response
format.

Qualitative respondent feedback can also offer insight into
the response process: Due to the higher cognitive demand
required of the open-ended frequency response format,
many people prefer the less memory taxing alternatives—in
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particular, the fixed choice frequency option, which respond-
ents tend to describe as a desirable balance between an exact
count and an overly vague categorization. Taking the pre-
sent findings into consideration, for symptom recall over
a 30-day period, we recommend using either (1) the fixed
choice frequency response format, or (2) collapsing open-
ended count data into categories after data collection. Rather
than requiring a mixture model to accommodate the heap-
ing that results from retrospectively reported open-ended
counts, the fixed choice frequencies can be readily analyzed
using conventional IRT models and software, and mini-
mal measurement precision is lost in using this response
format over its open-ended counterpart. Further, the fixed
choice frequency response format offers greater measure-
ment precision than vague quantifiers, particularly for people
experiencing moderate to severe symptoms. These are the
same individuals who report greater difficulty with symp-
tom recall and reliance on estimation rather than counting.
Thus, the open-ended frequency response format may place
unnecessary burden primarily on people suffering from poor
HRQOL, providing additional support for using fixed choice
frequencies.

It is important to note that our recommendation is specific
to the 30-day recall period and may not generalize to shorter
recall periods. Prior research has found that respondents are
more likely to rely on cognitive heuristics and show memory
bias when tallying events over longer recall periods [33, 34];
heaping in open-ended frequency data is likely an artifact of
using such cognitive heuristics. With shorter recall periods
(e.g., 7 days), respondents may be less inclined to engage
in estimation shortcuts, making heaping and recall bias less
prevalent in open-ended frequency responses. If heaping
and recall bias are reduced with shorter recall periods, the
fixed choice frequency response format may no longer offer
advantages over its open-ended counterpart.

This study is not without limitations. Due to the repeated
measures design of this study, there is a potential for car-
ryover effects. Thus, it is possible that after the first admin-
istration, participants were more attuned to their symptom
frequencies on subsequent administrations, inflating intra-
individual consistency. While the filler questions were
intended to minimize such carryover effects, ideally, future
studies could allow more time to elapse between administra-
tions (but not enough for HRQOL to have changed). Further,
while the form order was randomized here, future studies
may also consider randomizing the order of items within
each form, which was not done in the present study. Future
research should also seek to replicate these findings with a
more nationally representative sample than what can typi-
cally be obtained through MTurk. A further limitation is that
all assessment methods considered here rely on retrospective
self-report. Thus, it is not possible to know someone’s “true”
symptom frequencies over the last 30 days, and there is no
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gold standard to which to compare each of these response
formats. Future research could examine the intra-individual
consistency of retrospective recall with tabulated end-of-day
assessments, as the daily diary approach may be a more reli-
able method of symptom assessment [20]. Finally, as previ-
ously discussed, the present study considered only a 30-day
recall period, so the results and recommendations generalize
only to similar types of items and recall periods. Future stud-
ies could compare frequency response formats when used
with shorter time frames (e.g., 7 days, 14 days). Because the
current results suggest that open-ended frequencies can cap-
ture a wider range of individual differences among people
who report fewer symptomes, it is plausible that open-ended
frequencies may be more useful for shorter recall periods
during which fewer symptoms tend to be reported. This
remains an important area for future HRQOL measurement
research.
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