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Abstract

There is a potential in community sonic boom tests for survey measurement error due to
recall errors. This occurs when a reported value differs from a participant’s true experience. The
two topics examined in this paper are 1) recall bias: how consistently participants recall their
annoyance to sonic thump events and 2) survey satisficing: whether participants opt for early
survey termination if the option is available. Data from QSF18 were examined for evidence of
recall bias and survey satisficing via inconsistencies between single event and daily summary
survey reports. In terms of recall bias, when only one single event survey and daily summary
survey were submitted by a participant on a particular day, both the single event and daily
summary annoyance ratings match in the majority of instances (167 of 186). In terms of survey
satisficing, there were fewer questions in the daily summary survey if the participant reported
not hearing any sonic thumps during the day. Nevertheless, the instances of participants
inconsistently reporting boom audibility between the single event and daily summary survey are
relatively few (66 of 767). Therefore, the results of this study provide evidence to rule out recall
bias and satisficing as sources of error in the QSF18 study.



Introduction

Although supersonic flight offers much shorter travel times, overland commercial
supersonic flight was prohibited by the Federal Aviation Administration (FAA) in 1973 due to
concerns regarding the loud sonic boom produced by these aircraft. A sonic boom results when
an object travels supersonically and pressure waves combine together forming a shock wave,
which results in a loud boom when the shock wave reaches the ground (Rathsam and Wilson,
2019). In the past few years, NASA has been developing the X-59 aircraft, which utilizes
shaped-boom technology to decrease the loudness of these pressure waves, thereby reducing
the sonic boom to a milder “sonic thump” when it reaches the ground.

Empirical evidence is crucial for informing potential future overland commercial
supersonic aircraft certification standards. NASA is slated to gather community feedback data
from 2024 to 2026 as the X-59 aircraft flies over designated communities in the contiguous
United States. This requires accurate survey methods to measure public perception of the
quieter sonic thump. NASA previously utilized F-18 dive maneuvers (Haering et al. 2006) to
simulate sonic thumps during the Quiet Supersonic Flights 2018 (QSF18) pilot study, which
involved gathering survey data that asked participants how annoyed they were by the sonic
thumps. Participants were asked to complete “single event” surveys following each sonic thump
that occurred during the day as well as a “daily summary” survey at the end of each day
describing their overall perception of the sonic thumps. The respondents were exposed to up to
eight sonic thumps per day over eleven days. Analysis of the QSF18 respondent experience
may provide insights for the survey instruments deployed during the X-59 community studies.
Certain survey administration conditions can cause measurement error and ultimately result in
an inaccurate measure of the construct. A preliminary literature review provides the basis for
prominent error types that can produce bias in survey data. This work addresses two
contributors of measurement error: recall error' and survey satisficing.? The first pertains to how
consistently participants score annoyance between the single event and daily summary surveys.
The latter is more specific to how survey satisficing plays a role in how participants respond to
the questionnaires. The data is more likely biased when participants have recall errors or
frequently satisfice. In this case, biased data may mean that annoyance is not accurately
measured due to forgetting or misreporting by the sampled population and the perception of
booms by the general public may differ from what was initially reported in QSF18 studies. This
paper addresses these measurement errors through two primary research questions:

1) How consistently do survey participants recall their annoyance to sonic thumps over
the course of a few hours?

2) Will participants opt for a survey response that allows for early termination if the
option to do so exists?

" Recall error is the inability of respondents’ to accurately remember the variable of interest.
2 “Survey satisficing” is defined as the tendency to provide satisfactory but not optimal responses to
reduce their effort (Zhang & Conrad, 2014; Krosnick 1991).
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Objective 1: Recall Bias

The first research question focuses on how consistently survey participants recall their
perception of annoyance to sonic booms over the course of a few hours. This is of interest
because circumstances (e.g., work meeting, phone call, driving, etc.) may prevent a prompt
response from a respondent to a single event survey. These respondents may respond later,
and their delayed responses are used to determine the validity of their recollection of their
annoyance.

Literature Review

Survey researchers have widely recognized recall bias as being a common source of
measurement error. Recall bias is a systematic error that arises when participants do not
remember past experiences or events or omit information. Subsequent events can greatly
impact how a person encodes,? processes, and retrieves information for survey purposes. This
is of interest for the X-59 community tests as they will be longitudinal and rely on the
participants’ ability to recall whether a boom disturbed them in any way.

Literature on recall bias suggests an inverse relationship between the length of time
provided for survey responses and the accuracy of reports collected (Clarke et al. 2008). More
specifically, longer recall periods* are more prone to cause recall bias. The Survey of Living
Conditions conducted by Statistics Sweden collected survey data to address recall bias. The
data consist of patients’ ability to recall annual drug utilization and hospitalization and were used
to create a statistical framework that would aid in identifying a maximum recall period for varying
reference periods®: an hour, 24 hours, and a week. They report on a trade-off between a shorter
recall window that may result in fewer responses and a longer window that can introduce recall
bias. Though the current study consisted of a longer time frame than of X-59 community
surveys, this study highlights the importance of choosing a recall window that is optimal in order
to keep error and bias low while collecting a sufficient number of responses.

Another potential concern for recall bias in X-59 community surveys is background noise
in relation to response latency. Background noise is a particular concern for X-59 community
tests as it may lead to issues with identifying or paying attention to a single boom event.
Researchers in a study evaluated perception of an auditory stimulus with background noise
(Davenport, 1972). The study set out to investigate how different types of background noise
affect detection rates of a signal. Subjects responded to a signal and were told to press a
response key as quickly as possible when they heard the signal. Participants were tested under
four conditions of background noise: silence, broadband noise, continuous music, and
randomized music. Results showed that despite the changes in background noise, respondents
were able to detect the signal accurately and had relatively low response latencies — meaning
that they pressed the key promptly after hearing a signal. In the study, participants were
informed in advance of the signal, which may also contribute to quick responses. While notifying

3 Encoding is a psychological concept involving the “conversion of sensory input into a form where it can
be processed and deposited in memory” (American Psychological Association).
4 Recall period is the amount of time elapsed between the reference period and data collection.
5 The reference period is the time frame for which survey respondents are asked to report activities or
experiences for the variable of interest (Clarke et al., 2008).
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participants ahead of time of sonic booms in a community survey may reduce response latency,
it is not a viable option as it would introduce bias compared to a uniformed population.

Perception of annoyance is a highly subjective measurement and differs greatly from the
task of hearing a signal and reporting audibility. This is especially true since noise annoyance
can lead to an emotional response such as irritability due to disruption. Research on this topic
proposes that emotional arousal and verbal context affect memory enhancement in information
processing (Medford et al., 2007). This was measured in a study by having participants read a
selection of sentences that were separated into emotional and neutral conditions. One group
was given a sentence containing an emotional “target” word, which was meant to be emotionally
arousing, while the other would have a “neutral” word in place of the target word that did not
alter the meaning of the overall sentence. Participants were then put into three groups and
surprised with memory tasks, after either 5 minutes, an hour, or 24 hours. Participants’ recall
was evaluated in two assessments: first, they were presented with words and asked to indicate
the ones they had previously seen, known as a recognition task. In the second, they were asked
to freely recall® the words. In either condition, target words were remembered significantly better
despite differences in the time elapsed. Recognition of emotional words was stable regardless
of time delay group. However, free recall data indicated that emotional enhancement was
significant at 24 hours but not after an hour.

The findings of the Medford et al. (2007) study indicate emotional enhancement is
important to information processing and can influence both the memory and the emotional
response to get stronger over time. Thus, the working hypothesis is that sonic boom survey
participants who respond promptly to a single event boom may not have had time to process
their emotional response since submission is encouraged as soon as possible, with responses
on the order of a few minutes to hours after they heard the thump. However, the ramifications of
this may be that if someone found the boom annoying, the memory of that noise event in an
emotional context will get stronger after several hours rather than one hour. As a result, the
most pressing concern is that participants may misreport annoyance if the boom was encoded
in an emotional context such that the time required to realize their true annoyance would be
after submitting the single event survey. It is possible to test this to some extent in sonic boom
community survey data by searching for increased annoyance reported in the daily summary
survey compared to a single event survey. Although events encoded with an emotional
component add another facet to retrieval of a single event, annoyance is still not itself defined
as emotion and more so relies on subsequent events to bring about an emotional context. This
leads to further questioning of whether encoding a sonic boom in an emotional context is a
precondition for acoustic salience’.

A study regarding acoustic salience addresses the theory that animals have evolved to
make emotionally intense vocalizations in order to eliminate the possibility of listener habituation
(Anikin, 2020). Researchers tested 128 human non-verbal vocalizations representing eight
emotions: amusement, anger, disgust, effort, fear, pain, pleasure, and sadness. They not only

% Free recall is a psychological concept defined as a type of memory task in which participants attempt to
remember previously studied items in any order (American Psychological Association).
7 Salience is “the capacity for sensory stimuli to command attention in bottom-up, involuntary fashion”
(Anikin, 2020).
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looked at emotional context affecting salience, but they also measured salience independently.
Anikin used two independent samples of participants to provide measures of salience. These
measures were self-reported and objective salience, the latter was operationalized as the
reduction in performance in a short-term memory task. The two measures were then compared
to ratings of emotional intensity and acoustic characteristics of the different stimuli.

Participants were asked to memorize and repeat a sequence of six numbers they heard
through earphones in one channel, while simultaneously being told to ignore vocalizations in the
other. The sequence was vocalized with unpredictable timing and could play in either the left or
right ear. The distractor vocalizations were played concurrently with background noise in both
channels. Though there would be overlap with the distractor vocalizations and the target
sequence, they were never played within the same channel. Results showed that self-reported
high salience produced 25% more recall errors in the short-term memory task, but emotional
intensity had no independent effect on recall errors. Participants were able to recognize the
target sequences and recall them with high accuracy — 4.8 out of 6 digits on average, and all six
were recalled correctly in over half of the trials.

Researchers concluded that emotionally intense vocalizations were more effective at
attracting the listeners’ attention but were not the reason the sound was salient. Other factors
influencing the recall error and salience were acoustic characteristics of vocalizations such as
greater duration and intensity, higher pitch, bright timbre, and rapid modulations of sound. The
author also proposed that salience is more closely intertwined with the modulations of a sound,
which suggests that noise events would have correct latencies despite not being encoded in an
emotional context (Anikin, 2020).

Implications for the sonic boom community tests stem from the recall error identified.
Anikin concluded that high-salience sounds produced 25% more recall error in a short-term
memory task. This raises a concern with community test surveys as participants will be
prompted to respond as soon as possible after a sonic thump. Thus, accurate recall of this noise
event may have been an issue in the past and may be a concern in the future surveys.
However, respondents in the study were given multiple stimuli and asked to recall them,
whereas the sonic boom community testing would only focus on one noise event at a time and
recall might be easier for a single noise event rather than six.

To investigate other factors that affect the relationship between memory and response
latency, researchers hypothesized that performance on a test of memory utilizes a
unidimensional structure (MacLeod and Nelson, 1984). They suggested that if strength of
memory increases for a set of items, then the probability of error on those items should
decrease and vice versa. The goal of their research was to address this assumption by
investigating the relationship between response accuracy and response latency. They used
three conditions with a variety of memory tasks given to the participants within each experiment.
In the first experiment, the independent variable was the length of long-term retention that
followed learning. In the second experiment, the independent variable was the type of
processing (semantic vs. non-semantic) during learning. In the final experiment, the
independent variable was the number of study trials versus test trials during learning.

In the first experiment, 74 students participated in a memory task where they were asked
to remember number-noun pairs. Researchers evaluated the accuracy-latency relationship with
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different recall periods (1 week, 3 weeks, or 5 weeks). In the second experiment, 27 students
participated in a task where they were shown two words and asked if the words had the same
number of syllables. They had to respond yes or no as quickly as possible. In the final
experiment, 58 students were split into two groups and participated in a memory task where
they were given 16 items to remember and had 5 minutes to state which noun went with which
number stimulus — similar to the first experiment.

Results of all three experiments showed a decrease in correct latency, i.e., the time it
takes for a respondent to respond correctly, across all test groups and error latencies, i.e., the
time it takes for a respondent to respond incorrectly, were significantly longer than
corresponding correct latencies. Error probability was lower for the multiple-study group in the
third experiment, meaning the more learning participants did the less the error probability. They
also reported that accuracy and correct latency are not unidimensional.

The authors suggest that response latencies should be separated as correct latency and
error latency. Previously, it was assumed that a combined latency of the two increased as error
probability increased; however, this is not entirely accurate. This study found that error latency
alone impacts error probability and that the combined latency reflects this trend since it includes
the error latency. They also mention that error latency and correct latency reflect different facets
of memory and tap different dimensions of the memory structure. Encoding is measured by
error latency, while correct latency measures the number of decoding steps during retrieval
before an item is output. Therefore, they proposed that time elapsed can increase error latency,
while accuracy and correct response latency do not influence each other. This work on
response times and accuracy suggests that when respondents are pressured to respond quickly
to a question, they are more prone to recall errors. Community test surveys should be
administered with care taken to guard against this type of error, which may mean that speed of
responses should not be prioritized.

Recall bias occurs in surveys when participants do not recall past experiences and may
not report their response accurately. The literature suggests that longer recall periods, the time
between the event of interest and the time data is collected, are more prone to this type of bias.
Background noise at the time of the event as well as emotional context may affect memory and
information processing. The QSF18 data can be used to provide insight into whether noise
events are being emotionally encoded. The hypothesis being that if participants consistently
change their reported annoyance level as time progresses between when they submitted the
single event report and their daily summaries, then response latency has an impact on
annoyance.

Approach

To assess consistency in sonic boom perception over time, a portion of QSF18 survey
data were used that consist of instances where a participant responded to exactly one single
event survey on a given day and completed the daily summary survey for the same day. The
single event survey questions (and response options) of interest were: “Did you hear a sonic
thump?” (yes or no) and “How much did the sonic thump bother, disturb, or annoy you?” (not at
all, slightly, moderately, very, or extremely). The daily summary survey questions of interest
were: “Did you hear any sonic thumps today?” (yes or no) and “Over the course of your day,
how much did the sonic thumps bother, disturb, or annoy you?” (not at all, slightly, moderately,
very, or extremely). The explicit assumption in this analysis approach is that the participant’s
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single event response and daily summary response for these days describe their perception of
the same sonic boom.

The following steps were used to narrow the data to instances where participants
provided a single response to both surveys on a given day. First, the QSF18 data were subset
into single event and daily summary response pairs with completed questionnaires from both
surveys on the same test day. Responses were then removed for any of the following instances:
a participant responded to a daily summary survey prior to a single event survey, a participant
responded that they did not hear a sonic thump, and a participant responded to more than one
single event survey in a day. The annoyance responses were recoded from the Likert-type
scale, which ranges from “not at all annoyed” to “extremely annoyed”, into a numerical scale
from 1 to 5 where 1 corresponds to “not at all annoyed” and 5 to “extremely annoyed.” This
yielded a final sample of 186 pairs of one single event and daily summary questionnaires on the
same test day.

Results

This section presents the assessment of perceptual consistency across reports using the
subset described in the previous section. In addition, the effect of time between completion of
single event and daily summary surveys is investigated to evaluate whether the amount of time
impacts annoyance.

Figure 1 shows annoyance ratings for single event and daily summary pairs. A Sankey
diagram in Figure 1(a) visualizes the few changes in annoyance rating between the single event
and daily summary surveys. The width of the bands is proportional to the number of responses
in a given response category. With relatively few departures from the initial rating, this diagram
demonstrates that most participants reported consistently between the two surveys. Figure 1(b)
depicts the same data but with numerical values. There are 167/186 = 89.8% responses that lie
along the line y=x, again indicating that the responses are consistent.

(a) Single Event Daily Summary ®
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Annoyance Annoyance

w =N
f
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0]
)
°
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$

Single Event Annoyance

14 4 °

i 2 3 4 5
Daily Summary Annoyance

Figure 1. Trends in annoyance ratings between single event and corresponding daily summary
surveys. (a) A Sankey diagram showing the flow of responses. (b) A scatterplot of the numeric
responses.

Table 1 notes the number of instances of consistent and differing responses. Annoyance
values from the daily summary were subtracted from single event responses. Therefore, 0
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indicates no change, while a negative value indicates a decrease in annoyance and a positive
value indicates an increase in annoyance. There are only 2 instances where responses differ by
2 and 17 that differ by 1. This shows that participants consistently report their annoyance to a
sonic boom over the course of a day, and when they did not, the annoyance perception
changed equally in both directions. Results suggest that annoyance did not shift in a particular
direction as time passed.

Table 1. Summary of annoyance rating differences

Change in Rating from Single Event Count
to Daily Summary

Rating decreased by 1 9
Same rating 167
Rating increased by 1 8
Rating increased by 2 2

The effect of response latency is further tested as a potential indicator of a participant’s
proneness to report a higher annoyance value. Participants responded to single event surveys
within one hour of a boom 75% of the time, though some responses were submitted many hours
or even days later in a few cases. Figure 2 shows annoyance over time for those who submitted
responses within 24 hours of the given boom. The y-axis shows annoyance from 1 to 5 and the
x-axis shows survey completion latency, which is the amount of time between the single boom
event and when a participant completes their single event report. Annoyance values of 5 were
all submitted within 8 hours of the initial event. This analysis suggests that response latency
does not affect annoyance perception of a sonic thump.
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Figure 2. Single event survey completion latency within first day by annoyance responses (jittered
to show more points)
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The response latency is further explored via cumulative response curves in Figure 3.
Cumulative responses are grouped by annoyance category and are shown as a function of time
after a single event for the first 24 hours in Figure 3(a) and the first hour in Figure 3(b). A greater
proportion of high annoyance (4 and 5) responses were submitted faster within the first hour
than lower annoyance responses. This result supports the idea that if the thump is emotionally
encoded as very or extremely annoying to participants, they may respond to the survey sooner.

(a) First 24 hours (b) First hour
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Figure 3. Cumulative responses received by annoyance rating within a) the first day and b) first
hour of hearing the boom

The next step is to see if their response to the daily summary changes. The timing of
booms and survey responses are further examined for their effect on recall in Figure 4. Figures
4(a) and 4(b) show the annoyance responses to single event and daily summary surveys versus
the time between the boom and the response. Figures 4(c) and 4(d) show the difference in
annoyance ratings for the same participant on the same day versus the time difference between
the single or daily survey and the boom time. Figure 4(e) shows the difference between
annoyance ratings by time difference to respond to the daily summary survey after the single
event survey. The scatterplots show that there is little to no impact of timing on response
differences over the course of the day. Both time from the boom and time since the single event
survey do not appear to impact those who responded with different levels of annoyance

between the two surveys. A more rigorous analysis may be warranted in the future to confirm
this.
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Single Event Annoyance

summary annoyance by time to respond to single event survey after the boom. (d) Difference
between single event and daily summary annoyance by time to respond to daily summary survey
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Figure 4. (a) Single event annoyance by time to respond after the boom. (b) Daily summary
annoyance by time to respond after the boom. (c) Difference between single event and daily

after the boom. (e) Difference between single event and daily summary annoyance by time
difference to respond to daily summary survey after single event survey.
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Objective 2: Survey Satisficing with Early Termination

Satisficing is a common term in the field of survey methodology to explain a
phenomenon that occurs when respondents “satisfice,” i.e., take shortcuts to conserve effort or
experience changes in motivation or ability. There are many ways a participant could satisfice
including choosing the same response every time (i.e., “straightlining”), skipping, rushing, or
exiting out of the survey without answering all questions (Barge and Gehlbach, 2012). This form
of response saves the participant time and, in some cases, mental energy but is unideal for
research purposes.

Objective 2 aims to answer the research question, “Will participants opt for a survey
response that allows for early termination if the option to do so exists?” To answer this, the
QSF18 dataset is examined for instances of early termination of the daily summary surveys by
examining conflicting reports of hearing sonic booms throughout the day. For example, if in a
given day a participant responded to at least one single event survey as having heard a sonic
boom but indicated in the daily summary survey that they had heard no sonic booms, then the
number of questions in the daily summary survey would be reduced, which could be evidence of
satisficing.

Literature Review

Barge and Gehlbach (2011) identified prominent satisficing behaviors by administering
two different surveys in higher education institutions in both Europe and the United States. The
first survey contained 75 items, while the second contained 250. Researchers were looking for
occurrences of early termination, non-differentiation, skipping items, and rushing. Early
termination occurs when respondents stop taking the survey after completing a certain amount
of it. Non-differentiation is a method of satisficing where respondents answer the same way for
all questions. For example, if participants are given Likert response scales of “strongly agree” to
“strongly disagree” they may simply choose “strongly agree” for each question without fully
taking the time to read through the questions or consider their stance more carefully.
Participants could also engage in survey satisficing by skipping items or rushing through the
survey. They found that 61% of respondents demonstrated satisficing behaviors in the first
survey, while 80% of respondents engaged in satisficing behaviors in the second survey. Most
commonly, participants engaged in satisficing by skipping items in both surveys while rushing
was the second most common behavior. Early termination and non-differentiation were third and
fourth, respectively, for the first survey but vice versa for the second survey. The results of this
work suggest that steps should be taken to mitigate these common satisficing behaviors in
surveys through careful survey questionnaire design. This study also suggests what behaviors
to search for in survey data as evidence of satisficing.

There are proposed methods in the literature to mitigate a respondent’s willingness to
engage in satisficing behaviors. Researchers posited that the arrangement of a rating scale on
screen could affect response order effects® in web surveys (Héhne and Lenzer, 2015). This
concept was measured with the use of eye tracking software as participants took a survey with

8 Response order effects occur when the distribution of responses to a close-ended survey question is
influenced by the order of response options provided.
16



Likert-scale responses arranged vertically and horizontally. Two groups were assigned to the
two different arrangements of rating scales. The results demonstrated that response order
effects were more likely to occur in vertical rather horizontal rating scales. Moreover, eye-
tracking data also revealed that respondents do not read nor pay equal attention to all
categories in a question. These results suggest that for a community sonic boom survey, a
horizontal display of rating scales is preferred whenever possible; however, this might not be
practical given the need for mobile phone survey administration (mobile phones are most
commonly used in the “vertical” orientation). Furthermore, the ISO/TS 15666:2021 recommends
vertical orientation for verbal-scale response choices in socio-acoustic surveys because it is not
possible to evenly-space and easily view all of the response options when the scale is displayed
horizontally on a phone (Clarke et al., 2021)

Another study evaluated context effects in web surveys and methods that can be taken
to minimize them. Researchers employed a sample of 334 participants who were asked to
participate in an online survey (Reips, 2002). Participants were sent a hyperlink that would
intentionally buffer for some time before displaying the survey. This is known as a “high hurdle
technique”® and was implemented to encourage those who are more likely to lack the patience
to complete the survey to exit at the very beginning. This study provided insight into the effects
of pop-up menus versus button scales and numerical labeling on survey satisficing behaviors.
They found that these forms of administration did not have an impact on answering behavior of
web participants. Lastly, the findings of this study indicate that the number of questions (i.e., one
versus multiple) asked per page can cause a participant to produce different answers, which
can be attributed to varying cognitive contexts evoked by the questions. This study suggests
one question per page for surveys, as was done in the previous QSF18 community survey. It
may be of interest in future community sonic boom surveys to employ a high hurdle technique to
allow the sampled population to solely consist of those who are willing to fully complete the
survey; however, it would need to consider the target sample size and the impact of this method
on achieving the specified quota.

Another study in the same vein postulated that self-anchoring scales could be used to
lessen context effects in web surveys (Couper et al., 2004). Researchers in this study asked a
sample of 266 students and non-students about their health with visuals to assess health. The
experimental groups were presented with no picture, a negatively contrasting picture of a
woman riding a bike, and a positively contrasting picture of a woman in a hospital bed.
Negatively contrasting pictures were expected to enable participants to choose options on the
scale indicative of poor health, while positively contrasting pictures were expected to influence
them to rate their health with options indicative of good health. The results revealed that a larger
proportion (27%) of respondents dropped off when using a self-anchoring scale compared to the
8% who quit while using the regular fixed anchors rating scale. While subjective preferences for
either scale did not differ, early termination increased with self-anchoring scales. Verbal, fixed

® The high hurdle technique is a method that attempts to provoke participants with a low level of
motivation to drop out early on in the study, with the remaining sample consisting of only highly motivated
participants that are unlikely to drop off later (Reips, 2002).
10 Self-anchoring scales are a type of response option that requires participants to assign their own
definitions for the values along the scale.
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anchors (i.e., “not at all annoyed” to “extremely annoyed”) have been utilized in previous
community sonic boom surveys, and the work of Acker and Theuns (2009) supports its
continued use in the future as the fixed anchors likely reduce early termination.

Another consideration in regard to eliminating context effects is the effect of participants’
age. An experiment conducted a secondary analysis on a sample of 777 respondents and
asked two questions in different orders (Knauper et al., 2007). Participants provided a yes or no
response to the following questions: “Do you think it should be possible for a pregnant woman to
obtain a legal abortion if she is married and does not want any more children?” and “Do you
think it should be possible for a pregnant woman to obtain a legal abortion if there is a strong
chance of serious defect in the baby?” These questions were presented in different orders to
evaluate context effects. The analysis demonstrated that the answers were less prone to
change as age increased. They reported that 61% of respondents aged 18 to 54 supported
abortion in the case of a woman who “does not want any more children” whereas only 49.6%
did so when first presented with the “child defect” question. The discrepancy in percent support
between question orders decreased as age increased until no order effect was observed for
participants aged 65 and older. This study suggests that the 18 to 54 age group is more prone
to having their responses influenced by their surrounding context. In terms of community sonic
boom testing, including age as a covariate in dose-response modeling could test whether age is
a significant factor and account for it if it is an issue. Speeding and straightlining through survey
questionnaires may be an indicator of poor survey quality. In Zhang and Conrad (2013), a
survey partially consisting of grid questions' was administered and survey responses were
analyzed in order to correlate speeding and straightlining with various demographics. The
definition of speeding used in the survey was 300 milliseconds per word, which was chosen to
be slightly slower than the average college level reader. This definition was chosen with the
simple rationale: selection of an answer faster than it is possible to read the question is a likely
indicator of poor survey quality. Results showed that respondents sped on about 28% of the 54
questionnaire items. Their analysis confirmed that speeding was not an intermittent behavior
and termed those who were prone to speeding as being “persistent speeders.” This behavior
was noted to decrease with age, and a regression analysis confirmed that speeding and
straightlining'? in surveys were positively related.

However, there may be cases where speeding is not indicative of poor survey quality.
Bassili and Fletcher (1991) found that participants who did not change their attitude when
presented with a counterargument were more likely to respond to survey items faster. These
rapid response times instead indicate simpler mental processes, which result in lower error
rates. In the case of X-59 community surveys, while it is uncertain what the exact implications
are of participants speeding through surveys, it is important to design the survey to reduce the
potential for satisficing where possible in order to minimize the potential for survey error.

11 From Zhang and Conrad, a grid question is “a type of survey question in which multiple items with the same
response scales are displayed in a table-like format in which the items — usually statements — are the rows and the
response categories appear as the columns.”
12 Straightlining, also called non-differentiation, is a term used to explain a phenomenon in which a survey
respondent chooses the same answer across an array of questions given the same response scale in
order to preserve time and mental effort.
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Approach

Survey data collected at QSF18 can be assessed for evidence of satisficing. While
QSF18 questionnaires follow many of the measures suggested by the literature to mitigate
common satisficing behaviors, satisficing is possible by using a shortcut to rush through the
survey. Both the single event and daily summary surveys contained a question that asked
whether participants heard a sonic boom. If the participant selected that they did not hear the
boom, the survey would skip several questions. This leaves the possibility that if participants
had mind to satisfice, then they would misreport as having not heard the boom. The objective is
to evaluate whether participants had consistently reported having not heard a thump in the daily
summary questionnaire even though they responded as having heard a single event thump
during the same day.

The data for this analysis consist of instances where a participant responded that they
did hear the boom on at least one single event survey on a given day and completed the daily
summary survey for the same day. Cases where a participant reports that they had not heard
any thumps in the daily summary survey are referred to as “inconsistent reports”.

Results

Survey satisficing is examined by comparing the response to the thump audibility
guestion on single event and daily summary surveys. The daily summary survey completion
time does not appear to change substantially with additional questions for those who reported
that they did hear a boom that day. Ninety percent of participants submitted their daily summary
survey within 3 minutes of starting it, regardless of whether they reported hearing any booms.
Figure 5 displays the distribution of daily summary completion times and is subdivided by those
who completed the survey within 10 minutes of starting and those that took longer than 10
minutes to complete it, as well as by whether or not a boom was reported as heard. It does not
appear that time to complete the survey increased significantly if participants reported hearing
the booms and answered the additional questions.
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Figure 5. Daily summary survey duration distribution
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Pairing daily summary and single events responses allow for inconsistency checks at an
individual level. Across the nine test days there were a total of 66 inconsistent reports out of 767
complete pairs of single event and daily summary surveys, from just 32 participants. Figure 6
shows the number of inconsistent reports per participant. Of those who did have inconsistent
reports, the majority (25/32 = 78.1%) only had one inconsistent report and only a few
participants persistently misreported hearing booms on the two surveys. There are inconsistent
reports for five participants (15.6%) on two test days, one participant (3.1%) on three test days,
and one participant (3.1%) on four test days. With inconsistent reports from only 32 of 371
participants, a relatively small percentage (8.6%) of participants potentially engaged in
satisficing behaviors. This supports the overall notion that participants are not satisficing by
inconsistently responding to the thump audibility question in order to complete the survey faster

DS: "l did not hear booms today", SE: "l heard at least 1 boom today"
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Figure 6. Number of Inconsistent Reports from a Participant Across Test Days according to Daily
Summary (DS) and Single Event (SE) surveys.

Conclusion

There is a potential in community sonic boom tests for survey measurement error due to
recall errors. This occurs when a reported value differs from a participant’s true experience. The
two topics examined in this paper are 1) how consistently participants recall their annoyance to
sonic thump events and 2) do participants opt for early survey termination if the option is
available. Data from QSF18 were examined for inconsistencies between single event and daily
summary survey reports. Identification of inconsistent reports provides insights into the possible
source of error.
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A subset of QSF18 data paired single event and daily summary surveys to investigate
perceptual consistency. The daily summary annoyance ratings matched the single event
annoyance ratings exactly for the majority of instances. For the daily summary responses that
did not match their single event counterparts, there was an equal change to increased and
decreased annoyance ratings. This suggests that sonic thump annoyance recollection is
consistent for most people over a few hours when comparing responses to a single heard boom
event on a given day. There is no evidence to suggest that annoyance changes in any particular
direction with time. These findings do not offer any insight into the optimal response interval
between when a participant heard the sonic boom and when they submitted a response since
the cases where participants did change their answer were in highly varied timeframes.
Additionally, there are no trends or possibly not enough data to claim a need for an optimal
response time.

Another source of measurement error is survey satisficing, or early termination. As with
recall, concerns with satisficing are that participants simply chose an answer for a reason other
than their own perception of the construct. For example, if a participant rushes to complete a
survey because they want to simply get it done as fast as possible, then they may not
necessarily select the response that most accurately describes their experience or attitude. In
the QSF18 survey, participants could shorten their daily summary by reporting that they did not
hear a boom that day, even if they had responded as having heard a boom in a single event
survey that day. Instances of participants inconsistently reported boom audibility between the
two surveys are relatively few. Moreover, the misreports may not have necessarily been due to
participants satisficing but just accidentally selecting the wrong option on a survey. This is
supported by the fact that nearly all participants who misreported only did so once or twice.

Research-backed methods for survey construction and administration are vital in
ensuring data quality at the end of a study. In attempts to identify contributors to error, this work
has demonstrated support for the continued use of numerous practices from the previous
community tests. To an extent, the results of this study provide evidence to rule out recall bias
and satisficing as sources of error.

Limitations and Future Work

The initial literature review provided many ways to approach survey measurement error
that could be applied to the QSF18 data; however, not all were considered in this initial analysis.
Some items not comprised in this paper include the influence of varying amounts of time
between sonic boom exposure and the participant’s single event survey response, time between
sonic boom exposure and participant’s daily summary survey response, and the time between a
participant’s single event survey response and daily survey response. The assumption that a
participant only heard one boom for the perceptual consistency analysis may not hold as it is
possible a respondent heard more than one sonic boom during the day, but only completed a
single event survey for one of the booms. Including the estimated cumulative dose could help
confirm whether a participant was exposed to only one boom. The present analysis also ignored
any impact of the loudness of the single event sonic boom.

Future work in regard to survey satisficing could include evaluating whether participants
engage in any satisficing behaviors beyond early termination or rushing. Examples of possible
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behaviors include straightlining responses or skipping items. If there were participants who
responded that they had heard the thump but provided no response for annoyance, then this
could indicate that participants simply lost interest in completing the survey. It would require in-
depth reasoning to identify this behavior as survey error as opposed to a crystallized attitude.

The survey completion time can be further investigated for potential speeding and
possibly determine an optimal response time. Since annoyance remained constant for most
participants, it is possible that some participants may have been speeders who answered
questions the same way on all surveys throughout the test. Analyzing the survey time duration
for participants who responded with the same annoyance in each instance could address this
issue. The objective would be to identify an average time for survey completion and consider
whether consistent reporting is a byproduct of speeding. If this analysis reveals that the earliest
responses instead have the most variability in their answers, then perhaps there is an
opportunity to identify an optimal survey response time. If speeders are identified, it may be
worth removing speeders to ascertain overall perception of accuracy without context effects.
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