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Abstract

Objectives.—The impact of social distancing on communication and psychosocial variables 

among individuals with hearing impairment during COVID-19 pandemic. It was our concern that 

patients who already found themselves socially isolated (Wie, Pripp, & Tvete, 2010) as a result of 

their hearing loss would be perhaps more susceptible to changes in their communication habits 

resulting in further social isolation, anxiety and depression. We wanted to better understand how 

forced social isolation (as part of COVID-19 mitigation) effected a group of individuals with 

hearing impairment from an auditory ecology and psychosocial perspective. We hypothesized that 

the listening environments would be different as a result of social isolation when comparing 

subject’s responses regarding activities and participation prior to COVID-19 and during the 

COVID-19 pandemic. This change would lead to an increase in experienced and perceived social 

isolation, anxiety, and depression.

Design.—A total of 48 adults with at least 12 months of cochlear implant experience reported 

their listening contexts and experiences Pre-COVID and During-COVID using Ecological 

Momentary Assessment (EMA; methodology collecting a respondent’s self-reports in their natural 

environments) through a smartphone-based app, and six paper and pencil questionnaires. The 

Smartphone app and paper-pencil questionnaires address topics related to their listening 

environment, social isolation, depression, anxiety, lifestyle and demand, loneliness, and 

satisfaction with amplification. Data from these two time points were compared to better 

understand the effects of social distancing on the CI recipients’ communication abilities.

Results.—EMA demonstrated that During-COVID CI recipients were more likely to stay home 

or be outdoors. CI recipients reported that they were less likely to stay indoors outside of their 
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home relative to the Pre-COVID condition. Social distancing also had a significant effect on the 

overall signal-to-noise ratio (SNR) of the environments indicating that the listening environments 

had better SNRs. CI recipients also reported better speech understanding, less listening effort, less 

activity limitation due to hearing loss, less social isolation due to hearing loss, and less anxiety due 

to hearing loss. Retrospective questionnaires indicated that social distancing had a significant 

effect the social network size, participant’s personal image of themselves, and overall loneliness.

Conclusions.—Overall, EMA provided us with a glimpse of the effect that forced social 

isolation has had on the listening environments and psychosocial perspectives of a select number 

of CI listeners. CI participants in this study reported that they were spending more time at home in 

a quieter environments During-COVID. Contrary to our hypothesis, CI recipients overall felt less 

socially isolated and reported less anxiety resulting from their hearing difficulties During-COVID 

in comparison to Pre-COVID. This, perhaps, implies that having a more controlled environment 

with fewer speakers provided a more relaxing listening experience.

Introduction

Recommendations from the World Health Organization (WHO) and the Center for Disease 

Control (CDC) (2020) for slowing the spread of the Novel COVID-19, called SARS-CoV-2, 

includes social distancing, frequent handwashing, covering your mouth when around others, 

and cleaning and disinfecting surfaces frequently. People have been requested to shelter-in-

place; businesses were forced to close temporarily or permanently; and essential workers 

found themselves on the frontline of this crisis (Blau, Koebe, & Meyerhofer, 2020). This, as 

reported by mental health experts, has led to increased anxiety, depression and stress among 

many individuals (Sarner, 2020) during this pandemic.

As hearing healthcare professionals, the impact of being forced to limit social interactions 

on individuals with hearing impairment was important for us to understand. We found 

ourselves postponing cochlear implant (CI) surgeries, evaluations, connections and follow-

up care appointments as they were deemed non-urgent patient requests (A. M. Association, 

2020). This was concerning as we did not want hearing-related complications to further 

impact one’s quality of life. Furthermore, it was our concern that patients who already found 

themselves depressed or socially isolated as a result of their hearing loss (Bigelow et al., 

2020; Carlsson et al., 2015; Cosh, Helmer, Delcourt, Robins, & Tully, 2019; Gomaa, 

Elmagd, Elbadry, & Kader, 2014; Jayakody et al., 2018; Keesom & Hurley, 2020; Wie, 

Pripp, & Tvete, 2010) would be perhaps more susceptible to the effects of the 

responsibilities (e.g. staying home, reducing the number of interactions with others, wearing 

a mask) placed on all individuals during this pandemic. We already understand that the 

psychosocial aspects of hearing loss are multidimensional and include the emotional, 

cognitive, interpersonal, behavioral, and physical responses to hearing loss. But we do not 

have a good understanding about how these psychosocial aspects are entwined and 

influenced by one’s auditory ecology. Therefore, the goal of this manuscript was to better 

understand the relationship between these two variables by comparing changes in various 

aspects of the human condition before and during the pandemic.
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As part of a larger study funded at the University of Iowa, we have been studying the 

impacts of hearing loss and intervention on real-world hearing-related outcomes of function 

and disability. We have particularly focused our research on understanding domains of 

activity limitation and participation restrictions, and their effects on quality of life and 

depression, and how those relate to changes in the listener’s auditory ecology (Gatehouse, 

Elberling, & Naylor, 1999) for individuals with hearing impairment. Auditory ecology has 

been described as the range, type, and importance of the listening environments that 

individuals function (Gatehouse et al., 1999). We have been studying this in listeners with 

hearing impairment from two perspectives, in situ (in the actual place) through real-world 

smartphone surveys and through retrospective paper and pencil questionnaires. Both 

methodologies provide useful information to understand outcomes of function and disability. 

Retrospective questionnaires, which have historically been widely used to measure 

subjective outcomes of hearing healthcare, provide the subject’s “believed” perspective of 

the questionnaire domain as it relies on the subject recalling and summarizing their listening 

experience based on listening scenarios that the subject might have encountered in the last 

two-weeks to one-month time period. Contrary, in situ questionnaires using the methodology 

of Ecological Momentary Assessment (EMA) (Shiffman, Stone, & Hufford, 2008) report on 

the respondents “experienced” perspective during or right after (i.e., momentary) listening in 

their natural environments (i.e., ecological) through repeated questionnaires with detailed 

contextual information to understand the reported environment.

This study sought to better understand the effect that social isolation (as part of COVID-19 

mitigation) has had on a group of individuals with hearing impairment from an auditory 

ecology and psychosocial perspective. Both in situ and retrospective methodologies along 

with a battery of psychosocial assessments would provide a unique perspective of the 

complexities involved with social isolation on individuals with hearing impairment. It was 

our hope that this information would be useful to clinicians and could lead to more insightful 

questions that clinicians could ask when programming the cochlear implant. Therefore, 

understanding of the changes to one’s auditory ecology as a result and its influence on 

psychosocial outcomes have direct consequence to counseling.

Several studies throughout the world have documented levels of anxiety and depression 

throughout the pandemic (Cao et al., 2020; Hyland et al., 2020; Sarner, 2020; Wang et al., 

2020). In fact, it was reported that individuals aged 65 and older had significantly higher 

levels of COVID-19 related anxiety than adults aged 18-34 (Hyland et al., 2020). Although, 

the impact of COVID-19 on college-aged students indicated that economic effects, and 

effects on daily life, as well as delays in academic activities, were positively associated with 

anxiety symptoms (Cao et al., 2020). The psychological impact of COVID-19 was also 

evaluated in China on 333 individuals at the initial outbreak of COVID-19 and after 

epidemic’s peak four weeks later. Through a survey using the Impact of Event Scale-Revised 

(Christianson & Marren, 2012) and the Depression, Anxiety and Stress Scale-21 (Norton, 

2007) scale the respondents initially reported moderate-to-severe stress, anxiety and 

depression and no significant longitudinal changes in stress, anxiety and depression levels 

after four weeks (Wang et al., 2020). Unfortunately, this study does not document these 

levels Pre-COVID and so it is unknown if COVID was the trigger for these levels of stress, 

depression, and anxiety.
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None of the noted studies above reported specifically on individuals who have hearing loss 

or directly on changes in the respondent’s surroundings. We consider listeners with hearing 

impairment a vulnerable population given their already reported levels of anxiety and 

depression often reported with hearing loss (Bigelow et al., 2020; Carlsson et al., 2015; Cosh 

et al., 2019; Gomaa et al., 2014; Jayakody et al., 2018; Keesom & Hurley, 2020; Wie et al., 

2010). As a result, we hypothesized that psychosocial variables including anxiety, 

depression, and social isolation would be increased during-COVID compared to pre-

COVID. We also anticipate that the landscape of the subject’s auditory ecology would also 

be different when comparing subject’s activity limitation and participant restriction 

questions prior to COVID-19 and during the COVID-19 pandemic.

Methods

Participants

A total of 48 adults (females = 29), who live in the Midwestern United States, reported their 

listening contexts and experiences using EMA and paper and pencil questionnaires as part of 

the larger study prior to the COVID-19 pandemic (referred to as Pre-COVID). All CI 

recipients were post-lingually deafened and had at least 1 year of CI experience at this test 

session (mean = 7.41 years and SD = 6.4) and ranged in age from 27 to 78 years (mean = 60, 

SD = 12.7). Nine recipients had bilateral CIs; six had a unilateral CI and no hearing in the 

contralateral ear; 16 had a CI and a hearing aid (HA) on opposite ears; and 17 had a 

combination of a CI and a HA in the same ear with a HA on the contralateral ear. The 

subject’s unaided low-frequency pure-tone average (125, 250, 500 Hz) in the implanted ear 

was 70 dB HL (SE: 6.0). The averaged CNC word score in their everyday listening 

condition closest to their During-COVID test session was 77% (SE: 2.7). These same 

individuals were invited via a letter to report their listening contexts and experiences again 

using EMA and paper and pencil questionnaires during implementation of social distancing 

to slow COVID-19 spread (referred to as During-COVID). Time between the Pre- and 

During-COVID conditions ranged between 2 months to 20 months (mean = 10.2 months; 

SD = 4.18). Data from these two time points was compared to better understand the effects 

of social distancing on the CI recipients’ auditory ecology and psychosocial outcomes.

COVID-19 Guidelines

The earliest a participant started their During-COVID EMA assessment was April 23, 2020 

and the latest was May 8, 2020. All surveys were completed by May 15, 2020. The median 

start date of the surveys was April 26, 2020 and the median end date was May 3, 2020.

A summary of the timeline of restrictions in the State of Iowa began on March 17, 2020, 

with the Iowa Governor issuing a State of Public Health Disaster Emergency. On April 1, 

non-essential businesses (e.g. fitness centers, theaters, casinos, senior citizen centers, 

swimming pools, salons, barbershops) were closed and gatherings of 11 or more people was 

restricted through the end of April. No “stay-at-home” order was ever issued in Iowa. On 

May 1, 2020, 77 counties within Iowa where the infected rate had been reduced could 

reopen restaurants, malls, and retail stores. All places were encouraged to practice social 

distancing (e.g. 6 ft distance between individuals) and businesses that reopened were 
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required to operate at 50 percent capacity. On May 13, 2020, the Governor announced the 

reopening of businesses in all 99 counties. The reopening did not include bars, casinos, or 

movie theatres.

Materials

Ecological Momentary Assessment (EMA)—EMA’s validity and reliability in other 

disciplines (Hektner, Schmidt, & Csikszentmihalyi, 2007) and in audiology research (Wu, 

Stangl, Zhang, & Bentler, 2015) has been confirmed. EMA was implemented using an 

application (app), AudioSense (Hasan, Chipara, Wu, & Aksan, 2014; Hasan, Lai, Chipara, & 

Wu, 2013), on the CI recipients’ own smartphones (i.e., smartphone based EMA). 

AudioSense is a two-tier system consisting of smartphones and a backend server. The app is 

compatible for both iPhones and Android phones and consisted of survey questions focusing 

on characteristics such as listening environment, sound source, speech understanding, and 

how their listening difficulties affected their feelings. The entire survey consists of 32 

questions that the CI recipients answered. Among them, 17 questions that are more relevant 

to social distancing are analyzed and reported in this paper. See Table 1 for the survey 

questions and the associated responses that were analyzed. The questions were developed by 

some of the authors in this manuscript as part of the larger study at the University of Iowa. 

The EMA questions were presented adaptively such that certain answers determined 

whether follow-up questions would be elicited. For example, the Speech Understanding 

question would be presented only when CI recipients indicated that they were listening to 

speech in the beginning of the survey. CI recipients tapped the buttons on the app screen to 

answer the questions. Note that some EMA questions are categorical variables (e.g., “Where 
were you?”; Indoor at home / Indoors other than home / Car / Outdoors) while others are 

ordinal variables (e.g., “I could follow the conversation/speech”; Strongly agree / Agree / 

Neutral / Disagree / Strongly disagree). In the data analysis of the present study, the two 

example variables just mentioned were referred to as the “Location” variable and the 

“Speech Understanding” variable, respectively. See square brackets in Table 1 for the names 

of all variables. Also note, the listener was asked how their hearing loss affected their 

momentary feelings of depression, social isolation, and anxiety. This is different from the 

retrospective questionnaires that assess respondents’ depression, loneliness, and anxiety in 

general (see the Retrospective questionnaires section below).

The EMA assessments in the Pre- and During-COVID conditions each lasted one week. The 

EMA app was configured to notify participants to complete surveys (by audio alarm or 

vibration) approximately every 2 hours during a time-window specified by CI recipients 

(e.g. 8 am to 8 pm). Once the notification has been delivered, CI recipients had 5 minutes to 

respond to it. A survey needed to be completed in 7 minutes. CI recipients could ignore any 

surveys that were inconvenient, or “snooze” the survey if they knew that they would not be 

able to respond to one during the next 30 minutes. CI recipients were also encouraged to 

initiate surveys when they had experienced a significant listening event.

Retrospective questionnaires

Six questionnaires were also completed as part of this research study.
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Auditory Lifestyle and Demand Questionnaire (ALDQ)—This questionnaire was 

designed to evaluate the frequency and importance of 24 diverse listening situations on a 

three-point scale. The ALDQ (Gatehouse et al., 1999) has two scores, one indicating how 

often an individual encountered different situations (e.g., listening in a background of noise) 

(referred to as ALDQ-freq) and one indicating the listening demand of those situations 

(ALDQ-demand). The higher the score, the richer the auditory lifestyle and the higher the 

listening demand.

Social Network Index (SNI)—The SNI (Cohen, Doyle, Skoner, Rabin, & Gwaltney, 

1997) assesses 12 types of social positions/identities held by an individual, including 

relationships with family members and members of religious groups. An individual is 

assigned one point for each role (e.g., parent; “How many children do you have?”). The 

points are summed and range from 0 to 12. This score estimates the diversity of an 

individual’s social network (SNI-diversity). When an individual holds a given role (e.g., 

parent), they list the number of people associated with the role (e.g., children) whom they 

interact with at least once every 2 weeks. The sum of the number of people associated with a 

role (up to seven, depending on the role; SNI-size) across social roles is used to estimate the 

size of network and ranges from 0 to 75. Higher numbers indicated more high context social 

roles and larger social networks.

Satisfaction with Amplification in Daily Life (SADL), Cochlear Implant version
—The 15-item SADL measures an individual’s overall satisfaction with their current 

cochlear implants. The wording “hearing aid” in the original SADL (Cox & Alexander, 

1999) was replaced by “cochlear implant.” Four subscales comprise the SADL; Positive 

Effect (SADL-PE; 6 items), Negative Features (SADL-NF; 3 items), Personal Image 

(SADL-PI; 3 items) and Service and Cost. A sample question of the SADL-PI is “Do you 
think people notice your hearing loss more when you wear your cochlear implant(s)?” In the 

present study, the result of the Service and Cost subscale is not reported because the CI 

recipients were not billed for audiological services when participating in research the same 

day as a clinical visit. To answer the SADL items, an individual rates their satisfaction on a 

7-point scale. Higher scores indicate more satisfaction on each subscale.

Beck Depression Inventory—II (BDI-II)—The BDI-II (Beck, Steer, & Brown, 1996) is 

a 21-item scale designed to assess symptoms associated with the diagnosis of depression 

listed in the Diagnostic and Statistical Manual of Mental Disorders IV (A. P. Association, 

2000). An individual answered each item based on how they have been feeling in the past 

two weeks and their answers to each item are awarded points ranging from 0 to 4. (e.g., “I 
am no more irritable than usual / I am more irritable than usual / I am much more irritable 
than usual / I am irritable all the time”). The points of each items are summed for a total 

score ranging from 0 to 84. Higher scores indicate an increase in depressive symptoms over 

the past 2 weeks.

UCLA Loneliness Scale Version 3 (UCLA)—The 20-item UCLA (Russell, 1996) self-

report inventory assesses feelings of loneliness including items such as companionship and 

isolation. An individual is instructed to rate how often they feel the described aspects of 
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loneliness on a scale from 1 to 4 (e.g., “How often do you feel in tune with the people 
around you?”). The total score is the sum of all the items and higher scores indicate more 

feelings of loneliness.

Beck Anxiety Inventory (BAI)—The BAI (Beck, Brown, Epstein, & Steer, 1988) is a 21-

item self-report measure designed to assess the severity of anxiety symptoms in an 

individual. An individual rates their anxiety-related symptoms (e.g., unable to relax, hands 

trembling, and scared) on a scale from 0 to 3 during the past week. Higher scores indicate an 

increase in anxiety-related symptoms over the past week.

Procedures

Prior to each participant’s first EMA assessment (i.e., Pre-COVID), the CI recipients were 

thoroughly trained in person on completing surveys using the smartphone app. A power-

point presentation wherein each question and possible responses were described in detail 

was shown to each participant by the researcher. All participant questions about the survey 

were answered and a short 2-sided instruction sheet was sent home with the CI recipients. A 

researcher downloaded and configured the app on the participants’ personal smartphones. CI 

recipients then answered questions about their daily listening activities throughout the day 

for one week using the survey app.

During social distancing (i.e., During-COVID) CI recipients were contacted by the research 

audiologist though phone or email. The CI recipients were told that the study was looking at 

what impact social distancing might have on their ability to communicate. The researcher 

instructed each participant through the app set-up procedures over the phone or sent detailed 

app set-up instructions via email. Whether the app was set-up independently through the 

written instructions or with the research audiologist over the phone, the research audiologist 

checked the settings in the data server to ensure that the app was set-up and communicating 

with the server correctly. CI recipients then completed one week of EMA surveys in the 

same manner as their Pre-COVID EMA week. The EMA results were automatically 

uploaded by the app to a server located at the University of Iowa.

Pre-COVID, the CI recipients filled the six questionnaires out as part of their clinical 

research visits related to a separate study. During-COVID CI recipients were mailed packets 

of questionnaires to complete along with a cover letter informing the participants that the 

researchers were interested in understanding how social distancing associated with 

COVID-19 affected their overall well-being, including how they hear. The letter also 

included instructions about filling-out and returning the questionnaires. A stamped, return 

envelope was included to facilitate return of the questionnaires. Our research team 

simultaneously contacted the participants and set-up the smartphone survey app to facilitate 

participation in the EMA portion of the study. CI recipients were paid for their participation 

in the questionnaires and EMA during both the Pre- and During-COVID assessments.

Statistical Analyses

For EMA, each participant had the opportunity to respond to multiple surveys throughout 

the week both Pre-COVID and During-COVID. To account for the correlation between these 
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repeated observations per participant we implemented generalized linear mixed models. 

Each model included a fixed effect for condition (Pre-COVID, During-COVID=reference), a 

fixed effect to account for participant age, and a random intercept for subject.

When the outcome variable has a dichotomous response (i.e., YES or NO of the Active 

Listening variable), our mixed model was a mixed effects logistic regression model.

For the categorical variables obtained from single-select questions (i.e., the Location 

variable, Speech Listening Activity variable, Relative Listening Sound Variable, Relative 

Background Sound variable, and Distance variable), we analyzed each response option 

separately by treating them as a binary outcome and then fit a mixed effects logistic 

regression model to each response option keeping the fixed effect as condition (Pre-COVID, 

During-COVID=reference). Multiple tests in these situations were also controlled for using a 

Bonferroni correction at a family-wise alpha level of 0.05.

For the categorical response variable obtained from the multi-select question (i.e., “select all 

that apply” of the What Sounds Listening to Variable, Who Listening to Variable, and 

Environmental or Background Sounds Variable), we again analyzed each response option 

separately by treating them as a binary outcome. We fit a mixed effects logistic regression 

model to each response option keeping the fixed effect as condition (Pre-COVID, During-

COVID=reference). Multiple testing for each question was again controlled for using the 

Bonferroni correction at a family-wise alpha level of 0.05.

For EMA questions that yielded ordinal outcomes (i.e., Background Sound level Variable, 

the Signal to Noise Variable, the Speech Understanding variable, the Strain to Listen 

Variable, the Sound Detection Variable, the Sound Quality Variable, the Satisfaction 

Variable, the Hearing Limitations Variable, the Hearing Difficulty Depressed Variable, the 

Hearing Difficulty Isolated Variable, the Hearing Difficulty Anxious Variable, and the 

Hearing Importance Variable), we used a linear mixed model where the fixed effect in these 

models was again condition (Pre-COVID, During-COVID=reference).

The CI recipients also completed a retrospective questionnaire both Pre-COVID and During-

COVID. For each questionnaire, we performed a linear mixed model to determine the effect 

of condition keeping the fixed effect as condition (Pre-COVID, During-COVID=reference). 

For the questionnaires that have multiple subscales, we analyzed each subscale separately.

All analyses were carried out in R v 4.0.2 (Team, 2020) with mixed models performed using 

the lme4 package (Bates, Machler, Bolker, & Walker, 2015). Degrees of freedom were 

approximated by the Satterthwaite approximation using the lmerTest package (Kuznetsova, 

Brockhoff, & Christensen, 2017).

Results

EMA

Across the Pre- and During-COVID conditions, 3075 EMA surveys were completed by the 

48 CI recipients (Pre-COVID: n = 1509; During-COVID: n = 1566). Among the 3075 

surveys, 41.11% were initiated by the CI recipients (Pre-COVID: 37.08%; During-COVID: 
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44.34%). Furthermore, of those initiated by the subjects, 72.6% (SD=33%) Pre-COVID and 

67.4% (SD=27.1%) During-COVID were initiated in active listening events. This is 

consistent with the result of Figure 1A. On average each participant completed 31.4 surveys 

(SD = 10.9, range = 16 to 84, median = 29) and 32.6 surveys (SD = 15.1, range = 5 to 88, 

median = 30.5) in the Pre- and During-COVID conditions, respectively.

Context: categorical variables—Figure 1 shows the results of the five categorical 

variables that describe listening context: Active Listening, Location, Speech Activity, and 

Distance, Signal Type. Note that although the Distance variable looks like an ordinal 

variable (from “No distance” to “More than 10 feet”), we consider it a categorical variable 

because “No distance” indicates activity such as using telephone, which is categorically 

different from face-to-face conversation or watching TV.

The Active Listening variable (Figure 1A) has two response options (i.e., YES or NO). 

Results from the mixed effects logistic regression model indicate that the CI recipients were 

less likely to do active listening in the During-COVID condition (b=−0.30, OR=1.35, z=

−3.42, p = <.001).

Figures 1B to 1D show the proportion of times of each response of the three variables where 

only one response option was allowed (Location, Speech Activity, and Distance). The results 

of the Location variable (Figure 1B), with b representing the mean difference between 

proportions Pre-COVID versus During-COVID, indicate that During-COVID CI recipients 

were more likely to stay home (b=−0.89, OR = 0.41, 1/OR = 2.44, z = −10.95, p < .001) and 

be outdoors (b=−0.62, OR = 0.54, 1/OR = 1.85, z = −5.33, p <.001) while they were less 

likely to stay indoors outside of their home (indoor other than home: b=1.78, OR = 5.93, z = 

14.64, p < .001) and stay in cars (b=0.73, OR = 2.08, z = 4.82, p < .001) relative to the Pre-

COVID condition. For the Speech Activity and Distance variables, a mixed effects logistic 

regression model was fit to each response option because the normality assumption was 

violated.) During COVID CI recipients were less likely to be engaged in group conversation 

(Figure 1C, b = 0.81, OR = 2.25, z = 6.30, p = <.001) and were more likely to be engaged in 

media listening (b = −0.50, OR = 0.61, 1/OR = 1.64, z = −4.36, p = <.001). Closely 

connected with this, CI recipients also reported being more likely to experience sound that 

came in the form of streaming (e.g., Zoom) or phone conversations (Figure 1D, b = −0.62, 

OR = 0.54, 1/OR = 1.85, z = −3.82, p = < .001).

The Signal Type variable (Figure 1E) allowed more than one response (i.e., “select all that 

apply”, see Table 1). The results from the mixed effects logistic regression model indicated 

no significant effect on signal type (p = .080 to .502). See Appendix A for detailed statistics.

Context: Ordinal variables—Figure 2A shows the five ordinal variables included in this 

study to describe the listening context: Visual Cues, Talker Familiarity, Noisiness, Signal-to-

Noise Ratio (SNR), and Importance. To help data interpretation, in Figure 2A the top of the 

figure represents “more” (i.e., more visual cues, more talker familiarity, more noise, more/

better SNR, and more importance). Therefore, the coded responses of the Noisiness, SNR, 

and Importance variables (see Table 1) have been reversed in Figure 2A. The results from 

statistical models indicated a significant effect on the SNR (b=0.22, d = 0.225, t(1717)=5.73, 
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p<.001) and Importance variables (b=−0.09, d = −0.076, t(3036.00)=−2.40, p=.016), such 

that the listening environments had better SNRs and were less important During-COVID. 

See Appendix A for detailed statistics.

Outcome: Ordinal variables—Figure 2B shows the mean score of seven ordinal 

variables that describe outcomes: Speech Understanding, Listening Effort, Activity 

Limitation, Device Satisfaction, Depression, Social Isolation, and Anxiety. Because the top 

of the figure represents “more” (e.g., more speech understanding, more listening effort, and 

more anxiety), the coded responses of all variables have been reversed in the figure. The 

results from linear mixed models indicated that during COVID the CI recipients were more 

likely to report better speech understanding (b=0.10, d = 0.139, t(1720)=3.38, p = <.001), 

less listening effort (b=−0.16, d = −0.141, t(2149)=−4.10, p < .001), less activity limitation 

due to hearing loss (b=−0.15, d = −0.168, t(3032)=−5.89, p < .001), less social isolation due 

to hearing loss (b=−0.06, d = −0.096, t(3030)=−3.59, p < .001), and less anxiety due to 

hearing loss (b=−0.08, d = −0.123, t(3030.)=−4.54, p < .001). See Appendix A for detailed 

statistics.

Retrospective questionnaires

Forty-eight CI recipients completed the six questionnaires in the Pre-COVID and 45 CI 

recipients completed the six questionnaires in the During-COVID condition: ALDQ, SNI, 

SADL-CI, BDI-II, UCLA, and BAI (Figure 3). For the three that did not complete During-

COVID questionnaires, their Pre-COVID questionnaires were not analyzed. Note that in 

Figure 3 the top of the figure represents “more” (e.g., larger social network, and more 

loneliness). Also note that all scores shown in the figure have been linearly transformed so 

that the score ranges from 0 to 100. The results from the linear mixed models indicate a 

significant effect on ALDQ-freq (b=1.27, d = 0.201, t(44)=2.04, p = .048), SNI-size (b=2.95, 

d = 0.246, t(41)=2.24, p = .031), SADL-PI (b=−0.49, d = −0.525, t(44)=−4.13, p = <.001), 

and UCLA (b=−2.36, d =0.271, t(44)=−2.42, p = .020). Specifically, in the During-COVID 

condition the CI recipients reported fewer different types of listening environments (ALDQ-

freq), fewer people to interact with (SNI-size), more satisfaction with personal image while 

wearing their devices (SADL-PI), and more loneliness (UCLA) relative to the Pre-COVID 

condition. See Appendix A for detailed statistics and Appendix B for raw data of 

retrospective questionnaires between Pre and During-COVID ratings.

Discussion

The purpose of this paper was to better understand the influence of one’s auditory ecology 

on psychosocial well-being. We found ourselves in a unique situation where we could 

measure the influence of a pandemic on our CI patient’s communication, listening 

environments, and how those changes might explain differences in psychosocial well-being. 

We had hypothesized that with the guidelines for flattening the COVID-19 infection rate set 

forth by the CDC, which included social distancing and stay-at-home orders, would result in 

increased levels of anxiety, depression, and social isolation. This has also been reported in 

other studies (Cao et. al, 2020, Wang et. al, 2020; Hyland et. al, 2020), but the respondents 

in these samples were not hearing impaired. CI recipients completed daily assessments for 1 
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week using an APP while listening in their natural environments and through retrospective 

questionnaires. The response rate in this study was lower in comparison to other EMA 

hearing loss studies (Burke & Naylor, 2020; Galvez et al., 2012; Henry et al., 2012; Timmer, 

Hickson, & Launer, 2017). Nonetheless, we still feel that our outcomes are a valid 

representation during this pandemic.

Our results indicate that the CI recipients were staying home or spending more time 

outdoors During-COVID compared to Pre-COVID (Figure 1B). Additionally, they were 

spending significantly less time indoors in places other than their homes (Figure 1B). This is 

consistent with their opinion on the ALDQ where CI recipients felt that their listening 

experiences were less diverse During-COVID (Figure 3) than Pre-COVID. CI recipients also 

reported that they were less likely to be actively listening During-COVID (Figure 1A), such 

as paying direct attention to or providing feedback to a speaker. This perhaps indicates that 

CI recipients were engaged in more passive listening.

When we assessed whether the type of speech activity CI recipients were engaged in (Figure 

1C), listening in live group conversations was significantly less and media listening was 

significantly higher During-COVID versus Pre-COVID (Figure 1C). This outcome was also 

corroborated by the fact that listeners reported that they viewed that the listening 

environments had a more favorable SNR compared to Pre-COVID (Figure 2A).

Psychosocial aspects demonstrated During-COVID that the CI listeners were more likely to 

report better speech understanding with less effort (Figure 2B). This makes sense as they 

also reported that they were listening more at home, in a quieter environment with fewer 

people. Furthermore, when directly asked if their hearing abilities restricted activity that they 

wanted to participate, they reported that they felt less restricted During-COVID than Pre-

COVID. CI recipients also felt that they experienced less social isolation during listening 

situations (EMA results, Figure 2B) and felt more confident in themselves and as a result 

reported having a better personal image (Figure 2; SADL-PI). Perhaps these results make 

sense as to why some listeners with hearing impairment report listening effort, fatigue, and 

overall avoidance of challenging listening/conversational situations (Pichora-Fuller et al., 

2016). By retreating to less noisy environments with fewer people to converse, perhaps these 

listeners do not feel so out of place or restricted. Contrary, as social network size was 

reportedly lower During-COVID compared to Pre-COVID (SNI-size, Figure 3), it is 

reasonable to understand that perhaps the individuals in this study miss being around some 

of their friends, family, and co-workers, as they reportedly felt lonelier (UCLA, Figure 3) 

During-COVID compared to Pre-COVID.

When asked about their feelings of anxiety during listening experiences as it directly related 

to their hearing loss, the CI recipients reported that they felt less anxious During-COVID 

compared to Pre-COVID (Figure 2B). In contrast, when questioned about their overall 

anxiety and depression, not directly related to their hearing (Figure 3), CI recipients reported 

no difference Pre- vs During-COVID. This is opposite of the effect that we had anticipated 

given the recent uptick on reported anxiety and depression that many individuals are feeling 

in the current pandemic climate.

Dunn et al. Page 11

Ear Hear. Author manuscript; available in PMC 2021 December 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A limitation to this study includes having scarce information related to job stability, 

monetary strains, or health status during or pre-COVID. Probing these factors could have 

brought more insight into the standardized global assessments of anxiety and depression.

Conclusion

We report an interesting outcome that, while might seem contrary to our original hypothesis, 

makes sense when putting all the assessment variables together. Having the ability to garner 

information from a cohort of CI recipients Pre and During-COVID allowed us to have a 

better understanding of the effects of forced changes in one’s auditory ecology as a result of 

social isolation might have on some listeners with hearing impairment. Overall, CI recipients 

in this study were spending more time at home in a quieter environment and as a result felt 

less socially isolated and with reduced anxiety During-COVID in comparison to Pre-

COVID. Our results demonstrate that perhaps when our listeners with a CI can surround 

themselves with a more predictable listening environment (e.g.at home with fewer people) 

they feel more included in the conversations around them resulting in less feeling of anxiety 

and social isolation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mean proportion of times of a response was selected of EMA categorical variables that 

described listening contexts. Error bars = 1 SD. *: p < 0.05. Conv.: Conversation.
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Figure 2. 
Mean scores of EMA categorical variables that describe listening contexts (2A) and EMA 

ordinal variables that describe outcomes (2B). Top of the figure represents “more” (e.g., 

more visual cues and more speech understanding). Error bars = 1 SD. *: p < 0.05. SNR: 

signal-to-noise ratio.
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Figure 3. 
Mean scores of retrospective questionnaires. All scores have been linearly transformed so 

that the score ranges from 0 to 100. Top of the figure represents “more” (e.g., richer auditory 

lifestyle and more loneliness). Error bars = 1 SD. *: p < 0.05. ALDQ: Auditory Lifestyle and 

Demand Questionnaire; SNI: Social Network Index; SADL: Satisfaction with Amplification 

in Daily Life; PE: Positive Effect subscale of the SADL; NF: Negative Features subscale of 

the SADL; PI: Personal Image subscale of the SADL; BDI-II: Beck Depression Inventory—

II; UCLA: UCLA Loneliness Scale; BAI: Beck Anxiety Inventory.
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Table 1.

EMA survey questions used in the present study and their responses. Square brackets show the name of the 

variable used in analysis. Numbers in parentheses show how the responses are coded in the EMA app.

Questions Responses

[Active Listening] Were you actively listening most of the time during the 
previous 5 to 10 minutes?

□ Yes (1)
□ No (2)

[Location] Where were you? □ Indoors at home (1)
□ Indoors other than home (2)
□ Car (3)
□ Outdoors (4)

[Speech Activity] What kind of speech listening activity were you engaged in? □ Live conversation with one
□ person (1)
□ Live conv. With more than one (2)
□ Conv. On electronic device (3)
□ Speech listening, live (4)
□ Speech listening on electronic device (TV, radio, etc.) (5)

[Distance] How far away was the sound you were trying to listen to? □ No distance (e.g., streaming) (1)
□ 3 feet or less (2)
□ 4 to 10 feet (3)
□ More than 10 feet (4)

[Signal Type] What kind of sounds were you listening to? (select all that apply) □ Speech (1)
□ Music (2)
□ Other (3)

[Visual Cues] Could you see the talker’s face? □ No (1)
□ Yes, but only sometimes (2)
□ Almost Always (3)

[Talker Familiarity] Were you familiar with the talker(s)? □ Unfamiliar (1)
□ Somewhat unfamiliar (2)
□ Somewhat familiar (3)
□ Familiar (4)

[Noisiness] Overall, how loud were the background/environmental sounds? □ Very loud (1)
□ Loud (2)
□ Medium (3)
□ Soft (4)
□ Very soft (5)

[Signal-to-Noise Ratio] The speech of interest was ______ when compared to all 
other sounds.

□ Much louder (1)
□ Somewhat louder (2)
□ Equally loud (3)
□ Somewhat softer (4)
□ Much softer (5)

[Importance] “In this situation it was important for me to hear well.” □ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)

[Speech Understanding] “I could follow the conversation/speech.” □ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)

[Listening Effort] “I had to strain to listen.” □ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)

[Activity Limitation] “My hearing difficulties limited what I wanted to do or 
say.”

□ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)
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Questions Responses

[Device Satisfaction] “I was satisfied with my devices in the previous 5 to 10 
minutes.”

□ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)

[Depression] “My hearing difficulties made me feel sad or depressed.” □ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)

[Social Isolation] “My hearing difficulties made me feel lonely or isolated.” □ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)

[Anxiety] “My hearing difficulties made me feel nervous or anxious.” □ Strongly agree (1)
□ Agree (2)
□ Neutral (3)
□ Disagree (4)
□ Strongly disagree (5)
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