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Abstract

Farming ranks among the top occupations for which workers are at risk for noise-induced hearing 

loss (NIHL), an irreversible yet preventable condition. Hearing Protection Devices (HPDs) (i.e., 

earmuffs and ear plugs) are effective at preventing expo- sure to noise; however, few farmers 

report consistent use. The purpose of this study was to test an intervention based on Social 

Cognitive Theory with interactive smartphone technology to increase the use of HPDs among 

swine facility workers. A pilot, quasi-experimental study was implemented among 72 younger 

adult swine workers. Participants were randomly assigned to one of three groups. Group 1 

received HPDs (e.g., earmuffs and ear plugs). Group 2 received the same HPDs as Group 1 and 

was also instructed to use a smartphone application to track their use of hearing protection for 60 

days. Group 3 received the HPDs and instructions on using a smartphone app for tracking the use 

of hearing protection and setting daily goals for hearing protection use. Use of hearing protection 

was assessed via an online survey prior to the intervention (i.e., “baseline”), immediately after the 

post-intervention, and at a 3-month follow-up.

Compared to baseline use, all three groups reported increased use of hearing protection 

immediately post-intervention. However, this increase was not maintained at a 3-month follow-up 

for two of the study groups. Group 3 (HPD, tracking, and goal-setting app) showed the greatest 

increase in the use of HPDs from baseline to immediate post-intervention; however, Group 1 

(HPD only) showed the greatest sustained increase from baseline to the 3-month follow-up. 

Modifying the environment by supplying HPDs was effective in increasing HPD use among swine 

facility workers. Improving access to hearing protection devices alone may lead to sustained 

changes in behavior.
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Agricultural workers are exposed to hazardous levels of noise, and farming ranks among 

the occupations with the highest rate of noise-induced hearing loss (NIHL) (Ehlers and 

Graydon, 2011). Among agricultural environments, work inside swine buildings has been 

identified as a source of hazardous noise (Achutan and Tubbs, 2007; Humann et al., 2005). 

Tasks-based assessments of swine facilities have consistently documented noise levels that 

exceed the National Institute for Occupational Safety and Health’s Recommended Exposure 

Limits for common production activities, including power-washing, snout snaring, and ear 

clipping (Achutan and Tubbs, 2007; Humann et al., 2005). Across major pork-producing 

states in the Midwest, the design, function, and environmental conditions of swine buildings 

are very similar, as are the day-to-day tasks required to care for the livestock (i.e., cleaning, 

feeding, and farrowing). Therefore, human exposure to noise across swine facilities in the 

Midwest is expected to be similar and ubiquitous.

NIHL is an irreversible yet preventable impairment. Hearing protection devices (HPDs) (i.e., 
earmuffs, ear plugs) are effective at reducing personal exposure to noise (Smith et al., 2008). 

However, in prior studies, only a small proportion of the agricultural population reported 

using hearing protection (Carpenter et al., 2002; Cramer et al., 2017). In a survey of young 

adult agricultural workers in the Midwest, over 60% reported working in a swine facility. 

However, only 16% of young adults (ages 18 to 24) reported often or always wearing HPDs 

when working in a swine building (Rudolphi et al., 2015).

Interventions to increase the use of hearing protection among agricultural workers are few 

in number and (i) have mostly targeted either children or older adult farmers (Berg et al., 

2009; Gates and Jones, 2007; Khan et al., 2018; Knobloch and Broste, 1998; Sherman and 

Azulay Chertok, 2014; Smith et al., 2008), (ii) have lacked a theoretical foundation, and (iii) 

were not well-evaluated (Witte et al., 1992). Given adolescents’ and younger adults’ regular 

exposure to hazardous noise, participation in swine facility work, and frequent reporting 

of symptoms of NIHL (Rudolphi et al., 2015), rigorously designed interventions based on 

behavioral theory should be developed and evaluated (Kreuter et al., 1999; Kreuter and 

Wray, 2003; Witte et al., 1992).

Here, we report on the results of a quasi-experimental hearing conservation intervention 

based on Social Cognitive Theory (SCT) that employed smartphone technology to increase 

the use of HPDs among adolescent and young adult swine facility workers. Specifically, we 

implemented and tested the effect of three major constructs from the SCT: environmental 

conditions, personal cognitive factors, and behavioral factors on HPD use (Bandura, 1998, 

2004). The theory has been used as the foundation of other interventions that have 

successfully modified health behaviors (Rogers et al., 2005; Shamizadeh et al., 2019).
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Social Cognitive Theory

Bandura’s Social Cognitive Theory suggests that learning occurs in a social context, with 

reciprocal and engaging interactions between an individual, the environment, and behavior. 

The theory delineates supposed mediators of behavior and behavior change. Within the 

context of Social Cognitive Theory (SCT), environmental conditions are the barriers or 

facilitators that affect a behavior (see table 1). For example, a limited access to HPDs has 

been identified as a barrier to their use, suggesting that HPD access is an environmental 

condition that affects safety behavior (McCullagh, 2011; McCullagh et al., 2010).

The second construct of SCT, personal cognitive factors, suggests that for behavioral 

change to occur, an individual must develop “self-regulatory skills” (Bandura, 1998). Self- 

regulatory skills promote an individual’s ability to regulate their own behavior, often through 

reflection and self-awareness, and require that they pay close attention to their behaviors 

and habits (Bandura, 1998). Behavioral tracking, such as logging behaviors or keeping a 

diary, is an effective tool for developing self-regulatory skills (Stajkovic and Luthans, 1998). 

Smartphone apps allow for efficient and interactive behavioral tracking and are an appealing 

intervention platform among young adults (Klasnja and Pratt, 2012). The use of smartphone 

apps to foster self-regulatory skills has been successful in modifying behaviors related to 

weight loss and weight management (Carter et al., 2013a, 2014b; Dennison et al., 2013; 

Patrick et al., 2014), smoking cessation (Buller et al., 2014), and cancer screening (Lee et 

al., 2014).

The final construct of the SCT, behavioral factors, are actions that enhance the adoption 

of a behavior and include personal intentions or goal setting. Goal setting has been 

found to promote behavioral change and, like self-regulatory skills, can be facilitated with 

smartphone technology (Bandura, 1998).

The objectives of this pilot study were to compare before and after changes in reported HPD 

use among swine facility workers who participated in an intervention designed around the 

constructs of Social Cognitive Theory.

Materials and Methods

Research Design

A quasi-experimental study was implemented to evaluate the effectiveness of the SCT- based 

intervention designed to increase the use of HPDs among 72 swine facility workers (details 

of selection procedure described in recruitment). Assessments of HPD use were made prior 

to participant assignment to an intervention group (“baseline survey”), again after the 60-day 

intervention period (“post-intervention survey”), and three months after the post-intervention 

survey (“follow-up survey”). The research study was approved by the Institutional Review 

Board at the University of Iowa.

Participant Recruitment & Randomization

Recruitment—Participants were recruited from various agricultural organizations that 

engage adolescents and young adults in the US Midwest. The study was advertised to 

Rudolphi et al. Page 3

J Agric Saf Health. Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the producer-members of the Iowa Pork Producers trade organization with a notice in 

their bi-weekly online newsletter. The Iowa Farm Bureau’s Young Farmer Program, which 

provides pro- grams and resources to farmers between the ages of 18 and 35, provided study 

information to potential participants via its social media outlets and allowed recruitment 

at the annual winter conference. Iowa high school agricultural education teachers were 

provided with a written description of the study via a statewide weekly newsletter and asked 

to provide it to interested students aged 16 and older.

Individuals interested in participating were directed to an online screening questionnaire. To 

participate, individuals must have met the following inclusion criteria: (1) be between the 

ages of 16 and 35; (2) report entering a swine building at least once per day; (3) report using 

HPDs less than 50% of the time spent in a swine building; (4) work for a facility without an 

active hearing conservation program; and (5) own and use a smartphone. Participants were 

compensated $150 for completing all phases of the project.

Randomization—Random numbers, generated using Excel’s RANDBETWEEN function, 

were used to assign participants to intervention groups. Participants who met the study 

criteria were randomly assigned to one of three intervention groups.

Intervention Groups

Group 1—Group 1 addressed the environmental conditions of SCT. These individuals 

received an HPD kit (described below), recognizing limited HPD access may be an 

environmental barrier to their use (McCullagh et al., 2010).

Group 2—Group 2 addressed the environmental conditions and personal cognitive factors 

of SCT. These participants received the same materials as Group 1 and instructions to use 

a smartphone app to track their HPD use when inside swine buildings. Printed instructions 

included how to download the app, how to customize the tracking activities, and how to 

track activities. Participants were encouraged to track activities daily.

Group 3—Group 3 addressed environmental conditions, personal cognitive factors, and 
behavioral factors of SCT. These participants received the same materials and instructions as 

Group 2 and instructions to set a daily goal for HPD use. Participants were encouraged to set 

a goal of using HPDs every time they completed a task in a swine facility. They were, how- 

ever, reminded to make a goal that was realistic for them.

Procedures and Materials

Hearing Protection Device Kit—All participants were mailed an HPD kit. The kit 

included two types of hearing protection equipment (120 pairs of disposable ear plugs 

and one pair of over-the-ear muffs), a brochure produced by the Great Plains Center for 

Agricultural Health on NIHL among farmers (GPCAH, 2017), and an introductory letter 

from the PI. Kits sent to participants in groups 2 and 3 included printed directions for 

downloading and using the smartphone app (described later).
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Smartphone App – Habitbull—The smartphone app, Habitbull, was selected to track 

HPD use because it allows users to customize the activities that they want to track, sends 

daily reminders to participants to track their behaviors, and allows participants to set daily 

goals (Group 3). It is also chosen since it is available free of charge for both the Android and 

iPhone operating systems.

Participants were instructed to download Habitbull onto their smartphones and to track the 

total number of times they entered a swine building each day and the total number of times 

they wore HPDs when entering swine buildings each day (fig. 1).

HPD Use Tracking in Habitbull—Participants in Groups 2 and 3 were instructed to 

track their HPD use in Habitbull each day for 60 days. For each participant, the behavior 

tracking period began after receipt of study materials and setting up of the Habitbull app. 

The tracking period was approximately June 15 to August 15. Entries logged into Habitbull 
were not sent or shared with the project team.

Participants tracked the number of entries into a swine building each day (for example, if 

someone entered a swine building 4 times during the day, they would record 4). Participants 

also tracked the number of times they wore HPDs when they entered a swine building each 

day (for example, if someone wore HPDs 3 times when entering a swine building during the 

day, they would record 3) (fig. 1).

Participants in Group 3 were also instructed to set a daily goal for HPD use in the Habit- 
bull app based on the average number of times they reported entering a swine building. They 

were encouraged to set a goal of wearing hearing protection devices more often than their 

reported use at baseline.

Participants tracked daily HPD use with the app by entries into swine buildings and the 

number of entries HPDs were used, whereas participants reported HPD use during the three 

days prior to survey completion by tasks on the baseline, post-intervention, and follow-up 

surveys (i.e., feeding, walking pens, farrowing, etc.). Different metrics (entries vs tasks) 

were unavoidable due to the daily variation in tasks performed and the capabilities of the 

smartphone app. The no-cost version of the app did not allow for the 11 different tasks 

(feeding, walking pens, farrowing, etc.) to be listed and reported on.

Data Collection Study

Surveys Baseline Survey—Prior to group assignment, all participants were asked to 

complete an online survey to collect information about participant gender, age, race, marital 

status, education, hours per week in a swine building, hours per week performing farm/

agricultural work, and hours per week performing non-farm/agricultural work. The survey 

also collected baseline information about the use of HPD when inside a swine building 

and the total number of swine activities so that a proportion of HPD use variable could be 

calculated (described in Data Analysis). A list of common swine-related tasks was presented 

in matrix form to each participant in the online survey. Swine tasks included (1) feeding 

pigs, (2) walking pens, (3) loading/unloading, (4) inseminating, (5) processing piglets, (6) 

cleaning buildings, (7) inoculating swine, (8) heat checking, (9) ultrasound monitoring, (10) 
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moving pigs within the building and (11) other. Participants were asked to report the number 

of times they completed each task during the previous three working days (0, 1, 2, etc.) and 

the number of times they wore hearing protection when completing the task (0, 1, 2, etc.).

Post-Intervention Survey—After sixty days, an online post-intervention survey was 

administered to ascertain the current proportion of HPD use. The Proportion of HPD use 
was collected using the same method as the same post-intervention as it was a baseline. 

Participants in Groups 2 and 3 were also asked about their use of the smartphone app 

(described below). The post-intervention survey was sent to the email address on record, and 

participants were asked about their HPD use in the past three working days. Two reminder 

emails were sent, five and ten days after the original email was sent.

Follow-up Survey—Three months after completion of the post-intervention survey, an 

online follow-up sur- vey was administered to ascertain the proportion of HPD use. The 

Proportion of HPD use was collected the same at follow-up as it was at baseline and 

post-intervention. The follow- up survey was sent to the email address on record, and 

participants were asked about their HPD use in the past three working days. Two reminder 

emails were sent, five and ten days after the original email was sent.

Data Analysis

Analyses were performed using SAS version 9.4 (SAS Institute; Cary, NC). Frequency 

distributions and means were used to summarize the demographic characteristics of the 

study sample.

A proportion of HPD use was calculated for each participant at baseline, post-intervention, 

and follow-up. The proportion of HPD use was calculated by dividing the number of times 

participants reported wearing HPD when completing the 11 swine tasks (listed above) in the 

previous three working days by the total number of times they completed tasks during the 

previous three working days. We multiplied the proportion of use by 100 in order to report 

the proportion of HPD use as a percent at baseline, immediate post- intervention, and at 

follow-up.

HPD use at baseline, post-intervention, and 3-month follow-up was not normally dis- 

tributed. The changes in reported HPD use for each participant are as follows: (1) the 

difference in reported HPD use from baseline to post-intervention was calculated by 

subtracting reported use at baseline from reported use at post-intervention; (2) the difference 

in reported HPD use from post-intervention to follow-up was calculated by subtracting re- 

ported use at post-intervention from reported use at follow-up; and (3) the difference in 

reported HPD use from baseline to follow-up was calculated by subtracting reported use at 

baseline from reported use at follow-up. Within each of the three groups, mean changes in 

reported HPD use from baseline to post-intervention and from baseline to follow-up were 

compared using the Wilcoxon Signed-Rank test with available matched pairs only.
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Results and Discussion

Results

Recruitment efforts resulted in the completion of the screening questionnaire by 119 

individuals, 40 of whom did not meet study inclusion criteria. The remaining 79 individuals 

were then invited to complete the baseline survey. Seventy-two completed the baseline 

survey and were randomized into study groups (n = 24 per group) (table 2).

The mean age of participants at baseline was 24.8 (SD = 5.8) years old. Over 75% of 

participants were male, and 98.6% were white. Participants were primarily owner-opera- 

tors (36.0%), full-time workers (41.7%), or part-time workers (16.7%). Participants re- 

ported spending an average of 25.6 (SD=14.6) hours per week in a swine building (table 2). 

The mean proportion of HPD use at baseline for all three groups was 16.9% (SD = 27.6%). 

However, use at baseline varied by group (table 3). On the post-intervention sur- vey, Group 

1 participants reported a 32.0% increase in HPD use; Group 2 participants re- ported a 

42.3% increase in HPD use; and Group 3 participants reported a 47.1% increase in HPD 

use compared to their respective reported use at baseline (table 3). At 3-month follow-up, 

Group 1 participants reported a 4.0% increase in the proportion of HPD use, while Group 2 

and Group 3 reported a 26.5% decrease and a 20% decrease, respectively, compared to their 

reported proportion of HPD use at baseline (table 3).

Statistical testing with the Wilcoxon signed-rank test was performed with available 

matched pairs only (which accounted for the small differences in results between tables 

3 and 4). Statistically significant increases in mean reported HPD use from baseline to 

post- intervention were observed among all three groups (table 4) from baseline to post-

intervention. While groups 2 and 3 reported decreases in HPD use from post-intervention 

to 3- month follow-up, increases in HPD use from baseline to 3-month follow-up remained 

significant.

Among participants in Group 2 and Group 3, 68.3% reported using Habitbull at least five 

times a week to track their entries into swine buildings and HPD use at entry during the 

60-day behavioral tracking period (table 5).

Discussion

We observed an increase in the reported proportion of HPD use among participants of 

all three groups at immediate post-intervention, with the greatest increase observed among 

Group 3 (47.1%). However, at the time of the 3-month post-intervention survey, we observed 

a decrease in reported HPD use among Group 2 and Group 3. Only Group 1 had maintained 

and slightly increased (4.0%) reported HPD use from immediate post-intervention to 3-

month follow-up. However, it is important to acknowledge that at 3-month follow-up, all 

three groups reported a statistically significant increased proportion of HPD use when 

compared to baseline.

Changes in the reported proportion of HPD use among the three groups are similar to those 

reported among participants who had been assigned interventions designed to in- crease the 
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use of HPDs among agricultural youth (Knobloch and Broste, 1998) and adults (McCullagh, 

2011; McCullagh et al., 2016). The results observed in these groups from baseline to 

immediate post-intervention were consistent with our hypothesis that the group with the 

greatest engagement with the intervention would experience the greatest increase in reported 

HPD use. Study groups received varying levels of direction for the intervention as guided by 

Social Cognitive Theory.

Group 1 only received a box of HPDs, acknowledging access to HPDs may be a barrier 

to using the technology. Group 1 participants reported an increased proportion of HPD use 
from baseline to immediate post-intervention and a small increase from immediate post- 

intervention to 3-month follow-up, suggesting that simply providing access to HPDs in- 

creases use. This supports previous findings that found access to HPDs may be a barrier to 

use (McCullagh et al., 2010). When considering resources, simply providing HPDs at little 

cost to farmers may be more beneficial and efficient than developing an intervention and less 

burdensome.

Group 2 also received a box of HPDs but also received directions to log their daily HPD use 

in Habitbull, the smartphone app, which addresses two constructs of the Social Cognitive 

Theory: environmental factors and personal cognitive factors. There was a reported 15.1% 

increase in HPD use from baseline to 3-month post-intervention but a 24% decrease from 

post-intervention to 3-month follow-up. These results are similar to those of Group 3. Group 

3’s intervention addressed three constructs of the SCT: environmental factors, personal 
cognitive factors, and behavioral factors, and we observed changes in behaviors consistent 

with those predicted by the theory. By design, Group 3 participants also experienced a 

high level of engagement with the Habitbull app, receiving feedback on whether they had 

accomplished their daily goal for HPD use.

We speculate the decrease in reported HPD use by Groups 2 and 3 may be due to very 

few members of these intervention groups (n = 2) continuing to use the smartphone app to 

track HDP use after the 60-day intervention period ended. Push notifications or reminders to 

continue using the app after the initial intervention is over may help maintain app use. Self-

managed interventions often benefit from “booster” sessions or contacts with participants to 

uphold the initial beneficial effect, like HPD use (Newman et al., 2004), which would be 

something to consider in future interventions.

Social Cognitive Theory explains how individual experiences, actions, and environmental 

factors influence individual health behaviors. Behavior change is achieved through self- 

efficacy, observational learning, and reinforcements through social support (Bandura, 1998, 

2004). The HPD intervention included components from the three major tenants of SCT: 

cognitive factors, environmental influences, and behavioral factors. A smartphone app was 

used to develop self-efficacy and self-control (regulating and monitoring behaviors), and 

among some participants, specifically group 3, the app offered reinforcement if a goal was 

met. Additionally, environmental factors, such as barriers to HPDs, were ad- dressed by 

sending all participants a box of HPDs.
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However, there are some components of SCT that the HPD intervention failed to ad- 

dress and might explain the regression observed in HPD use among some participants. 

Observational learning, a type of learning that occurs by observing others, is a component 

of environmental influences in SCT (Glanz et al., 2015). Similarly, social support is also 

a component of SCT that was not specifically addressed in the HPD intervention. Social 

support includes the encouragement or support an individual receives from their social net- 

work (Glanz and Bishop, 2010; Glanz et al., 2015). When we consider that the target 

audience for this intervention was young adults who might be eager to fit in or receive 

praise from peers, observational learning and social support could have been influential 

on behavior change. However, given the variability in employment on swine farms in the 

Mid- west, considerations for social support and/or observational learning may be limited. 

This is, however, something to consider when designing future interventions. While we 

hypothesize behavior change may be enhanced or increased by including these specific 

components of SCT, the evidence for including all components of SCT is mixed. A meta-

analysis of SCT interventions to improve physical activity and diet behaviors in cancer 

survivors reported significant improvements. However, no SCT constructs were associated 

with the interventions (Stacey et al., 2015). Maintenance, or sustained behavior change, is 

also not acknowledged in SCT, though it is a central tenant in some behavioral change 

theories (Glanz et al., 2015). However, research exploring the impact of boosters, whether 

it be educational information or additional HPD supplies, could inform efforts to sustain 

or maintain behavioral change among young adult swine facility workers. We used the 

smartphone app Habitbull to address the personal cognitive and behavioral constructs of 

the SCT. We see promise in using mobile digital technology to assist with changing safety 

behaviors. Among the participants assigned to an intervention that included interaction with 

a smartphone app in our study (n = 48), almost 70% reported using the app five or more 

days a week, suggesting this is an accepted technology among members of the population. 

Smartphone apps have been used for health intervention to encourage weight loss (Carter 

et al., 2013a,b; Dennison et al., 2013; Patrick et al., 2014), increase physical activity 

(Buckingham et al., 2019), and smoking cessation (Buller et al., 2014) with success. Our 

results suggest the technology is also appropriate for rural populations and safety-related 

behaviors, but not necessary to promote behavioral change. A future line of inquiry is 

whether smartphone apps are acceptable and useful across the age spectrum of workers or if 

these technologies appeal to certain demographics. As noted earlier, the mean age of Group 

3 was younger than that of Groups 1 and 2, which may have contributed to interest and 

willingness to use the app and ultimately encouraged behavior change towards HPD use.

Strengths and Limitations

There are a number of notable strengths in this pilot intervention. This is among the 

first interventions to use smartphone technology to increase safety behaviors among an 

agricultural population. Another strength of the intervention is its foundation in Social 

Cognitive Theory (SCT). Importantly, SCT does not address the maintenance of behavior 

change. This may explain why we observed an increase in the proportion of HPD use at the 

immediate post-intervention, but it was not maintained at 3-month follow-up.
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There are additional limitations to our pilot. As we expected due to the demographics of the 

workforce, a large proportion of the study sample was male (78%) and white, which may 

limit the generalizability of our results. While intervention group assignment was random, 

selection into the study was not. Individuals motivated to increase the use of HPDs may have 

participated in the study, limiting its generalizability to all swine building workers. There 

were also notable differences between groups despite randomization. Group 3 was younger 

and reported more HPD use at baseline, both of which may have contributed to the results.

The use of HPDs, the primary outcome measure, relied on self-reported data, which may 

not have been accurate. However, direct observation was beyond the resource capabilities 

of the project. Participants in Groups 2 and 3, who were tracking their daily activities 

using the smartphone app, may have more accurately reported HPD use than Group 1 when 

completing the immediate post-intervention survey, resulting in differential misclassification 

of the outcome variable. The research team did not have access to individual app updates 

or logs for groups 2 or 3, which was a missed opportunity for in-depth data analysis. How- 

ever, requesting data logs on the backend of the app is an area of future exploration.

All three study groups experienced varying levels of attrition. After final data collection, 

Group 1 had the lowest drop-out proportion (12.5%) and Group 3 had the highest (33.3%). 

Similar drop-out proportions have been reported in other web-based interventions (Neve et 

al., 2010). Group 3 participants were asked to engage with the smartphone app at a higher 

level than the other groups, which may have been too burdensome for participants and 

encouraged dropout.

Finally, changes in the reported proportion of HPD use should be interpreted with some 

caution. As hypothesized, all three groups reported an increase in reported HPD use from 

baseline to immediate follow-up. However, without a reference group that did not receive 

any intervention (control group), it is possible that changes in HPD use were the result of 

factors other than the intervention, such as being enrolled in a study about hearing protection 

device use. This is a limitation of the quasi-experimental study design. Finally, the small 

sample size (n = 72) limits the power to distinguish differences in HPD use among groups. 

While our results suggest a trend towards increased HPD use, a larger, randomized control 

trial is necessary.

Conclusions

Our study contributes to the body of knowledge supporting the application of behavioral 

theories into occupational safety interventions to modify behaviors. We recommend 

additional research testing the use of Social Cognitive Theory, as well as additional theories, 

to frame occupational safety and health interventions. While smartphone applications offer 

promise to assist in behavior change, results from our study indicate that providing hearing 

protection devices to participants resulted in the greatest increase in HDP use at follow-up, 

suggesting that modifying the environment may be more beneficial than complicated tools 

to aid in behavioral change. However, larger, randomized controlled studies with longer 

follow-up periods and more sophisticated smartphone applications could yield different 
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results and should be tested as methods to increase the use of HPD among agricultural 

populations.

Acknowledgments

We acknowledge and appreciate the agricultural educators and commodity groups for their assistance in recruiting 
young adults. We also thank our participants for their time and effort. Funding for this research was provided by the 
Great Plains Center for Agricultural Health (NIOSH U54 OH007548).

References

Achutan C, & Tubbs RL. (2007). A task-based assessment of noise levels at a swine confinement. J. 
Agromed, 12(2), 55–65. 10.1300/J096v12n02_07

Bandura A. (1998). Health promotion from the perspective of social cognitive theory. Psychol. Health, 
13(4), 623–649. 10.1080/08870449808407422

Bandura A. (2004). Health promotion by social cognitive means. Health Educ. Behav, 31(2), 143–64. 
10.1177/1090198104263660 [PubMed: 15090118] 

Berg RL, Pickett W, Fitz-Randolph M, Broste SK, Knobloch MJ, Wood DJ,... Marlenga B. 
(2009). Hearing conservation program for agricultural students: Short-term outcomes from a 
cluster-randomized trial with planned long-term follow-up. Prev. Med, 49(6), 546–52. 10.1016/
j.ypmed.2009.09.020 [PubMed: 19800914] 

Buckingham SA, Williams AJ, Morrissey K, Price L, & Harrison J. (2019). Mobile health 
interventions to promote physical activity and reduce sedentary behaviour in the workplace: A 
systematic review. Can. J. Psychiatr, 5, 183–189. 10.1177/2055207619839883

Buller DB, Borland R, Bettinghaus EP, Shane JH, & Zimmerman DE. (2014). Randomized trial of a 
smartphone mobile application compared to text messaging to support smoking cessation. Telemed. 
E-Health, 20(3), 206–214. 10.1089/tmj.2013.0169

Carpenter WS, Lee BC, Gunderson PD, & Stueland DT. (2002). Assessment of personal protective 
equipment use among Midwestern farmers. Am. J. Ind. Med, 42(3), 236–47. 10.1002/ajim.10103 
[PubMed: 12210692] 

Carter MC, Burley VJ, Nykjaer C, & Cade JE. (2013a). Adherence to a smartphone application for 
weight loss compared to website and paper diary: Pilot randomized controlled trial. J. Med. Internet 
Res, 15(4), e32. 10.2196/jmir.2283 [PubMed: 23587561] 

Carter MC, Burley VJ, Nykjaer C, & Cade JE. (2013b). ‘My Meal Mate’ (MMM): Validation of the 
diet measures captured on a smartphone application to facilitate weight loss. Br. J. Nutr, 109(3), 
539–46. 10.1017/S0007114512001353 [PubMed: 22717334] 

Cramer ME, Wendl MJ, Sayles H, Duysen E, & Achutan C. (2017). Knowledge, attitudes, and 
practices for respiratory and hearing health among midwestern farmers. Public Health Nurs, 34, 
348–358. 10.1111/phn.12306 [PubMed: 27859524] 

Dennison L, Morrison L, Conway G, & Yardley L. (2013). Opportunities and challenges for 
smartphone applications in supporting health behavior change: Qualitative study. J. Med. Internet 
Res, 15(4), e86. 10.2196/jmir.2583 [PubMed: 23598614] 

Ehlers JJ, & Graydon PS. (2011). Noise-induced hearing loss in agriculture: Creating partnerships 
to overcome barriers and educate the community on prevention. Noise Health, 13(51), 142–146. 
10.4103/1463-1741.77218 [PubMed: 21368439] 

Gates DM, & Jones MS. (2007). A pilot study to prevent hearing loss in farmers. Public Health Nurs, 
24(6), 547–53. 10.1111/j.1525-1446.2007.00667.x [PubMed: 17973732] 

Glanz K, & Bishop DB. (2010). The role of behavioral science theory in development and 
implementation of public health interventions. Annu. Rev. Public Health, 31, 399–418. 10.1146/
annurev.publhealth.012809.103604 [PubMed: 20070207] 

Glanz K, Rimer B, & Viswanath K. (2015). Health behavior: Theory, research, and practice (5th ed.). 
San Francisco, CA: Jossey-Boss.

Great Plains Center for Agricultural Health (GPCAH) (2017). Hearing loss among farmers [Brochure].

Rudolphi et al. Page 11

J Agric Saf Health. Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Humann MJ, Donham KJ, Jones ML, Achutan C, & Smith BJ. (2005). Occupational noise exposure 
assessment in intensive swine farrowing systems: Dosimetry, octave band, and specific task 
analysis. J. Agromed, 10(1), 23–37. 10.1300/J096v10n01_04

Khan KM, Evans SS, Bielko SL, & Rohlman DS. (2018). Efficacy of technology-based interventions 
to increase the use of hearing protections among adolescent farmworkers. Int. J. Audiol, 57(2), 
124–134. 10.1080/14992027.2017.1374568 [PubMed: 28918682] 

Klasnja P, & Pratt W. (2012). Healthcare in the pocket: Mapping the space of mobile-phone health 
interventions. J. Biomed. Inform, 45(1), 184–98. 10.1016/j.jbi.2011.08.017 [PubMed: 21925288] 

Knobloch MJ, & Broste SK. (1998). A hearing conservation program for Wisconsin youth working 
in agriculture. J. Sch. Health, 68(8), 313–8. 10.1111/j.1746-1561.1998.tb00591.x [PubMed: 
9800180] 

Kreuter MW, & Wray RJ. (2003). Tailored and targeted health communication: Strategies for 
enhancing information relevance. Am. J. Health. Behav, 27 Suppl 3, S227–32. 10.5993/
ajhb.27.1.s3.6 [PubMed: 14672383] 

Kreuter MW, Strecher VJ, & Glassman B. (1999). One size does not fit all: The case for tailoring print 
materials. Ann. Behav. Med, 21(4), 276–83. 10.1007/BF02895958 [PubMed: 10721433] 

Lee HY, Koopmeiners JS, Rhee TG, Raveis VH, & Ahluwalia JS. (2014). Mobile phone text 
messaging intervention for cervical cancer screening: Changes in knowledge and behavior pre-post 
intervention. J. Med. Internet Res, 16(8), e196. 10.2196/jmir.3576 [PubMed: 25164545] 

McCullagh MC. (2011). Effects of a low intensity intervention to increase hearing protector use 
among noise-exposed workers. Am. J. Ind. Med, 54(3), 210–215. 10.1002/ajim.20884 [PubMed: 
20721900] 

McCullagh MC, Banerjee T, Cohen MA, & Yang JJ. (2016). Effects of interventions on use of hearing 
protectors among farm operators: A randomized controlled trial. Int. J. Audiol, 55 Suppl 1, S3–
S12. 10.3109/14992027.2015.1122239

McCullagh MC, Ronis DL, & Lusk SL. (2010). Predictors of use of hearing protection among a 
representative sample of farmers. Res. Nurs. Health, 33(6), 528–538. 10.1002/nur.20410 [PubMed: 
21053386] 

Newman S, Steed L, & Mulligan K. (2004). Self-management interventions for chronic illness. Lancet, 
364(9444), 1523–1537. 10.1016/S0140-6736(04)17277-2 [PubMed: 15500899] 

Neve M, Morgan PJ, Jones PR, & Collins CE. (2010). Effectiveness of web‐based interventions in 
achieving weight loss and weight loss maintenance in overweight and obese adults: a systematic 
review with meta‐analysis. Obesity reviews, 11(4), 306–321. [PubMed: 19754633] 

Patrick K, Marshall SJ, Davila EP, Kolodziejczyk JK, Fowler JH, Calfas KJ,... Robinson TN. (2014). 
Design and implementation of a randomized controlled social and mobile weight loss trial for 
young adults (project SMART). Contemp. Clin. Trials, 37(1), 10–8. 10.1016/j.cct.2013.11.001 
[PubMed: 24215774] 

Rogers LQ, Shah P, Dunnington G, Greive A, Shanmugham A, Dawson B, & Courneya KS. (2005). 
Social cognitive theory and physical activity during breast cancer treatment. Oncol. Nurs. Forum, 
32(4), 807–15. 10.1188/05.ONF.807-815 [PubMed: 15990910] 

Rudolphi JM, Sheridan C, & Rohlman DS. (2015). Agricultural work practices among college 
students. Proc. International Society for Agricultural Safety and Health.

Shamizadeh T, Jahangiry L, Sarbakhsh P, & Ponnet K. (2019). Social cognitive theory-based 
intervention to promote physical activity among prediabetic rural people: A cluster randomized 
controlled trial. Trials, 20, 98. 10.1186/s13063-019-3220-z [PubMed: 30717779] 

Sherman CR, & Azulay Chertok IR. (2014). Review of interventions to increase hearing protective 
device use in youth who live or work on farms. J. Clin. Nurs, 23(1–2), 3–12. 10.1111/jocn.12087 
[PubMed: 23521627] 

Smith SW, Rosenman KD, Kotowski MR, Glazer E, McFeters C, Keesecker NM, & Law A. (2008). 
Using the EPPM to create and evaluate the effectiveness of brochures to increase the use of 
hearing protection in farmers and landscape workers. J. Appl. Commun. Res, 36(2), 200– 218. 
10.1080/00909880801922862

Stacey FG, James EL, Chapman K, Courneya KS, & Lubans DR. (2015). A systematic review and 
meta-analysis of social cognitive theory-based physical activity and/or nutrition behavior change 

Rudolphi et al. Page 12

J Agric Saf Health. Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



interventions for cancer survivors. J. Cancer Surviv, 9, 305–338. 10.1007/s11764-014-0413-z 
[PubMed: 25432633] 

Stajkovic AD, & Luthans F. (1998). Social cognitive theory and self-efficacy: Going beyond 
traditional motivational and behavioral approaches. Organ. Dyn, 26(4), 62–74. 10.1016/
S0090-2616(98)90006-7

Witte K, Peterson TR, Vallabhan S, Stephenson MT, Plugge CD, Givens VK,... Jarrett R. (1992). 
Preventing tractor-related injuries and deaths in rural populations: Using a persuasive health 
message framework in formative evaluation research. Int. Q. Community Health Educ, 13(3), 
219–51. 10.2190/UHU7-W9DM-0LGM-0GV3 [PubMed: 20840987] 

Rudolphi et al. Page 13

J Agric Saf Health. Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Almost 50% of participants reported engaging with the smartphone app 

Habitbull daily.

• Access to high-quality hearing protection devices may be enough to change 

behaviors towards hearing protection device use among young adults.
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Figure 1. 
Screenshot of Habitbull App during Behavioral Tracking Period.

Rudolphi et al. Page 15

J Agric Saf Health. Author manuscript; available in PMC 2023 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rudolphi et al. Page 16

Table 1.

Social Cognitive Theory constructs in relation to HPD intervention group.

Social Cognitive Theory Constructs

Environmental conditions Personal Cognitive Factors Behavioral Factors

Description & 
Definition

Physical and social factors that serve 
as barriers or facilitators that permit or 

discourage a behavior.

The ability to self-regulate behavior, 
develop self- regulatory skills, and 

reflect on experiences

Actions that enhance the adoption 
of a behavior and include personal 

intention or goal setting.

Addressed by 
HPD intervention

Participants received appropriate and high 
quality HPDs.

Participants instructed to track their 
HPD use each day.

Participants instructed to set a daily 
goal for HPD use.

Intervention 
Groups

Group 1, Group 2, Group 3 Group 2, Group 3 Group 3
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Table 2.

Demographic characteristics of study sample at baseline by study group.

Demographic Characteristics Group 1 (N=24) Group 2 (N=24) Group 3 (N=24) Total (N=72)

Gender  Male 19 (79.2%) 21 (87.5%) 16 (66.7%) 56 (77.8%)

Female 5 (20.8%) 3 (12.5%) 8 (33.3%) 16 (22.2%)

Age (years) Mean (SD) 25.7 (5.2) 26.2 (6.2) 22.5 (5.5) 24.8 (5.8)

Education High school 6 (25.0%) 9 (37.5%) 11 (45.8%) 26 (36.1%)

Some college, tech school 6 (25.0%) 8 (33.3%) 6 (25.0%) 20 (27.8%)

graduate, community

college graduate

4-year degree 12 (50.0%) 7 (29.2%) 7 (29.3%) 26 (36.1%)

college graduate

Marital Status Not married 12 (50.0%) 13 (54.2%) 15 (62.5%) 40 (55.6%)

Married 12 (50.0%) 11 (45.8%) 9 (37.5%) 32 (44.4%)

Race White 24 (100.0%) 23 (95.8%) 24 (100.0%) 71 (98.6%)

Other 0 (0.0%) 1 (4.2%) 0 (0.0%) 1 (1.4%)

Farm Role Owner-operator 11 (45.8%) 11 (45.8%) 4 (16.7%) 26 (36.0%)

Full-time hired worker 10 (41.7%) 9 (37.5%) 11 (45.8%) 30 (41.7%)

Part-time hired worker 1 (4.2%) 2 (8.3%) 9 (37.5%) 12 (16.7%)

Other 2 (8.3%) 2 (8.3%) 0 (0.0%) 4 (5.6%)

Cell phone iPhone 12 (50.0%) 8 (33.3%) 15 (62.5%) 56 (77.8%)

type (n) Android 12 (50.0%) 16 (66.7%) 9 (37.5%) 16 (22.2%)

Hours/week in swine building at 
baseline

Mean (SD) 20.0 (12.2) 24.0 (13.6) 29.7 (6.7) 25.6 (14.6)

Hours/week in other agriculture Mean (SD) 45.7 (22.6) 45.8 (8.2) 44.5 (17.6) 45.3 (19.3)

Hours/week non agriculture Mean (SD) 7.8 (4.0) 7.8 (34.0) 8.0 (3.8) 7.8 (3.9)
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Table 3.

HPD use by group status at baseline, post-intervention, and three-month follow-up.

Mean reported HPD use by each group at each time point Group 1 Mean% 
(SD)

Group 2 Mean% 
(SD)

Group 3 Mean% 
(SD)

Percent of HPD events reported wearing hearing protection devices in 

swine buildings at baseline [a]
12.8 (26.2) 12.0 (20.9) 25.9 (33.3)

Percent of HPD events reported wearing hearing protection devices in 

swine buildings at immediate post-intervention [b]
44.8 (36.9) 54.3 (34.1) 73.0 (33.6)

Percent of HPD events reported wearing hearing protection devices in 

swine buildings at follow-up [c]
48.8 (42.0) 27.8 (32.0) 53.0 (43.9)

[a]
Group 1 n=24, Group 2 n=24, Group 3 n=24.

[b]
Group 1 n=21, Group 2 n=20, Group 3 n=20.

[c]
Group 1 n=21, Group 2 n=18, Group 3 n=16.
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Table 4.

Mean change in reported HPD use by group from pre, post, and follow-up.

Group 1 Mean% (SD) Group 2 Mean% (SD) Group 3 Mean% (SD)

Mean change in reported HPD use from baseline [a] to post-

intervention [b]
31.3 (33.0)[f] 40.7 (35.3)[f] 45.6 (35.3)[e]

Mean change in reported HPD use from post-intervention [b] 

to follow-up [c]
7.8 (23.5) - 24.2 (26.3)[e] - 22.8 (41.9)[d]

Mean change in reported HPD use from baseline [a] to follow-

up [c]
36.7 (39.2)[f] 15.1 (24.9)[d] 25.6 (48.2)[e]

[a]
Group 1 n=24, Group 2 n=24, Group 3 n=24.

[b]
Group 1 n=21, Group 2 n=20, Group 3 n=20.

[c]
Group 1 n=21, Group 2 n=18, Group 3 n=16.

[d]
Statistically significant difference (p <0.05) in reported HPD use when compared to HPD use at baseline for same group (Wilcoxon signed-rank 

test, available pairs only).

[e]
Statistically significant difference (p <0.01) in reported HPD use when compared to HPD use at baseline for same group (Wilcoxon signed-rank 

test, available pairs only).

[f]
Statistically significant difference (p <0.001) in reported HPD use when compared to HPD use at baseline for same group (Wilcoxon signed-rank 

test, available pairs only).
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Table 5.

Number of days per week groups used Habitbull to track HPD use.

Frequency of participants using Habitbull to track activities in a week Immediate post-intervention, n=41 % (n)

Never 12.2% (5)

Less than once a week 2.4% (1)

1–2 days a week 4.9% (2)

3–4 days a week 12.2% (5)

5–6 days a week 22.0% (9)

Everyday 46.3% (19)
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