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Colorectal cancer (CRC) is the third leading cause of cancer death among women (American 

Cancer Society, 2015). If individuals received screening per recommended guidelines, it is 

estimated that 60% of lives would be saved (American Cancer Society, 2014). Healthy 

People 2020, acknowledged CRC screening rates as a high-priority issue and created a target 

screening rate of 70.5% among the U.S. population (U. S. Department of Health and Human 

Services, 2013). Colorectal cancer screening rates among women are 3.4% lower that among 

men and remain lower than breast and cervical cancer screening rates (American Cancer 

Society, 2015). Currently, only 55% of women are up to date with colorectal cancer 

screening (American Cancer Society, 2014). CRC screening rates have not made significant 

gains despite public service announcements, and numerous types of interventions to increase 

CRC screening (Powe, Faulkenberry, & Harmond, 2010; U. S. Department of Health and 

Human Services, 2013). Research further indicates that CRC interventions should be 

delivered multiple times to increase the likelihood that CRC screening would be completed. 

Hence, suggesting that CRC interventions should be started prior age 50, when CRC 

screening is to begin, and that interventions should be done well in advance of a primary 

care or health care related appointment where a decision needs to be made (Powe, et al., 

2010). Previous research indicates that factors influencing informed decisions about CRC 

screening intention and adherence are different for women when compared to men (Brittain, 

Loveland-Cherry, Northouse, Caldwell, & Taylor, 2012; Brittain & Murphy, 2015). Yet, 
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many CRC screening interventions are not specifically designed for women, and they are not 

accessible to patients whenever they would like to use them in advance of a health care 

provider visit (Christy et al., 2013; Rawl et al., 2008).

Today, many more options for increasing informed decisions about CRC screening exist. 

One such option is providing the CRC screening intervention on the smartphone or tablet via 

a mobile application (mobile app). According to Pew Research, fifty-eight percent of adults 

have a smartphone (Perrin & Duggan, June 2015). Of the smartphone owners, 53% are 

Caucasian and 59% are African American and among women ages 50–64, 49% of women 

ages 50–64 have smartphones (Perrin & Duggan, June 2015). The use of smartphones has 

grown and of smartphone owners, 52% of have used their phone to obtain health-related 

information (Smith, 2011). Smartphones have increased access to the internet for many 

people. Among individuals ages 50–64, 46% of Caucasians and 41% of African Americans 

own smartphones and 42% of Americans have a tablet computer. About 19% of smartphone 

owners have downloaded an app to track or manage health and 60% of that group tracks 

weight, diet or exercise routine (Duggan, Ellison, Lampe, Lenhart, & Madden, 2015; Perrin 

& Duggan, June 2015). However, there is a lack of theory based and cancer specific 

interactive mobile apps designed to increase informed decisions about CRC screening. 

Mobile technology, like smartphones and tablets, hold the possibility of increasing informed 

decisions about CRC screening, increasing shared decision making between the patient and 

provider about CRC screening and increasing CRC screening rates.

Using the results of past research and the promise of mobile technology, mobile apps may 

offer a new strategy in increasing CRC screening rates among women. The purpose of this 

study is to explore the usability, acceptability, and satisfaction with and establish the effects 

of a theory based mobile app designed to increase CRC screening intention among 44–70-

year-old women.

The specific aims for this feasibility study were to: (1) develop a targeted mobile app to 

increase CRC health beliefs to support CRC screening, informed decision-making about 

CRC screening and CRC screening intention among women age 44–70 years old, (2) to 

evaluate the participants’ satisfaction with the mobile app, and (3) determine the feasibility 

of using an app designed for increasing colorectal cancer screening participation.

Using conceptual framework that synthesizes the Preventive Health Model (PHM) and The 

Decision Support Framework (Myers, 2005; O’Connor et al., 1998), we developed our 

mobile app to (1) assess the woman’s personal health history to determine her CRC risk; (2) 

assess and affect her CRC perceptions; (3) assess the woman’s level of social support for 

CRC screening completion; (4) measure the woman’s level of an informed decision about 

CRC screening by assessing her knowledge of CRC screening risks and benefits, CRC 

screening values and preferences, and (5) provide the woman with the CRC screening option 

(Fecal Occult Blood Test (FOBT) or colonoscopy) that is best suited to her based on her 

responses to the questions in the mobile app. (Figure 1). Our conceptual model posits that 

the self-system comprised of background factors (age, CRC screening history, etc.) affects 

CRC perceptions, and that perceived social support for CRC screening affects CRC beliefs. 
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Furthermore, background factors and CRC perceptions affect an informed decision about 

CRC screening.

METHODS

Study Design, Setting, and Sample

Participant eligibility for this feasibility study included self-identifying as either an African 

American or Caucasian woman; age 44 years to 70 years old; able to speak English; no 

personal history of CRC; have insurance for CRC screening, and report having used a 

mobile application at least once. We chose the eligibility criteria to closely mirror the sample 

from the previous research on gender differences and the factors that influence an informed 

decision about CRC screening (Brittain, Loveland-Cherry, et al., 2012; Brittain, Taylor, 

Loveland-Cherry, Northouse, & Caldwell, 2012). Potential participants who lived in the 

Midwest were recruited via social networks, community organizations and beauty salons.

Procedures

After receiving Institutional Review Board approval for the study, potential participants 

contacted the Principal Investigator who assessed whether the participant met the eligibility 

criteria. Once the potential participant was determined to be eligible, those willing to 

participate indicated their consent by either signing a hard copy consent form for those 

participants choosing to complete hard copy questionnaire or an electronic version of the 

consent form for those who chose to complete the web-based questionnaire. After the 

participants completed the questionnaire, they received instructions on how to download the 

appropriate “MyLife Cloud” mobile app based on the participant either having an iPhone/

iPad or Android phone/tablet. After using the mobile app, participants were asked to 

complete an evaluation of the mobile app. For this feasibility study, all participants received 

the intervention and there was no control group. All participants received a $25 gift card for 

participating in the study.

Mobile Application Intervention

The “MyLife Cloud” mobile app was designed to increase colorectal cancer screening (fecal 

occult blood test (FOBT) or colonoscopy) adherence among women who have never been 

screened or who are not adherent to the recommended CRC screening guidelines for FOBT 

and/or colonoscopy. For the feasibility study, the results from previous studies (Brittain, 

Loveland-Cherry, et al., 2012; Brittain, Taylor, et al., 2012) were used to guide the 

development of the interactive mobile app that would provide information on FOBT and 

colonoscopy (preparation, risks, benefits, values, and preferences) as well as solicit her CRC 

screening values and preferences based on the FOBT and colonoscopy information 

presented. Additionally, the mobile app assess key factors related to an informed decision 

about CRC screening as identified by previous research so that the women receives a CRC 

screening recommendation from the mobile app that she is more likely to complete. In order 

to make sure that the women would receive appropriate CRC screening guidance and 

information, it was necessary to include a CRC risk assessment as the first part of the mobile 

app. The researchers used the “CRC Risk Assessment Tool”, a risk calculator that helps 

estimate a person’s risk of developing CRC retrieved from the National Cancer Institute’s 
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website. Before the woman begins the interacting with the CRC screening and social support 

content of the app, the woman completes the CRC Risk Assessment tool on her mobile 

device. Her responses are calculated and she is given a CRC risk estimation. The eligibility 

criteria of the study were such that all participants would be categorized as average risk and 

subsequent CRC screening information would be appropriate for a women of average risk 

for CRC.

Selecting Mobile App Content—Next, participants used the mobile app to respond to 

questions related to the factors found to be significant predictors of CRC screening intention 

which are CRC perceptions and social support (Brittain, Loveland-Cherry, et al., 2012; 

Brittain & Murphy, 2015). CRC perception questions used in the app were from the 35 item 

CRC Perceptions Scale (Brittain, Loveland-Cherry, et al., 2012; Green & Kelly, 2004). The 

CRC Perceptions Scale measures the individual’s beliefs about CRC susceptibility, severity, 

benefits and barriers. Based on previous research, 15 of the original 35 CRC perceptions 

items were used in the mobile app (Brittain, Loveland-Cherry, et al., 2012; Brittain & 

Murphy, 2015; Brittain, Taylor, et al., 2012). The 15 CRC perceptions scale questions used 

assessed CRC susceptibility (n = 5), CRC worries/expected outcomes (n = 5), and CRC 

barriers/self-efficacy (n =5). Previous research indicates that social support is associated 

with an informed decision about CRC screening and CRC screening adherence (Brittain, 

Loveland-Cherry, et al., 2012; Brittain & Murphy, 2015; Brittain, Taylor, et al., 2012). Thus, 

7 questions about the participant’s perception of social support related to CRC screening 

were used in the mobile app. Questions about social support addressed tangible support such 

as transportation to colonoscopy, informational support and emotional support related to 

CRC screening decision making. Components that comprise an informed decision about 

CRC screening were included as content on the risks and benefits of FOBT and 

colonoscopy, FOBT and colonoscopy preparation were adapted from the CDC and/or a link 

was provided in the app to the CDC website. An assessment of family influence used in a 

previous study was included because an important component of an informed decision is to 

acknowledge that CRC screening information can come from any source including 

family(Brittain, Loveland-Cherry, et al., 2012; Brittain & Murphy, 2015; Brittain, Taylor, et 

al., 2012).

Study Measures

Prior to using the mobile app, each participant completed a demographic questionnaire that 

included age, race, educational attainment, and CRC screening history. Additionally, 

participants completed the CRC Perceptions Scale, Medical Outcomes Social Support 

Survey, and Informed Decision about CRC Screening Scale prior to and after using the 

mobile app.

Colorectal Cancer Perceptions Scale has 35 items that assess CRC susceptibility, severity, 

benefits and barriers to screening using a 5-point Likert scale, with 1 corresponding with 

strongly disagree and 5 representing strongly agree. High scores on the scale indicate that 

the respondent has positive perceptions about colorectal cancer and colorectal cancer 

screening (α = 0.92)(Brittain, Loveland-Cherry, et al., 2012; Brittain & Murphy, 2015; 

Brittain, Taylor, et al., 2012).
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An informed decision about colorectal cancer screening was assessed using a 28-item scale 

was used to assess colorectal cancer screening preferences between fecal occult blood 

testing(FOBT) and colonoscopy, understanding of colorectal cancer screening, knowledge of 

risks related to colorectal cancer screening, value of colorectal cancer screening and 

decisional consistency. Low scores indicate a low informed decision (α = .68)(Brittain, 

Loveland-Cherry, et al., 2012; Brittain & Murphy, 2015; Brittain, Taylor, et al., 2012).

Social Support was assessed using the Medical Outcomes Study Social Support Survey 

(MOS-SSS). The 19 item MOS-SSS measures perceived availability of social support that 

includes: emotional support, informational support, tangible support, affectionate support 

and positive social interactions. A high total score indicates high perceived social support (α 
= .93)(Brittain, Loveland-Cherry, et al., 2012; Brittain & Murphy, 2015; Brittain, Taylor, et 

al., 2012).

Process Evaluation

Using the Technology Acceptance Model, participants’ satisfaction with the app was 

evaluated and 3 characteristics of the app were assessed: (1) perceived usefulness, (2) 

perceived ease of use and usability, and (3) satisfaction with the overall experience of using 

the app. Subscale scores ranged from 1 (Strongly Disagree) to 4 (Strongly Agree). 

Participants were asked to give the mobile app an overall grade ranging from A (1) to D (4). 

Additionally, participants were asked to provide comments on the app and suggest areas to 

add to or improve the app.

Data Analyses

Data collected to address aim 2 of the study which was to evaluate the participants’ 

satisfaction with the mobile app was analyzed using descriptive statistics. Data collected to 

address aim 3 of the study which was to determine the feasibility of using a mobile app 

designed to increase CRC screening participation was analyzed using descriptive statistics 

examining enrollment and retention rates.

Results

Sample

Potential participants were recruited from social media, social networks, community 

organizations, local businesses and non-profit organizations. Of the 48 women recruited, 45 

were eligible. The two women who were ineligible were because of age. Of the remaining 

45 women who were eligible, 41 completed the intervention (retention = 91%). Loss of 

participants were due to inability to contact for study completion (n = 4). Table 1 provides 

the demographic characteristics of the final sample (N = 45). Table 1 indicates that more 

than 61% of the sample had a previous CRC screening test. Most often it was a colonoscopy. 

Table 1 also indicates that most of the participants had no family history of colorectal cancer.

Study Measures

No differences were found between demographic variables (ie, age, education) and 

participants’ scores on CRC perceptions, MOS-SSS, and informed decision about CRC 
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screening. Due to the small sample size there may have been insufficient power to detect 

existing differences.

Satisfaction with the Mobile App

Table 2 displays the results of the process evaluation and indicates that 80.6% of the 

participants strongly agree/agreed the app made them think about CRC screening. Among 

the participants, 83.8% strongly agree/agreed that the mobile app provided enough 

information to make a decision about CRC screening. Most of the participants, 86.1%, 

strongly agree/agreed that a mobile app like the one in the current study could help them talk 

with their provider about CRC screening. Family & spouse were identified most often 

(63.2%) as social support the participants would discuss their CRC screening decision with. 

Most participants gave the app an “A” (Mean = 1.5; S.D. = 0.7) and would recommend the 

app to another woman.

Feasibility of Mobile App Delivery

Enrollment and retention rates were examined as indicators of the mobile apps feasibility. 

The enrollment and retention rates were 91%.

Discussion

Our study used previous research to develop, examine the satisfaction with and feasibility of 

a mobile app specifically for CRC screening among women age 45–70 years old. In terms of 

satisfaction with the app, most of the women stated that they would recommend the app to 

another woman and overall gave the app an “A”. The participants reported finding the app 

useful in terms of the information provided, level of detail, thinking about colorectal cancer 

screening, and assisting them in making an informed decision about colorectal cancer 

screening. The women found the mobile app easy to use, understand, and enjoyed using the 

app. Additionally, the women thought that the app could help them talk with their doctor 

about colorectal cancer screening. This finding is important as this study is one of the few 

CRC intervention studies to address the recommendations of previous research that suggests 

that CRC screening information be presented at multiple time points (Powe, et al., 2010). 

For this study, we decided to try presenting CRC screening information to women prior to 

age 50 as a way to address the previous research recommendation. The results of our study 

indicates that women younger than 50 are very willing to learn about CRC screening and 

make an informed decision about CRC screening prior to age 50. It is possible that if CRC 

screening information was presented regularly and in wider audiences similarly to breast 

cancer screening information that women would come prepared to make a shared decision 

with their health care provider that is consistent with their CRC screening values and 

preferences which could increase routine CRC screening rates. There is not much previous 

research among women over 40 and mobile apps for increasing colorectal cancer screening 

informed decisions thus it is hard for us to make comparisons to our results.

An essential component of the development of the mobile app was the collaboration between 

the nurse scientist who conducted the previous research on the conceptual model, and 

instruments/subscales on social support, colorectal cancer screening perceptions, and an 

Brittain et al. Page 6

Gastroenterol Nurs. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



informed decision about colorectal cancer screening and the engineers with the experience in 

mobile app development and testing. The nurse and engineers worked together to develop 

the interactive mobile app based on the conceptual model that was shown in a previous study 

to be appropriate for women. Using the variables that were significantly related to an 

informed decision about CRC screening among women, the mobile app was developed. Also 

important to the development of the mobile app was the participation of an advisory group 

of women who provided early feedback on the mobile app.

Limitations

There were a few notable limitations to our study. In addition to the small sample size, it is 

not possible to determine what could have influenced the results of our study as this study 

did not have a control group. Additionally, the use of self-reports and participation 

incentives could have led to respondent bias. Finally, only African American and Caucasian 

women were recruited for this study, thus our results are not generalizable to women in of 

other racial/ethnic backgrounds.

Conclusion

Despite the aforementioned limitations, this study is one of the first to use a conceptual 

model and validated instruments to develop an interactive mobile app to increase informed 

decisions about CRC screening. The participants found the mobile app easy to use and 

useful in making CRC screening decisions. Our results indicate that future health related 

mobile apps for women 40 and older, should be interactive and assess social support as 

previous research indicates that positive social support is important in making an informed 

decision about colorectal cancer screening. It is important for individuals involved with 

public health prevention to find new strategies that patients find engaging, and have the 

potential to increase patient-provider communication. Furthermore, using an interactive 

mobile app could be a useful tool in primary care practices to increase the quality of shared 

decision making, increase patient satisfaction with the services provided by the health care 

provider, and increase colorectal cancer screening adherence.
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Figure 1. 
Conceptual Model: Synthesis of the Preventive Health Model (PHM) and The Decision 

Support Framework (DSF) (Myers, 2005, O’Connor et al, 1998)
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Table 1

Sample Characteristics

Characteristics n %

Gender (N = 45)

 Female 45 100

Age (N = 45)

 44–49 16 36

 50–59 22 49

 60–65+ 7 15

Race/ethnicity (N = 44)

 African American/Black 16 36

 Caucasian/White 28 64

Marital Status (N = 45)

 Married 31 69

 Single/never married/divorced/widow 14 31

Education (N = 45)

 High school graduate 5 11

 Some college 15 33

 College/Graduate school graduate 25 56

Income (N = 44)

 Less than $9,000 2 5

 $10,000–$29,000 4 9

 $30,000–$49,000 8 18

 $50,000–$69,000 10 23

 $70,000–$90,000+ 20 45
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Table 2

Process Evaluation Results

Question Na Mb (S.D)

 Understand the information in the mobile app 36 3.6 (0.8)

 The app took too much time 37 1.8 (0.7)

 Using the app made me nervous 37 1.8 (0.6)

 Enjoyed using the app 37 3.0 (0.6)

 Information received was important to me 37 3.2 (0.8)

 Very interested in the information from the app 36 3.2 (0.7)

 The app made me think about having a colon test 36 3.0 (0.7)

 The messages made sense to me 36 3.2 (0.7)

 …information does not relate to me 37 1.9 (0.6)

 …information was interesting 37 3.0 (0.7)

 Since using the mobile app, I have enough info to make a decision about colon testing 37 3.0 (0.8)

 Time passed quickly when I used the mobile app 36 3.0 (0.7)

 I carefully read the info in the mobile app 36 3.0 (0.7)

 …information in the mobile app was easy to understand 36 3.1 (0.7)

 I can use the information from the mobile app in my daily life 36 3.0 (0.7)

 The information was relevant to me 35 2.9 (0.6)

 I would like to learn more about colon testing 36 2.6 (0.5)

 I don’t need the information in the mobile app 36 2.1 (0.6)

 I had trouble paying attention to the mobile app 35 1.8 (0.7)

 A mobile app like this could help me talk with my doctor about colon testing 36 3.0 (0.6)

 I would recommend this mobile app to other people 36 3.0 (0.8)

a
Numbers may not be equal due to missing data;

b
4 = Strongly Agree; 3 = Agree; 2 = Disagree; 1 = Strongly Disagree

Gastroenterol Nurs. Author manuscript; available in PMC 2019 January 01.


	METHODS
	Study Design, Setting, and Sample
	Procedures
	Mobile Application Intervention
	Selecting Mobile App Content

	Study Measures
	Process Evaluation
	Data Analyses

	Results
	Sample
	Study Measures
	Satisfaction with the Mobile App
	Feasibility of Mobile App Delivery

	Discussion
	Limitations
	Conclusion
	References
	Figure 1
	Table 1
	Table 2

