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Abstract

The authors investigated the feasibility of using computer-assisted instruction in patients of 

varying literacy levels by examining patients’ preferences for learning and their ability to use 2 

computer-based educational programs. A total of 263 participants 50–74 years of age with varying 

health literacy levels interacted with 1 of 2 educational computer programs as part of a 

randomized trial of a colorectal cancer screening decision aid. A baseline and postprogram 

evaluation survey were completed. More than half (56%) of the participants had limited health 

literacy. Regardless of literacy level, doctors were the most commonly used source of medical 

information—used frequently by 85% of limited and adequate literacy patients. In multivariate 

logistic regression, only those with health insurance (OR = 2.35, p = .06) and computer use 

experience (OR = 0.39, p .03) predicted the ability to complete the programs without assistance 

compared with those without health insurance or prior computer use, respectively. Although 

patients with limited health literacy had less computer experience, the majority completed the 

programs without any assistance and stated that they learned more than they would have from a 

brochure. Future research should investigate ways that computer-assisted instruction can be 

incorporated in medical care to enhance patient understanding.

Communication is essential for the effective delivery of health care. Unfortunately, there is 

often a mismatch between a clinician's level of communication and a patient's level of 

comprehension. Evidence shows that patients often misinterpret or do not understand much 

of the information given to them by clinicians (Baker, Gazmararian, Sudano, & Patterson, 
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2000). There are many reasons why patients do not understand what clinicians tell them, but 

key among them is inadequate health literacy—a limited ability to obtain, process, and 

understand basic health information and services needed to make appropriate health care 

decisions (Nielsen-Bohlman, Panzer, Hamlin, & Kindig, 2004).

Limited or low health literacy diminishes a person's capacity to engage in fruitful 

interactions with care providers (Baker et al., 2000). In addition, limited literacy patients 

rarely self-identify. Many are embarrassed to let the health care team know of their inability 

to read or understand instructions, which often leads to poor health outcomes, less 

knowledge of disease management, frequent return visits to the health care provider, and 

additional out-of-pocket expenses (Gazmararian, Williams, Peel, & Baker, 2003; Howard, 

Gazmararian, & Paker, 2005; Sudore et al., 2006). This limited literacy can also lead to “ . . . 

medication errors, missed appointments, adverse medical outcomes, and even malpractice 

lawsuits” (Weiss, 2003, p. 4).

The first national assessment of adult literacy (Kutner, Greenberg, Jin, & Paulsen, 2006) 

found more than one third of men and women in the United States to be at the lowest levels 

of literacy. However, for racial ethnic minorities and low-income adults more than half had 

basic or below basic literacy skills, contributing to health disparities. Groups with the 

highest prevalence of chronic disease and the greatest need for health care have the least 

ability to read and comprehend information needed to function as patients (Gazmararian et 

al., 2003; Parker et al., 1999; Wolf et al., 2006).

Traditional patient education relies heavily on written material about disease prevention and 

management. Unfortunately, most patient education materials are written at too high a grade 

level for low-literate patients to comprehend essential points (Gazmararian et al., 2003; 

Nutbeam, 2000; Wolf et al., 2004). Novel methods of patient education are needed to 

overcome health literacy barriers. One promising method is computer-assisted instruction 

(CAI), the use of computer programs to deliver an educational message. Computer-assisted 

instruction offers the potential to overcome literacy barriers by combining graphics, video 

clips, and audio segments to minimize reliance on the written word. In addition, CAI 

standardizes the material being presented and allows patients to proceed at their own pace. It 

also can incorporate interactivity to engage the user and target the content delivered.

Previous studies have demonstrated that CAI can improve knowledge, social support, and 

some health behaviors (Fox, 2009; Jibaja-Weiss et al., 2011; Murray, Burns, See, Lai, & 

Nazareth, 2005). Studies examining clinical outcomes have yielded mixed results (Fox, 

2009), although a meta-analysis of web- and computer-based programs for smoking 

cessation found they significantly increased smoking cessation (Fox, 2009; Murray et al., 

2005; Myung, McDonnell, Kazinets, Seo, & Moskowitz, 2009). Only a few studies of CAI 

have specifically targeted low-literacy individuals, and none of these studies report results 

according to patient literacy level (Andersen, Andersen, & Youngblood, 2011; Garbers et 

al., 2012). It is unclear whether patients with low health literacy have access to computers, 

have the ability to navigate a computer program, or would accept CAI. We investigated the 

feasibility of using CAI to educate patients of varying literacy levels by examining the 
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usability and patient preference data from a randomized controlled trial comparing two 

computer-based patient programs in a mixed-literacy population.

Method

Study Design

Between November 2007 and September 2008, we enrolled 264 patients with varying health 

literacy levels in a randomized controlled trial testing the effectiveness of a web-based 

colorectal cancer screening patient decision aid in a large community-based university 

affiliated internal medicine practice (Miller et al., 2011). The Wake Forest University 

School of Medicine Institutional Review Board approved the study protocol, and all 

participants provided written informed consent.

Participants were English-speaking patients between 50 and 74 years of age who were 

scheduled for a routine medical visit and who were overdue for colorectal cancer screening. 

Before the medical visit, each participant completed a verbally administered questionnaire 

that included items about usual sources of health information, trust in various sources of 

health information, computer access, and computer experience.

After participants completed the questionnaire, they were randomly assigned to interact with 

one of two web-based educational programs: CHOICE (a colorectal cancer screening 

decision aid), or YourMeds (an educational program about prescription medication safety). 

Both programs were developed for a mixed-literacy audience with prominent use of audio 

narration, graphics, pictures, and animations or video. Both programs were displayed on a 

computer with a touch screen monitor and external speakers. A research assistant started the 

assigned program and then left the participant to view the program in privacy. Participants 

were instructed to contact the research assistant if they had any questions or difficulty using 

the program.

After completing the program, each participant completed a program evaluation survey. The 

research assistant also recorded the number of times the participant asked for assistance 

using the program. Additional details of the study design have been published elsewhere 

(Miller et al., 2011).

Measurements

Outcomes—For this feasibility study, our main outcome of interest was computer program 

usability. We determined computer program usability by examining three factors: the 

number of times patients needed assistance using the programs, patient assessment of ease 

of computer program use, and patient assessment of ease of understanding the material 

presented. Secondary outcomes included patients’ self-rated learning from the programs, 

and patients’ preferences for the programs, as determined by the postprogram surveys.

Predictor—We stratified the study sample on the basis of patient health literacy level 

(limited literacy vs. adequate literacy). We defined adequate literacy as ability to read above 

the eighth-grade level, as measured by the Rapid Estimate of Adult Literacy in Medicine 

(Davis et al., 1993).
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Data Analysis

Data analyses were conducted using SAS 9.2 (SAS Institute Inc, 2009). Potential group 

differences between the two literacy groups were assessed using chi-square tests for 

proportions and t-tests for means. We used chi-square tests to determine whether our 

outcomes of interest (ability to use program without assistance, ease of use, ease of 

understanding, self-rated learning, and patient preference) varied by literacy level. We 

created a multivariate logistic regression model for the outcome of completing the computer 

programs without assistance. The covariates in the model included patient demographics 

(age, sex, race, marital status [married=living together vs. other], employment status 

[employed vs. unemployed], insurance status [insured vs. uninsured], annual household 

income [<$20,000 vs. $20,000 or greater]) and computer experience (having a home 

computer, having used a computer, having used e-mail). Because the effect of having 

computer experience could vary by literacy level, we also examined for a potential 

interaction between literacy level and computer experience. We used a backward stepping 

algorithm, forcing patient literacy level to remain in the model but excluding any covariate 

that was not significant with p < .1.

Results

Research assistants contacted 401 eligible patients by telephone who agreed to participate. 

Of these patients, 264 were confirmed eligible, enrolled into the study, and randomized with 

equal probability to view one of the two instructional computer programs. One randomized 

patient did not view a computer program due to a computer error and was therefore excluded 

from analysis.

Table 1 describes participants’ characteristics. Mean age was 58.8 (SD = 7.2) and slightly 

more than half (56%) had limited health literacy. Those most likely to have limited literacy 

were men, African Americans, insured individuals, and those with lower educational 

achievement. Limited literacy participants were less likely to report experience with 

computers or the Internet. Only 37% of limited literacy patients had a home computer, and 

42% reported no computer experience. Few limited literacy patients (16%) had ever used the 

Internet to look for medical information.

For limited and adequate literacy patients, doctors were the most frequently used source of 

information (used “sometimes” or “a lot” by 85% of patients each), followed by television 

(69% vs. 70%), family members (64% vs. 65%), and pharmacists (61% vs. 63%; Table 2). 

Limited literacy patients were less likely than adequate literacy patients to use and trust 

Internet and text-based sources of information such as the newspapers, magazines, and 

books. Overall, health professionals and family members were the most trusted sources of 

information by both limited and adequate literacy patients.

Regardless of literacy level, more than 98% of participants stated the programs were easy to 

use, were preferred to reading a brochure, and would be recommended to others (Table 3). 

More than 90% of all patients reported that they learned something important from the 

programs, and 80% reported that they learned something new. However, limited literacy 
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patients were more likely than adequate literacy patients to state that they learned more from 

the programs than they would have from a brochure (97% vs. 88%, p = .05).

The two programs varied slightly in their complexity. After an initial introduction, CHOICE 

offered users a touchscreen menu to customize which section was seen next. YourMeds 

offered the user the option to repeat a section, but it was otherwise linear in terms of its 

programming (pressing a single touchscreen button advanced the program to the next 

segment). This difference in complexity was seen in the amount of assistance required. Only 

1 person (1.75%) with adequate literacy needed any assistance to complete the YourMeds 

program compared with 27% (n = 16) who needed some assistance to complete the 

CHOICE program.

Overall, limited literacy patients were more likely to require assistance than adequate 

literacy patients. However, neither group needed much help, given than more than three 

quarters of all participants were able to complete the programs without any assistance (73% 

for limited literacy vs. 86% for adequate literacy, p = .03). This difference in the amount of 

assistance needed was seen only for the more complex CHOICE program where only 5% of 

adequate literacy patients needed two or more episodes of assistance compared with 33% of 

limited literacy patients, p < .01 (see Figure 1).

Logistic regression was used to assess the effect of literacy on requiring any assistance after 

adjustment for other covariates. These results are shown in Table 4. Literacy was not 

associated with needing assistance in either the full or reduced model. In the reduced model, 

only insurance status and lack of computer experience were associated with needing 

assistance to complete the computer programs. Patients with health insurance were more 

likely to require some assistance (OR = 2.36, p .02), compared with those without insurance. 

Patients who had used a computer before were less likely to require any assistance (OR 0.45, 

p = .02), compared with those without prior computer use. In that model, more patients with 

limited health literacy required assistance, but the result was not statistically significant in 

the multivariate analysis (OR = 1.49, p = .25).

A separate analysis was done to assess the effect of having computer experience stratified by 

health literacy, as we thought the benefit of computer experience might vary in the two 

groups. Among those with limited health literacy, those with computer experience were less 

likely to require assistance (OR 0.34, p = .01). In comparison, the effect of computer on 

need for assistance was not statistically significant for those with adequate health literacy 

(OR = 0.88, p .84).

Because the majority of patients with insurance had either Medicaid (which is associated 

with lower socioeconomic status) or Medicare coverage (a marker for disability or older 

age), we reran the multivariate logistic regression model classifying insurance in three levels 

(uninsured, Medicaid/Medicare, or other insurance). In this post hoc analysis, only those 

with Medicaid or Medicare were more likely to need assistance compared with those with 

no insurance (OR 2.50, p = .02). Patients with other forms of insurance no significant 

increase in need for assistance (OR = 1.60, p = .50).
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Discussion

Although a minority of limited health literacy patients reported owning or ever using a 

computer, almost all were able to complete a user-friendly touch screen computer programs 

with minimal assistance. In addition, limited and adequate literacy users overwhelmingly 

reported they preferred the programs over traditional printed patient education materials and 

they would recommend the programs to friends. Similar to our findings, prior published 

surveys have reported that patients with lower socioeconomic status have less computer 

access, the so-called “digital divide” (Horrigan, 2009). However, we are aware of only one 

study that has examined computer access and usability by literacy level (Gerber et al., 2005). 

In that study of a touchscreen diabetes educational intervention, the authors found a similar 

very low prevalence of computer usage among limited literacy patients. Our study is 

significant because it demonstrates that CAI is a feasible method for overcoming literacy 

barriers in medical care, despite limited literacy patients’ lack of computer experience. The 

study also objectively tracked how much assistant CAI users needed to complete one of the 

two web-based educational programs (CHOICE [a colorectal cancer screening decision aid], 

or YourMeds [an educational program about prescription medication safety]).

The ability of computer naïve individuals to complete these computer programs may be due 

to the increasing prevalence of touch screen devices in society. Grocery stores, discount 

stores, and ATMs all use touch screen computer systems to enable self-service. In one recent 

study targeting low-literacy Mexican Americans, both Hispanic and White respondents 

reported using an ATM or store self-checkout at least once per week (Andersen et al., 2011). 

More and more low-income individuals are using computers, often in libraries rather than at 

home, and computer use by these individuals is expected to increase substantially in the next 

decade (Strömberg, Ahlén, Fridlund, & Dahlström, 2002). Recent advances in 

communications technology, particularly with regards to mobile devices, should make it 

easier to develop even more user-friendly programs that will appeal to users of all literacy 

levels. We found that more than 98% of limited and adequate literacy patients stated that 

they preferred our computer programs to a brochure and that they would recommend our 

programs to a friend, indicating that a single intervention can be used for all patients 

regardless of literacy level.

The two programs examined in this study slightly varied in complexity (one program 

included a touchscreen menu allowing users to choose which segment to view next, and the 

other program progressed linearly). All limited literacy patients were able to complete the 

simpler, linear program without any assistance, while approximately one third needed more 

than one episode of assistance to complete the program including a menu. This finding 

highlights the importance of a simple user interface for any program targeting low-literacy 

audiences. Future research should investigate how to allow content to be tailored without 

harming usability.

We also found that limited literacy patients are most likely to rely on and trust personal 

sources of information such as doctors, family, and friends. In contrast with adequate 

literacy patients, those with limited literacy are less likely to use or trust printed sources of 

information. Given that using the Internet relies heavily on the ability to read and type text, 
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we were not surprised to see that limited literacy patients were also less likely than adequate 

literacy patients to report Internet usage. Limited literacy patients’ overwhelming acceptance 

of our computer-based educational programs may indicate they perceived them as part of 

their doctors’ practice given that they interacted with them at the medical office. In addition, 

the programs included pictures and videos of doctors and pharmacists, two trusted sources 

of information, and this may have enhanced patient acceptance.

We examined self-reported measures of ease of use and an objective measure of how much 

assistance the user required to complete the program. More than 99% of patients reported 

the programs were easy to use; however, 14% of low and adequate literacy patients required 

one episode of assistance or more for the CHOICE program. This discrepancy between 

patient self-report and observed performance suggests that self-report may overestimate ease 

of use. We suggest that future studies include objective measures of ease of use to guide the 

development of the best user interfaces.

Prior studies of CAI consistently show it is effective for improving patients’ knowledge 

(Fox, 2009; Murray et al., 2005). Although CAI can be a valuable tool for communicating 

with limited literacy patients, lessons from other CAI studies indicate it needs to be 

combined with other interventions to be most effective at changing behavior (Bussey-Smith 

& Rossen, 2007; Gerber et al., 2005; Hamel, Robbins, & Wilbur, 2011; Miller et al., 2005; 

Miller et al., 2011).

Behavior change is a complex process which requires patients to appreciate a significant 

risk, see benefit in taking an action, possess self-confidence, and overcome obstacles (Glanz, 

Rimer, & Viswanath, 2008). Through education, CAI can inform patients of risks and 

benefits, and perhaps it can also increase self-efficacy. However, other interventions are 

likely needed to minimize barriers to change and support patients through the change 

process. Therefore, CAI is likely to be most effective when it is incorporated in a larger, 

supportive system.

Our study has limitations. First, we measured learning from the program only by patient 

self-report. Second, our results documenting ease of use are limited to the two computer 

programs we created. Future research should examine which specific features of programs 

facilitate ease of use by limited literacy patients. Third, although our study population was 

racially diverse, our sample was limited to English-speaking patients. Last, this study is 

limited to the patient population at a single site location, hence cannot be generalized to 

other populations.

Patients’ failure to understand often leads to non-compliance, unnecessary emergency room 

visits, and poor health outcomes. Patients need to be able to follow written and numerical 

directions regarding their therapeutic regimens and diagnostic tests, ask questions of medical 

personnel, report prior treatment and conditions, and solve problems that arise during the 

course of their care. We found that limited literacy patients were able to successfully 

complete our computer based patient education programs and rated the programs highly in 

ease of use and value of information received. Accordingly, CAI is a valuable tool for 

overcoming literacy barriers. Clinicians need such tools for implementing a patient-centered 
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approach that addresses the challenges in navigating the health care system, removing 

barriers, and providing understandable preventive and self-care skills for vulnerable 

populations. Because most limited literacy patients’ lack of home computer access, future 

studies should investigate ways CAI can be incorporated in medical settings to supplement 

patient education.

The main implication for this study is that CAI is an acceptable and easy-to-use tool for 

limited literacy patients seeking health information. Computer assisted instruction is able to 

remove communication and literacy barriers where patients have had difficulty 

understanding their doctors, asking questions in medical encounters, and being unable to 

comprehend printed patient education materials. We recognize a need for health care 

administrators to work with program managers and clinicians in finding ways to implement 

CAI in their health care settings to enhance patient–clinician communication and 

understanding, particularly for limited literacy patients.
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Fig. 1. 
Episodes of assistance required while using computer programs. Fisher's exact test: 

CHOICE, p < .01; YourMeds, p = .44.
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Table 1

Sample demographics (N = 263)

Health literacy level

Patient characteristics Limited (n = 146), n (%) Adequate (n = 117), n (%)
p 

*

Sex

    Female 86 (59) 91 (78) .001

Age, M (SD) 58.8 (7) 56.6 (6)
.02

†

Race

    African American 121 (83) 72 (63) .001

Marital status

    Married/living together 35 (24) 30 (26) .01

Annual income

    <$10,000 59 (45) 37 (32)

    $10,000–$19,999 44 (34) 46 (40) .42

    ≥$20,000 28 (21) 32 (28)

Employment

    Employed 31 (21) 36 (31) .30

Insurance

    Uninsured 44 (30) 52 (44) .05

Education

    Less than high school 44 (65) 21 (25)

    High school diploma/GED 33 (48) 33 (38) .001

    Some college or greater 23 (33) 46 (54)

Computer access

    Have a home computer 54 (37) 60 (51) .05

    Have Internet at home 40 (27) 50 (43) .01

    Have high-speed Internet access at home 31 (21) 44 (39) .01

Prior computer use

    Have used a PC

        Yes 85 (58) 94 (80) .001

    Have used Internet

        Yes 44 (30) 68 (58) .001

        No 103 (70) 49 (42)

    Have used e-mail

        Yes 32 (22) 58 (50) .001

        No 53 (78) 36 (50)

Frequency of Internet use

    Never 101 (70) 46 (40)

    Less often 16 (11) 20 (17)

    Once or twice per month 3 (2) 9 (8) .001

    1–2 days per week 8 (6) 9 (8)
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Health literacy level

Patient characteristics Limited (n = 146), n (%) Adequate (n = 117), n (%)
p 

*

    3–5 days per week 6 (4) 8 (7)

    Every day 10 (7) 24 (21)

Frequency of Internet use for medical information

    Never 121 (84) 63 (55)

    Less often 8 (7) 23 (20)

    Once or twice per month 6 (4) 17 (15) .001

    Once per week 2 (1) 4 (4)

    A few times per week 4 (3) 6 (5)

    Every day 3 (2) 2 (2)

*
Chi-square test unless otherwise indicated.

†
Wilcoxon two-sample t test.
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Table 2

Use and trust of information sources, by literacy level (N = 263)

Use source of information
*

Trust source of information
#

Source of information Limited literacy (n = 
146), n (%)

Adequate literacy (n = 
117), n (%)

p Limited literacy (n = 
146), n (%)

Adequate literacy (n = 
117), n (%)

p

Personal source

    Doctor 125 (85) 99 (85) .93 138 (94) 114 (97) .17

    Pharmacist 89 (61) 73 (63) .76 125 (86) 107 (92) .11

    Family 94 (64) 76 (65) .92 109 (75) 83 (71) .50

Nonprint media

    TV 102(69) 81 (70) .94 94 (64) 81 (69) .41

    Radio 49 (33) 30 (26) .17 57 (40) 43 (39) .82

    Internet 26 (18) 40 (34) .01 48 (40) 56 (55) .05

Printed source

    Newspaper 56 (38) 60 (51) .03 69 (48) 70 (61) .05

    Magazine 62 (42) 63 (54) .06 78 (54) 74 (64) .09

    Book 75 (51) 79 (68) .01 97 (67) 86 (75) .19

*
Participants who report using the source of information “sometimes” or “a lot.”.

#
Participants who report they trust the source of information “somewhat” or “a lot.”.
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Table 3

Patient evaluation of computer-assisted instructional programs, by literacy level (N = 263)

Computer-assisted instruction questions Limited 
literacy: Agree 

n (%)

Adequate 
literacy: Agree n 

(%)

p

I learned something new from watching this program. 124 (85) 87 (75) .24

I learned something important from watching this program. 134 (91) 107 (92) .81

I would like to see other similar computer programs on health topics that interest me. 139 (95) 114 (98) .34

Compared to reading a brochure, I liked watching this computer program more. 143 (98) 112 (98) .59

I learned more from watching this computer program than I would have learned from reading 
a brochure.

140 (97) 101 (88) .05

This program was easy to use. 71 (99) 59 (100) 1.00

This program was easy to understand. 72 (100) 59 (100) 1.00

I would recommend this program to my friends and neighbors. 144 (99) 115 (99) .36
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Table 4

Association of individual patient characteristics with needing one or more episodes of assistance to complete 

the educational computer programs (N = 263)

Full model Reduced model
*

Patient characteristics Odds ratio (95% CI) p Odds ratio (95% CI) P

Health literacy

    Limited 1.14 (0.53–2.47) .74 1.49 (0.76–2.92) .25

    Adequate 1 (Ref)

Sex

    Male 0.97 (0.46–2.05) .94 — —

    Female 1 (Ref)

Age
† 0.99 (0.93–1.04) .65 — —

Race/ethnicity

    White 0.57 (0.22–1.48) .25 — —

    Non-White 1 (Ref)

Marital status

    Married 1.37 (0.59–3.17) .47 — —

    Unmarried 1 (Ref)

Yearly household income

    ≥$20,000 1.19 (0.47–3.03) .72 — —

    <$20,000 1 (Ref)

Employment status

    Employed 0.88 (0.33–2.31) .79 — —

    Unemployed 1 (Ref)

Health insurance status

    Insured 2.35 (0.98–5.65) .06 2.36 (1.13–4.94) .02

    Uninsured 1 (Ref)

Has used a computer 0.39 (0.16–0.91) .03 0.45 (0.24–0.86) .02

Has PC in home 0.89 (0.40–1.99) .77 — —

Has used e-mail 0.70 (0.27–1.85) .48 — —

*
Reduced model after using a backward-stepping algorithm, removing any covariate with p > .1 and forcing health literacy to remain in the model.

†
Odds ratio is for each additional year of age.
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