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Abstract

The purposes of this study were to develop a Social Cognitive Theory (SCT)-based, Structured 

Hip Fracture Prevention Website (TSW) for older adults and conduct a preliminary evaluation of 

its effectiveness. The TSW is comprised of learning modules and a moderated discussion board. A 

total of 245 older adults recruited from two websites and a newspaper advertisement were 

randomized into the TSW and the Conventional Websites (CW) groups. Outcomes included (1) 

knowledge (hip fractures and osteoporosis), (2) self-efficacy and outcome expectations, and (3) 

calcium intake and exercise, and were assessed at baseline, end-of-treatment ([EOT], 2 weeks), 

and follow-up (3 months). Both groups showed significant improvement in most outcomes. For 

calcium intake, only the TSW group showed improvement. None of the group and time 

interactions were significant. The TSW group, however, was more satisfied with the intervention. 

The discussion board usage was significantly correlated with outcome gains. Despite several 

limitations, the findings showed some preliminary effectiveness of web-based health interventions 

for older adults and the use of a TSW as a sustainable web structure for online health behavior 

change interventions.
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Each year in the United States, approximately 340,000 older adults experience hip 

fractures,1 and an estimated 18% to 33% die within one year of the fracture.2,3 Extensive 

research efforts have been undertaken to identify causes and effective management of hip 

fractures. Factors that contribute to hip fractures among older adults include low bone 

density (e.g., osteoporosis), falls/a lack of environmental safety, and multimedication 

usage.4-7 Prior research findings indicate that hip fractures can be prevented by using a 

multimodal approach, including dietary intervention (eg, calcium consumption), exercise, 

medication, environmental management, and screening tests.4,6,7 Unfortunately, many older 

adults are unaware of the serious impact of or preventive interventions for hip fractures until 

they experience one.4,7 With the rapidly increasing number of older adult online users and 

their interest in health, the web can be an appropriate medium to provide older individuals 

with this important health information. In particular, the web has unique opportunities for 

older adults, such as being able to learn about health topics at their convenience.8-10

According to a 2004 Pew Internet study,11 22% of Americans age 65 or older (about 8 

million) use the Internet, and 66% of them perform online searches for health information. It 

is expected that by 2010, 70% of older adults will be online.12 Recently, the numbers of 

health-related websites have significantly increased.13-16 Some of these sites include 

information related to hip fracture prevention (eg, fall prevention or osteoporosis). However, 

the topics vary by site and those are not designed to deliver effective education on hip 

fracture prevention to older adult population. In general, older adults have unique web 

usability issues due to psychomotor and cognitive changes, and many of them have learned 

to use the web to do simple searches. These individuals therefore have some difficulty in 

finding and synthesizing specific health information from multiple websites. The amount of 

information available online could also be overwhelming to them.9,17,18

In this developmental and planning grant project (R21 AG026013, National Institute on 

Aging), we developed an innovative Social Cognitive Theory (SCT)-based Structured hip 

fracture prevention Website (TSW) and conducted a preliminary evaluation of its 

effectiveness. As a preliminary study, we conducted a randomized controlled trial (RCT) 

using a short-term (2-week) intervention period. (Based on the findings, our next phase of 

research will use a longer-term theory-based intervention to assess its long-term impact on 

health behaviors.) The interventions were focused on improving older adults’ health 

behaviors to prevent hip fractures. The effects of the TSW, which used (1) structured web 

learning modules and (2) moderated discussion boards, were assessed compared to those of 

the Conventional hip fracture prevention Website (CW) that included only learning 

modules, without the discussion board. The CW included the same number of modules and 

learning objectives. The CW, however, was comprised of lists of hyperlinks to other 

relevant, pre-selected websites instead of the structured abstracted content.

The outcomes included: (1) knowledge (hip fractures and osteoporosis) gains; (2) self-

efficacy (calcium intake, exercise, and web-based learning); (3) outcome expectations 

(calcium intake, exercise); and (4) the use of preventive hip fracture behaviors (dietary 

calcium intake and exercise). Specifically, we hypothesized that: (1) participants in both 

groups would improve significantly over the study period with respect to knowledge, self-

efficacy, and outcome expectations and the use of hip fracture prevention behaviors; and (2) 
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participants in the TSW group would exhibit significantly greater gains on these outcome 

variables than participants who were given access to the conventional websites.

A Theory-Driven, Structured Hip Fracture Prevention Website for Older 

Adults

Numerous health websites have been developed to provide health information to the 

public.13-16 Few studies, however, have been conducted to investigate effective methods to 

package and deliver online health information to improve the health outcomes of specific 

populations.

In our study, we developed the TSW in accordance with the SCT (ie, self-efficacy and 

outcome expectations theory) because they are proven to be effective in changing 

individuals’ health behaviors.19-21 In the SCT,22-24 a person's belief in his/her ability to 

carry out a behavior (self-efficacy) and in its benefit (outcome expectations) promote the 

person's health behaviors. Efficacy beliefs can be enhanced through the following 

mechanisms: (1) enactive mastery experience (ie, through ones’ prior successful 

accomplishments); (2) vicarious experiences (ie, through modeling others’ successful 

performances); (3) verbal persuasion (ie, through verbal encouragement); and (4) 

improvement in physiological and emotional states (eg, pain relief or reduction of stress and 

negative mood). The TSW provided these four mechanisms using web-based learning 

modules and moderated discussion boards. For instance, in the web modules, the 

individual's mastery experiences for taking calcium and performing exercise was facilitated 

through instructions for setting personal goals, keeping track of health behaviors using 

diaries, and stressing the importance of rewarding oneself upon meeting goals. On our 

discussion board, the moderator followed up on participants’ ongoing health behaviors using 

specific discussion questions. Vicarious experiences and social modeling were provided 

using demonstration video clips and pictures as well as testimonials. The learning modules 

also included various techniques and information to alleviate pain or stress. On the 

discussion board, participants shared their own strategies to maintain better physical and 

emotional states.

Methods

Design

This was a randomized controlled trial (RCT) using a two-group comparison design with 

repeated measures (baseline, EOT, and 3-months follow-up). Approximately 20 participants 

in each cohort were randomly assigned to one of the two groups (TSW and CW) with 

participants within each cohort beginning the interventions simultaneously. (Figure 1 

summarizes the overview of the trial.)

Sample/Settings/Recruitment

Upon approval from the University of Maryland Institutional Review Board (UMIRB), 245 

participants were recruited online from SeniorNet (http://www.seniornet.org) and Baltimore 

Times Online (http://www.btimes.com) as well as through advertisements in the Baltimore 
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Times newspaper (print version) between September 2006 and January 2007. The sample 

size was based upon a power analysis employing effect sizes emanating from prior 

studies.25,26 SeniorNet, a leading older adult online community with 30,000 members 

nationwide, provides older adults with education for and access to computer technologies. 

The Baltimore Times, a weekly newspaper distributed primarily to the African-American 

community in Maryland, maintainsBaltimore Times Online. This newspaper site was 

selected in an effort to include more minority participants.

Participants were eligible if they (1) were age 55 years or older; (2) had access to the 

Internet/e-mail (at home, public libraries, work places, etc); (3) could use the Internet/e-mail 

independently; (4) resided in a community setting in the United States; and (5) could read 

and write English. Participants were excluded if they had a hip fracture prior to the study 

and/or wereparticipating in any other studies on falls, osteoporosis, and/or nutrition. A total 

of 245 older adults participated in the study. Table 1 summarizes general demographics of 

the participants. The majority of the participants were female (n = 192, 78.4%) and White (n 

= 223, 91.0%), with a mean age of 69.3 ± 7.7 years. The majority (n = 212, 85.5%) had 

some college or higher education. The average years of web experience was 10.0 ± 5.2, and 

their average web use per week was 13.1 ± 12.8 hours. Participants’ overall age, education 

level and computer experience were similar to those of SeniorNet members (data from 

SeniorNet, 2006).

A brief description of the study, the eligibility criteria, and a hyperlink to the secure study 

website were posted on SeniorNet and Baltimore Times Online. The same information was 

also included in the monthly SeniorNet online newsletter and the weekly Baltimore Times 

newspaper. The eligibility screening and consent processes were completed online. A toll-

free phone number was available on the study website for any questions. Individuals who 

completed the consent process were contacted via phone within 48 hours and placed on a 

waiting list until a cohort of approximately 20 (10 in each group) was recruited. The waiting 

period was no longer than two weeks throughout the study. Selected participant 

demographic information (eg, gender, age, history of hip fractures, etc.) was validated 

during the initial telephone contact.

Interventions

The project website included the TSW, CW, and online surveys. Usability tests were 

conducted for all three sections.

Theory-based structured HFP website (TSW)—The majority of the following TSW 

learning modules was developed in a previous study25: Osteoporosis, Falls and Hip 

Fractures, Dietary / Supplementary Calcium Intake, and Exercise. For this study, the content 

of the learning modules was reviewed and by an expert panel including a geriatrician, a 

geriatric nurse practitioner, a dietician and an exercise physiologist. The content was 

updated and expanded as recommended by the experts. The reading level of the modules 

was maintained between 6th and 8th grades. The modules were developed emphasizing the 

benefits of the specific preventive health behaviors and to strengthen older adults’ beliefs 

about their ability to engage in such behaviors. The modules included text material, video, 
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audio, and self-assessment quizzes using an older adult–friendly format. Transcripts were 

provided for all audio and video clips for users whose computers were not equipped with 

playing videos or audios. If the video clips included specific demonstrations, animated 

pictures were also included as an alternative method. Each module took about 20 to 30 

minutes to complete, and participants were encouraged to complete two modules per week.

On the TSW, the discussion boards were moderated by the project manager (PM), who is a 

registered nurse (RN), using an SCT-based approach. Each week, two behavior-oriented 

discussion questions (one question per module) were posted (e.g., for the exercise module, 

“...If you set goals for exercise, which goals did you set for yourself this week? Were you 

able to meet them? Are there any strategies that help you to keep exercising?”). Participants 

were encouraged to post their responses and/or questions at least twice per week. The PM 

carefully monitored the discussions and, if necessary, consulted appropriate experts (eg, 

geriatric nurse practitioner, geriatrician, orthopedic surgeon). Participants who did not use 

the discussion board were queried about their lack of use during routine Help Desk follow-

ups.

Conventional HFP Websites (CW)—The participants assigned to the CW also 

completed four learning modules, without the discussion boards. The learning objectives, 

topics and the web design of the CW were similar to those in the TSW. The content of the 

CW, however, consisted of hyperlinks to selected relevant health websites for learning 

objectives instead structured content. Participants were encouraged to achieve learning 

objectives by exploring the recommended websites for 20 to 30 minutes per module and to 

complete two modules per week.

Development and maintenance of the study's website and web surveys—A 

secure web server at the investigators’ university was used for the project. Participants’ web 

activities (eg, the participant's ID and login time) were monitored using WebTrends® 

logging software. The web pages were developed using Macromedia Dreamweaver® and 

Flash MX.®27 The discussion board was developed using the Yabb® program.28 The 

websites were developed to be older adult friendly following the National Institute on Aging 

guidelines29 and other prior findings.9,17,18,30 The web surveys were developed using the 

Remark survey program®.31 Usability of the websites was tested by a usability expert and 

10 older adult online users. The websites then were refined based on these findings.

Procedures

When approximately 20 participants were available on the waiting list, they were contacted 

and given user IDs, passwords, and the URL for the study's website. The first week was 

allocated for the completion of the baseline survey. Upon completion, participants were 

randomized to either the TSW or the CW by the study's biostatistician using SPSS Version 

15.0. The PM then contacted each participant via e-mail and provided his/her user ID and 

password. When participants logged into the website, they saw only the intervention 

assigned to them. The TSW group participants used their user ID as an alias for the 

discussion board. The Help Desk was available via e-mail and a toll-free phone number 

weekdays from 8 a.m. to 5 p.m. EST.
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After the 2-week intervention period, participants were contacted via e-mail and/or 

telephone (per their preference) to complete the web-based EOT survey. The web modules 

were unavailable during the survey period. Most participants completed the survey within 

one week. Only 24 surveys over the entire study period had to be mailed due to specific 

issues, including computer/Internet issues (e.g., winter storm), travel, or health conditions. 

Once the EOT survey was completed, the modules were available again for the next three 

months (volunteer use only). At the end of the first and the second month after completion 

of the EOT survey, participants received an e-mail containing a brief thank-you note and 

information about the due date for the 3-month follow-up survey. At the end of the 3rd 

month, participants were contacted for the follow-up survey. Upon completion of all three 

surveys, a check for $40 was mailed to the participants in appreciation of the time they spent 

on the study.

Measures

Table 2 summarizes measures for the main outcomes and web usability, as well as their 

assessment points. All outcome measures, except web-based learning self-efficacy, were 

assessed at baseline, EOT, and 3 months. Self-efficacy for web-based learning was assessed 

at EOT and 3-month follow-up only because findings from our preliminary studies showed 

that most older adults were unfamiliar with “web-based learning” and did not have a clear 

idea about what it was. Usability of websites was also assessed at EOT and 3-month follow-

up (after using the sites).

Knowledge (exercise, calcium intake, and hip fracture)—The original 

Osteoporosis Knowledge Test (OKT)32 includes 2 subscales: a 16-item Exercise Scale and a 

17-item Calcium Scale. Prior findings reported acceptable internal consistency (KR-20) of 

the two subscales (α = .69 and .72, respectively). In this study, the calculated alpha 

coefficients were .74 and .76, respectively.33 Both scales were sufficiently sensitive to detect 

statistically significant baseline to EOT and baseline to follow-up changes.

Hip fracture knowledge was examined using the 8-item Hip Fractures Knowledge Test 

(HFKT), which was developed based on the content of the learning module. Stability of the 

measure was demonstrated in a prior study employing older adults (Pearson's r = .62, p <.

001).30

Self-efficacy—Self-efficacy for calcium intake was assessed using a subscale of the 

Osteoporosis Self-Efficacy Scale (OSE-Calcium).34,35 The original measure includes 11 

items with a visual analog scale (VAS, 0-100 mm). In this study, the scale was changed to a 

0-10 point Likert scale because a VAS is difficult to administer on the web due to varying 

computer screen sizes. Prior studies suggested appropriate reliability of the OSE-Calcium (α 

= .93) and criterion-related validity using self-reported calcium intake.34 Our study also 

showed some evidence of internal consistency (α =.94), as well as sensitivity to change (p 

< .001).

Exercise self-efficacy was assessed using the Self-Efficacy for Exercise scale (SEE), a 9-

item measure on an 11-point scale ranging from 0 to 10.36 Reliability of the scale was 

evidenced by squared multiple correlation coefficients (.38 - .76) using structural equation 
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modeling (SEM). Validity of the measure was supported using a hypothesis testing 

approach.36 Validity coefficients using SEM (all estimates ≥ .81) provided further evidence 

of validity. Our study also showed evidence of reliability (α = .93).

Self-efficacy for web-based learning was assessed using the Web-Based Learning Self-

Efficacy Measure (WBLSEM), an 11-item measure on a 10-point Likert scale.30 The 

reliability and validity of the WBLSEM were examined in a study employing 33 older 

adults.30 The calculated alpha coefficient was 0.9, and the measure was stable over time (r 

= .8, p < .001). The construct validity was examined using the contrasted groups approach.

Outcome expectations—Outcome expectations of calcium intake were assessed using 

the 6-item Calcium Benefit subscale of the Osteoporosis Health Belief Scale (OHBS).37,32 

The scale uses a 5-point Likert scale, and the findings from our study showed evidence of 

internal consistency (α = .82). Other studies37 reported criterion-related validity of the 

measure.

Outcome expectations for exercise were assessed using the 9-item Outcome Expectations for 

Exercise Scale (OEE).38,39 The scale also uses a 5-point Likert scale, and calculated alpha in 

our study was .82. Validity of the measure was evidenced by the confirmatory factor 

analysis in prior studies (validity coefficients: .69 −.87 and model fit).38,39

Calcium intake behavior—Dietary calcium intake was assessed using a 22-item measure 

derived from the Block-National Cancer Institute Health Habits and History Questionnaire 

(HHHQ).40 The tool assesses both frequency (9-point scales: “never” - “every day”) and 

portions (3- point scales: small, medium, large). Dietary calcium intakes are calculated using 

the Diet History Questionnaire database developed by the National Cancer Institute.41 

Evidence of concurrent validity was reported using estimates of calcium and vitamin D 

intakes derived from the 7-day food diary and the short screening instrument (r = .66 and .

72, respectively, p < .001).40 The tool was also successfully used in our study as evidenced 

by sufficient sensitivity to detect significant changes over time. Calculated stability 

coefficient (r = .56) in our prior study yielded a potentially underestimated value because of 

the presence of interventions occurring between the two assessment points.

Exercise behavior was measured using the exercise dimension (6 items) of the Yale Physical 

Activity Survey (YPAS).42 The original 27-item YPAS includes five categories of common 

groups of work, exercise, and recreational activities performed during a typical week. The 

measure was stable over time (r = .63, p < .001)42 and has been validated against several 

physiological variables.42,43 The measure was successfully used in our study. Calculated 

stability coefficient (r = .59) in our prior study, however, was potentially underestimated due 

to the same issue discussed in the calcium intake measure.

Descriptive measures—Perceived web usability was assessed using the 12-item 

Perceived Health Website Usability Questionnaire (PHWUQ).44 The PHWUQ, using a 7-

point Likert scale, assesses three dimensions of usability: satisfaction, ease of use, and 

usefulness. Prior findings supported appropriate reliability (α ranging from .64 to .93) of the 

measure as well as its validity as indicated by a hypothesis testing (correlation of the scores 
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of the PHWUQ and the results from the heuristic evaluation by usability experts).44 

Individuals’ web and discussion board usage were assessed using frequency. In this study, 

the calculated alpha of the PHWUQ ranged from .85 to .94.

Analyses

Baseline demographic and computer experience differences between the two intervention 

groups (TSW vs. CW) were assessed via independent sample t-tests for continuous variables 

and chi-square analyses for categorical variables. Website differences were assessed via a 

series of mixed linear model analyses in which baseline, EOT, and follow-up assessments 

were represented as repeated measures and the two treatment groups constituted a between 

subjects (fixed effect) factor. This analytic model possesses the dual advantages of being 

robust to many of the assumptions governing the use of general linear models and permits 

the use of repeated measures employing different numbers of observations. A one-way 

General Linear Model Analysis of Variance [GLM ANOVA] was employed for the variable 

self-efficacy for web-based learning because no baseline assessment was performed for this 

variable. Log10 transformations were used for significantly skewed outcome variables. Data 

imputation procedures were not necessary because of the low attrition (8.2% at EOT and 

11.8% at 3-months) and missing data (< 2%) rates.

To assess the impact of the discussion board use upon outcomes for TSW participants, 

frequency of usage (ie, message postings) was correlated with EOT and follow-up outcome 

scores. Covariates were modeled for each outcome variable but failed to consistently meet 

the a priori set criterion of a covariate-dependent variable relationship of ≥ 0.20. 

Additionally, subgroup analyses were performed for age, gender, frequency of website 

usage, and racial group by adding each variable to the overall model as a second between 

subjects factor. User satisfaction differences between the two websites were assessed via 

one-way Analysis of Covariance (ANCOVA). Qualitative data, including discussion board 

postings, Help Desk follow-ups, and e-mail comments, were analyzed using content 

analysis.45

Results

Baseline demographic and computer experience data and differences between the two 

intervention groups are presented in Table 1. The TSW group had a slightly higher 

percentage of females than the CW group (p = .013), but no other statistically significant 

baseline demographic or computer experience differences were found. Baseline differences 

between the two groups on outcome variables are presented in Table 3 which indicated that 

the TSW exceeded CW participants on both outcome expectancy for exercise (p = .04) and 

initial exercise behavior itself (p = .01). However these differences did not affect the 

interaction effect between the groups and time points when differences in outcome changes 

were assessed. During the intervention period, participants accessed the websites overall an 

average of 4.6 times (ranging from 1 to 15 times). TSW participants averaged 5.6 ± 3.8 

visits as compared to 3.5 ± 2.4 visits for CW participants (p < .001). The TSW group 

showed a 7.1% drop-out rate at 3 months as compared to a 9.2% for the CW group.
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Hypotheses Testing

Within-group changes over time—The first hypothesis predicted that participants 

exposed to either of the web interventions would improve significantly on study outcomes 

over the study period. As shown in Table 4, this hypothesis was generally supported for 

knowledge as well as calcium self-efficacy and outcome expectancy. Only TSW 

participants’ calcium intake showed improvement from baseline to both EOT and follow-up. 

No significant changes, however, were observed for either group with respect to exercise 

self-efficacy or exercise behavior.

Outcome gains between groups over time—The second hypothesis predicted that the 

TSW group participants would exhibit significantly greater gains in outcome improvement 

than the CW group participants. The findings did not show significant differences in 

outcome gains between the two groups over the two-week study period (Table 4).

At the end of the treatment, the CW (mean = 69.8 ± 12.8) participants exhibited significantly 

greater self-efficacy for using the site than TSW participants (M = 66.0 ± 16.0) ( p = .03). 

The TSW participants, however, were significantly more satisfied with their experience with 

the web intervention (M = 72.9 ± 8.1) than their CW counterparts (M = 69.4 ± 11.8) (p = .

045).

Effects of the discussion board and subgroup analyses—Within the TSW group, 

frequent use of the discussion board was significantly correlated with improvement in EOT 

self-efficacy for web-based learning and exercise and EOT and follow-up osteoporosis 

knowledge, calcium consumption, and exercise. Four subgroup analyses were performed 

involving age, gender, frequency of website usage, and racial subgroup (African-American 

vs. White and others). There was no trend for any of the four variables to interact with the 

type of website with respect to changes in the outcomes.

Discussion

Participants in both the TSW and CW improved on most outcomes, which suggests that 

web-based health interventions can be successfully used to improve the health knowledge 

and certain health behaviors of older adults. There were, however, no significant changes in 

exercise self-efficacy or exercise behavior. Although further studies are needed, these results 

could have been attributed to several limitations in this preliminary study, such as the brief 

intervention period to change individuals’ exercise behaviors. Furthermore, this study was 

conducted from September to January, and cold winter weather and holiday seasonal 

activities could have interrupted their regular exercise practices.46 Further studies are needed 

using a longer study period and including specific strategies to overcome challenges with 

severe weather and holidays.

In this study, while the TSW group showed significant improvement in calcium intake 

behavior over the study period, none of the between group improvements occurring during 

the study period were statistically significant. A few factors must be taken into consideration 

in interpreting these findings. In this preliminary study, the amount of structured health 

information available on the TSW modules during the two week study period was limited. 
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Conversely, the CW included a list of selected credible health websites relevant to the 

learning objectives instead of structured content, and participants were encouraged to 

explore those sites during the study protocol. Considering many participants’ relatively high 

web competency (71.1% perceived themselves as competent web users in their age group) 

and high education level (85.5% reported some college or higher education), inclusion of 

selected relevant external health websites in addition to the structured content could have 

been beneficial to participants. Consequently, a no treatment or wait list control would have 

provided a more appropriate test of the TSW's specific efficacy.

Some other findings also provided the research team with important information about the 

amount and presentation of health information in developing and delivering theory-based 

online health intervention. For instance, online learning modules need to meet each older 

adult's varying degree of health information needs. A combination of the TSW and CW 

structure therefore could be an effective approach to present online learning modules 

intended to improve health behaviors.

The structure of the TSW demonstrated several strengths in implementing an SCT-based 

online health intervention. Particularly, within the TSW group, the discussion board usage 

and the outcomes were significantly correlated. The themes that emerged from the 

discussion postings (e.g., goal settings and follow-ups, encouragement, role modeling, 

method to relieve discomfort) were consistent with SCT.45 Many participants served as role 

models and many provided verbal encouragement for each other. (A manuscript with 

detailed qualitative findings is under review.) These findings are particularly encouraging 

considering that most participants had no experience in using an online discussion board but 

successfully learned to use the program within the 2-week intervention period. Furthermore, 

the TSW participants were significantly more satisfied with their experience with the web 

program and had a lower drop-out rate (7.1%) than the CW group (9.2%). The short time 

period (2 weeks) for learning new technology, however, could have contributed to the TSW 

group's lower self-efficacy for web-based learning than its counterpart. Although further 

studies are needed, the findings suggest that the TSW structure could be a more sustainable 

method to deliver longer-term online health interventions than the CW structure.

Conclusion

With rapidly growing technology and its popularity among older adults, there is tremendous 

opportunity to improve the health behaviors of increasing numbers of older adult online 

users using web-based interventions. In this exploratory study, we developed an innovative, 

SCT-based hip fracture prevention website for older adults and tested its preliminary effects 

on health outcomes. The findings suggest that older adults can benefit from web-based 

health interventions that promote health behaviors. Furthermore, the SCT-based approach 

used in this study showed excellent potential for use in more sustainable longer-term online 

health promotion interventions (ie, high user satisfaction and significant correlation between 

the discussion board usage and the outcomes). More research must be conducted to test the 

long-term effects of longer-term interventions using this approach. This study also has 

several implications for current health informatics practice and research. The advancement 

and increasing popularity of the Internet presents a great opportunity to use this technology 
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as a medium to disseminate health promotion interventions. This opportunity can be 

maximized through collaboration among clinicians, researchers, and information technology 

experts. Health care informaticians are uniquely positioned to drive this effort. Furthermore, 

effective utilization of technology-based interventions must be incorporated in healthcare 

education.
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Figure 1. 
Overview of the study.
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Table 1

Baseline Differences in Demographic Variables

Variable Total Sample (%) TSW (%) CW (%) p

Gender

    Male 53 (21.6%) 19 (15.2%) 34 (28.3%) .013

    Female 192 (78.4%) 106 (84.8%) 86 (77.7%)

Age

    <65 69 (28.2%) 35 (28.0%) 34 (28.3%) .685

    65-74 102 (41.6%) 55 (44.0%) 47 (39.2%)

    ≥75 74 (30.2%) 35 (28.0%) 39 (32.5%)

Ethnicity

    White 223 (91.0%) 112 (89.6%) 111(92.5%) .547

    African American 18 (7.3%) 10 (8.0%) 8 (6.7%)

    Others 4 (1.6 %) 3 (2.4%) 1 (0.8%)

Education

    HS or Below 33 (13.5% 15 (12.0%) 18 (15.0%) .818

    Some College/ College Degree 148 (58.4%) 79 (63.2%) 68 (57.5%)

    Graduate Degree 64 (26.1%) 31 (24.8%) 33 (27.5%)

WEB Experience

    <5 years 31 (12.8%) 18 (14.4%) 13 (11.0%) .583

    5-10 Years 120 (49.4%) 63 (50.4%) 57 (48.3%)

    >10 Years 92 (37.9%) 44 (35.2%) 48 (40.7%)
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Table 2

Assessment Points for Main Outcome Measures and Web Usability

Measures Baseline EOT 3 months

Knowledge: Osteoporosis, Hip fractures X X X

Self-Efficacy: Dietary calcium intake, Exercise X X X

Self-Efficacy: Web-based learning X X

Behavioral change: Dietary calcium intake, Exercise X X X

Perceived Web usability X X
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Table 3

Baseline Differences on Outcome Variables

Variable (range) Total Sample (SD) TSW (SD) CW (SD) p

Knowledge

    Hip Fracture (0 – 8) 6.4 (1.4) 6.5 (1.4) 6.4 (1.4) 0.65

    Osteoporosis-Calcium (1-16) 12.0 (3.2) 11.8 (3.5) 12.2 (3.0) 0.25

    Osteoporosis-Exercise (1-16) 10.5 (3.1) 10.4 (3.3) 10.6 (2.9) 0.57

Self-Efficacy

    Calcium (6 – 60) 48.4 (11.1) 48.7 (11.1) 48.0 (11.1) 0.66

    Exercise (0 – 90) 54.9 (22.6) 56.5 (24.3) 53.2 (20.7) 0.27

Outcome Expectations

    Calcium (6 – 30) 22.4 (3.5) 22.4 (3.6) 22.3 (3.5) 0.74

    Exercise (9 – 45) 36.6 (7.2) 37.6 (7.0) 35.7 (7.2) 0.04

Behavior

    Calcium (mg) 1026.5 (675.1) 974.5 (599.9) 1087.0 (751.8) 0.23

    Exercise (minutes) 1038.2 (1207.1) 1235.0 (1476.3) 807.1 (723.7) 0.01
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Table 4

Group Differences in EOT and Follow-Up Changes from Baseline

TSW CW

Outcomes
a BL - EOT δ p BL – FU Δ p BL - EOT Δ p BL – FU Δ p

Knowledge

    Hip Fracture
b 1.1 (1.4) < .001 0.1 (1.5) .032 1.3 (1.2) < .001 0.2 (1.3) .084

    Osteoporosis-Calcium
b 2.6 (2.8) < .001 2.3 (3.0) < .001 2.1 (2.3) < .001 1.7 (2.2) < .001

    Osteoporosis-Exercise.
b 2.6 (2.6) < .001 2.3 (2.9) < .001 1.9 (2.2) < .001 1.7 (2.6) < .001

Self-Efficacy

    Calcium
b 2.7 (2.9) .004 2.5 (10.4) .012 3.3 (10.0) .001 3.9 (11.0) .001

    Exercise −2.1 (20.9) .287 −10.8 (17.3) .647 2.0 (21.5) .345 3.5 (18.7) .062

Outcome Expectations

    Calcium
b 1.4 (2.9) < .001 1.6 (3.2) < .001 1.2 (2.9) < .001 1.6 (3.0) < .001

    Exercise
b 0.6 (6.3) .343 1.1 (6.3) .071 2.4 (7.0) < .001 2.2 (7.1) .003

Behavior

    Calcium
c 154.2 (578.0) .005 168.5 (640.3) .006 −7.6 (677.5) .913 13.3 (615.0) .832

    Exercise −100.6 (1354.6) .457 −55.6 (1341.7) .672 73.0 (699.5) .318 120.2 (630.5) .072

* Web-based learning self-efficacy outcome was not included in this table because the data were collected at two points only; BL - Baseline; FU – 
3-month follow-up

a
None of the Treatment × Time interactions approached statistical significance

b
Time main effect, p < .001

c
Time main effect, p = .026.
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