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Abstract

The main aim is to examine whether patients’
viewing time on information about colorectal
cancer (CRC) screening before a primary care
physician (PCP) visit is associated with discussion
of screening options during the visit. We ana-
lyzed data from a multi-center randomized con-
trolled trial of a tailored interactive multimedia
computer program (IMCP) to activate patients
to undergo CRC screening, deployed in primary
care offices immediately before a visit. We em-
ployed usage time information stored in the
IMCP to examine the association of patient
time spent using the program with patient-
reported discussion of screening during the
visit, adjusting for previous CRC screening rec-
ommendation and reading speed.

On average, patients spent 33 minutes on the
program. In adjusted analyses, 30 minutes spent
using the program was associated with a 41%
increase in the odds of the patient having a dis-
cussion with their PCP (1.04, 1.59, 95% CI).In a
separate analysis of the tailoring modules; the
modules encouraging adherence to the tailored
screening recommendation and discussion with
the patient’s PCP yielded significant results.
Other predictors of screening discussion
included better self-reported physical health
and increased patient activation. Time spent on

the program predicted greater patient-physician
discussion of screening during a linked visit.

Usage time information gathered automatic-
ally by IMCPs offers promise for objectively as-
sessing patient engagement around a topic and
predicting likelihood of discussion between pa-
tients and their clinician.

Introduction

Colorectal cancer (CRC) screening reduces death
from CRC and can potentially decrease the inci-
dence of disease through detection of pre-malignant
polyps [1]. However, CRC screening is underuti-
lized in the United States, indicating the need for
interventions that can increase CRC screening [2, 3].

Patient-primary care provider (PCP) discussion
and recommendation of screening are particularly
strong predictors of eventual CRC screening [4-6].
Thus, one approach to improving screening is to
foster patient and PCP CRC screening discussion
during visits.

Evidence indicates that patient-focused tailored
interactive multimedia computer programs (IMCPs)
encourage the discussion of CRC screening during
office visits [7-11]. To our knowledge, no studies
have measured the direct effect of time on task
devoted to an IMCP on patient-PCP discussion.
The goal of our study was to estimate the effect of
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time on task using a tailored intervention to predict
the likelihood of CRC screening discussion in the
PCP visit.

We conducted analyses using data from a rando-
mized controlled trial of a tailored IMCP, aimed at
influencing CRC screening-related outcomes in pri-
mary care [12]. The IMCP was based on the theor-
etical underpinnings of the Health Belief Model
(HBM) and the Theory of Reasoned Action
(TRA). In tandem the HBM and TRA postulate per-
ceived susceptibility and the perceived benefit of
screening in general will be associated with greater
motivation to learn more about screening options
[9], and thus greater time on task. Morever, time
on task may be a useful implicit marker for patient
interest in CRC screening.

In the current analyses, we examined whether
total time spent viewing the tailored CRC screen-
ing program predicted subsequent patient-
reported discussion with their PCP regarding
CRC screening.

Methods

Setting and participants

Participants aged 50-75 years were recruited
from five primary health care sites throughout
the United States: Rochester, NY (3 health cen-
ters), Bronx, NY (1 health center), Sacramento,
CA (10 offices), San Antonio, TX (2 health cen-
ters and 2 offices) and Colorado (1 site near
Denver, 7 in a system 200 miles southwest of
Denver). Participants were deemed eligible if
they were not up to date for CRC screening
based on U.S. Preventive Services Task Force
[13] and American Cancer Society recommenda-
tions: no fecal occult blood testing within the
prior year and no flexible sigmoidoscopy within
5 years and no colonoscopy within 10 years [14]
Determination for eligibility was based on review
of electronic medical records or paper medical
charts. Additional eligibility criteria, assessed
via telephone, included the ability to read and
speak either English or Spanish, and willingness
to use a touchscreen computer.

Procedures and content

The procedures have been described in detail [7].
Participants were asked to arrive 60 minutes prior to
their scheduled routine medical appointment (i.e.
these visits were not specifically dedicated to screen-
ing or preventive care). A research assistant (RA)
greeted potential participants in the waiting room at
their doctor’s office to obtain informed consent and
provided them with access to the study touchscreen
computer. The research assistant logged onto the
computer program using a unique identification
code and provided the patient with a brief overview
on how to navigate the computer program using the
touchscreen. Next, participants spent time completing
a baseline electronic questionnaire, which included
questions about socio-psychological factors that
have been shown in prior research to predict CRC
screening (e.g., screening preferences, self-efficacy,
readiness and perceived barriers) [15]. Next, for pa-
tients randomly assigned to the experimental arm, the
computer program offered CRC screening informa-
tion that was tailored to their responses to the socio-
psychological questionnaire items [12]. By contrast,
for patients randomly assigned to the control arm, the
program presented non-tailored CRC screening infor-
mation developed by the National Cancer Institute.
After completing the pre-visit, participants proceeded
with their scheduled doctor appointments and re-
turned to the RA in the waiting room. Using the
same unique patient identification number employed
pre-visit, the RA then logged them into the post-visit
questionnaire with items assessing post-visit status of
the socio-psychological factors and whether or not
they had discussed CRC screening during the visit.
Of the 595 participants randomly assigned to the
intervention [8]. About 407 participants had complete
data on all covariates and were included in our final
model. Institutional Review Board approval was ob-
tained from all study performance sites.

Measures

Time
While the RA was available to provide assistance if
needed; the participant controlled the computer
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program. When participants were ready to advance
to the next screen, they touched the ‘next’ icon at the
bottom of the screen. The time of day (recorded in
seconds) when the patient advanced each of the
screens were recorded automatically in a program
back-end database. Duration of total time was cal-
culated based on the difference (seconds) in the pro-
gram section entry and exit timestamp points. In
addition, to assessing total time spent viewing the
program, we assessed the duration of time the pa-
tient spent on the personally tailored modules that
specifically addressed CRC screening. Time spent
on personally tailored modules was based on the
time spent on program sections that attempted to
(1) bolster CRC screening knowledge, (2) bolster
knowledge regarding potential risks to screening
and inconveniences of FOBT or colonoscopy, (3)
provide the patient with a personally tailored CRC
screening recommendation, (4) encourage the pa-
tient to adhere to the screening recommendation,
and (5) encourage the patient to engage in a discus-
sion with their PCP regarding their tailored screen-
ing recommendation [12].

The amount of time the patient spent answering
questions in the demographic section (such as race,
age, ethnicity, and income) of the program was sub-
tracted from the total time spent on the program. The
difference was then included in the final model to
account for differences in reading speed.

Demographics

Socio-demographic characteristics included age
(years), sex (male; female), software use language
(Spanish or English), race/ethnicity (Hispanic;
Black; White; Other race), education level (less
than high school; high school graduate; some
college; or college graduate or more) and income
(<$10000, $10000 to $14999; $15000 to
$24999; $25 000 to $50 000; >$50 000).

Health

Health measures included the SF-12 Mental and
Physical Component Summary scores with a pos-
sible range 0-100 and a higher score is equated to a
better mental or physical health (Cronbach’s alpha

= 0.91) [16] We measured health literacy using re-
sponses to the question [17], ‘How often do you
need to have someone help you when you read in-
structions, pamphlets or other written material from
your doctor or pharmacy?’ Answers ranged from
1 =never to 5 = always.

Patient attitudinal characteristics included screen-
ing confidence (undergo screening versus not), prior
screening recommendation from their provider, and
the patient’s level of activation, assessed using the
13-item  Patient  Activation Measure(PAM)
(Cronbach’s alpha= 0.90) [18]. Five Factor Model
personality factors (agreeableness, conscientious-
ness, extraversion, neuroticism, and openness)
were measured using the Big Five Inventory [19,
20](factor scores ranges 1-5, higher scores = higher
standing on the factor) (Cronbach’s alpha = 0.90).

We assessed CRC discussion based on the partici-
pant’s self-report immediately after their wvisit.
Specifically, the post-visit survey asked participants
if ‘During the visit you just had with your provider,
did you talk about colon cancer screening with your
provider?’ (1 =yes, 0=no).

Analyses

We used a logistic regression of CRC discussion on
the time variables, controlling for confounding fac-
tors and significant predictors. The confounding fac-
tors were time spent on the demographic section and
previous CRC screening recommendation. The
other predictors were identified using a stepwise
elimination procedure: which included all variables
listed in Table I with a univariate P values < 0.40.
Categorical variables were compared using Chi-
square test and continuous variables by Student’s ¢
test. Variables with a P values <0.05 were included
in the final model. To aid in the interpretation of any
changes in probability of patient-provider discus-
sion, we calculated the marginal effects using the
estimates from the final multivariable model.
Similar to the preceding analysis, we assessed
whether time spent viewing the personally tailored
modules was related to discussion of CRC screening
using logistic regression. The analyses were ad-
justed for time spent on each module, time spent
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Table 1. Description of study sample by discussion outcome

CRC screening
discussion

Yes No
(n = 345) (n = 240) P values

Total time (minutes) 34 (21) (33) (23) 0.58
(mean) (std)
Demographic section 2 2 0.06
time (min) (mean)
Age, (mean) (years) 57 58 0.14
Confidence to screen 4 4 0.01
(range 1-5) (mean)
Prior CRC screening 49% 40% 0.03
recommendation
Female 63% 69% 0.13
Black 27% 22% 0.17
White 24% 17% 0.05
Other 4% 5% 0.89
No. years with PCP (mean) 3 3 0.36
No health insurance coverage 17% 24% 0.05
Hispanic 45% 57% 0.01
Low health literacy 12% 19% 0.04
Education 0.00
Less than HS 15% 22%
HS graduate/GED 25% 21%
Some College 25% 16%
College graduate or < 20% 16%
Personality Factor Scores
(range 1-5) (mean)
Extraversion 33 32 0.56
Agreeableness 3.9 3.9 0.07
Conscientiousness 3.7 3.8 0.63
Neuroticism 2.8 2.7 0.06
Openness 3.6 3.5 0.47
Patient Activation Score 56.68 54.71 0.25
(pre-visit) (range 1-100)
(mean)
Never use computers 32% 42% 0.02
Prefer not to screen 7% 9% 0.33
SE-12 physical 42.90 41.10 0.11
SF-12 mental 44.60 46.80 0.05
Participant enrollment site 0.00
Bronx, NY 19% 32%
Denver, CO 15% 17%
San Antonio, TX 14% 20%
Rochester, NY 24% 17%
Sacramento, CA 28% 15%

P values are for comparison between groups (chi-squared test
for categorical variables, ¢ fest for continuous variables.
“Mean time spent on program overall was 33 min (std 22 min).

on the demographic section, mental and physical
component score, patient activation, health literacy,
and prior CRC screening recommendation.

Post model specification testing denoted our
models were properly fit. Data were analyzed
using STATA version 12.1 (Copyright © 1985-
2011 by StataCorp LP., College Station, TX, USA).

Results

Fifty-nine percent of the participants discussed CRC
screening options during their visit with their pro-
vider. Sociodemographic and other characteristics
of the participants are presented in Table 1. The
mean total time spent on the program was
34 minutes among those who discussed CRC
screening with their PCP and 33 minutes among
those who did not. Compared with participants
who did not discuss CRC screening during the
visit, those who did were more likely to have a
prior screening recommendation from their PCP,
had higher patient activation, and better self-re-
ported health.

In adjusted analyses, 30 minutes spent using the
program was associated with a 41% increase in the
odds of the patient having a discussion with their
PCP (1.04, 1.59, 95% CI). Other predictors of
CRC screening discussion included better physical
health and greater patient activation. An increase in
better health was associated with a 2% increased
odds of screening discussion (1.004, 1.04 95% CI).
Whereas, an increase in patient activation was
related to a 2% increase in the odds of discussion
(1.003, 1.04, 95% CI). Participants who indicated
their PCP had previously recommended they get
CRC screening had 61% greater odds of having a
discussion during their visit compared to those who
had not received a previous recommendation (95%
CI 1.04, 2.49) (Table II).

Figure 1 shows the predicted probability of CRC
screening discussion associated with total time spent
on the program. Those who used the program for at
least the mean time (34 minutes) were at 7%
increased probability of discussion compared to
the baseline probability of 0.50. The difference in
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probability between using the program twenty mi-
nutes greater than the mean total time (0.62) and
twenty minutes less than the mean total time
(0.53) spent on the program results in a 0.09 increase
in the predicted probability of patient-provider CRC
screening discussion.

Regarding the analyses for specific tailored pro-
gram modules, a one minute increase in the time

Table II. Logistic regression results of CRC screening discus-
sion on total time spent on the program and other covariates

Odds
Ratio P > z [95% Conf. Interval]

Total time (30 min) 141 0.02 1.06 1.89

Demographic section 1.00 0.16 1.00 1.00
time (min)

Patient activation score 1.02 0.02 1.00 1.04

Low health literacy 0.76  0.00  0.64 091

Prior CRC screening 1.61 0.03 1.04 2.49
recommendation

SF-12 physical 1.02 0.02 1.00 1.04

SF-12 mental 097 0.01 095 0.99

spent on the module that encouraged discussion of
the personally tailored screening recommendation
during the office visit was associated with an
206% increase in the adjusted odds of discussion
(1.42, 6.56, 95% CI). An additional minute of time
spent on the module that encouraged adherence to
the personally tailored screening recommendation
was associated with a 16% increase in the odds of
discussion (1.02, 1.32, 95% CI). For the remaining
specific tailored modules, viewing time was not sig-
nificantly associated with CRC screening discussion
(Table III).

Discussion

In our study, participants who spent more time using
the program were more likely to report they had
discussed CRC screening with their physician [15,
21-24]. Moreover, time using modules 4 (encourage
adherence to the personally tailored screening
option) and module 5 (encouraging subsequent dis-
cussion of the recommendation with PCP) of the

PREDICTED PROBABILITY OF CRC SCREENING DISCUSSION

0.70

0.60

.50

M?
0.50

M

0.10

0.00

02 4 6 81012141618202224262830323436384042 4446485052 54565860
Total Minutes Spent Using The Program

Fig. 1. Marginal probability of discussion per 2-min interval.
Note: Mean Time Spent on the Program = 34 min.

559


Deleted Text: 4.1 d
Deleted Text: 4.1 DISCUSSION
Deleted Text: .
Deleted Text: 16

M. Sanders et al.

Table III. Logistic regression results of CRC screening dis-
cussion on time spent per personally tailored module and other
covariates

Odds
Tailored module ratio  95% CI
MI1. Attempt to bolster CRC 1.07 097 1.18
Screening Knowledge
M2. Attempt to bolster CRC 1.05 098 1.11
Screening Risks
M3. Personally tailored CRC 140 090 2.17

Screening recommendation

M4. Encourage adherence to personally 1.16  1.02 1.32
tailored screening recommendation

MS5. Encourage discussion of personally 3.06 142 6.56
tailored screening
recommendation with PCP

“Adjusted using all covariates in Table II except total time.
"MI-M5 are the five personally tailored modules of the
program.

tailored information were associated with a greater
likelihood of patient-provider discussion. These
findings were statistically significant and provide
evidence for the hypothesis that time spent viewing
the program including specific modules predicts
subsequent CRC screening discussion. To our
knowledge, the relationship between the time a pa-
tient spends on a pre-office visit tailored intervention
and its immediate association with patient-PCP
communication during the visit regarding the
health issue addressed in the tailored intervention
has not been previously examined.

Our finding that most participants who reported
discussing CRC screening with their provider spent
more time on some of the tailored modules of the
program, suggests that tailoring helped facilitate pa-
tient-provider communication. Possibly, the tailored
information was most salient and influential in
prompting participants to engage their providers in
this discussion. However, we also found that prior
recommendation to be screened was associated with
screening discussion. Therefore, we cannot exclude
the possibility that participants with greater predis-
position to CRC screening spent more time viewing
tailored information. In other words, we do not
know whether time spent on tailored screens af-
fected participants’ level of interest or simply

represents an implicit marker of pre-disposed inter-
est. Future research is needed to confirm the causal
nature of this association. We found that the mar-
ginal probability of participants engaging in CRC
screening discussion with their provider was im-
proved with increased use time. Therefore, it may
be reasonable that programs such as these can be
utilized while participants are waiting to be seen.
Especially, in the case of open-access clinics
where patient wait times are much less predictable.

The success of computerized tailored interven-
tions may depend in large partly on the users’
level of interest in the focus health topic(s) [25].
However, the optimal approach to measuring patient
interest in tailored materials addressing CRC
screening and other health topics is unclear.
Questionnaires asking about interest in a health
topic may be useful, but a drawback is that respond-
ents may exaggerate their level of interest, due to
social desirability bias [26]. Alternatively, informa-
tion regarding the time users spend viewing differ-
ent sections of a tailored IMCP, captured
automatically by the programs, may offer an impli-
cit, objective measure of patient interest in the focus
health topic(s), will less likely to be affected by
social desirability bias [27-29].

A strength of our study is that, to our knowledge,
it is the first study to examine the relationship be-
tween time on task for a tailored intervention and
patient—physician discussion. Our findings will help
future studies with the development of interventions
to make better use of tailored information based on
patient-driven interest (using time on task as a
proxy). In addition, our study includes a sample
drawn from large metropolitan areas in three of
the four major United States geographic regions.

Limitations

One limitation to our study is that the CRC discus-
sion variable was based on patient self-report, with-
out independent verification. However, patient
report of counseling has shown moderate sensitivity
and high specificity compared to direct observation
[30, 31]. We also cannot exclude the fact that CRC
screening may not have been clinically appropriate
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to discuss at the time of the visit for some of the
participants. Moreover, while we were able to gauge
patient time spent on the computer program we were
not be able to discern if they were actually actively
engaged with the program content as they were
using it. Competing priorities by the patient or the
clinician may have crowded out time for discussion
[32, 33]. Unobserved indicators such as reason for
the PCP visit were not captured in our study.
Additionally, we were unable to differentiate the
effect that the order and content of the information
may have had. The sequencing of the information
during the program may have had an effect on our
outcomes of interest. This may be reflected in the
fact that of the five tailored modules, only the last
two modules in the tailored portion of the program
were found to be statistically significant. Future stu-
dies will need to be done in order to understand
possible information placement effects of the
intervention.

Conclusion

Our findings support the claim that more time spent
on tailored, interactive computer programs designed
to promote CRC screening leads to a greater likeli-
hood of patient-physician discussion. However,
additional research to address limitations and sub-
stantiate this claim is warranted.

Practice implications

Usage time information gathered automatically by
IMCPs offers promise for objectively assessing pa-
tient engagement around a topic and predicting like-
lihood of discussion between patients and their
clinician.
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