
B. Collections of Information Employing Statistical Methods

1. Universe and Sampling Method

The colorectal cancer screening intervention will be conducted in two large managed 
care organizations, Henry Ford Health System (HFHS) and Lovelace Health Systems 
(LHS), selected for diversity of the patient population, including socio-economic status 
and urbanicity.  After matching (or blocking) on baseline CRC screening rate, primary 
care clinics from LHS and HFHS will be randomly assigned to the following study arms:

1. Clinic-focused intervention alone
2. Combined clinic- and patient-focused intervention
3. No intervention control group

An Augmented Youden Squares design will be used in randomizing clinics to the 
study conditions.49  This design allows one to match study units in block sizes smaller 
than the number of study conditions.  This is particularly useful in studies where it is 
difficult to block sufficient numbers of study units due to substantial variation in the 
blocking variables.  As applied in this study, we will match study clinics in blocks of 
three and thereby provide structure for control of clinic variation.  We will apply this 
design with seven rows in blocks of three to assign 21 clinics to the three study 
conditions.  Blocking will be done on baseline CRC screening rate or other control 
measures with statistical adjustment made for the blocking measures during the analysis.  
Youden Squares design has been broadly applied for the last half century to randomized 
control trials in human & animal clinical trials and in program evaluation.50-52 

HFHS has 21 primary care clinics and LHS has 10 primary care clinics that are 
available to be selected and assigned to the study conditions. A conservative estimate (see
section B.2) indicated that a total of 19.3 clinics would be sufficient power.  Thus, 20 will
be sufficient to evaluate a single arm intervention effect against the control condition.  
We plan to include 21 clinics to assign 7 clinics to each study arm and to ensure 
sufficient power in the unlikely event of loss of a clinic to the study (though we 
conservatively have already discounted the numbers of patient surveys per clinic).

Site visits by CDC and Battelle investigators to HFHS and LHS found strong support 
for participation in the study.  The research directors at HFHS and LHS obtained support 
and approval for the study from the medical directors at each MCO and assurance of 
MCO participation.  Additionally, meetings with clinicians and clinic support staff at 
multiple clinics demonstrated strong interest in CRC screening and commitment to 
participate in a randomized control study.  Clinicians and support staff also indicated 
strong interest in the opportunity to participate in the clinic-focused training sessions and 
to obtain continuing education (CE) credit.

The intervention evaluation will use a pre-post design with a control group, with 
survey data collected from primary care clinicians and support staff at each clinic, and 

1



from patients who receive their health care from each clinic.  Table B.1A1 summarizes 
the universe and samples for the clinician, clinic support staff, and patient surveys.  
Below we describe the sampling methods and sample sizes for clinicians, clinic support 
staff, and patients.

Table B.1A-1. Estimated Size of Respondent Universe and Proposed Study Sample

Type of Study
Participant

Number of
Entities in 
Universe

Pre-Intervention 
Survey Sample 
Size (response rate)

Post-Intervention 
Survey Cohort Size
(response rate)

Additional Post-
Intervention Survey 
Sample Size 
(response rate) 2

Clinicians in each of 21 
clinics (Mean)

7.4 n/a 6.7 (90%) 1 n/a

Total clinicians 155 n/a 140 (90%) 1 n/a

Clinic support staff in 
each of  21 clinics (Mean)

7.4 n/a 6.7 (90%) 1 n/a

Total clinic support staff 155 n/a 140 (90%) 1 n/a

Eligible patients in each 
of 21 clinics (Mean)

1578 3 225 (70%) 66.1 (70%) 158.9 (70%)

Total eligible patients 33,138 4,725 (70%) 1,388 (70%) 3,337 (70%)

1 Up to 10% attrition and replacement of clinicians and support staff is expected.  
2 An additional post-intervention sample is planned for patients.
3 Eligible patient populations range from 800-3000 with a mean of 1578 eligible patients per clinic.

Clinician and Clinic Support Staff Survey Sample

All clinicians and clinic support staff in the 21 study clinics will be asked to 
complete a post-intervention survey one year after the implementation of the intervention.

The universe of clinicians and clinic support staff will be included, rather than a 
sample, for several reasons.  First, patient survey and MCO electronic data will be used to
compute CRC screening rates for each clinician.  Second, utilizing the universe, rather 
than a sample, facilitates MCO-clinician communication and coordination (e.g., 
documents can be sent to the clinic instead of to individually-participating clinicians).  
Third, if a sample were to be used, clinicians will question why some receive the survey 
and some do not, particularly in the intervention clinics where all clinicians attend the 
provider training sessions.  Fourth, the numbers of clinicians and clinic support staff are 
relatively small, so there would be little savings in cost or burden from drawing a only a 
sample of the clinicians and clinic support staff.

Approximately 155 clinicians practice in the 21 study clinics, and all of them will 
be asked to complete the post-intervention surveys.  At least 140 (90%) are expected to 
complete the post-intervention survey (mean of 6.7 per clinic).  
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Patient Survey Sample

Patient eligibility for participation in the pre- and post-intervention surveys is as follows:

1. Patient pre-intervention (baseline) survey: Active patients age 50-80 in each of 
the study clinics, identified based on having visited the clinic for any reason 
within the previous year.

2. Patient post-intervention (follow-up) survey: Average-risk patients aged 50-80 
years, seen by primary care physicians for a non-acute ambulatory care visit 
during the 12 months after intervention implementation, and due for CRC 
screening.  “Due for CRC screening” will use NCQA guidelines and will be 
defined as having no record of any of the following screening tests:
- no record of FOBT in the past year,
- no record of flexible sigmoidoscopy in the past 5 years,
- no record of colonoscopy in the past 10 years, and 
- no record of double contrast barium enema in the past 5 years

The pre-intervention patient survey will be administered to a sample of eligible 
patients approximately two months prior to implementation of the intervention.  The 
post-intervention survey will be administered to samples of eligible patients on a 
quarterly basis during the year after initiation of the intervention.

A patient cohort with pre-intervention and post-intervention data from each 
respondent is not feasible for the following reasons.  A survey respondent size of at least 
150 patients per clinic is required to detect a CRC screening rate difference between 
study arms of approximately 8.5% (See “Sample Size and Power” in Section B.2).  The 
pre-intervention patient survey will be conducted with a random sample of active patients
(defined as having visited the clinic within the previous year) aged 50 to 80.  About 70% 
of these baseline survey patients are expected to remain enrolled in the MCOs during the 
intervention year, and 60% of these are expected to visit the clinic for a non-acute 
ambulatory care visit during the year following intervention initiation.  Thus, after also 
accounting for 70% survey response rate, a sample of 730 patients per clinic would be 
required at baseline in order to achieve a cohort of at least 150 respondents per clinic at 
follow-up.  This sample size would be prohibitive.

Clearly, a patient cohort with all patients completing both pre- and post-
intervention surveys is not feasible.  Therefore, our power analysis on the primary 
outcome (patient CRC screening self-reported behavior) and secondary outcomes 
(discussing CRC screening and scheduling CRC screening), conservatively assumes 
independent patient samples for the pre- and post-intervention patient surveys.  The 
power analysis determined that a respondent size of 150 patients per clinic for each 
survey will be sufficient.  Assuming 70% response, sample sizes of 225 patients per 
clinic will yield an average of 157.5 respondents per clinic and will provide sufficient 
power for detecting the dichotomous primary and secondary outcomes.
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For analysis of the intermediate patient survey measures (e.g., attitudes, beliefs, 
opinions, perceived support), a sub-sample of approximately 40 patients per clinic with 
both pre- and post-intervention survey data (i.e., cohort) will be sufficient (See Section 
B.2).  Since it is expected that some patients who participate in the pre-intervention 
survey will visit the clinic for a non-acute ambulatory care visit during the intervention 
year and will therefore be eligible to participate in the post-intervention survey, such a 
sub-sample can be obtained.  In order to obtain this sub-sample, while still surveying at 
least 150 patients on the post-intervention survey (needed for the primary and secondary 
behavioral outcomes), we propose to use an “open cohort” sampling design. 

This “open cohort” patient survey design will be carried out as follows.  A sample
of 4,725 active patients due for CRC screening (225 in each clinic) will be selected for 
the pre-intervention patient survey, with 3,308 (70%) respondents (mean of 157.5 per 
clinic).  Based on the above rates of continuous enrollment (70%) and non-acute 
ambulatory care visits (60%), it is expected that 1,388 respondents to the pre-intervention
survey (mean of 66.1 per clinic) will have a non-acute ambulatory care visit during the 
following year.  All of these patients will be selected for the post-intervention survey.  In 
order to survey a total of 4,725 patients with the post-intervention survey (i.e. the same as
for the pre-intervention survey), an additional sample of 3,337 patients (mean of 158.9 
per clinic) due for CRC screening, who visit for non-acute ambulatory care during the 
year after implementation of the intervention (and are not part of the cohort), will be 
selected for the post-intervention patient survey.  Thus, a total of 4,725 patients (225 per 
clinic) will be selected to receive the post-intervention survey, of whom 1,388 (mean of 
66.1 per clinic) will have also completed the pre-intervention survey.  Based on a 
response rate of 70%, it is expected that this will result in 3,308 post-intervention survey 
respondents (mean of 157.5 per clinic); 972 respondents (mean of 46.3 per clinic) will 
have also completed the pre-intervention survey, and 2,335 respondents (mean of 111.2 
per clinic) will have completed only the post-intervention survey.

In sum, the average of 157.5 patient post-intervention survey respondents per clinic 
will be of sufficient size to detect meaningful differences in the primary and secondary 
outcomes of self-reported CRC screening behaviors.  The average cohort sub-sample of 
46.3 respondents per clinic (participating in pre- and post-intervention surveys) will be 
sufficient to assess the intervention effect on intermediate outcomes (e.g., attitudes, 
beliefs, opinions).  Table B.1A1 shows the study participant universe and sample sizes, 
and Table B.1C presents the total number of respondents expected for each survey 
sample.
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Table B.1C. Estimated Number of Respondents

Type of Study Participant
Pre-Intervention 
Survey Respondents

Post-Intervention 
Survey Cohort 
Respondents

Additional Post-
Intervention Survey 
Sample Respondents 1

Clinicians in each of 21 clinics (Mean) n/a 6.7 n/a

Total clinicians n/a 140 n/a

Clinic support staff in each of 21 clinics 
(Mean)

n/a 6.7 n/a

Total clinic support staff n/a 140 n/a

Patients in each of 21clinics (Mean) 157.5 46.3 111.2

Total patients 3,308 972 2,335

1 An additional post-intervention sample is planned for patients.

2. Procedures for the Collection of Information 

This section describes (1) an overview of the intervention implementation and 
evaluation survey methods, (2) determination of sample size and the power that is 
expected for statistical tests of hypotheses, (3) survey collection procedures for clinicians 
and clinic support staff, and (4) survey collection procedures for patients. 

Overview of Intervention Implementation and Evaluation Surveys

1. Pre-Intervention Surveys

The pre-intervention surveys will be carried out in order to obtain baseline 
measures of primary and secondary behavioral outcomes and intermediate outcomes 
among patients in the 21 primary care clinics to be included in this study.  Additionally, 
electronic record data from each MCO will be obtained and used to compute baseline 
CRC screening rates and to validate clinician and patient self-report of CRC screening 
(primary outcome).  Next, the 21 primary care clinics will be matched (blocked) on 
baseline CRC screening rate and assigned to the study conditions as described in Section 
B.2.

2. Intervention Implementation

The study will next implement the clinic-only or the combined patient- and clinic-
focused interventions depending upon study arm randomization.  The patient-focused 
intervention includes the mailing of CRC education packets to patients, with a letter 
signed by the primary care physician or MCO Medical Director.  The clinic-focused 
intervention includes provider training for clinicians and clinic support staff, focusing on 
both person-level skills building and systems-level office changes (e.g., reminder 
systems).  The intervention will be carried out for one year.
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CRC education packets, based upon previously developed CDC CRC patient 
education materials, have been adapted for each MCO site.  The patient CRC intervention
packet is presented in Attachment 8.  These CRC packets will be mailed to average-risk 
patients aged 50-80 years who are due for CRC screening (based on electronic records) 
and who schedule a non-acute ambulatory care visit in clinics assigned to the patient-
focused intervention.  An explanatory and motivating letter signed by the patient’s 
primary care physician or the MCO Medical Director will be included with each packet.  
The packets will be mailed approximately 1 week before the medical appointment.

The clinics randomized to the combined intervention will be informed of the 
salient aspects of their study arm assignment.  Clinicians and clinic staff in these clinics 
will be informed of the mailings so that they will be prepared to take incoming calls from
patients who have received the patient education materials and prepared to answer patient
questions when patients come for their appointments.  Clinicians and clinic staff – as part 
of this preparation – will be given copies of the patient intervention materials.  In 
addition, the CDC has developed FOBT kit instructions that are easier to understand and 
of a larger font than those included with FOBT kits by the kit-manufacturers.  These 
instructions have been further adapted by the MCOs for their setting.  These improved 
instruction sheets will be provided to the patient-focused intervention clinics so that they 
can be handed out with FOBT kits. 

Clinics that are randomized to the clinic-focused intervention and the combined 
intervention will be informed of salient details regarding their respective study arm 
assignments.  The clinicians and clinic staff in each of these clinics will then be 
scheduled for training sessions.  The provider trainings, specifically targeting clinicians 
and clinical staff, will be conducted in two separate sessions of approximately 3 hours 
total duration.  The two sessions will be scheduled to accommodate the clinic schedule, 
but will be held with no more than 30 days between them.

Attachment 7 presents a summary of the curriculum training modules and their 
objectives, and the curriculum presentations.  The curriculum and materials used for the 
provider training (e.g., training curriculum and handouts) have been reviewed by 
clinicians and clinic staff at each participating MCO, and their comments and 
recommendations were incorporated in finalizing the curriculum.  Clinicians and clinic 
staff will receive the complete curriculum with presentations and resources (handouts) in 
hard copy form.  Modules will be presented by peers at all clinics assigned to the clinic-
focused intervention, and participants will receive CE credit.  The patient education 
materials (used in the patient-focused intervention packets) will be given to the clinicians 
and clinic staff in the training sessions, as potential tools they can use to initiate 
conversations and discuss CRC screening with patients.  The improved FOBT instruction
sheets will also be provided for clinicians to hand out with FOBT kits to patients.

3. Post-Intervention Surveys

The post-intervention clinician and clinic staff surveys will be conducted one year
after initiation of the intervention.  The post-intervention patient survey will be 
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administered to patients who are due for CRC screening (based on electronic records) and
visit the study clinics for a non-acute ambulatory care visit during the one-year period 
after intervention initiation.  Patient surveys will be conducted quarterly in order to 
ensure that patients do not complete the survey more than three to four months after their 
medical visit.  They will also be scheduled so that patients do not receive the survey 
earlier than one month after their medical visit to allow sufficient time to schedule an 
endoscopic appointment.  

 Sample Size and Power

The following describes the calculation of sample size requirements for this evaluation 
study using the Dunlap-Kennedy Rule.53  The primary assumption is that interest is in 
detecting a 0.085 change in CRC screening (by any of the recommended modalities), 
from a nominal 0.30 baseline, using an α=0.05 two-tailed comparison between an 
experimental and the control condition with (1-β) power at least 0.80.1

The number of primary care clinics required was based on the following calculations with
the assumption that random samples of N=150 patients are surveyed at each clinic in 
estimation of the Overall Screening Rates (conservative as N>157 are expected per 
clinic).2

1. No-Intervention single clinic variance for 0.3 rate CRC screening with medical visit 
(after exclusions) 
≈ (0.3)(1-0.3)/150 and Variance of difference with baseline year (0.3) Rate would be
≈ (0.3)(1-0.3)/75 ≈ 0.002803

2. Intervention single clinic variance for (0.30+0.08 =0.38) rate CRC screening with 
medical visit (after exclusions) 
≈ (0.385)(1-0.385)/150 and Variance of difference from baseline year (0.3) Rate 
would be
≈ [(0.385)(1-0.385)/150 + (0.3)(1-0.3)/150] ≈ 0.00298

1 This would correspond to using a directional (one-tailed) test with α=0.025 with corresponding power
2 See Table 8.
3 HFHS and LHS, provided unpublished data that supported the 0.30 rate.
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Thus, the variance of an average of K no-intervention clinics would be 0.00280/K and the
variance of K independent intervention clinics would be 0.00298/K.  Hence for difference
of K-sample means Z= (0.085)/SQRT[(0.00298+0.00280)/K] =2.0.  This implies that 
K ≈ 3.22.  Applying the Dunlap Kennedy Rule,52 then the required sample size would be 
double this, so K ≈ 6.44 would on average be required for the three conditions, for a total 
of 19.3 clinics.  Thus, 20 will be sufficient to evaluate a single arm intervention effect 
against the control condition.  We plan to include 21 clinics to assign 7 clinics to each 
study arm and to ensure sufficient power in the unlikely event of loss of a clinic to the 
study (though we conservatively have already discounted the numbers of patient surveys 
per clinic).

Below we describe the determination of sample-size requirements for numbers of 
patients, clinicians, and staff in each clinic in order to detect differences of interest with 
adequate levels of statistical power.  As will be seen, this is considered separately for 
three main outcome categories as the data source and analytic design differ: 1) 
Dichotomous patient primary and secondary behavioral outcome measures; 2) Patient 
intermediate outcomes measures; and 3) Clinician and clinic support staff primary and 
secondary behavioral outcome measures, and intermediate outcome measures.

Patient Primary and Secondary Behavioral Dichotomous Outcome Measures

Post-intervention patient survey data – on whether the patient received each screening 
test – will be used for these analyses, after validating against MCO electronic records.  
Dichotomous secondary outcomes measured in the patient survey (e.g., discussion of 
CRC screening, appointment scheduled for colonoscopy, etc.) also will be part of these 
analyses.  The sample size requirements calculation assumed a cross-sectional design, 
comparing post-intervention data of patients in any two study arms.  HFHS and LHS, it is
noteworthy, provided unpublished data that indicate the following current annual 
screening rates:

1. 0.12 for patients screened with FOBT in the past year; 
2. 0.05 for patients screened with flexible sigmoidoscopy in the past year (the lower 

flexible sigmoidoscopy rate reflects a recommended screening interval of 3-5 
years);

3. 0.30 for any of the recommended screening modalities in the past year.

The sample size requirement for FOBT screening was calculated to detect a difference 
between 0.12 in the control arm and 0.18 in any of the intervention arms: an increase in 
screening of 0.06.  For flexible sigmoidoscopy, the sample size was calculated to detect a 
difference between 0.05 in the control arm and 0.085 in any of the intervention arms: an 
increase in screening of 0.035.  Here we provide the assessment of the sample size 
required for the flexible sigmoidoscopy effect since it is the more conservative test.  The 
following heuristic formula26 was used to calculate respondent size per clinic (N) to 
detect the above 0.035 flexible sigmoidoscopy difference for a 2-tailed test, with alpha = 
0.05 and power ≥ 80%:

(N/2)= 4[P1(1- P1) + P2(1-P2)]/[(P2-P1)2K] [Eq. 1]
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where P2 and P1 are the respective flexible sigmoidoscopy target (0.085) and current rates 
(0.05) in overall screening on an annual basis.  Using the above heuristic method with K 
≈ 6.75, the number of post-intervention survey respondents estimated to be required per 
clinic is N =122 for the 0.035 difference in target and current rates (P2-P1).  However, as 
seen in our various sensitivity analyses, sample size is somewhat sensitive to changes in 
assumed rates (e.g., N = 159 for a difference of 0.030), which argues for maintaining our 
target number of patients per clinic of N =150.  This number, it is noteworthy, is also 
more than adequate for FOBT.  It should be noted that we intend to capture the baseline 
screening rates at each of the individual clinics and explore their utility as covariates in 
the respective analyses.  This, of course, is expected to significantly increase power 
beyond the nominal 0.80; albeit the extent remains to be determined.  Adjusting for 
response rate, the required post-intervention patient survey sample size per clinic is thus 
225 (total = 4,725 patients).

Patient Intermediate Outcome Measures

A pre- and post-intervention cohort design will compare differential changes in patient 
intermediate outcomes (e.g., attitudes, beliefs, opinions).  Difference scores between pre- 
and post-intervention survey measures will be computed for each patient, and – for 
purposes of our power calculations – it is assumed the analyses will determine whether 
change in patient intermediate outcome measures is greater in each of the intervention 
arms compared with the control arm.  The two intervention study arms will also be 
compared to each other.

This design has far greater power than post-intervention comparisons alone, because the 
adjustments for the pre-intervention scores will substantially reduce within group 
variance.  Most of the opinion and attitude measures on the patient survey use 5-point 
Likert scales, and a ½-point change in the mean score is typically considered to be 
“meaningful.”  To provide a basis for our power analysis calculations, results of 
individual Likert-item performance in a previous study of sigmoidoscopy attitudes and 
opinions in 2,728 patients were examined.24  This provided for estimation of the largest 
expected item variance (σ2), and worst-case reliability – which was conservatively halved
as an estimate of the correlation across repeated administrations (ρ).

Results from this previous study also suggested the evaluation of four subgroups in each 
clinic (2 gender levels by level of a second individual difference variable).  Applying the 
Dunlap Kennedy Rule53 to a difference score where variances are equal and the measures 
are correlated (ρ), the following heuristic formula (Eq. 2) was then iteratively used 
(starting with an initial value of t.05 = 2.0) to calculate a converging succession of N 
estimates of the patient cohort respondent size per clinic to detect a ½ point change in an 
opinion measure for a 2-tailed test, with alpha = 0.05, and power = 80%:

 (N/2)1/2 =  t.05 [2σ2(1-ρ)]1/2]/[(µ1-µ2)K)1/2] Eq. 2
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where µ1 and µ2 are the respective base and change (base+ ½ ) opinion and attitude 
values, K=6.75 is the average number of clinics in each arm of the study, ρ is the 
correlation between the repeated administrations and t.05 is the critical value for the 
derived value.  Our power calculations, aimed at detection of a change of ½ Likert-scale 
value in a ¼ clinic subgroup with alpha = 0.05 and power > 0.80 for our worst-case item, 
indicate a respondent size of N=40 per clinic (rounding up slightly).  It is noteworthy that
we anticipate combining individual items into composite 5-point scales that would 
generally be expected to have higher reliabilities than their component scales.48  Hence, N
= 40 would certainly be expected to provide sufficient (>0.80) power for a ½ point 
change with alpha = 0.05.  Adjusting for response rate, the required post-intervention 
patient cohort survey sample size per clinic is 57.  Therefore the minimal estimate of 66 
patient pre-intervention survey participants per clinic – who are expected to visit for a 
non-acute ambulatory care visit and be asked to participate in the post-intervention 
survey – should be more than sufficient.

Clinician and Clinic Support Staff Outcome Measures (Primary and Secondary 
Behavioral, and Intermediate)

A pre- and post-intervention cohort design will be used to compare study arm change in 
the clinician primary behavioral outcome of CRC screening rate, which will be obtained 
pre- and post-intervention from electronic encounter and claims data.  Post-intervention 
survey measures will be used to assess the effect of the intervention on secondary 
behavioral outcomes (e.g., CRC screening discussion/recommendation) and intermediate 
outcomes (e.g., clinician beliefs and attitudes).  The power analysis focused on the post-
intervention survey to assess study arm differences in secondary behavioral and 
intermediate outcomes since this design is less powerful than the pre- and post-
intervention cohort design that will be used to assess change in clinician screening rates.  
For power calculation purposes it is assumed that analyses will be conducted to 
effectively determine whether the mean outcome scores differ among the pairs of study 
arms.  To further facilitate power analysis calculations, results of individual Likert-item 
performance in a previous study of sigmoidoscopy attitudes and opinions in 60 
physicians were examined.18  This, much as above, provided for estimation of the largest 
expected item variance (σ2), and worst-case reliability (ρ).  With this information, 
variants of equations 1 and 2 above were used to calculate the minimum clinician size per
clinic to detect a ½ point difference in an opinion measure between two study arms, with 
alpha = .05 and power = 80%.  The joint clinician respondent size of N = 6 clinicians per 
clinic was found to be sufficient.  Power is further improved if we assume: 1) clinic 
randomization to study conditions within blocks (based on pre-intervention screening 
rates), and 2) use of clinician post-intervention screening rates, with pre-intervention 
rates partialed out, to control for any secular trend in the control group.   Because the 
number of clinic support staff per clinic is expected to be the same as the number of 
clinicians per clinic, there should be sufficient numbers of clinic support staff to support 
adequate power in analyses of their response data (assuming performance akin to that 
provided by the clinicians).
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Table B.2 shows the statistical power of 80% at the sample size proposed, and the sample
sizes at alternative levels of statistical power.  The first line of this table presents this 
information for the patient primary and secondary screening behavior analysis.  The other
two lines provide similar information for (1) assessing differences in patient intermediate 
outcomes (beliefs and attitudes), and (2) assessing differences in clinician and staff 
primary and secondary screening behavior outcomes and intermediate (e.g., beliefs, 
attitudes) outcomes.

Table B.2.  Respondent Sample Size Required per Clinic at Various Levels of
Statistical Power for the Three Main Outcome Analyses

Outcome Analysis
Level of Statistical Power

70% 80% 90% 95%

Patient primary and secondary 
behavioral outcomes

119 150 201 249

Patient intermediate outcomes 32 40 54 67

Clinician and clinic support staff 
behavioral and intermediate outcomes

5 6 11 14

Clinician and Clinic Support Staff Survey Procedures

About four months prior to implementation of the intervention, all clinicians and 
clinic support staff in the 21 clinics randomized to the three study conditions will be 
contacted by the research offices of their respective MCO.  The intervention will be 
described, including the surveys to evaluate the effect of the intervention.  These 
clinicians and clinic support staff will be told that they will be asked to participate in the 
post-intervention clinician and clinic support staff surveys.  In addition, clinicians and 
clinic staff will be informed that a sample of their patients will be surveyed as part of the 
evaluation of the intervention.  

One year after initiation of the intervention all clinicians and clinic support staff 
in the participating clinics will be sent a post-intervention survey.  This will include a 
cover letter from their respective MCO research office explaining the purpose of the 
survey and informed consent, and an incentive of $50 for clinicians and $25 for clinic 
support staff.  A reminder postcard, second survey mailing, and second reminder postcard
will be sent to clinicians and clinic support staff. 60  It is expected that virtually all 
clinicians and clinic support staff will participate in the post-intervention surveys because
of strong MCO management support, and clinician and support staff interest in improving
CRC screening.  Table A.16B2 presents the expected number of clinician and clinic 
support staff respondents to the post-intervention survey.  The post-intervention surveys 
for clinicians and clinic support staff are presented in Attachment 4, and the survey cover 
letters are presented in Attachment 5.
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Patient Survey Procedures

About four months prior to implementation of the intervention, the pre-
intervention patient survey will begin.  All active patients age 50 to 80 in each of the 21 
study clinics will be identified based on having visited the clinic for any reason within the
previous year.  A sample of 225 patients from each clinic will be randomly selected from 
these active patients, totaling 4,725 patients.  These patients will be mailed the pre-
intervention survey with a cover letter from their respective MCO research office.  The 
cover letter will explain the purpose of the survey, and indicate that their primary care 
clinician supports the survey.  An informed consent statement will also be included 
explaining their rights as human subjects, and that return of the survey provides their 
consent.  An incentive of $10 will be included with the survey.  A reminder postcard will 
be sent to all patients 2 weeks after the initial survey.  A second copy of the survey and 
cover letter will be sent to non-responders approximately one month after the initial 
survey.  Finally, a third survey will be sent to any remaining non-responders one month 
after the second mailing.  Thus, all survey mailings to patients will be complete within 
approximately a two-month period.  It is conservatively expected that at least 70% of 
patients will complete the survey, resulting in an average of 157 pre-intervention survey 
respondents in each clinic, totaling 3,308 respondents.  The intervention will begin 
approximately two months after the final patient survey mailing.

The post-intervention patient survey will be administered to a sample of patients 
who have a non-acute ambulatory care visit during the one-year period after 
implementation of the intervention, and who are due for CRC screening at the time of 
their clinic visit (determined by electronic record data).  Rather than send the patient 
surveys to patients on an ongoing basis after their clinic visits, we will conduct the post-
intervention patient surveys quarterly (i.e., at four time points after implementation of the
intervention).  This will simplify the process of administering the survey, and at the same 
time ensure that the surveys are completed by patients within a relatively short time 
period after their non-acute ambulatory care visit (i.e., at least 1 month after their medical
visit but within a maximum of 4 months).

At each quarterly survey point, clinic visit records will be used to determine 
whether any of the pre-intervention survey participants had a non-acute ambulatory care 
visit.  All of these patients will be sent the post-intervention survey.  It is expected that 
approximately 66 of the expected 157 pre-intervention survey participants in each clinic 
will have a non-acute ambulatory care visit and will be sent the post-intervention survey 
during the follow-up year (see calculations in section B.1).  Thus, an average of 16 pre-
intervention patient survey participants in each clinic will be sent the post-intervention 
survey each quarter.  These patients will be sent a post-intervention survey with a cover 
letter from the MCO research division.  The cover letter will thank the patient for 
previously completing the pre-intervention survey.  It will indicate that the patient was 
selected to be sent the survey because they recently visited for a medical visit, and will 
explain the purpose of the survey.  Patients will be given an incentive of $10.  Follow-up 
reminder postcard and survey mailings to non-respondents will be sent using the same 
procedures as for the pre-intervention patient survey.60  It is expected that a total of 1,388 
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patients (66 per clinic) will make up this cohort of patients who will be sent a post-
intervention survey.  Assuming a conservative 70% response rate for these patients, an 
average of 46 patients per clinic are expected to respond, totaling 972 patients who 
complete both pre- and post-intervention surveys (see section B.1).

As described in section B.1, an additional post-intervention survey sample of 3,337 
patients (average of 158 patients per clinic) will be randomly selected from all patients 
age 50 to 80 who are not selected for the pre-intervention survey, are seen for a non-acute
ambulatory care visit during the 1-year intervention period, and are due for CRC 
screening at the time of the visit.  In order to achieve this on a quarterly survey schedule, 
834 patients (average of 39 per clinic) meeting these criteria and seen for a medical visit 
during the previous three months will be selected at each quarterly survey time point.  
These patients will be sent a post-intervention survey with a cover letter from the MCO 
research division.  The cover letter will indicate that the patient was selected because they
recently visited for a medical visit.  The cover letter will explain the purpose of the 
survey and indicate that the patient’s primary care clinician supports the survey.  Follow-
up reminder postcards and survey mailings to non-respondents will be sent using the 
same procedures as for the pre-intervention patient survey.  Assuming a 70% response 
rate, it is expected that a total of 2,335 additional patients who are not part of the cohort 
(average of 111 per clinic) will complete the post-intervention survey during the year 
following intervention initiation.  Combining these with the patient cohort will result in a 
total of 3,308 completed post-intervention patient surveys (average of 157 per clinic).  
Table B.1C shows the expected numbers of patient respondents to the pre- and post-
intervention surveys among the cohort, and the additional patient post-intervention 
sample.  The pre- and post-intervention patient surveys are presented in Attachment 4, 
and the survey cover letters are presented in Attachment 5.

Methods to Maximize Response Rates and Deal with Nonresponse

Data Collection Options

Clinicians who spend most of their time on direct patient care are a particularly 
difficult group to survey.  These clinicians are inundated with mail, faxes, and telephone 
calls from patients, pharmaceutical companies, sales representatives, researchers, and 
colleagues.  Most clinicians’ offices have administrative personnel assigned to sort 
through these various incoming messages and only pass on to the physician those most in
need of their direct attention.  Consequently, surveys of practicing physicians generally 
result in lower response rates than surveys of other groups of respondents, including other
professionals.  Like clinicians, patients often receive requests to participate in research 
studies that require the completion of a questionnaire.  Although these requests are often 
made on behalf of their health care provider, patients may feel overburdened and 
therefore reluctant to participate.  Nevertheless, reviews of survey methods clearly point 
to a number of procedures that improve response rates among physicians and patients.  
The proposed plan for data collection incorporates these proven methods.
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In the past, collecting data by mail has been shown to be the best approach among
a variety of groups.  This is particularly true for clinicians.  Other alternatives, including 
face-to-face interviews and computer-assisted telephone interviews, have their own 
advantages and disadvantages, strengths and weaknesses.  For example, personal face-to-
face interviewing has generally resulted in the highest response rates (between 70-90%) 
but is also the most expensive type of data collection effort and takes the greatest amount 
of time to complete.  The costs of using this method for this survey would be considered 
prohibitive.  Telephone surveys have traditionally had response rates comparable to face-
to-face interviews (between 70-90%) while costing substantially less to conduct.  
However, telephone interviews must be kept shorter.  It is more difficult to keep a 
respondent's attention while on the telephone than in a face-to-face interview situation.  
Methods researchers recommend that telephone interviews be kept to 20 minutes for an 
optimal response rate.  Response rates for telephone interviews have traditionally been 
high because telephone norms in our society generally do not condone hanging up on a 
caller.28  However, there is evidence that telephone norms and practices are changing.  
Survey researchers also find that they are spending more time screening for valid 
telephone numbers because of the growth of new telephone numbers due to pagers, 
modems, and faxes.  In addition, many individuals have caller identification, telephone 
answering services or voice mail, allowing them to screen out unwanted calls.  With new 
telephone norms and multiple unusable numbers, telephone data collection is becoming 
less efficient and more costly.  In particular, the cost and effort of contacting clinicians 
and scheduling a personal or telephone interview would be very high.

Mailed surveys are the least expensive form of data collection, but researchers 
have usually had to contend with lower response rates than telephone survey and in-
person interview methods.  One limitation of mailed surveys is that single mailings with 
no follow-up may yield response rates approximately 20-40 percentage points lower than 
one mailing with additional contacts.29  An advantage is that for the same response time 
burden, one can ask more questions with a self-administered mail survey than in a 
telephone interview, thus allowing self-administered questionnaires to be longer than 
telephone interviews, although not as long as in-person interviews.  Research has shown 
that self-administered mail surveys can be longer if the topic is of high interest or 
importance to respondents.  

To overcome the low response rates typically encountered with mail surveys, 
Dillman proposed a mailed survey methodology that is based on social exchange theory.28

His method, called the Total Design Method (TDM), has been shown to increase 
response rates among mail survey respondents to as high as 77%, comparable to 
telephone and in-person response rates.29  The Total Design Method described by 
Dillman in 1978, now called the Tailored Design Method, consists of a number of 
suggested steps to improve survey response rates.  The basis for TDM is that researchers 
can encourage higher response rates through the use of social exchange theory by 
rewarding respondents through non-monetary or monetary means, reducing perceived 
costs to respondents by reducing effort, and establishing trust through treating the 
respondent as a partner in the process.  Dillman recommended that in operationalizing 
these factors based on social exchange theory, researchers must pay attention to the 
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details of contact with respondents, wording of letters, incentives related to completion, 
length of questionnaires, mailings, and follow-up with study participants.29 

Multiple methods studies, reviews and meta-analyses have been conducted to 
determine which factors lead to an increase in response rates in mail surveys.  Generally, 
studies show that preliminary notification, multiple follow-ups with respondents, 
monetary and non-monetary incentives, use of first class stamped envelopes and 
appropriate salutations have positive effects on response rates among physicians and 
patients.26-28,39,42,54,55  Other variables, such as sponsorship or endorsement, use of 
personalization techniques in mailings, and length of questionnaires, have shown 
inconsistent effects on response rates.27,28,56  Yammarino et al. and Fox et al. conducted 
meta-analyses of the published survey methods literature, comparing all the factors in 
these studies.57,58  Studies reviewed using experimental or quasi-experimental study 
designs manipulated a wide variety of factors [17 by Yammarino et al.; 9 by Fox et al.] 
thought to be related to survey response rates.  The meta-analyses conducted were multi-
factorial allowing all variables of interest to be compared with each other for effects on 
response rates.  These researchers concluded that preliminary notification, follow-up, 
return envelope and postage, and monetary incentives were effective in increasing 
response rates.  Yammarino et al. showed that these factors increased response rates by 
28.5%, 30.6%, 18.4% and 2.4% respectively.57  Fox et al. found that sponsorship of 
surveys by organizations increased response rates, but this was not found in the 
Yammarino et al. meta-analysis.57,58  

Previous surveys of physicians have examined the effect of endorsements, 
reminders, type of survey, and incentives on response rate.  Overall, these studies had 
response rates that ranged from 11% to 92% with a mean physician response rate of 52%.
The higher response rates were obtained with special populations such as graduates of 
certain programs or members of specific organizations.  In general, most of these studies 
did not follow the procedures recommended by Dillman27,28 in his Total Design Method, 
or procedures shown by survey methods researchers to be effective in increasing response
rates.  

As with physicians, response rates to mail surveys among the general population 
can often be maximized through the utilization of Dillman’s techniques such as pre-
notification, multiple follow-ups with respondents and incentives.  For example, two 
studies assessing the effect of pre-notification found that the use of a pre-notification 
letter increased overall response rates by 3 - 6 percentage points compared to no pre-
notification.59,60 

Proposed Data Collection Procedures

This study will use Dillman’s techniques to maximize response rates to the 
clinician, clinic support staff, and patient surveys.  In addition, this study will take 
advantage of a close working relationship with the participating MCOs to increase 
response rates.  Specifically, as described in section B.2., the research personnel from the 
respective MCO research offices will personally meet with clinicians and clinic support 
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staff to describe the intervention and evaluation and solicit their participation.  Patient 
response rates will benefit from endorsement by their clinician or clinic.

The methods proposed for this study will also include multiple follow-up 
procedures by mail after the initial survey has been sent, inclusion of stamped return 
envelopes, and monetary incentives to participate, based on Dillman’s Tailored Design 
Method28 and a thorough review of survey methods described above.  This plan 
represents the best approach to balancing the need to control costs with the desire to 
achieve high response rates.  The methods proposed for this study have been highly 
successful in achieving 70% to 81% response to national surveys of clinicians,35,61 80% 
response to a Washington State survey of primary care clinicians, and 71% response to a 
survey of patients obtaining care in primary care clinics in Washington State.43

A packet of materials will be mailed to each sampled patient using first-class 
mail.  The packet will include the survey form and a cover letter with a study phone 
number to call if there are any questions about survey instructions.  Instructions for 
completing the questionnaire appear on the first page.  The questionnaires and cover 
letters are provided in Attachments 4 and 5.  Each letter will be personalized and printed 
with a signature.  The respondent mailing list will be entered into the tracking database 
for ease of personalizing each letter and tracking responses.  The cover letter emphasizes 
the importance of the study and why the respondent's input is important and meaningful.  
The letter also assures respondent privacy.  As an incentive to participate, $10 will be 
included in the patient survey packet.  A stamped, self-addressed return envelope will be 
included for ease of return of the completed survey.

A reminder postcard will then follow the initial mailing by two weeks and will be 
sent to all sampled patients.  This postcard will thank all respondents who have 
completed the survey and ask those who have not yet responded to please do so promptly.
A phone number will be included in case an initial mailing did not reach the intended 
patient.  A second mailing, similar to the first but with a different cover letter, will then 
be sent by first-class mail to all non-respondents within four weeks of the first mailing.  
All patient non-respondents will be sent a third survey mailing. 

To encourage participation, the survey introductions provide estimates of the time
needed to complete the entire survey.  In addition, the surveys are designed in sections 
for ease of navigation and completion.

One year after intervention implementation, all clinicians and clinic support staff 
will be asked to complete the post-intervention survey.  As an incentive, $50 will be 
included in the mailing to clinicians and $25 will be included in the mailing to clinic 
support staff.  Follow-up procedures (similar to those used for the patients for the pre-
intervention) will be employed.  Using these methods we expect to obtain at least 80-90%
response to the clinician and clinic support staff surveys.

Data collection for patients will utilize an open cohort follow-up design.  Those 
patients who participated in the pre-intervention survey and who visit their clinics for a 
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non-acute ambulatory care visit during the intervention period will be sent the post-
intervention survey.  In addition, a sample of patients who visit the clinic for a non-acute 
ambulatory care visit but who did not participate in the baseline survey, will be surveyed 
to increase the post-intervention survey sample size (see Section B.1. for a complete 
discussion of sample size).  Again, a $10 incentive will be included in the survey packet 
for patients asked to complete a post-intervention survey.  Using this methodology, it is 
expected that a 70% response rate will be obtained for the pre-intervention and post-
intervention patient surveys.

Tests of Procedures or Methods to be Undertaken

Instrument Design and Pretest Procedures

The study instruments include patient, clinician, and clinical staff surveys.  These 
surveys were designed to be administered pre- and post- implementation of the 
intervention (for the patients) and at post-intervention (for the clinicians and the clinic 
support staff).  The surveys were developed through a five-step process: 1) a survey 
outline draft was compiled based on desired evaluation outcomes; 2) literature was 
reviewed and existing questionnaire items compiled; 3) patient and clinician surveys 
were drafted by choosing, adapting and designing appropriate questions; 4) an internal 
Battelle survey review was conducted, and 5) external survey review was conducted by 
members of the target audience.

The external survey review was carried out in two steps.  Nine practicing physicians, 
nine patients, and four clinic support staff participated in a preliminary review of the 
survey instruments in Fall of 2001.  They completed the survey in order to measure 
respondent burden and provide comments and advice about the format, appropriateness, 
and relevance of survey questions.  Their recommendations were incorporated into 
revisions of the instruments.  The revised instruments were next further reviewed by the 
respective target audience at each MCO during a Materials Review Phase.  Totals of six 
clinicians, seven clinic support staff, and seven patients at LHS and HFHS carefully 
reviewed the respective survey instruments and provided recommendations through 
personal or telephone interviews between April and August, 2004.  Their comments were
incorporated to finalize the survey instruments.

Main sections of the final instruments are listed below, with complete survey instruments 
included in Attachment 4.  The instruments were designed so that many constructs are 
measured on five-point Likert-type scales, a response format that most people are very 
familiar with.

1. Clinician Survey

Part I: Clinician Characteristics (demographics)
Part II: Preventive Services Opinions (prioritization of CRC tests relative to others)
Part III: CRC Screening Training and Experience
Part IV: CRC Screening Practices
Part V: Beliefs about CRC Screening Tests
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Part VI: Facilitators and Barriers to CRC Screening 
Part VII: Factors that Affect CRC Screening (e.g., social support, environmental 
resources)
Part VIII: Satisfaction with CRC Screening Training and Resources

2. Clinical Staff Survey

Part I: Clinical Staff Characteristics (demographics)
Medical Appointment Responsibilities

Part II: Preventive Services Opinions (prioritization of CRC tests relative to others)
Part III: CRC Screening Training and Experience
Part IV: CRC Screening Practices
Part V: Beliefs about CRC Screening Tests
Part VI: Facilitators and Barriers to CRC Screening
Part VII: Factors that Affect CRC Screening (e.g., social support, environmental 
resources)
Part VIII: Satisfaction with CRC Screening Training and Resources

3. Patient Survey

Part I: Patient Characteristics
Part II: Personal Cancer Experience and Family History of Colon Cancer
Part III: Experience with Tests and Screenings (including CRC screening)
Part IV: CRC Screening Experience (satisfaction)
Part V: Colon Cancer Knowledge
Part VI: Your Opinions (e.g., beliefs about CRC screening tests, perceived 

facilitators and barriers)
Part VII: Social Support (perceived support for each CRC screening test)
Part VIII: Motivation to Talk about Colon Cancer or Get Screened
Part IX: Exposure and Reaction/Satisfaction with Intervention

B. Data Collection Procedures

All data collection procedures, question formats, and response scales to be used in 
this study have been previously tested by Battelle in three important studies involving 
surveys of clinicians and patients.  One 23-page national survey of physicians and 
another 21-page survey of primary care clinicians obtained 70% and 81% response rates, 
respectively.26,35,61  Another 43-page survey of Washington State primary care clinicians 
obtained 80% response, and a survey of patients receiving care from those clinicians 
obtained 71% response.43  These procedures, used to design questionnaires relevant to 
practicing clinicians and patients, and to obtain high response rates, have been described 
in conference presentations including an invited symposium on methods to maximize 
clinician survey response.62
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C. Individuals Consulted on Statistical Aspects and Individuals Collecting and/or 
Analyzing Data

Battelle Centers for Public Health Research and Evaluation (CPHRE) staff worked with 
staff from CDC to design the study protocol and data collection instruments.  Daniel 
Montaño, Ph.D. (206-528-3105; montano@battelle.org) and Danuta Kasprzyk, Ph.D. 
(206-528-3106; kasprzyk@battelle.org ) led the Battelle effort to design this protocol and
data collection instruments.  William Phillips, M.D., MPH (206-528-3126; 
wphllps@u.washington.edu ) assisted in the design of the survey instruments.  Diane 
Burkom, M.A. (410-377-5660; burkom@battelle.org) assisted in the design of the data 
collection procedures.  Alvah Bittner, Ph.D. (206-528-3263; bittner@battelle.org) 
assisted in the design of the sampling plan.  Steve Leadbetter, M.S. (770-488-4143; 
szl1@cdc.gov), a statistician in CDC’s DCPC, assisted in review of the sampling and 
analysis plans.

Battelle will work with HFHS and LHS to carry out the intervention, and to 
collect and analyze the data for CDC.  The overall data collection and analysis effort will 
be directed by Drs. Montaño and Kasprzyk.  Battelle will work closely with the Dr. 
Elston-Lafata (Research Director at HFHS: (313) 874-5454; jlafata1@hfhs.org) and Dr. 
Gunter (Research Director at LCF: (505) 262-7857, maggie@lcfresearch.org) to carry out
the data collection.  Drs. Montaño and Kasprzyk will analyze the data with assistance 
from Dr. Bittner ((206) 528-3263; bittner@battelle.org) and collaboration with Drs. 
Elston-Lafata and Gunter.  Drs. Montaño and Kasprzyk will be responsible for writing 
the Final Report.

Judith W. Lee, Ph.D., DCPC, CDC, is the technical monitor who will approve and
receive all contract deliverables, and collaborate with data analysis (770-488-4864; 
cyu5@cdc.gov).
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