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ABSTRACT

Background In Ontario, an online audit and feedback tool that provides primary care physicians with detailed 
information about patients who are overdue for cancer screening is underused. In the present study, we aimed to 
examine the effect of messages operationalizing 3 behaviour change techniques on access to the audit and feedback 
tool and on cancer screening rates.

Methods During May–September 2017, a pragmatic 2×2×2 factorial experiment tested 3 behaviour change 
techniques: anticipated regret, material incentive, and problem-solving. Outcomes were assessed using routinely 
collected administrative data. A qualitative process evaluation explored how and why the e-mail messages did or 
did not support Screening Activity Report access.

Results Of 5449 primary care physicians randomly allocated to 1 of 8 e-mail messages, fewer than half opened 
the messages and fewer than 1 in 10 clicked through the messages. Messages with problem-solving content were 
associated with a 12.9% relative reduction in access to the tool (risk ratio: 0.871; 95% confidence interval: 0.791 to 0.958;  
p = 0.005), but a 0.3% increase in cervical cancer screening (rate ratio: 1.003; 95% confidence interval: 1.001 to 1.006; 
p = 0.003). If true, that association would represent 7568 more patients being screened. No other significant effects 
were observed.

Conclusions For audit and feedback to work, recipients must engage with the data; for e-mail messages to prompt 
activity, recipients must open and review the message content. This large factorial experiment demonstrated that 
small changes in the content of such e-mail messages might influence clinical behaviour. Future research should 
focus on strategies to make cancer screening more user-centred.

Key Words Cancer screening, primary health care, audit and feedback, e-mail, persuasive communication, 
behaviour change techniques, factorial experiments, process evaluations
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INTRODUCTION

Despite guidelines, many patients do not undergo recom-
mended screening tests such as mammography (breast 
cancer), Pap tests (cervical cancer), and colonoscopy 
(colorectal cancer)1,2. For example, in Ontario during 2012–
2014, 35% and 37% respectively of the eligible population  

did not receive recommended mammography or Pap test 
screening, and 40% were overdue for colorectal cancer 
screening3. Cancer screening uptake depends on multiple 
factors at the patient, provider, and organization levels4–7.

Cancer Care Ontario is the Ontario provincial agency 
responsible for organizing population-wide screening 
programs for breast, cervical, and colorectal cancers8. In 
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many cases, eligible Ontarians must access those screening 
programs through a primary care provider. Recommenda-
tions, communication, and quality of the discussion be-
tween health care providers and their patients about cancer 
screening options are important determinants of the use 
of screening services6. Healthy People 2020, launched by 
the U.S. Department of Health and Human Services, set 
“increasing the proportion of adults who were counseled 
about cancer screening consistent with current guidelines” 
as one of its objectives9. A number of strategies, including 
electronic audit and feedback, have been attempted to 
encourage health professionals to change their behaviour 
so as to align their practice with evidence-based health  
directives, but so far, no optimal strategy has been identi-
fied for changing primary physician behaviour with respect 
to cancer screening10–13.

Audit and feedback tools provide health professionals  
with a summary of their practice performance over a 
given period of time, comparing their performance with 
the performance of other professionals or with provincial 
or national standards10. The effects of audit and feedback 
vary depending on the way in which the intervention is 
designed and delivered14,15. In fact, audit and feedback 
interventions can be considered a platform for delivering 
behaviour change techniques to support the delivery of 
guideline-concordant care16,17. The Screening Activity  
Report created and administered by Cancer Care Ontario is 
an online audit and feedback tool that is updated monthly. 
Eligible primary care physicians in Ontario can register to 
receive a Screening Activity Report that lists their patients 
who are overdue for screening or who have received an 
abnormal result and require follow-up. Registered physi-
cians (8462 at 1 May 2017) must work in a patient enrolment 
model—that is, having a known roster of patients for whom 
they are paid in part through capitation18. Registered 
physicians receive monthly e-mail messages from Cancer 
Care Ontario informing them that their report has been 
updated. Use of the Screening Activity Report is associated 
with slightly higher rates of cancer screening19, but only a 
small proportion of registered family physicians (38% in 
2014) access their Screening Activity Report19.

In the present study, we aimed to examine the impact 
on Screening Activity Report access and cancer screening 
rates of 3 behaviour change techniques—anticipated regret, 
material incentive (behaviour), and problem-solving20—
within the monthly e-mail messages sent by Cancer Care 
Ontario to primary care physicians. We hypothesized that 
the behaviour change techniques would increase Screening 
Activity Report access and cancer screening rates.

METHODS

This pragmatic randomized factorial experiment and pro-
cess evaluation used the Multiphase Optimization Strategy 
framework to optimize and evaluate multicomponent 
behavioural interventions21,22. The study relates to the 
Preparation and Optimization phases of the framework. 
Details of the methods and intervention development have 
previously been described23,24. An assessment of this prag-
matic experiment scored 5 on a 5-point Likert scale for 7 of 
the 9 domains on the precis-2 tool25 (supplemental Table 1).

Experimental Design, Setting, and Eligibility Criteria
Participants in this 2×2×2 randomized factorial experiment 
were primary care physicians (5449 in May 2017) who had 
accepted to receive routine e-mail messages about the 
Screening Activity Report. Nominated delegates (that is, 
people designated to access the Screening Activity Report 
on behalf of eligible physicians) were excluded, a decision 
that was made because of uncertainties in attributing the 
intervention to Screening Activity Report access by a del-
egate (that is, risk of contamination). The Research Ethics 
Board at Women’s College Hospital approved the study, 
with a waiver of informed consent for physician participa-
tion, given that the study met all Article 3.7A criteria of the 
Tri-Council Policy Statement26,27. The study is registered 
at http://ClinicalTrials.gov/ as NCT03124316.

Interventions
In alignment with the Preparation phase of the Multiphase 
Optimization Strategy framework, the research team 
(including specialists in behaviour change theories and 2 
senior research experts in qualitative methods) selected  
and drafted e-mail content based on literature about 
physician behaviour change, informed by the behaviour 
change techniques taxonomy (version 1) set out by Michie 
and colleagues20,23. The first drafts of the e-mail message 
incorporated 6 behaviour change techniques (“active com-
ponents of an intervention designed to change behavior”28): 
anticipated regret, information about others’ approval, 
material incentive (behaviour), problem-solving, salience 
of consequences, and credible source.

To refine the intervention content, we then conducted 
two 2-hour workshops and three 2-hour focus groups with 
Screening Activity Report adopters and non-adopters, 
taking a user-centred approach23. User-centred design 
is a highly iterative development process involving users 
or potential users early and often during the process to 
meet audience needs29. It aims to develop useful products 
or tools that are adapted to people rather than to make 
people use a pre-specified product or tool that might not 
suit them29.

During the first workshop, we asked the Screening 
Activity Report adopters to discuss their current practice 
for monitoring screening participation and talked about 
the benefits of the Screening Activity Report. We then 
asked them to write a letter to their colleagues that would 
convince those colleagues to use the Screening Activity 
Report. Finally, we showed them the pre-crafted messages 
containing the behaviour change techniques to get their 
initial reactions. Between workshops 1 and 2, we used their 
content and considered their reactions in developing an 
e-mail message that would be tested in workshop 2. During 
workshop 2, we received reactions to 2 e-mail messages 
with varied content. Between workshop 2 and the focus 
groups, we refined content. Finally, during the focus 
groups, we tested 2 e-mail messages with varied content 
and refined the content between the focus group sessions.

The final e-mail message operationalized 3 behaviour 
change techniques targeting different behavioural de-
terminants28. Those techniques were anticipated regret 
(targeting beliefs about consequences, intention, and emo-
tions: “How would you feel if a patient had a poor outcome 
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because you missed an abnormal test result?”), material 
incentive (behaviour) (targeting reinforcement: “Logging 
into the [Screening Activity Report] can help you maximize 
your screening rates and save time when calculating your 
preventive care bonus.”), and problem-solving (targeting 
behavioural regulation and environmental context and 
resources, including “Email ONE ID [College of Physicians 
and Surgeons of Ontario, Toronto, ON] to register a delegate 
with eHealth Ontario so they can check your report”)28.

Testing the 3 behaviour change techniques in our fac-
torial design resulted in 8 different versions of the e-mail 
message according to whether the message contained each 
of the 3 operationalized techniques [hereinafter called 
“factors” (supplemental Appendix 1): with no factors; 
with anticipated regret, or material incentive (behaviour), 
or problem-solving; with anticipated regret plus mate-
rial incentive (behaviour); with anticipated regret plus  
problem-solving; with material incentive (behaviour) plus 
problem-solving; or with all 3 factors.

The e-mail messages were sent monthly by Cancer 
Care Ontario for 4 months between 10 May and 10 Sep-
tember 2017. Physicians received the same e-mail version 
every month.

Baseline Characteristics
Physician sex and years of practice [Corporate Provider 
Database (ices, Toronto, ON)], history of Screening Activ-
ity Report use [previous use or no previous use between 
October 2014 and April 2017, Reports Accessed by User 
Report (Cancer Care Ontario, Toronto, ON)], screening 
rates for breast, cervical, and colon cancer as of March 2017 
[Regional Primary Care Provider Report (Health Quality 
Ontario, Toronto, ON)], and general practice characteristics 
[practice size, size of group, and rurality, Client Agency 
Program Enrolment (ices)] were obtained from routinely 
collected administrative data.

Outcomes
The primary outcome was Screening Activity Report access, 
defined as at least 1 log-in event during the 4-month exper-
iment. Secondary outcomes were the number of different 
days in the 4-month period that participants logged in and 
the proportion of a physician’s enrolled eligible patients 
who were up-to-date for breast, cervical, and colorectal 
cancer screening at the end of the 4-month period. Data 
were not available for physicians who had fewer than 6 
enrolled patients eligible for screening (data censored). 
We also tracked calls to Cancer Care Ontario and eHealth 
Ontario about the Screening Activity Report. The “open 
rate” of the e-mail message and the “click rate” (defined as 
the percentage of e-mail messages that attracted at least 
1 click-through to the Screening Activity Report directly 
from the link in the message were assessed to evaluate 
intervention fidelity.

Data Collection
Routinely collected administrative data (ices) were used 
to obtain instances of Screening Activity Report access; 
up-to-date cancer screening status for breast, cervical, and 
colorectal cancer screening; baseline physician character-
istics; and balance measures. Open and click rates were  

automatically collected by Mailchimp (https://mailchimp.
com/: Rocket Science Group, Atlanta, GA, U.S.A.), the soft-
ware automation platform used to send e-mail messages.

Power
The sample size was the number of eligible physicians who 
were registered and appeared on the active user list of the 
Screening Activity Report at the time of randomization.  
After removal of duplicate e-mail addresses, the total num-
ber of unique eligible physicians was 5449. That sample size 
achieves a 94% power to detect an absolute difference of 
4% in Screening Activity Report use (between participants 
with the factor present and those with the factor absent) 
using a 2-sided test at the 5% level of significance, assuming 
a control arm proportion of 0.20.

Randomization, Allocation Concealment,  
and Blinding
The allocation schedule was computer-generated by 
the study biostatistician (ZB) using simple unrestricted 
randomization. The allocation sequence was applied to 
a de-identified list of eligible physicians (May 2017) ex-
ported from Cancer Care Ontario. Because Cancer Care 
Ontario could distribute only one type of e-mail message 
at a time, the order in which the 8 message types were sent 
was determined randomly every month. The e-mail mes-
sage versions were sent at 45-minute intervals starting at 
09h00 on the 10th day of each month (or if that day fell on 
a weekend, on the next business day) between 10 May and 
10 September 2017.

Randomization was conducted using the SAS software 
application (version 9.4: SAS Institute, Cary, NC, U.S.A.).

Statistical Analysis
The primary outcome was analyzed using robust Poisson 
regression analysis30 rather than the logistic regression 
analysis originally planned24, yielding estimates as rela-
tive risks (rrs) rather than as odds ratios. The secondary 
outcomes (number of times the Screening Activity Report 
was accessed and cancer screening rates) were analyzed 
using a log-Poisson regression yielding estimated rate ratios 
(rars). The unit of analysis was the individual physician. 
The 3 intervention components were entered as main ef-
fects using effects coding to express the marginal effect of 
each intervention component; that is, the estimated rr or 
rar represents the average effect across conditions with the 
particular intervention component present (for example, 
the average effect of anticipated regret on primary care 
physicians allocated to study arms 2 + 5 + 6 + 8) compared 
with conditions in which the intervention component was 
absent (the average effect of anticipated regret on primary 
care physicians allocated to study arms 1 + 3 + 4 + 7). Sec-
ondary analyses examined 2-way interactions between the 
intervention components. Per the pre-specified protocol, 
the primary analysis was adjusted for history of Screen-
ing Activity Report use. Pre-specified subgroup analyses 
examined effect modification through stratification by 
physician history of report access (binary) and sex (men 
vs. women). We had planned to explore additional effect 
modifiers, but given the absence of significant findings 
for the main effects, we chose to forego such analyses to 
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avoid unwarranted increases in the risk of type i error. 
Payment models could not be tested because, counter to 
our original analytic plan24, data were not available from 
Cancer Care Ontario.

The analyst (GV) was not blind to experimental arms. 
The threshold for statistical significance was 0.05, and all 
analyses were conducted in the SAS software application.

Process Evaluation
We explored how and why the e-mail messages did or did not 
prompt physicians to access the Screening Activity Report.

Primary care physicians were recruited by convenience 
sampling, through the personal network of the principal 
investigator (NMI) and through snowball sampling as a 
secondary strategy. Because of privacy regulations, specific 
contact with participating physicians in each study arm was 
not possible. Physicians were eligible if they were random-
ized to receive an intervention e-mail message as part of 
the study. Between August and September 2017, consenting 
physicians participated in a 30-minute semi-structured 
telephone interview and received an honorarium of CA$150 
in appreciation of their time. Physicians were recruited 
until data saturation was reached—that is, when no new 
comments were heard during the interviews31.

A first interview guide was developed by GV, MS, LD, 
NMI, and HOW24 and was later adapted into 8 versions 
to match the e-mail versions received by the physicians 
(supplemental Appendix 2). Interview guide development 
was led by the Theoretical Domains Framework. Ques-
tions therefore sought to prompt physicians about the 
determinants of behaviour relating to Screening Activity 
Report access and cancer screening guideline adherence. 
If physicians could not retrieve the version of the e-mail 
message they had received, the version containing the 
anticipated regret, material incentive, and problem-solving 
factors was sent before the interview. All interviews were 
audio-recorded and transcribed.

The initial deductive framework was derived from 
the 3 behaviour change techniques20. However, be-
cause most physicians had not opened the intervention 
e-mail messages and were therefore not exposed to the 
intervention, we used framework analysis32 to develop 
summary categories that captured the central themes 
of the interviews. The lead author (GV), together with an 
experienced mixed-methods researcher (SCD), generated 
a set of initial themes after coding 3 interviews. Then, GV 
and SCD refined and sought themes in an iterative manner 
until no new themes were identified. Supplemental Table 2 
presents the final codes. Using the new coding structure, 
all data were coded by 2 independent analysts (GV, SCD) 
using the NVivo software application (version 11: QSR 
International, Melbourne, Australia).

RESULTS

Participant Flow
The study included 5449 physicians, 2606 of whom re-
ceived e-mail messages targeting anticipated regret; 2744, 
material incentive; and 2776, problem-solving. The study 
flow diagram (Figure 1) details the number of physicians 
receiving each e-mail version. Each month, between 4.6% 

and 7.3% of the messages bounced back (supplemental 
Table 3). The final retention rate was 99.0% (5396/5449, 
Figure 1).

Baseline Characteristics
Baseline characteristics of the participants were similar 
for all 3 factors (Table i) and the 8 different e-mail versions 
(supplemental Table 4).

Screening Activity Report Access by Factor
Table ii presents descriptive summaries of the primary 
and secondary outcomes. On average, physicians accessed 
their Screening Activity Report less than 1 time during the 
4 months of follow-up regardless of factor or e-mail version 
(Table ii and supplemental Table 5). The Screening Activity 
Report was accessed by 567 (21.8%), 558 (20.3%), and 540 
(19.5%) of the physicians in the anticipated regret, material 
incentive, and problem-solving groups respectively. The 
primary outcome is presented in supplemental Table 5 
by e-mail version. The e-mail messages containing only 
the material incentive factor had the highest access rate 
(24.2%); e-mail messages containing both the material 
incentive and problem-solving factors had the lowest rate 
(17.3%) (supplemental Table 5).

Main Effects on Screening Activity Report Access
Table iii presents the results from the multivariable Pois-
son regression analysis of the primary outcome. No factor 
was associated with a statistically significant increase in 
Screening Activity Report use. However, after adjustment 
for history of Screening Activity Report use, problem-solving 
e-mail messages were associated with a statistically signif-
icant 12.9% relative reduction in Screening Activity Report 
access [rr: 0.871; 95% confidence interval (ci): 0.791 to 0.958; 
p = 0.005]. The material incentive factor (rr: 0.954; 95% ci: 
0.867 to 1.050; p = 0.34) was also associated with a reduction 
(but not a statistically significant one), and the anticipated 
regret factor was associated with a nonsignificant increase 
(rr: 1.072; 95% ci: 0.975 to 1.180; p = 0.15).

Main Effects on the Number of Times the Screening 
Activity Report Was Accessed
Interpretation of results for the number of times that 
the Screening Activity Report was accessed (Table iii) is 
similar to that for the primary outcome. After adjustment 
for history of Screening Activity Report use, the problem- 
solving factor was associated with a statistically significant 
decrease of 18.7% in the number of times the Screening 
Activity Report was accessed (rar: 0.813; 95% ci: 0.708 to 
0.934; p = 0.003). The material incentive factor was also 
associated with a decrease, but not a statistically signifi-
cant one (rar: 0.887; 95% ci: 0.773 to 1.018; p = 0.09). The 
association with anticipated regret was positive, but not 
statistically significant (rar: 1.090; 95% ci: 0.950 to 1.251; 
p = 0.22).

E-Mail Message Open and Click Rates
In May, open rates varied from 50% to 57%, and click rates 
varied from 7% to 14% (supplemental Table 3). Open rates 
then steadily declined to 45%–55% in June, to 44%–47% 
in July, and to 40%–46% in August. Click rates decreased 
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to 6%–11% in June, to 7%–10% in July, and to 4%–8% in 
August (supplemental Table 3).

Main Effects on Up-to-Date Breast, Cervical,  
and Colorectal Cancer Screening Status
No e-mail message was associated with a statistically 
significant effect on rates of breast cancer screening or col-
orectal cancer screening. But after adjusting for the cervical 
cancer screening baseline, a statistically significant pos-
itive effect on cervical cancer screening was observed for 
problem-solving e-mail messages (rar: 1.003; 95% ci: 1.001 
to 1.006; p = 0.003; Table iii). With 2,365,062 patients being 
eligible for cervical screening, that difference represents 
7568 more patients being screened during the 4 months.

Ancillary Analyses

Exploratory Interactions and Modification Effects
Table iv presents results from the exploratory subgroup 
analyses stratified by sex and history of Screening Access 
Report use. The pattern of results was observed to be similar 
for the male and female physicians. In particular, for male 
and female physicians alike, Screening Activity Reports were 
accessed less frequently by those receiving the problem- 
solving e-mail messages than by those not receiving those 
messages (rr for men: 0.849; 95% ci: 0.740 to 0.975; p = 0.02; 
rr for women: 0.895; 95% ci: 0.783 to 1.022; p = 0.10).

Subgroup differences were observed for physicians 
with and without a history of access to Screening Activity 

Reports. For those previously without access, the e-mail 
messages had no association with statistically significant 
effects; however, for physicians with previous access to the 
Screening Activity Report (compared with their counter-
parts not having access), the receipt of problem-solving 
e-mail messages was associated with a statistically signif-
icant 13.8% lower risk of Screening Activity Report access 
(rr: 0.862; 95% ci: 0.781 to 0.951; p = 0.003; Table iv).

Analyses examining two-way interactions between 
the factors found no statistically significant interactions 
(supplemental Tables 6 and 7).

Process Outcomes by Factor
The problem-solving factor was associated with the num-
ber of calls to Cancer Care Ontario or eHealth (rar: 2.226; 
95% ci: 1.055 to 4.694; p = 0.04), but anticipated regret and 
material incentive were not (anticipated regret rar: 1.164; 
95% ci: 0.586 to 2.312; p = 0.67; material incentive rar: 
0.560; 95% ci: 0.274 to 1.142; p = 0.11; supplemental Table 8).

Drop-outs and unsubscribing were not associated 
with any factor (anticipated regret rr: 1.130; 95% ci: 0.661 
to 1.933; p = 0.65; material incentive rr: 1.284; 95% ci: 0.748 
to 2.206; p = 0.36; problem-solving rr: 0.997; 95% ci: 0.583 
to 1.704; p = 0.99; supplemental Table 8).

Process Evaluation
Supplemental Table 9 describes the characteristics of the 
physicians interviewed (n = 11). All physicians used elec-
tronic medical records, with a median of 7 years of use 

FIGURE 1 Participant flow. E-mail 1, no factors; e-mail 2, anticipated regret; e-mail 3, material incentive (behaviour); e-mail 4, problem-solving; 
e-mail 5, anticipated regret and material incentive (behaviour); e-mail 6, anticipated regret and problem-solving; e-mail 7: material incentive (be-
haviour) and problem-solving; e-mail 8: anticipated regret and material incentive (behaviour) and problem solving. SAR = Screening Activity Report; 
drop-out = Screening Activity Report account no longer active (physician did not access the Screening Activity Report at least once in the preceding 
year); unsubscribing = physician no longer receiving the e-mail message from Cancer Care Ontario.
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(interquartile range: 5–8 years), and 55% accessed their 
Screening Activity Report during the study.

Physicians reported using the monthly e-mail mes-
sages from Cancer Care Ontario simply as a reminder 
to check their Screening Activity Report at a later time, 
regardless of the content of the message. Only 1 physician 
interviewed used the link in the message to access the 
Screening Activity Report. Most physicians reported that 
they opened and glanced at, but did not attentively read, 
the messages. The physicians who opened the messages 
with the anticipated regret content reported that it pro-
voked an emotional reaction, but no follow-up action. The 
material incentive content led to a discussion of the value 
of incentives, and the problem-solving suggestions were 
perceived as interesting, but not actionable, even though 
the suggestion to delegate responsibility was appealing.

Physicians also offered a number of suggestions to 
improve the messages. They asked for a brief, personalized 
message including the specific results and peer compar-
isons, although such content raises privacy concerns23. 
One also asked for the message to be sent to a delegate (for 
example, the clinic nurse), something suggested in the 
problem-solving messages; however, other respondents 
did not find that solution actionable either because their 
practice was new or because no colleague in the clinic was 
perceived to be worthy of that trust. Another suggestion 
was to send the e-mail messages with different information 
each time, possibly supplemented with links to guidelines, 
or even to send it by postal mail. Finally, physicians men-
tioned factors determining or facilitating their adherence 
to cancer screening guidelines. Such factors included 
knowing or learning more about using their electronic 
medical record to track screening, receiving incentives 
(financial or continuing medical education credits), and 
obtaining the results of tests ordered by other physicians 
(for example, gynecologists).

Regardless of whether they opened or did not open the 
e-mail messages, physicians typically had other systems in 
place (for example, electronic medical records) to track the 
cancer screening needs of their patients. Physicians who 
had other systems in place found that the Screening Activity 
Report was comparatively time-consuming, unhelpful, and 
redundant. The most commonly identified added value of 
the Screening Activity Report occurred when physicians 
took on new patients (and therefore had no patient history 
or record) or when their patients underwent tests ordered 
by other physicians. The Screening Activity Report was 
also useful in instances in which physicians had to val-
idate electronic medical record data. Physicians made a 
number of suggestions to improve the Screening Activity 
Report, including integration of the report data into their 
electronic medical record; facilitating access to the report; 
and providing more accurate and “actionable” data (that is, 
personalized information that could be acted on immedi-
ately). Table v presents illustrative quotes from participants.

DISCUSSION

In this study, we used the Multiphase Optimization 
Strategy to examine the effect of component behaviour 
change techniques within a monthly e-mail message sent 

TABLE I Baseline physician characteristics according to each opera-
tionalized behaviour change technique

Characteristic Anticipated
regret

Material
incentive

(behaviour)

Problem-
solving

Physicians (n) 2606 2744 2776

History of SAR usea

Median 0.03 0.03 0.03

IQR 0–0.17 0–0.13 0–0.13

Baseline cancer  
 screening rateb (%)

Breast

Median 0.64 0.65 0.65

IQR 0.57–0.72 0.57–0.72 0.57–0.71

(15 missing) (13 missing) (14 missing)

Cervical

Median 0.67 0.67 0.67

IQR 0.58–0.75 0.57–0.74 0.57–0.74

(13 missing) (10 missing) (10 missing)

Colon

Median 0.69 0.69 0.69

IQR 0.62–0.75 0.61–0.75 0.62–0.75

(7 missing) (5 missing) (4 missing)

Sex [n (%)]

Women 1246 (47.8) 1333 (48.6) 1326 (47.8)

Men 1360 (52.2) 1411 (51.4) 1450 (52.2)

Years in practicec

Median 8.1 8.2 8.2

IQR 4.9–10.6 5.1–10.7 5.2–10.7

Practice sized

Median 664 670 668

IQR 481–896 488–895 485–895

(13 missing) (22 missing) (19 missing)

Size of groupe

Median 16 16 15

IQR 8–32 8–32 8–31

(1 missing) (7 missing) (8 missing)

Rurality [n (%)]

Rural 215 (8.3) 228 (8.3) 225 (8.1)

Urban 2374 (91.1) 2490 (90.7) 2529 (91.1)

Missing 17 (0.65) 26 (0.95) 22 (0.79)

a  Monthly average SAR access between 23 October 2014 and 30 April 
2017, considering the number of months each participant was 
registered to use the SAR and to receive the e-mail message from 
Cancer Care Ontario.

b At March 2017, pre-trial.
c From year of graduation.
d Number of patients enrolled to the physician’s practice.
e  Total number of physicians belonging to the group and practicing 

within the Local Health Integration Network.
SAR = Screening Activity Report; IQR = interquartile range.



FACTORIAL EXPERIMENT TESTING E-MAIL MESSAGES TO PHYSICIANS, Vaisson et al.

211Current Oncology, Vol. 26, No. 3, June 2019 © 2019 Multimed Inc.

to primary care physicians encouraging them to access a 
cancer screening audit and feedback report. In an effort 
to inform ongoing initiatives, we were able to embed this 
pragmatic factorial experiment involving more than 5000 
physicians within the routine operations of our health 
system partner33. For audit and feedback to work, recip-
ients must engage with the data34; for an e-mail message 
to prompt activity, recipients must open and review the 
e-mail content.

During the study, only about half the e-mail messages 
were opened, and in any given month, fewer than 11% of 
recipients “clicked through” the message to the Screening 
Activity Report. Those e-mail open and click rates are well 
above the mean open rate (21%) and click rate (2%) reported 
by Mailchimp for e-mail messages in the medical, dental, 
and health care industries. Those overall modest rates 
might reflect the challenges of using e-mail as a method 
to reach busy health professionals. Our qualitative find-
ings suggest that physicians might not read the Screening 
Activity Report e-mail message and that some leave it 
flagged in their inbox to deal with later. Coupled with the 

qualitative findings, the low open rates suggest that the 
program’s theory must be revisited35. The results suggest 
that the choice to open, read, and act on a reminder e-mail 
message prompting a physician to check the Screening 
Activity Report depends on the importance or pertinence 
that the physician gives to the Screening Activity Report in 
relation to other priorities and in relation to other strategies 
for achieving the goal of cancer screening.

Operationalization of anticipated regret and material 
incentive within monthly e-mail messages to physicians 
did not influence Screening Activity Report access. Physi-
cians receiving a message containing the problem-solving 
behaviour change technique were 13% less likely to access 
the Screening Activity Report during the 4-month study 
period. We operationalized problem-solving as a bulleted 
list: “Three tips from other Ontario family doctors on how to 
fit using the Screening Activity Report into your schedule.” 
The tips were to delegate access to a member of staff by 
sending a message to a provided e-mail address, booking 
time in their calendar to review the report, or “tackle a few 
patients at a time.” The effect of those problem-solving tips 

TABLE II Descriptive statistics for outcomes according to each operationalized behaviour change technique

Outcome Anticipated regret  
 (n=2606)

Material incentive
(behaviour) (n=2744)

Problem-solving
(n=2776)

Primary

SAR access [n (%)]

Yes 567 (21.8) 558 (20.3) 540 (19.5)

No 2039 (78.2) 2186 (79.7) 2236 (80.6)

Secondary

Mean times SAR was accessed 0.60±2.25 0.50±1.70 0.48±1.87

Breast cancer screening ratea (%)

Median 0.65 0.64 0.65

IQR 0.57–0.71 0.57–0.71 0.57–0.71

(57 missing) (71 missing) (68 missing)

Cervical cancer screening rate (%)

Median 0.67 0.67 0.67

IQR 0.58–0.74 0.57–0.74 0.58–0.75

(57 missing) (69 missing) (63 missing)

Colon cancer screening rate (%)

Median 0.70 0.69 0.69

IQR 0.63–0.76 0.62–0.76 0.62–0.76

(50 missing) (63 missing) (58 missing)

Process

Mean calls to Cancer Care Ontario 1.2±0.5 1.2±0.6 1.2±0.5

(n=17)b (n=13) (n=24)

Mean calls to eHealth Ontario 1.0±0 1 1.0±0

(n=4) (n=1) (n=6)

Participants dropping outc [n (%)] 21 (0.8) 23 (0.8) 23 (0.8)

Participants unsubscribingd [n (%)] 11 (0.4) 9 (0.3) 6 (0.2)

Participants dropping out or unsubscribing [n (%)] 27 (1.0) 30 (1.1) 27 (1.0)

a At September 2017, post-trial.
b Total number of physicians calling Cancer Care Ontario or e-Health about the SAR.
c SAR account no longer active (physicians did not access the SAR at least once in the preceding year).
d Physicians no longer receiving the e-mail message from Cancer Care Ontario.
SAR = Screening Activity Report; IQR = interquartile range.
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demonstrates that specific content choices in physician 
communication can influence behaviour.

We speculate that the specific response could reflect 
one of two effects. First, physicians who received the 
recommendation to authorize a delegate to access the 
report on their behalf might have followed that recom-
mendation and thus reduced their own report access. 
The increase in cervical cancer screening with the 
problem-solving factor also supports that hypothesis, al-
though inferences about the small observed effect in that 
secondary outcome are at risk of type i error, especially 
given the large number of statistical tests conducted. 
Second, problem-solving content might not be helpful 
when motivation to complete a task is not already high. 
In such cases, it is possible that emphasizing the diffi-
culties of staying on top of reports fails to help recipients 
overcome gaps between intention and behaviour36. Fur-
ther data about delegates will be necessary before firm 
recommendations can be made.

In the participatory design process and in the quali-
tative interviews described here, physicians noted other 
changes at the system level that could make it easier for 
them to use the data in their Screening Activity Report. 
They emphasized a desire for such reports to be integrated 
into the electronic medical records that they already use 
or to receive actionable data directly by e-mail. Thus, the 
operationalization of problem-solving might not have 
adequately addressed key barriers to the desired action. 
Those findings suggest that individuals developing audit 
and feedback interventions should carefully consider how 
to align their intervention with the workflow of the people 
who will use it. When the goals of the organization and of 
the users do not align, the ability to bring about change 
could be limited, even when using best practices in design.

Our study had 3 methodologic strengths. First, we were 
able to test, at scale, interventions that had been carefully 
co-designed with users, in partnership with a provincial 
agency. Second, rates of bounce-back, loss to follow-up, 

TABLE III Multivariable Poisson regression analysis of primary and secondary outcomes

Outcome Comparison Unadjusted analysis Adjusted analysis

RR 95% CI p Value RR 95% CI p Value

Primary (SAR access)

Anticipated regret Present vs. absent 1.096 0.988 to 1.216 0.08 1.072 0.975 to 1.180 0.15

Material incentive Present vs. absent 0.959 0.864 to 1.064 0.43 0.954 0.867 to 1.050 0.34

Problem-solving Present vs. absent 0.879 0.792 to 0.990 0.02 0.871 0.791 to 0.958 0.005

History of SAR usea 8.4 6.9 to 10.2 <0.0001

Secondary

Times the SAR was accessed

Anticipated regret Present vs. absent 1.127 0.963 to 1.319 0.14 1.090 0.950 to 1.251 0.22

Material incentive Present vs. absent 0.902 0.771 to 1.056 0.20 0.887 0.773 to 1.018 0.09

Problem-solving Present vs. absent 0.832 0.711 to 0.974 0.02 0.813 0.708 to 0.934 0.003

History of SAR use 12.6 9.5 to 16.6 <0.0001

Breast cancer screening

Anticipated regret Present vs. absent 1.004 0.995 to 1.013 0.43 1.000 0.997 to 1.002 0.81

Material incentive Present vs. absent 1.001 0.992 to 1.010 0.90 1 0.997 to 1.003 0.94

Problem-solving Present vs. absent 0.998 0.989 to 1.1.007 0.69 0.998 0.995 to 1.001 0.13

Baseline breast cancer screeningb 6.9 6.8 to 7.1 <0.0001

Cervical cancer screening

Anticipated regret Present vs. absent 1.001 0.992 to 1.011 0.83 1.002 0.998 to 1.003 0.83

Material incentive Present vs. absent 1.006 0.996 to 1.015 0.24 1.000 0.998 to 1.002 0.81

Problem-solving Present vs. absent 0.999 0.989 to 1.008 0.77 1.003 1.001 to 1.006 0.003

Baseline cervical cancer screeningb 7.1 7.0 to 7.2 <0.0001

Colorectal cancer screening

Anticipated regret Present vs. absent 0.995 0.987 to 1.003 0.21 1 0.998 to 1.002 0.99

Material incentive Present vs. absent 1.000 0.992 to 1.008 0.95 1 0.998 to 1.002 0.93

Problem-solving Present vs. absent 0.996 0.988 to 1.004 0.33 1 0.998 to 1.002 0.95

Baseline colorectal cancer screeningb 6.8 6.7 to 6.9 <0.0001

a  Monthly average SAR access between 23 October 2014 and 30 April 2017 considering the number of months that each participant was registered 
to use the SAR and was receiving the e-mail message from Cancer Care Ontario.

b At March 2017, pre-trial.
RR = risk ratio; CI = confidence interval; SAR = Screening Activity Report.



FACTORIAL EXPERIMENT TESTING E-MAIL MESSAGES TO PHYSICIANS, Vaisson et al.

213Current Oncology, Vol. 26, No. 3, June 2019 © 2019 Multimed Inc.

and unsubscribing were low (<10%), meaning that selec-
tion bias was negligible. Third, we conducted qualitative 
interviews to help explain the quantitative results. Those 
interviews provided further insight into how to optimize 
cancer screening in primary care.

Limitations of the study included, first, a temporal 
window for observing changes that might not have been 
ideal. Physicians reported consulting their Screening 
Activity Report typically before receiving preventive care 
bonuses in fall and winter. Summer might also mean fewer 
medical visits. It was also not possible to restrict analyses 
to patients who visited their physician during the 4 months 
of the study. Second, outcome measures were automati-
cally generated and collected from Mailchimp and Can-
cer Care Ontario databases. That approach avoided any 
overestimation of cancer screening rates that might have 
occurred if physicians self-reported37, which could have led 
to non-differential information bias and sub-estimation of 
effects. However, Mailchimp data could not be merged with 
Cancer Care Ontario data, meaning that measuring effect 
for physicians who opened their e-mail messages was not 
possible. Third, randomization was done at the physician 
level and not the practice level, meaning that contamina-
tion is plausible. However, the risk of cross-exposure seems 
low, given the low open rates. Fourth, for the process eval-
uation, we used a convenience sample recruited through 
the principal investigator of the study. That sampling 
technique could have affected the diversity of the sample. 

Five, we selected and operationalized behaviour change 
techniques that seemed most likely to be effective, but it 
is plausible that, despite our best efforts, we selected the 
wrong techniques or operationalized them inadequately. 
Finally, we did not test different e-mail subject lines for the 
various experimental conditions or over time, which might 
have contributed to declining open rates. Future studies of 
e-mail prompts to physicians should consider randomizing 
and testing a variety of subject lines.

The findings about effective communication tech-
niques to prompt action by primary care physicians are 
broadly applicable to other physicians in Canada and 
abroad. Qualitative insights from our process evaluation 
indicate that Screening Activity Report use depends on 
multiple practical factors that limit its fit within existing 
workflows. As in many evaluations of implementations of 
e-health tools specifically (or practice-change initiatives 
more broadly), the innovation must align with intra- and 
inter-organizational structures involved in a specific care 
process38–41. Before implementing any new tool related 
to cancer screening (or any other process) into practice, 
it is necessary to determine aspects of the existing local 
processes where capacity and desire for change are both 
present. Foundational work to illuminate the realities “on 
the ground”—for example, surveying, meeting, interview-
ing, or shadowing the target population during a typical 
day of practice—should inform implementation strategies 
to improve quality of care.

TABLE IV Factors affecting the primary outcome, stratified by sex and history of Screening Activity Report (SAR) use

Primary outcome
(SAR access)

Comparison Unadjusted analysis Adjusted analysis

RR 95% CI p Value RR 95% CI p Value

Women (n=2607)

Anticipated regret Present vs. absent 1.040 0.902 to 1.200 0.59 1.023 0.896 to 1.169 0.73

Material incentive Present vs. absent 0.905 0.784 to 1.044 0.17 0.918 0.804 to 1.049 0.21

Problem-solving Present vs. absent 0.888 0.769 to 1.024 0.10 0.895 0.783 to 1.022 0.10

History of SAR usea 7.2 5.5 to 9.3 <0.0001

Men (n=2842)

Anticipated regret Present vs. absent 1.158 0.996 to 1.346 0.06 1.124 0.980 to 1.290 0.09

Material incentive Present vs. absent 1.0156 0.874 to 1.171 0.84 0.991 0.8633 to 1.137 0.89

Problem-solving Present vs. absent 0.873 0.751 to 1.014 0.08 0.849 0.740 to 0.975 0.02

History of SAR use 9.7 7.4 to 12.8 <0.0001

No history of SAR use (n=2581)

Anticipated regret Present vs. absent 0.850 0.586 to 1.234 0.39 0.850 0.586 to 1.234 0.39

Material incentive Present vs. absent 1.054 0.728 to 1.526 0.78 1.054 0.728 to 1.526 0.78

Problem-solving Present vs. absent 0.963 0.665 to 1.394 0.84 0.963 0.665 to 1.394 0.84

History of SAR use (n=2868)

Anticipated regret Present vs. absent 1.098 0.995 to 1.212 0.06 1.098 0.995 to 1.212 0.06

Material incentive Present vs. absent 0.944 0.856 to 1.042 0.25 0.944 0.856 to 1.042 0.25

Problem solving Present vs. absent 0.862 0.781 to 0.951 0.003 0.862 0.781 to 0.951 0.003

History of SAR use

a  Monthly average SAR access between 23 October 2014 and 30 April 2017, considering the number of months each participant was registered 
to use the SAR and receive the e-mail message from Cancer Care Ontario.

RR = risk ratio; CI = confidence interval.
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TABLE V Qualitative process evaluation (11 respondents)

Theme Sample quotes

SAR monthly e-mail habits So anytime I get a SAR [e-mail reminder], it goes straight in the unread inbox and I look at it later, whether later 
in the day, another day or a couple of days later or on the weekend. So the fact that I get it during the day or at 
night is irrelevant, because I never look at it right away. 
— Participant 10

Utility of the SAR It doesn’t help me maximize my screening rates, and it certainly doesn’t help me save time—it adds time.... It’s 
not providing us any more useful information than what they already have in their EMR.... We’ve never used the 
SAR well, because we already had a process in place that worked before the SAR came into being. 
— Participant 1

We’ll correlate three sources. So we’ll correlate the paper format that we get from OHIP and the call backs and 
the nurse’s updated scripts, I guess, that she, you know, handwrites on the OHIP. We correlate that with SARs, 
and then we correlate it as well with our EMR by doing a database search.... I do access it personally in October, 
usually October, November in order to anticipate following to try to capture as many as I can at that time.... I 
think I look at the SAR as a complement to what we’re doing. 
— Participant 3

SAR-to-EMR comparisons Like I never actually went into the many details to see if the SAR is as accurate as I would hope it to be, but I 
know that our EMR is accurate because if it’s been done, and I have a result only then it’s documented.... So, 
actually, what I do is that I go to our EMR list of people who have done, had it done, and then I use the SAR to 
kind of reconcile. 
— Participant 2

Suggestions to improve 
 the utility or use of the SAR

I mean just maybe two things. Like, one thing, we always educated them [about the SAR]. Like, our people 
are aware of it. I mean sending out an e-mail is one thing, but finding other ways to encourage people and to 
motivate them to use it. The other thing would be maybe finding other ways to integrate like with EMRs. You 
know, it’d be nice. Again, our EMR does spit out this data anyways, but again maybe to help reconcile those few 
patients. It’d be so nice if I didn’t have to manually do it. I think that would take away a huge workload. 
— Participant 2

If it was quick, I could click one button and get in ... Abnormal screen, overdue for screening.... You can’t put 
individual patients’ information in there, but if you could put individual physician information. In other words, 
you have x number of patients requiring this or you have x number of patients. Like, just putting, like, that 
summary sheet at the front that tells us may be outstanding for our patients might be helpful. 
— Participant 4

Utility of the regular SAR 
 e-mail messages

Receiving the e-mail? Well, it’s a prompt, so it does keep it in mind. So, if I never received an e-mail, I probably 
would never check my SAR, because it would just—I’d never think about it. 
— Participant 10

I mean definitely when I first started, you know, I think the e-mails were super helpful because that’s how I 
learned about this resource, you know. But as I get a system in place, I kind of know now that, hey, you know, at 
this time of year, maybe twice a year at minimum, I’m going to go and just update our records. 
— Participant 2

Suggestions to improve 
 the utility of the regular 
 SAR e-mail messages

if I had to get the SAR e-mail every week, I’d be like, delete, delete, delete, and then on the one time when there 
was something important in it, I’d delete it without looking.... And depending on the urgency, I mean, once a 
month might be good for some things, and once every two months for some other things ... so that you aren’t 
inundated with too much information each time, that kind of thing. 
— Participant 10

Well, if, you know, confidentially ... weren’t such an issue, I would love this stuff to be e-mailed to us in a chart 
form, you know. But obviously that’s not a possibility.... I think if the e-mail had some of my personal summaries 
in it ... that would much more likely get me to log in than just a general reminder. 
— Participant 4

Just give me my results, I can open the attachment and look at it. Or give me a Web site where all I have to do is 
click on that thing and it automatically takes me into what I have to look at. I don’t have to log in, password, like 
all these steps are annoying, they take too much time. 
— Participant 8

Determinants to adhere 
 to cancer screening  
 guidelines

Money would be much better spent teaching physicians how to use their EMRs properly, instead of having a 
duplication of the data in another format, that is not integrated with the EMR. 
— Participant 1

The financial motivation is definitely a factor that allows me to put some time aside out of the rest of my day to 
do that.... We all feel constantly drowning in tasks that need to get done, that we’re pulled in so many different 
directions in terms of patient care, in terms of teaching, in terms of administrative, that it’s just hard to find a 
chunk of time that is required to sit down and do this. And so any sort of incentive that says there’s an additional 
benefit to doing this is helpful, to be honest. 
— Participant 4

SAR = Screening Activity Report; EMR = electronic medical record; OHIP = Ontario Health Insurance Plan.
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Reflections on the Value of Catalyst Project Funding
This pragmatic experiment, conducted in collaboration 
with Cancer Care Ontario, allowed for a largescale eval-
uation of multiple interventions. The catalyst project was 
an ideal circumstance in which to make use of the first 
steps in the Multiphase Optimization Strategy framework 
for optimizing multicomponent interventions. The part-
nered approach also enabled the team to understand the 
constraints of real-world implementation and to inform 
future work. The grant provided an opportunity to apply 
principles of behavioural science to try to improve cancer 
care. Thus, in addition to the scientific findings, we high-
light the benefits gained through working with a health care 
organization and conducting a trial using real-world data.

CONCLUSIONS

In this large factorial experiment, we tested 3 behaviour 
change techniques embedded in e-mail content sent to more 
than 5000 primary care physicians to increase the use of an 
audit and feedback tool for cancer screening. Despite limited 
engagement by the participants with the intervention, we 
found that small changes in the content of e-mail commu-
nications to physicians can lead to behaviour change, with 
the potential for change in clinical outcomes. The study 
demonstrated the potential benefits of rigorous partnered 
research with health system organizations to examine ways 
to optimize quality improvement interventions. This type 
of large-scale implementation research is crucial when 
working on population-level interventions in which very 
small effects could be worthwhile. The study also highlights 
that improving uptake of audit and feedback is a complex 
problem, unlikely to be satisfactorily addressed with single 
or simple interventions. Future work in the area should focus 
on the key goal of increasing cancer screening rather than 
increasing use of a particular tool, given that the principle 
of user-centred design is to make systems useful to people 
rather than to make people use specific systems.
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