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INTRODUCTION
Forces such as pay for performance [1] and 
maintenance of licensure and certification 
standards are transforming the goal of con-
tinuing medical education (CME) from 
knowledge transmission to improving per-
formance [2-4]. Researchers have postulated 
that the transtheoretical model (TTM) offers 
promise in guiding the implementation and 
evaluation of CME [5-9]. Use of the TTM 
can guide CME planners in designing and 
evaluating education that helps clinicians at 
all stages of readiness to improve performance.  

The TTM is an integrative model that 
describes behavior change as a progression 
through a series of five stages: 

•	 Precontemplation	 (not	 intending	 to	
adopt the best practices) 

•	 Contemplation	 (intending	 to	 adopt	
the best practices in the next 6 
months)

•	 Preparation	 (intending	 to	 adopt	 the	
best practices in the next 30 days)

•	 Action	(adopted	the	best	practices	less	
than 6 months ago) 

•	 Maintenance	 (adopted	 the	 best	

practices more than 6 months ago) 
[10] 

The TTM includes other behavior 
change variables, such as decisional balance, 
defined as the relative weighing of the pros 
and cons of the change in performance. 
Self-efficacy is another variable, defined as 
confidence to change performance. These 
are systematically related to the stages of 
change in predictable ways [11,12]. TTM 
has been successfully applied to behavior 
change interventions including smoking 
cessation [13], medication adherence [14], 
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Background: Documenting performance change after participation in continuing medical education (CME) is becoming 
increasingly important. The transtheoretical model (TTM) is a promising evaluation framework, but few published 
studies have applied the TTM to a series of CME activities. The purpose of this study was to apply the TTM to evaluate an 
Internet curriculum including a series of 13 related CME activities designed to promote the adoption of evidence-based, 
individualized, early, and aggressive treatment for rheumatoid arthritis. 

Methods: Pretest and posttest scores on knowledge and key TTM constructs related to the desired performance were 
compared to determine if they had changed from pretest for the first CME activity to posttest of the final activity. One-
sample t tests and analyses of variance on complete case and imputed data among all participating physicians and 
rheumatologist samples were used. The effect of including TTM-based behavior change statements to facilitate the 
adoption of the desired performance was examined. 

Results: Participating in multiple CME activities correlated with higher posttest physician knowledge scores, movement 
to more advanced stages of change for adopting the desired performance, and improvements in TTM constructs. Including 
more behavior change statements per CME activity was associated with larger differences in scores on TTM variables. 

Conclusion: Applying the TTM permits inclusion of behavior change statements to ensure that activities meet the needs 
of physicians, even those who are not prepared to formally adopt the desired performance. It also allows CME providers 
to evaluate effects on participants who have varied levels of readiness to change. In this study, serial CME activities 
increased physicians’ readiness to adopt the desired performance, which is expected to improve patient care.
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weight management [15], stress manage-
ment [16], and CME [17].

Despite criticism of TTM-based inter-
ventions [18-20], a number of longitudinal 
randomized, controlled trials show that tai-
lored TTM-based interventions are effec-
tive [14-16]. Two systematic meta-analyses 
indicate that tailoring on TTM variables 
significantly increases the effectiveness of 
interventions [21,22]. Many studies that 
claim that TTM is ineffective have tailored 
interventions only to stage of change [23], 
ignoring other crucial behavior change vari-
ables [21], or have been poorly designed 
(e.g., small sample sizes, poor recruitment 
rates, or high loss to follow-up) [24,25]. 

Effective CME is tailored to the educa-
tional needs and goals of the learner [26]. 
Tailoring educational content to readiness 
to adopt a performance change is also likely 
to play a key role [5, 7, 9]. Research on the 
TTM consistently demonstrates that tailor-
ing messages to an individual’s readiness to 
change can increase effectiveness of inter-
ventions [14-17], and improve performance 
significantly more than standard education 
[17]. 

In addition, the application of the TTM 
heavily influences evaluation [5, 27]. 
Utilizing the TTM in CME evaluation 
permits an examination of the effective-
ness of the activity or curriculum for the 
entire spectrum of participants. Rather than 
restricting the outcomes to the dichotomy 
of adopting the desired performance or not, 
more sensitive analyses can be conducted 
to analyze movement through the readiness 
to change continuum [5-7]. Stage progress 
can be examined from the pretest of the first 
activity to the posttest of the final activity 
within a curriculum to determine effects 
of the curriculum on readiness to adopt 
the performance change. Few studies have 
applied the TTM to the implementation 
and evaluation of a series of CME activities. 

The purpose of this study was to apply 
the TTM to the design and evaluation of 
a curriculum of Internet CME activities to 
promote the adoption of an evidence-based 

treatment approach in clinical practice. The 
area	of	study	was	rheumatoid	arthritis	(RA).	
This condition affects more than 1 million 
adult patients and requires early treatment 
with disease-modifying antirheumatic drugs 
or newer biologic therapies to preserve both 
physical functioning and quality of life 
[28-30]. Each CME activity incorporated 
TTM-based statements to facilitate adop-
tion of the desired performance. The CME 
outcome evaluation examined changes in 
knowledge; shifts in readiness to adopt an 
evidence-based treatment approach; and 
improvements in decisional balance and 
self-efficacy for physicians who participated 
in a single or multiple activities. Finally, 
the study examined how behavior change 
outcomes relate to the number of behavior 
change statements included in each activity. 

METHODS

Educational Interventions
The overall study design included: a pre-
assessment, one to 13 educational interven-
tions, and a post-assessment for analysis of 
change among participants (Table 1). The 
curriculum addressed practice gaps identi-
fied through a formal needs assessment. 
The content was created by rheumatology 
faculty and delivered in interactive multi-
media formats (Table 2). These included 
“Interactive Clinical Review”, a text-based 
CME article with interactive polling ques-
tions throughout the program showing 
immediate feedback in comparison with 
peers; “Roundtable Expert Discussion”, a 
video webcast discussion among 3 faculty 
members with a moderator with down-
loadable slides and transcript; “Clinical 

Case Study”, a text-based presentation 
of 2 cases with interactive questions and 
answers showing immediate feedback in 
comparison with peers; and “Conference 
Coverage”, a text- or video-based, multi-
article activity summarizing presentations 
at annual clinical meetings. The activities 
were offered to all physicians registered on 
Medscape, a healthcare information web-
site. Registration for the site and all educa-
tional content were available at no charge to 
participants. Each activity was certified by 
Medscape for CME credit (0.5 to 1 credit 
each).	Activities	were	certified	for	1	year	and	
were launched in 2008 to 2009. 

The activities included brief behavior 
change statements (e.g., a faculty highlight-
ing the numerous ways patient outcomes 
and quality of life are improved when 
rheumatologists adopt an individualized 
approach; faculty pointing out how patient 
assessments can routinely be collected with 
minimal burden on the practice). These 
were designed to move physicians through 
the stages of change for adopting an evi-
dence-based treatment approach. These 
statements included benefits (pros), tips on 
overcoming barriers (cons), and models of 
how to handle difficult situations to build 
self-efficacy. 

Participants and Data Collection
Rheumatologists practicing in the United 
States were the target audience, but inter-
ested physicians from any specialty could 
participate. Exclusion criteria included 
self-reported specialties of medical stu-
dent, consumer/other, health business/
administration, media/press, pharmacist, 
nurse, nursing student, administration/

Table 1. Study Design

Study Elements Components Included for Assessments

Pretest before each activity Stage of change, decisional balance, self-efficacy

1–14 CME activities Included behavior change statements

Test repeated as a post-assessment 
after each activity

Stage of change, decisional balance, self-efficacy

Analysis Comparison of pre- versus posttest results for each participant
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management, faculty/teaching, public/com-
munity health, quality management, and 
risk management/utilization review. 

Physicians	were	invited,	but	not	required,	
to complete a pretest to assess current 
clinical practice. Immediately following 
the activity but prior to completion of the 
CME posttest (required for CME credit), 
participants were invited, but not required, 
to complete the same test items as a post-
assessment.	All	responses	were	date	stamped	
and captured electronically and were associ-
ated with a unique identification number to 
maintain anonymity. 

Measures 
The desired performance was defined through 
a rigorous, iterative, qualitative, and quantita-
tive measurement development process con-
ducted in 2008 and repeated in 2009 (n = 397 
physician participants). It was based on the 
input of five expert faculty and an extensive 
literature review [28-30]. Details of this meth-
odology are provided elsewhere [15].

The final definition of the desired perfor-
mance was:

Individualized early and aggressive 
treatment	for	RA	includes:

•	 Understanding	 RA	 and	 its	 systemic	
manifestations, the therapeutic tar-
gets of action, safety, and efficacy of 
biologic agents 

•	 Considering	biologic	agents	for	RA	
•	 Using	 objective	 patient	 and	 physi-

cian tools to recognize suboptimal 
response to therapy; prescribe appro-
priate therapy; and monitor disease 
progression, response to treatment, 
and quality of life 

•	 Collaborating	closely	with	the	patient	
and other medical practitioners to 
manage comorbid conditions such 
as cardiovascular disease 

Stage of Change 
Best practices were presented to physi-
cians who were asked as a pre-activity 
assessment:	“Assume	that	the	four	bulleted	

principles above DEFINE an evidence-
based	approach.	Are	you	using	 these	prin-
ciples consistently to select individualized 
early and aggressive treatment regimens for 
rheumatoid arthritis?” Response options 
(corresponding stage of change) were:

•	 NO,	and	I	do	NOT	intend	to	in	the	
next	6	months	(Precontemplation)

•	 NO,	 but	 I	 intend	 to	 in	 the	 next	 6	
months (Contemplation)

•	 NO,	 but	 I	 intend	 to	 in	 the	 next	 30	
days	(Preparation)

•	 YES,	 I	 am	 and	 have	 been	 for	 LESS	
than	6	months	(Action)

•	 YES,	I	am	and	have	been	for	MORE	
than 6 months (Maintenance)

Decisional balance questions assessed the 
importance of six items (three pros [α = 
.84], three cons [α = .70]) in physicians’ 
decisions about whether or not to adopt an 
evidence-based, individualized, early, and 
aggressive	 treatment	 approach	 for	 RA.	 A	
five-point scale was used (1 = not impor-
tant,	 5	 =	 extremely	 important).	 A	 sample	

Table 2. Physician and Rheumatologist Participation in Internet CME Curriculum Activities*

Educational Activity Activity Format
Number of 

Behavior Change 
Messages Included

Physician,  
n Full Case 
(Imputed)

Rheumatologist, 
% Full Case 
(Imputed)

Latest Evidence on Biologic Therapy for RA: Weighing 
the Risks and Benefits

Interactive clinical review 13 1568 (990) 37.8 (42.3)

Rhematoid Arthritis: Next-Generation Biologic 
Therapies

Interactive clinical review 15 2766 (826) 19.5 (27.7)

Update on RA Management—New Therapeutic Op-
tions and Monitoring Approaches

Roundtable expert discussion 20 759 (557) 30.0 (28.3)

Marrying Rheumatoid Arthritis Pathophysiology to 
Treatment Mechanism of Action

Roundtable expert discussion 11 453 (202) 41.6 (53.6)

Understanding the Scientific Principles behind TNF 
Failure and Cycling

Roundtable expert discussion 23 286 (90) 33.7 (55.8)

Clinical Challenges in RA Management: Addressing 
Treatment Failure

Roundtable expert discussion 22 381 (150) 34.6 (44.2)

Addressing the Cardiovascular Risk in Rheumatoid 
Arthritis

Roundtable expert discussion 14 492 (157) 24.1 (36.1)

Rheumatoid Arthritis: Beyond Joint Inflammation to 
Treat Nonarticular Symptoms

Clinical case study 23 1017 (480) 26.1 (32.2)

*Formats of the internet continuing medical education (CME) activities are as follows: Interactive clinical review is a text-based CME article with interactive polling questions 
throughout the program showing immediate feedback in comparison with peers; roundtable expert discussion is a video webcast discussion among three faculty with 
a moderator with downloadable slides and transcript; clinical case study is a text-based presentation of two cases with interactive questions and answers showing 
immediate feedback in comparison with peers; conference coverage is a text or video based, multi-article activity summarizing presentations at annual clinical meetings. 
RA indicates rheumatoid arthritis; TNF, tumor necrosis factor.
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pro	item	read,	“This	approach	to	RA	treat-
ment leads to better outcomes.”

Self-efficacy items assessed physicians’ 
confidence that they could implement these 
best practices even in five difficult situations 
(α = .87) (e.g., if there is a lack of long-term 
safety data on new biologics). Items were 
responded to on a five-point scale (1 = not 
at all confident, 5 = extremely confident). 

Knowledge was assessed using nine mul-
tiple choice questions with four to five 
response options and a single correct answer. 

Behavior change statements addressed pros, 
countering cons, increasing self-efficacy, or 
providing information on the importance of 
the performance change to include in the 
educational content. The faculty members 
were provided with suggested TTM-based 
behavior change statements to include in 
CME.	 After	 each	 CME	 activity	 was	 final-
ized, an audit was conducted by two inde-
pendent reviewers with extensive expertise 
in the TTM to tally the number of TTM-
based behavior change statements included. 

Data Analysis 
Data were merged from eight of the 13 CME 
activities of the curriculum that included 
both pre- and posttest measures. Five of 
the activities lacked pretest data. Data were 
analyzed using both complete case data 
and data estimated by multiple imputation 
(MI) for participants who entered responses 
to the pretest but did not complete the 
entire posttest. Complete datasets were ana-
lyzed using t tests and analyses of variance 
(ANOVAs).	

MI, the state-of-the-art for missing value 
replacement, uses a simulation technique 
to replace each missing value with a set of 
plausible values, resulting in multiple com-
plete datasets that differ only in the imputed 
values [31-33]. Tests of significance take 
into account the uncertainty introduced 
by the missing data and the uncertainty 
in the imputed values, so they yield more 
accurate estimates of confidence intervals 
and significance levels than other missing 
data approaches [31]. For the current study, 

10 datasets were imputed for the interven-
tion and control groups using multivariate 
imputation by chained equations (MICE) 
[34] implemented by R package MICE 
version 1.10 [35]. The imputation models 
included a large number of variables related 
to outcomes being imputed and to missing-
ness. The 10 complete datasets were ana-
lyzed separately using complete data meth-
odology and the results pooled to yield final 
estimates of the outcomes. Thus, MI was 
used to estimate missing data for the TTM 
constructs for pre- and posttests, resulting in 
a unique sample of participants with com-
plete pre- and posttest data for each activity.

Pretest	responses	to	participants’	first	activ-
ity were compared to their posttest responses 
for their final activity. Data for each indi-
vidual were linked. The number of activities 
in which each physician participated and 
knowledge were examined by learners’ stage 
of	change.	Analyses	were	conducted	among	
those participating in one, two, or three or 
more activities, given the small sample that 
completed four or more activities.  

Correlations of number of behavior 
change statements included in each activity 
to difference scores in behavior change vari-
ables were examined. Difference scores were 
calculated by subtracting the pretest score 
for each activity from the posttest score for 
that activity. Separate logistic regressions 
were also conducted to examine the rela-
tionship between highly correlated behavior 

change variables and the likelihood of pro-
gression on the readiness to change con-
tinuum or progression to action/mainte-
nance. Stage progression was defined as 
movement forward of at least one stage on 
the TTM stage-of-change continuum (e.g., 
from	Precontemplation	to	Contemplation).	
Difference scores were categorized as (0) 
stable or decreasing from pretest to posttest 
and (1) increasing from pretest to posttest. 

RESULTS

Knowledge 
Sample size ranged from 309 to 3134 CME 
participants in the complete case analyses 
and 95 to 1060 for the imputed data (Table 
2). The number of CME activities com-
pleted by participants is shown in Table 3. 
An	ANOVA	on	the	complete	case	data	indi-
cated that physician post-activity knowl-
edge varied significantly based on number 
of activities completed; F (2, 3053) = 6.70, 
P < .01, n2 = .004. Those who completed 3 
or more CME activities had a higher per-
cent correct on the posttest than did those 
completing fewer activities. The difference 
among rheumatologists was not signifi-
cant; F (2, 476) = 1.84, P > .05, n2 = .008. 
ANOVAs	on	the	imputed	data	also	indicated	
that physician post-activity knowledge var-
ied significantly based on number of activi-
ties in which physicians participated; F (2, 
425.14) = 7.10, P < .001, n2 = .03 (Figure 1). 

Table 3. Number of CME Activities Completed by Physicians and 
Rheumatologists*

Number of Activities Frequency Complete Case, % Imputed Data, %

Overall physician sample

  1 3962 68.5 69.3

  2 1052 18.2 17.0

  3 or more 766 13.3 13.7

Rheumatologist sample

  1 735 55.7 52.0

  2 285 21.6 23.0

  3 or more 299 22.7 25.0

*Physician participant number in 1, 2, and 3 or more continuing medical education (CME) activities in 
the CME curriculum with full case data and imputed data are shown.
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Analysis	of	 responses	 from	rheumatologists	
showed a small effect of number of activi-
ties completed on knowledge; F (2, 101.73) 
= 1.74, P > .05, n2 = .03. Rheumatologists 
completing three or more activities had 
higher knowledge scores than those com-
pleting fewer activities. 

TTM Stage Progression and Behavior 
Change 
The first behavior change outcome is stage 
progression for the performance change, 
optimizing and individualizing treatment 
for	 RA	 as	 a	 result	 of	 participating	 in	
CME activities. Stage progression is mea-
sured in two ways: 1) any movement for-
ward to a more advanced stage of change 
(e.g.,	 movement	 from	 Precontemplation	
to Contemplation), which represents 
stage progress; and 2) movement from 
Precontemplation,	 Contemplation,	 or	
Preparation	 to	 Action	 or	 Maintenance,	
which represents adoption of the perfor-
mance	 improvement.	 Among	 physicians	
with complete case data, 37.5% of those 
completing three or more CME activities 
made stage progress versus 26% of those 
completing a single activity, not reaching 
statistical significance; χ2(4) = 5.53, P > 
.05.	 Analyses	 of	 the	 more	 well-powered	
imputed data revealed significant dif-
ferences. Those participating in three or 
more activities are more likely to prog-
ress forward at least 1 stage of change, 
a medium effect; F (2, 224.49) = 8.98, 
P < .001, n2	=	 .07	 (Figure	2).	As	Figure	
3 depicts, those participating in three 
or more activities are also more likely to 
progress to action or maintenance, a large 
effect; F (2, 162.35) = 11.77, P < .001, 

n2 =	 .13.	 Analyses	 of	 the	 imputed	 data	
indicate that rheumatologists participat-
ing in three or more CME activities were 
significantly more likely to make stage 
progress (F [2, 141.88] = 3.1, P < .05, n2 

= .14) and to progress to action or main-
tenance (F [2, 81.91] = 4.97, P < .01, n2 

= .11) than those participating in fewer 
activities. 

Figure 1. Physician knowledge by number of continuing medical education (CME) 
activities completed. Percent correct on posttest scores. Physician and rheumatologist 
knowledge varied based on number of activities completed. Those who completed 3 
or more CME activities had a higher percent correct on post-assessments than those 
completing fewer activities.

Figure 2. Percent of physicians moving forward at least 1 stage of change for adopting 
the performance change at continuing medical education (CME) posttest. Physicians and 
rheumatologists progressing toward a performance change after completing CME varied 
based on number of activities completed. Those who completed 3 or more CME activities 
had more stage progress. 
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Decisional Balance (Pros and Cons)
The analysis for the physicians overall did 
not reveal a significant difference on pros 
from pretest to posttest among those com-
pleting a varying number of CME activi-
ties; F (2, 1101) = 1.23, P > .05, n2 = .002. 
Because increasing pros is a key interven-
tion strategy for clinicians in precontem-
plation, differences in pros scores from 
pretest to posttest were also investigated 
for this sub-group. Complete case analysis 
indicated a small effect among physicians 
in precontemplation at pretest; F (2, 191) 
= 2.33, P >.05, n2 = .024. Those participat-
ing in 3 or more activities had larger pros 
difference scores than those participating 
in one or two activities. The imputed data 
analyses revealed similar findings: a small, 
nonsignificant effect for number of activi-
ties among physicians in the overall sample 
(F [2, 89.41] = .575, P > .05, n2 = .01), 
where the largest pros difference score was 
between those completing one and two 
activities	(Figure	4).	A	small	effect	was	also	
seen among those in precontemplation at 
pretest of the first activity (F [2, 86.72] = 
.85, P >.05, n2 = .019), for whom the pros 
difference score was greater for two or three 
activities than for one activity. 

Cons for physicians overall also did not 
differ significantly among those participat-
ing in varying numbers of activities. Sub-
group analysis was conducted here as well 
given the importance of reducing cons for 
clinicians	 in	 contemplation.	A	 small	 effect	
was shown for number of activities among 
those in contemplation at pretest in the 
complete case analysis; F (2, 243) = 1.2, P 
>.05, n2	 =	 .01.	Physicians	participating	 in	
3 or more CME activities had the largest 
drop in cons from pretest of the first activity 
to posttest of the last activity. The imputed 
data revealed a small but nonsignificant 
effect for number of activities completed 
among physicians in contemplation at pre-
test; F (2, 49.29) = .73, P > .05, n2 = .028. 
The largest decrease in cons was among 
physicians participating in three or more 
CME activities (Figure 5). Neither pros nor 

Figure 3. Percent of physicians adopting the performance change at continuing medical 
education (CME) posttest. Physicians and rheumatologists adopting a performance 
change after completing CME varied based on number of activities completed. Those who 
completed 3 or more CME activities were more likely to adopt a desired performance.

Figure 4. Difference scores on pros of adopting the performance improvement by 
number of activities completed. Physicians in the overall sample and physicians in 
precontemplation at pretest who complete 2 or 3 activities have larger increases in pros 
than those who complete a single activity.
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cons differed significantly from pretest to 
posttest among the rheumatologists. 

Self-Efficacy 
The complete case analyses indicated that 
level of confidence varied depending on 
number of CME activities in the overall 
sample of physicians; F (2, 1187) = 5.56, 
P < .01, n2 = .009 (a small effect). Similar 
results emerged from the imputed data, 
with significant differences in the overall 
sample of physicians; F (2, 74.08) = 8.62, 
P < .001, n2	=	.19.	As	is	shown	in	Figure	6,	
an unexpected finding was that confidence 
was highest among those participating in 
one activity. Rheumatologist data showed 
no significant differences in confidence 
based on number of activities completed 
in the complete case analyses or in the 
imputed analyses. 

Behavior Change Outcomes by 
Number of Behavior Change 
Statements
The correlation of number of behavior 
change statements included in each activ-
ity to difference scores on behavior change 
constructs reveals a pattern of strong rela-
tionships. Number of pros messages is 
not correlated (0.04) in the overall sample 
with the pros difference score, but among 
those in pre-action stages, the correlation 
increases to 0.16. The correlation between 
number of pros messages and pros differ-
ence score among physicians in the pre-
contemplation stage at pretest of the first 
activity increases to 0.48. The strongest 
correlations were between confidence mes-
sages and confidence difference scores. 
Confidence is the single most sensitive 
measure of behavior change found in this 
study.	 Among	 the	 overall	 sample,	 number	
of messages is strongly correlated (0.92, P < 
.01) with confidence difference scores. The 
logistic regressions indicate that physicians 
with increasing self-efficacy scores are, on 
average, 1.5 times more likely to make stage 
progression than those who have stable or 
decreasing self-efficacy scores. 

Figure 5. Difference scores on cons of adopting the performance improvement 
by number of activities completed. Physicians in the contemplation stage at pre-
test who complete 3 or more activities have larger decreases in cons than those 
who complete fewer activities. 

Figure 6. Difference scores on confidence for adopting the performance im-
provement by number of activities completed. Physicians in the overall sample 
had the largest increase in confidence after participating in one activity.
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DISCUSSION
This study demonstrates applicability of 
the TTM to design and evaluation of an 
Internet CME curriculum of related activi-
ties for physicians. Traditional approaches 
to CME outcome evaluation have relied on 
a dichotomous outcome framework (i.e., 
did participants adopt the performance 
change or not?)—ignoring the continuum 
of behavior change [5]. The TTM recon-
ceptualizes behavior change as a process that 
unfolds over time in a series of motivational 
stages. Employing the stages-of-change 
framework in CME enables inclusion of 
behavior change statements matched to the 
needs of all participants [14-17]. This out-
come evaluation demonstrates the impact of 
a series of 13 related CME activities on the 
entire population of physician learners. 

In this study, participation in multiple 
CME activities correlated with higher posttest 
scores related to knowledge. Further, these 
activities increased adoption of the desired 
performance and had a significant impact 
on stage progression toward the performance 
change. Forty-eight percent of physicians and 
56% of rheumatologists moved forward at 
least one stage of change after participating in 
three or more activities. These positive out-
comes would have been overlooked in a tradi-
tional	CME	outcomes	evaluation.	Adoption	
of the performance change and progress 
toward it are both expected to translate into 
improved patient care.

Participation	 in	 multiple,	 related	 CME	
activities had a more favorable impact on 
physician	 pros	 and	 cons	TTM	 scores.	 An	
unexpected finding was that confidence was 
highest among those physicians participat-
ing	in	only	1	activity.	Approximately	2700	
of the participants who completed three or 
more activities (more than 60%) selected 
a final activity that highlighted at least 
two difficult situations from clinical prac-
tice. However, the activity did not provide 
guidance for how to practice the change in 
performance in those situations. In other 
words, the faculty potentially inadvertently 
lowered clinician participant’s confidence. 

This finding underscores the importance of 
including statements to boost self-efficacy 
(e.g., faculty explaining how to handle situ-
ations in which it is difficult to adopt the 
change in performance). 

The study demonstrated the importance 
of including behavior change statements for 
physicians in all stages of change. Inclusion 
of more behavior change statements per 
CME activity correlated with larger differ-
ence scores on crucial TTM behavior change 
variables. The predictive power of increases 
in confidence on adopting the desired per-
formance further highlights the need to 
include more messages to increase physi-
cians’ levels of confidence. Confidence is a 
crucial behavior change variable that influ-
ences stage progress and prevents regression 
out of the maintenance stage. The highest 
correlations among pros difference scores 
and pros messages were among physicians 
in the precontemplation stage. This is con-
sistent with meta-analyses on decisional 
balance that have demonstrated that pros 
are lowest in precontemplation [11, 35]. 
In CME activities, increasing pros in pre-
contemplation is one of the most important 
behavior change variables to facilitate move-
ment to the contemplation stage. 

Strengths of this study include the large 
sample size, diversity of CME activities, and 
sequencing of the activities in a curriculum. 
Additional	 strengths	 are	 use	 of	 both	 com-
plete case and imputed data and inclusion of 
a guiding theory of behavior change in the 
implementation and evaluation of CME. 
The study adds to the literature that sup-
ports the application of the TTM to CME 
[8].	 Limitations	 include	 potential	 bias	 of	
self-reported data not independently evalu-
ated with chart records or patient outcomes. 

In conclusion, this longitudinal cur-
riculum provided a unique opportunity to 
evaluate the effect of multiple CME activi-
ties on readiness to adopt the desired per-
formance and progress toward it. Future 
studies should examine correlations of self-
reported stage to clinical performance and 
patient outcomes. 
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