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systematically toward achieving their goals. It represents a proactive 
approach where learners exert control over their learning processes 
and environments. It is learning that is guided by metacognition 
(awareness and knowledge about one’s own thinking), strategic action 
(planning, implementing, monitoring, and evaluating strategies), 
and an emphasis on motivation to learn (commitment to their goals, 
beliefs about outcomes of their actions, and personal beliefs (self-
efficacy) about their learning or performance). Learners who are self-
regulated learners are metacognitively active participants in their 
own learning. Both metacognition and self-regulated learning are 
two influential types of cognitive control processes that converge and 
diverge along select dimensions.

Specifically, self-regulated learners are cognizant of their academic 
strengths and weaknesses and are aware of when they know a concept or 
have mastered a skill and when they do not. These individuals monitor 
and reflect upon the effectiveness of their learning strategies, which 
further motivates them to improve their learning methodologies. As 
a result, they are more likely to succeed academically and are better 
prepared to engage in lifelong learning [7].

Metacognition
Metacognition (thinking about one’s thinking) is the ability to 

reflect on, understand, and control one’s learning. It is central to self-
regulated learning and helps learners to be successful. Metacognition 
involves two major functions: knowledge and regulation of the 
cognitive processes involved in learning. Metacognitive knowledge is 
knowledge learners have about their cognitive abilities, strategies, and 
tasks. Metacognitive regulation refers to processes that coordinate 
cognition. These include monitoring (detecting errors) and control 
(error correction, planning, and resource allocation) strategies [8].

The purpose of this study is to assess the relationship between 
self-regulated learning (measured by the Self-Regulated Learning 
Perception Scale (SRLPS), metacognition (measured by the 
Metacognitive Awareness Inventory (MAI)), and academic 
achievement, measured by performance on the American Board of 
Surgery In-Training Examination. The American Board of Surgery 
website describes the ABSITE as “an evaluation measurement to 

Introduction
The concept of lifelong learning has received widespread attention 

in the healthcare field and in numerous other industries due to the 
sheer volume of new and expanding knowledge and information 
continuously created by one hand and rendered obsolete by the 
other. As a result, physicians need to be engaged in lifelong learning 
to improve, expand, and maintain mastery of their knowledge, skills, 
and competencies.

For physicians, lifelong learning is a process that begins in 
medical school, extends into residency, and continues throughout 
one’s professional life [1]. Its importance is seen in a statement from 
the American Medical Association’s Principles of Medical Ethics, 
which states “a physician must continue to study, apply, and advance 
scientific knowledge [2]. This is underscored by the Accreditation 
Council for Graduate Medical Education (ACGME) in its Common 
Program Requirements document, which states: “Residents and 
faculty members must demonstrate an understanding and acceptance 
of their personal role in…attention to lifelong learning” [3].

In her article on portfolios in radiology residency education, 
Deitte points to changes in training over the past ten years, which 
include more focus on self-directed learning, evidence-based practice, 
and outcomes-based assessment. She states that these changes are the 
result of demand for physician accountability and documentation 
of a commitment to lifelong learning [4]. As a result, the medical 
education system is expected to prepare physicians to participate in 
lifelong learning activities. However, engaging in lifelong learning is 
based on successfully developing and applying two skill areas: self-
directed learning and metacognition [5].

Self-Regulated Learning
Self-regulated learning and self-directed learning share two 

critical components related to the learning experience – internal 
monitoring and external management. Both concepts address issues 
of responsibility and control where the learner is master of his/
her own learning [6]. Self-regulated learning refers to learning that 
results from learners’ self-generated thoughts and behaviors oriented 
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assess residents’ progress” [9].  However, ABSITE results are now 
incorporated into milestones, arguably rendering the exam as “high-
stakes”.  Likewise, ABSITE performance is more commonly being 
used as one measure to select candidates for fellowships.

If the linkages between self-regulated learning, metacognition, 
and ABSITE performance are confirmed, program leaders can have 
confidence using instruments like the SRLPS and MAI early on during 
residents’ training experience to quickly and reliably identify who will 
likely struggle with academic performance. Program leaders can then 
design and initiate intervention plans to help residents develop better 
self-regulation and metacognitive skills and strategies to help ensure 
academic success. As such, this study represents another step in this 
important area of research.

Materials and Methods
Self-regulated learning

The Self-Regulated Learning Perception Scale (SRLPS) was used 
to measure resident self-regulation (Table 1). It consists of 41 items 
that are answered on a five-point Likert scale from Strongly Disagree 
(1) to Strongly Agree (5). Total scores can range from 41 to 205. Four 
dimensions of self-regulation are assessed:

1.	 Motivation and action to learning (seven items)

2.	 Planning and goal setting (eight items)

3.	 Strategies for learning and assessment (nineteen items)

4.	 Lack of self-directedness (seven items)

Scale items were developed based upon literature, expert 
comments, and narratives from medical students about their learning 
strategies. Seven experts evaluated the items to provide content 
validity and factor analysis was performed for construct validity. 
Factor analysis yielded 41 test items from an original bank of 66 items 
resulting in the above four factors [5].

Metacognition

The Metacognitive Awareness Inventory (MAI) was used to 
measure resident metacognition (Table 2). The MAI consists of 52 
items answered on a five-point Likert scale ranging from Always 
False (1) to Always True (5). Total scores can range from 52 to 260. 
Two major components associated with metacognition are assessed: 
knowledge about cognition and regulation of cognition.

Items related to knowledge about cognition include three sub-
processes that facilitate reflection of metacognition:

1.	 Declarative knowledge: knowledge about learning and one’s 
cognitive skills and abilities

2.	 Procedural knowledge: knowledge about how to use strategies

3.	 Conditional knowledge: knowledge about when and why to 
use strategies

Table 1: Self-Regulated Learning Perception scale (SRLPS).
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1.	 I take action to learn according to my 
interests. 1 2 3 4 5

2.	 I search for possibilities to learn new things. 1 2 3 4 5
3.	 I wait for other people to tell me what to do 

in order to learn. 1 2 3 4 5

4.	 When faced with a problem, I take action 
to solve it. 1 2 3 4 5

5.	 I take every opportunity to learn new things. 1 2 3 4 5
6.	 I am curious about the causes of things I 

see, hear, or read. 1 2 3 4 5

7.	 I have difficulties in determining how I 
should study a particular subject. 1 2 3 4 5

8.	 I attentively observe/examine things around 
me. 1 2 3 4 5

9.	 I derive new learning assignments for 
myself from the things I observe around 
me.

1 2 3 4 5

10.	 I make a plan to utilize resources and 
strategies in order to reach my goal. 1 2 3 4 5

11.	 I make a plan as to how I will carry out the 
learning process. 1 2 3 4 5

12.	 I wait for other people to provide me with 
the important knowledge that I have to 
learn.

1 2 3 4 5

13.	 I prioritize my goals. 1 2 3 4 5
14.	 I manage my time in order to learn as 

efficiently as possible. 1 2 3 4 5

15.	 I make a plan to utilize learning resources 
efficiently. 1 2 3 4 5

16.	 I identify the resources needed during the 
learning process. 1 2 3 4 5

17.	 I clearly identify the objectives to be 
achieved at the end of the learning process. 1 2 3 4 5

18.	 I identify the learning materials that will help 
me to learn. 1 2 3 4 5

19.	 I search for ways to facilitate learning in 
new situations. 1 2 3 4 5

20.	 When faced with difficulties in solving a 
problem, I prefer other people to solve it. 1 2 3 4 5

21.	 After any learning assignment, I assess 
whether I learned the material completely. 1 2 3 4 5

22.	 I use different learning strategies for the 
acquired knowledge to be sustainable. 1 2 3 4 5

23.	 The instructor is primarily responsible for 
my learning. 1 2 3 4 5

24.	 I search for new strategies if those used in 
implementing my plan are inadequate. 1 2 3 4 5

25.	 I use different learning strategies for the 
knowledge I acquire to be meaningful. 1 2 3 4 5

26.	 I assess whether or not my goals are 
accomplished. 1 2 3 4 5

27.	 I strive to eliminate any difficulties I face 
during the learning process. 1 2 3 4 5

28.	 I continuously improve my problem–solving 
methods. 1 2 3 4 5

29.	 I strive to improve my weaknesses in 
learning. 1 2 3 4 5

30.	 I choose the most appropriate learning 
approach to reach my goal. 1 2 3 4 5

31.	 I evaluate my mistakes during the learning 
process and learn from them. 1 2 3 4 5

32.	 I prefer to wait for someone to instruct me 
as to how to study. 1 2 3 4 5

33.	 After accomplishing my objective(s), I 
identify new goals to achieve. 1 2 3 4 5

34.	 I evaluate my learning approaches to see if 
they really help me learn. 1 2 3 4 5

35.	 I use my own strategies of learning. 1 2 3 4 5
36.	 I apply my newly acquired knowledge into 

new problem states. 1 2 3 4 5
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37.	 I experiment with new learning strategies 
until I learn the material completely. 1 2 3 4 5

38.	 I objectively judge my work during the 
learning process. 1 2 3 4 5

39.	 I face problems in identifying how I should 
start to study. 1 2 3 4 5

40.	 I explore other peoples’ methods of 
problem solving. 1 2 3 4 5

41.	 I compare other peoples’ problem solving 
strategies with my own. 1 2 3 4 5
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Items related to regulation of cognition include five sub-processes 
that facilitate the control aspect of learning:

1.	 Planning: planning, goal setting, and allocating resources

2.	 Information management strategies:

a. Organizing: implementing strategies and heuristics that help 
manage information

b. Information Management: organizing, elaborating, 
summarizing, and selectively focusing on important information

3.	 Monitoring: assessing one’s learning or strategy use

4.	 Debugging: strategies to correct performance errors or 
assumptions about the task or strategy use

5.	 Evaluation: post-hoc analysis of performance and strategy 
effectiveness [9].

These instruments were selected since their items were deemed 
more appropriate for trainees participating in the learning structure 
and environment of a residency program than similar instruments 
used at the secondary school or college level.

Resident performance

The American Board of Surgery In-Training Examination 
(ABSITE) was used to measure resident performance. This high 
stakes examination is a five hour test consisting of 250 multiple choice 
questions developed by ABS directors and expert consultants from 
across the country. All questions are vetted through a multi-tiered 
review process by several ABS committees. Questions that survive 
this process are then incorporated into the examinations.

In a further assessment of their validity, all examination questions 
undergo psychometric analysis. This analysis includes a review of the 
percentage of examinees who answered a question correctly and the 
percentage of correct answers attained by both high and low scorers 
on the examination. Any question whose psychometric performance 
does not meet well-accepted standards is deleted from final scoring. 
In addition, all questions are periodically reviewed for their continued 
relevance.

The content is based on topics covered in a five-year general 
surgery residency training program as identified in the publication 
“The SCORE® Curriculum Outline for General Surgery”. The primary 
focus of the ABSITE is on Clinical Management. Approximately 80% 
of the exam’s questions address Clinical Management topics and 20% 
Applied Science topics. Residents take this exam during each year of 
their residency. Exams are scored compared to other residents at the 
same PGY (Post Graduate Year) level.

Table 2: Metacognitive Awareness Inventory (MAI).
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1.	 I ask myself periodically if I am meeting my goals 1 2 3 4 5
2.	 I consider several alternatives to a problem before 

I answer
1 2 3 4 5

3.	 I try to use strategies that have worked in the past 1 2 3 4 5
4.	 I pace myself while learning in order to have 

enough time
1 2 3 4 5

5.	 I understand my intellectual strengths and 
weaknesses

1 2 3 4 5

6.	 I think about what I really need to learn before I 
begin a task

1 2 3 4 5

7.	 I know how well I did once I finish a test 1 2 3 4 5
8.	 I set specific goals before I begin a task 1 2 3 4 5
9.	 I slow down when I encounter important information 1 2 3 4 5
10.	 I know what kind of information is most important 

to learn
1 2 3 4 5

11.	 I ask myself if I have considered all options when 
solving a problem

1 2 3 4 5

12.	 I am good at organizing information 1 2 3 4 5
13.	 I consciously focus my attention on important 

information
1 2 3 4 5

14.	 I have a specific purpose for each strategy I use 1 2 3 4 5
15.	 I learn best when I know something about the topic 1 2 3 4 5
16.	 I know what an attending expects me to learn 1 2 3 4 5
17.	 I am good at remembering information 1 2 3 4 5
18.	 I use different learning strategies depending on the 

situation
1 2 3 4 5

19.	 I ask myself if there was an easier way to do things 
after I finish a task

1 2 3 4 5

20.	 I have control over how well I learn 1 2 3 4 5
21.	 I periodically review to help me understand 

important relationships
1 2 3 4 5

22.	 I ask myself about the material before I begin 1 2 3 4 5
23.	 I think of several ways to solve a problem and 

choose the best one
1 2 3 4 5

24.	 I summarize what I’ve learned after I finish 1 2 3 4 5
25.	 I ask others for help when I don’t understand 

something
1 2 3 4 5

26.	 I can motivate myself to learn when I need to 1 2 3 4 5
27.	 I am aware of what strategies I use when I study 1 2 3 4 5
28.	 I find myself analyzing the usefulness of strategies 

while I study
1 2 3 4 5

29.	 I use my intellectual strengths to compensate for 
my weaknesses

1 2 3 4 5

30.	 I focus on the meaning and significance of new 
information

1 2 3 4 5

31.	 I create my own examples to make information 
more meaningful

1 2 3 4 5

32.	 I am a good judge of how well I understand 
something

1 2 3 4 5

33.	 I find myself using helpful learning strategies 
automatically

1 2 3 4 5

34.	 I find myself pausing regularly to check my 
comprehension

1 2 3 4 5

35.	 I know when each strategy I use will be most 
effective

1 2 3 4 5

36.	 I ask myself how well I accomplish my goals once 
I’m finished

1 2 3 4 5

37.	 I draw pictures or diagrams to help me understand 
while learning

1 2 3 4 5

38.	 I ask myself if I have considered all options after I 
solve a problem

1 2 3 4 5

39.	 I try to translate new information into my own words 1 2 3 4 5
40.	 I change strategies when I fail to understand 1 2 3 4 5
41.	 I used the organizational structure of the text to 

help me learn
1 2 3 4 5

42.	 I read instructions carefully before I begin a task 1 2 3 4 5
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43.	 I ask myself if what I’m reading is related to what I 
already know

1 2 3 4 5

44.	 I reevaluate my assumptions when I get confused 1 2 3 4 5
45.	 I organize my time to best accomplish my goals 1 2 3 4 5
46.	 I learn more when I am interested in the topic 1 2 3 4 5
47.	 I try to break studying down into smaller steps 1 2 3 4 5
48.	 I focus on overall meaning rather than specifics 1 2 3 4 5
49.	 I ask myself questions about how well I am doing 

while I am learning something new
1 2 3 4 5

50.	 I ask myself if I learned as much as I could have 
once I finish a task

1 2 3 4 5

51.	 I stop and go back over new information that is not 
clear

1 2 3 4 5

52.	 I stop and reread when I get confused 1 2 3 4 5
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IRB approval, setting, and participants

This study was reviewed by the Human Subjects Committee of 
Yale University and qualified for exemption under 45 CFR 46.101(b) 
[2]. The study took place at Yale New Haven Hospital, Saint Raphael 
Campus (SRC), with general surgery residents on this campus. 
Testing dates were announced approximately one week prior and 
residents reported to a conference room to complete the instruments.

Statistical procedures

Descriptive statistics on both demographic variables and outcome 
variables of interest were first obtained. Correlation analysis between 
Question Scores and Factor Scores was then performed to identify 
the relationship between these variables. Non-parametric techniques 
were used to compare MAI and SRLPS individual factor and total 
scores by a number of baseline characteristics (gender, medical 
school (U.S /Foreign) and PGY level (PGY 1/ PGY 2-3/ PGY 4-5)). 
Univariate and multivariable regression analyses were carried out to 
determine whether MAI and SRLPS individual factor and total scores 
could predict the main outcome variable (ABSITE score).

All analyses were performed using SAS© version 9.2.

Results
Data collected from 22 residents (18 categorical, four preliminary) 

were analyzed. Categorical residents remain in a program for his/
her entire residency training. Preliminary residents are in a given 
residency program for one year. This usually precedes training in 
another specialty. The median ABSITE score was 64% (IQR 35-77) 
and the majority (n=13; 62%) of study participants scored above the 
50th percentile. Table 3 summarizes the component and total scores 
for MAI and SRLPS and table 4 displays similar component and total 
scores by PGY level.

As anticipated, all four SRLPS Factor scores (SRLPS Factor 
1/2/3/4) were highly correlated with the SRLPS Total Score (p=0.003; 
p<0.0001; p<0.0001; p<0.0001 respectively). Likewise, all 10 MAI 
Factor scores (MAI F1-10) were highly correlated with MAI Total 
Score (MAI Factor 6 score p<0.0004; all others p<0.0001). In addition, 
SRLPS Total Score was significantly correlated with MAI Total Score 
(p=0.0001).

SRLPS Factor 1 Score was not correlated with the ABSITE Score 
(p=0.91); the rest of the factor scores were all significantly correlated 
(SRLPS Factor 2; p=0.05; SRLPS Factor 3; p=0.04; SRLPS Factor 
4; p=0.02). In addition, the SRLPS Total score was significantly 
correlated with ABSITE Score (p=0.03)

MAI Factors 2, 3 and 8 did not appear to be significantly 
correlated with ABSITE Score (p>0.05); the rest of the MAI Factors 
were significantly correlated with ABSITE Score as follows: MAI 
Factor 1 p=0.045; MAI Factor 4 p=0.047; MAI Factor 5 p=0.04; MAI 
Factor 6 p=0.0198; MAI Factor 7 p=0.016; MAI Factor 9 p=0.01; MAI 
Factor 10 p=0.007. The MAI Total Score was significantly correlated 
with ABSITE Score (p=0.011).

Analyses to assess differences in the factor scores by some 
demographic variables revealed some interesting findings:

•	 There were no differences in SRLPS and MAI individual 
Factor scores and Total scores by gender.

•	 There were no differences in SRLPS Factor and Total scores 
when comparing PGY Level 1 vs. PGY Level 2-3 vs. PGY Level 4-5. 
With the exception of MAI Factor 6 score (p=0.03), there were no 
differences in the remaining MAI Factors and Total Scores between 
PGY Level 1, Level 2-3 and Level 4-5 residents.

•	 When comparing results of residents who attended U.S. 
vs. foreign medical schools, there were no differences in SRLPS 
Individual Factor scores or Total Scores. However, there were 
differences in MAI Factor Scores 1, 3, 4, 6, 7, 9, 10 and MAI Total 
Score (all p<0.05) between residents from U.S. vs.foreign medical 
schools (for all scores, residents from foreign medical schools scored 
higher than their counterparts from U.S. medical schools).

Regression analyses suggest that both SRLPS Total and MAI 
Total Scores can be used to predict ABSITE Score (Figure 1a,1b).

Discussion
Resident performance on ABSITE examinations (and other 

specialty in-training examinations) is one of the most vexing issues 
faced by Program Directors and educators. In spite of resident and 
faculty efforts to improve performance, continued poor scores on in-
training examinations persist on being a significant problem.

In the past several years this problem has become greatly magnified 
since importance of the in-training examination has changed. Where 
scores once represented “low stakes” markers to help residents and 
Program Directors identify and improve knowledge and skills and to 
enhance residents’ chances of passing Board examinations, they have 
now become “high stakes” tools used to screen residents for fellowship 
positions as well as to assess their attainment of milestones. In this 
era of specialization where many residents are vying for fellowships, 
good scores on in-training examinations have become an imperative 
for securing prime positions. Yet, despite the best efforts to improve 
resident success, for some there is little change. By demonstrating 
connections between self-regulated learning, metacognition, and in-
training examination scores, the outcomes of this study can provide 
direction to help improve resident performance.

Table 3: SRLPS and MAI Component and Total Scores

Mean Median (IQR)
SRLPS Factor 1 30.4 30 (28,33)
SRLPS Factor 2 32.5 32 (30,34)
SRLPS Factor 3 73.9 72 (68,77)
SRLPS Factor 4 25.9 26 (23,28)
SRLPS Total 162.6 157.5 (152,165)

MAI Factor 1 31.5 32 (30;34)
MAI Factor 2 16.6 17 (16;18)
MAI Factor 3 20.1 20 (18;22)
MAI Factor 4 68.3 73 (65,73)
MAI Factor 5 26.9 26.5 (24,29)
MAI Factor 6 40.4 41 (38,43)
MAI Factor 7 28 28.5 (25,31)
MAI Factor 8 20.6 21 (19,23)
MAI Factor 9 22.4 23 (20,24)
MAI Factor 10 138.3 140.5 (127,147)
MAI Total 206.6 210.5 (193,222)

Table 4: SRLPS, MAI Subtest Mean Scores, Total Mean Test Scores, ABSITE 
Mean Scores, by PGY levels

PGY

Level 1

PGY

Levels 2-3

PGY

Levels 4-5
ABSITE Mean Percentile Scores 70 36 65
SRLPS Factor 1:Motivation and action to 
learning

31 31 30

SRLPS Factor 2: Planning and goal 
settingt

33 31 33

SRLPS Factor 3: Strategies for learning 
and assessment

77 71 72

SRLPS Factor 4: Lack of self-directedness 27 24 27
SRLPS Total Mean Score 167 157 162

MAI Factor 1: Declarative Knowledge 31 30 35
MAI Factor 2: Procedural Knowledge 16 16 18
MAI Factor 3: Conditional Knowledge 20 20 20
MAI Factor 4: Planning 27 25 28
MAI Factor 5: Information Management 
Strategies

41 38 42

MAI Factor 6: Monitoring 29 26 29
MAI Factor 7: Debugging strategies 21 19 21
MAI Factor 8: Evaluation 23 21 24
MAI Factor 9: Knowledge of Cognition 68 66 72
MAI Factor 10: Regulation of Cognition 141 129 145
MAI Total Mean Score 208 195 217
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One interesting finding was that PGY 4-5 level residents 
performed significantly better on the MAI Factor 6 score (monitoring) 
than residents at the other PGY levels. This may be a result of 
senior residents’ experience and becoming more adept than their 
less experienced colleagues in knowing how to identify and master 
important data and effectively separate out relevant from irrelevant 
data (fewer encoding errors when monitoring their learning).This 
is not surprising since the sheer volume of information to learn in 
residency programs is formidable and may take several years for 
residents to discriminate between important and unimportant 
variables. This difference is often observed in presentations by junior-
level residents. Unlike more senior residents, they tend to present all 

aspects of patient cases, not just critical data points. However, it is 
worth noting that PGY 1 residents displayed higher MAI Factor 6 
scores (monitoring) than PGY 2-3 level residents. One quarter of the 
PGY 1 residents in the study were graduates from foreign medical 
schools. These graduates face greater challenges applying and getting 
accepted into U.S. medical schools and may have been taught 
monitoring strategies to become efficient and effective learners and 
more favorably compete.MAI Factor 6 scores for PGY 1 residents 
in this study were among the highest of all residents and may have 
contributed to them outperforming PGY 2-3 level residents.

Another finding of interest is foreign medical school graduates 

         

ABSITE Score= -70.21 + 0.78 (SRLPS Total Score)

ABSITE Score = -87.4 + 0.697 (MAI Total Score)
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Figure 1a and Figure 1b: Regression analyses suggest that both SRLPS Total and MAI Total Scores can be used to predict ABSITE Score
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scored higher on almost all MAI factors and MAI Total scores 
compared to graduates from U.S. medical schools. As previously 
mentioned, foreign medical school graduates face greater challenges 
as their U.S. counterparts in applying to U.S. residency programs. Two 
studies referenced by Desbiens and Vidaillet [10], showed differences 
in responses to letters of inquiry and requests for applications from 
U.S. medical school graduates (USMGs) and graduates from foreign 
medical schools (International Medical Graduates –(IMGs)) that 
were statistically significantly biased in favor of USMGs over IMGs 
by a margin of 50 to 100 percent.10In addition, according to a 2010 
National Resident Matching Program® (NRMP) Program Director 
Survey, one of the top four factors in resident selection is the United 
States Medical Licensing Examination® (USMLE) Step 1 scores. [11] 
Recognizing bias against their graduates and the high importance 
U.S. residency programs place on standardized examinations, foreign 
medical schools may incorporate metacognitive teaching strategies 
into the curriculum to teach students how to be more effective and 
efficient learners and to better prepare them for achieving a high level 
of success on standardized examinations. Although we could find 
no reports or studies in this area, our years of experience reviewing 
residency applications indicates that foreign medical school applicants 
have among the highest USMLE examinations scores. In addition, 
they seem to enjoy a high first-time pass rate on board examinations. 
Residents and Program Directors can use this information to improve 
resident performance that is not only evidence-based as shown by the 
results of this study, but also in similar studies described below that 
preceded this one.

In his research on assessing metacognitive awareness, Scraw cited 
several studies that indicated learners who are more metacognitively 
aware are more strategic and perform better than those who are 
unaware [12]. He offered the explanation that metacogntively aware 
learners plan, sequence, and monitors their learning in a way that 
directly improves their performance [12]. This is reinforced in Quirk’s 
work on the development of expertise in medical education [13]. He 
argued for teaching physicians metacognitive skills to help them 
optimize their learning experiences during training and throughout 
their careers. Metacognition is currently viewed as one part of the 
more general construct of self-regulated learning. Although self-
regulated learning and its relationship to academic success has 
been studied extensively over the past fifteen years, the impact of 
metacognition has not been comprehensively examined [14].

Numerous studies have been conducted on various aspects of 
self-regulation and metacognition with students at the elementary 
school, high school, and college levels showing students who use 
these processes demonstrate better learning and achievement 
outcomes. In their research on metacognitive development with 
professional educators, Cooper and Stewart also cited a number of 
studies which consistently demonstrated a relationship between 
students’ metacognitive knowledge, self-regulation abilities, and 
academic performance. Although the authors indicated these studies 
have shown the positive influence of metacognition on performance 
and cited one study with nurses and electronics technicians as an 
example of research with adults in the workforce, there have been 
very few studies examining these linkages with adults after college or 
in the workforce [15].

In the medical field, evidence reported from studies with medical 
school students examining linkages between self-regulated learning, 
metacognition, and learning and performance further confirms the 
relationship between these constructs and achievement [5,16-20]. 
In graduate medical education one study conducted in Brazil with 
anesthesiology residents examined linkages to academic performance 
on several variables including their learning and study strategies. 
Their results revealed that three factors associated with strategic 
learning (anxiety, motivation, and ability to properly select main 
ideas) were found to independently predict academic performance 
[21]. Other than the above, there is a lack of such research exploring 
these relationships with residents and none in general surgery. It is 
critically important to investigate self-regulated learning in graduate 

medical education programs since, unlike medical school where 
instruction is well defined and arranged, residents are virtually on 
their own to study and must master a significant body of knowledge 
from diverse sources. It is estimated that as much as 95% of what is 
learned in surgical residency training occurs in the clinical setting or 
at home. Because of the clinical and operative demands placed on 
surgical residents, it is difficult to find large blocks of study time; more 
often these come in interrupted slivers of time. As a result, residents 
must become more proactive and skillful in their approach to master 
the body of knowledge associated with this discipline [22].

Conclusions
The small sample size used in this study limited the ability to 

carry out formal hypothesis testing. However, the results provide 
preliminary data that could potentially be used to power a study with 
a large enough sample size to allow confirmation of linkages between 
self-regulated learning and high stakes examinations. Additionally, 
this study was conducted at a single site, thus limiting generalizability. 
This study can be undertaken in more or larger academic centers 
and/or in other disciplines where hypothesis can be formulated and 
tested to definitively affirm the relationships between self-regulated 
learning and high stakes examinations. In this preliminary study, we 
were able to show the relationship between self-regulated learning, 
metacognition and academic achievement. In fact, a resident’s score 
on the SLRP and MAI could potentially predict subsequent ABSITE 
scores. Identifying those residents at increased risk for academic 
performance challenges at the start of residency training may be of 
significant benefit to Surgical Educators. Our results suggest that poor 
scores on the ABSITE may not purely reflect lack of effort, but rather, 
expose major issues of how residents approach the act of learning. 
With the SLRPS and MAI tools, surgical educators can identify those 
residents with poor insight into their cognitive skills and abilities 
and deficiencies in being able to plan, organize and implement 
information management strategies. Creating an organized, feasible 
study plan from day one may prevent academic shortcomings and 
failure during and, more importantly, after residency training.
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