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Abstract Health professions education is dealing with major transformations in light of

the changing nature of the health care delivery system, including the use of technology for

‘‘just in time’’ delivery of care, evidence-based practice, personalized medical care and

learning, as health professionals strive to integrate biomedical advances and clinical

practice. This has forced the medical education community to reassess the current teaching

and learning practices and more importantly, the evaluation of the medical education

process. There have been recent advances in cognitive and learning sciences theories, some

of which can inform medical educators about best teaching and learning practices and their

impact on the evaluation process. An understanding of these theories provides a sound

rationale for choosing specific instructional strategies and choosing evaluation measures

that assess the curricular objectives. The review begins with an overview of evaluation and

assessment in education, followed by an overview of major theories from the cognitive and

learning sciences. Next, the role of cognitive and learning sciences theories in informing

the process of medical education evaluation is discussed, including its impact on student

learning, performance and professional competence, as well as recommendations for

reform of medical curricula based on such theories. The paper continues with the elabo-

ration of current trends in health sciences education, particularly medical education, and
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available evidence for the impact on student learning and performance as well as areas

where more research is needed.

Keywords Medical education � Evaluation � Assessment � Clinical competence �
Cognitive science � Learning science

Introduction

There have been recent advances in the cognitive and learning sciences that lend them-

selves to the issues of learning, performance and evaluation in clinical domains. This paper

begins with a brief overview of evaluation and assessment in general, in view to define and

clarify some concepts and terminologies. This is followed by an overview of major theories

from the cognitive and learning sciences. Next, the role of the cognitive and learning

sciences theories in the selection of evaluation methodologies for medical education is

discussed, including the impact on student learning, performance and professional

competence.

Evaluation is the process of determining the value, significance, or worth of (e.g., a

program) usually by careful appraisal and study. The primary goal is to determine the

effectiveness of a program for achieving pre-set priorities and objectives, and identifying

strengths and weaknesses and points for revision. There are multiple approaches to eval-

uation; that is, perspectives and organizing frameworks that guide the development and

conduct of the evaluation. Some of the major evaluation approaches include systems

analysis, behavioral objectives, decision-making, goal-free, art criticism, professional

review, quasi-legal, and case study. Approaches differ in their target methods, models, and

tools used.

Evaluation design can make use of either quantitative, qualitative, or mixed methods.

Qualitative designs focus on description and explanation in evaluation, whereas quanti-

tative designs focus on validation (Hawkes and Santhya 2002). One mixed-methods design

is the extended-term mixed-method (ETMM), which is used to collect evidence on the

effectiveness of educational programs, rather than solely using the results of randomized

field trials, which is indicated by the What Works Clearinghouse’s (WWC) standards

(Chatterji 2005). ETMM uses both qualitative and quantitative methods, as appropriate, to

evaluate programs from infancy throughout their lifespan to determine effectiveness and

what works. Usually, descriptive research is conducted on the program in the earlier stages

through program adoption and implementation in the particular environment. This is fol-

lowed by experimental studies of the program at a later stage.

In addition, there are numerous evaluation models in the literature. These models

usually outline what evaluators do (descriptive model) or what they should do (prescriptive

model). Most models are largely theoretical and incorporate both formative and summative

evaluation. Models are informed by a specific approach.

The general goals of education include the (1) acquisition of knowledge, skills, atti-

tudes, and behaviors in a domain; and (2) self-directed learning, where learners take

responsibility of their own learning. Learning occurs informally through everyday expe-

riences, although to be competent and proficient in a domain, one needs formal education

and training. Over the last three or so decades, perspectives on the effectiveness of learning

have moved from a focus on repetition and practice to a focus on understanding and

application of knowledge.
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The goals of education should inform the strategies used in the educational process and

in curriculum1 design. These goals and strategies should be based on educational theory in

an effort to bridge the gap between educational theory and practice, ultimately leading to

better outcomes and performance (Kaufman 2003). As an example, self-directed learning

can be a teaching strategy as well as a goal of the learner. As a teaching strategy, learning

and instruction would be organized so that the learning tasks are mostly under the learner’s

control. As a goal, learners can strive to take responsibility of their own learning. Skills

that learners should practice to achieve self-directed learning include asking questions,

critically examining new information, identifying one’s own gaps in knowledge and skills,

and reflecting on one’s own learning. Although self-directed learning is a goal of educa-

tion, students’ self-assessments of their skills and deficiencies, specifically in medical

education, have largely been poor indicators of actual competence and performance (Eva

et al. 2004). However, teachers can also contribute to effective learning by promoting self-

efficacy in the learners by modeling, defining a clear picture of the desired outcome,

providing the necessary basic knowledge and skills for the task, providing guidance and

corrective feedback, and giving learners opportunities for reflecting on their learning.

Along these lines, and based on the ideas of constructivism, the teacher’s role is that of a

guide and facilitator of learning, not merely a transmitter of knowledge. This instructional

method is known as scaffolding. Initially, learning involves a significant degree of external

support, through early environmental structuring, especially for beginning students.

Increasingly, as competence is attained, there is a decrease in environmental support

leading to opportunities for internalized self-regulation, through guided apprenticeship. In

this way, as the direct external support fades away, learning occurs increasingly under the

control of the learner.

In order to meet the above stated goals of education, students can engage in reflection on

their learning experiences in two ways: ‘‘reflection in action,’’ which occurs during the

experience and involves actively engaging in the new experience by applying past expe-

riences and reasoning to this new situation; and ‘‘reflection on action,’’ which occurs after

the experience and involves thinking about past experiences and how they might influence

future experiences and practice (Kaufman 2003).

Today, the specific purposes of evaluation in education include documenting learning

performance and achievement, making administrative decisions for education programs,

and promoting faculty for reward of teaching excellence. In light of these purposes, what

knowledge and skills should be evaluated and how should they be evaluated?

The main components of evaluation in education include an assessment of learners and

learning, and teachers (relative to specified teaching standards) and teaching content. To

accurately capture student achievement and predict performance, assessment of students

and teachers needs to occur either within the actual performance context where the tasks

are ecologically valid (Baker 2007), or in the laboratory where there is increased psy-

chological validity but a certain lack of ecological validity (e.g., Norcini et al. 2002;

Norman 2005a).

The evaluation and assessment methods discussed in this section apply to program

evaluation and evaluation of education, in general. Before discussing evaluation in medical

education, an understanding is needed of the theories from the cognitive and learning

1 A curriculum is a set of intentions and expectations (Posner and Rudnitsky 1982) or a ‘‘formal and
informal content and process by which learners gain knowledge and understanding, develop skills, and alter
attitudes, appreciations, and values under the auspices of that school’’ (Doll 1996).
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sciences that will provide the necessary rationale for informing medical education eval-

uation and reform.

Overview of cognitive and learning sciences theories

One of the goals of learning is the ability to transfer already acquired knowledge to new

and unfamiliar problems and situations (Eva et al. 1998; Holyoak 2005; Patel et al. 1993).

Earlier research, conducted according to a behaviorist perspective, did not take into

account the cognitive and individual differences in learners, but emphasized repetition and

practice. Current perspectives emphasize the understanding and application of knowledge

as crucial to effective learning. Current learning theories include the following sections.

Adaptive character of thought (ACT-R) theory

Anderson’s ACT-R theory asserts that complex cognitive processes, such as clinical rea-

soning and diagnostic decision-making, are a result of the interaction between two types of

knowledge: procedural (how to do something) and declarative (facts) (Anderson 1983,

1993, 1996; Anderson and Schunn 2000). According to this theory, one needs to have a

sufficient amount of both types of knowledge about a concept (working knowledge as well

as knowledge of action) in order to solve problems about this concept. The ACT-R theory

has certain implications for education and instruction. Anderson and Schunn (2000)

advocate extensive practice in order to develop a high level of competence, arguing that the

time spent practicing specific skills is the most important factor for developing lifetime

competencies, a concept that is in keeping with the importance given to deliberate practice

in the development of expertise (Ericsson 2004) and the power of practice using multiple

problems or cases to aid in transfer to new situations (e.g., Gentner et al. 2003; Holyoak

2005). However, practice may not develop competence if the wrong knowledge is being

emphasized and learned. Thus, ongoing feedback on students’ learning is needed. As a

result, computer-based cognitive tutors have been developed that monitor students’

learning and provide immediate feedback on students’ weaknesses, thus increasing the

efficiency of the learning process. This theory has a number of implications for learning

from errors, the nature of effective feedback and development of sustained competency for

education and training.

Cognitive load theory (CLT)

Cognitive load theory (CLT) (Sweller et al. 1998) attempts to characterize and account for

the role of memory and the complexity of learning materials in the learning process. The

theory makes use of a number of hypotheses about the structure of human memory. First, it

assumes, as it has been shown in memory research, that working memory (WM) is limited

in terms of the amount of information it can hold. Second, and in contrast to working

memory, it assumes no limits to long-term memory (LTM). Third, it also assumes that

LTM is organized in the form of schemata, which are mental structures that serve to

organize information in typical ways; are easily retrievable from memory; are often

automatic, requiring no effort to use; and are used to interpret new, unfamiliar information.

With these assumptions, CLT has been used to design instructional interventions that help
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ease the learning process by preventing or limiting the learner’s high memory load, which

can result from either of two sources: The kind and amount of information presented to the

learner as part of the instructional intervention (called ‘extraneous’ cognitive load) and the

complexity of the information itself (called ‘intrinsic’ cognitive load), such as the number

of idea units inherent in the information and the interaction among those units. This theory

has implications for how information is organized in working and long-term memory for

storage and retrieval of relevant information in a timely way. It also addresses the concerns

of information overload during learning and during multitasking in clinical practice. More

specifically, this theory is very important for the design of e-learning programs, as many

extraneous components may be introduced that increase the cognitive load on the learner

(Clark and Mayer 2007; Mayer and Moreno 2003). Clark, Mayer, Moreno and others have

conducted several studies on the application of cognitive load theory to e-learning (e.g.,

Mayer et al. 2001; see also 2005 Special Issue in Educational Technology Research and
Development, Vol. 53, Issue 3).

Situative learning theory

‘‘Situative’’ learning theory focuses mainly on the performance of groups, rather than

individuals (Greeno 2006; Lave 1988; Lave and Wenger 1991; Suchman 1985). One main

principle of the situative approach is that learning is context-dependent (although not

exclusively; see Anderson et al. 1996), which means that what is learned depends on the

specific environment in which it is taught, and meaning is actively constructed within the

specific learning environment. In other words, all interaction is actively constructed and

negotiated by the learners using the available information and materials (termed artifacts)

within the context of the learning activity. In addition, there is the opportunity for learning

in any social organized activity, although this may not be formal and structured learning. In

a study conducted from the situative perspective, analysis focuses on the performance of

the whole activity system, which is a group of people and other systems, and individual

cognition is only considered in relation to the group’s patterns of interaction. ‘‘The goal is

to understand cognition as the interaction among subjects and tools in the context of an

activity’’ (Greeno 2006, p. 84). This has also been referred to as ‘‘distributed cognition.’’ In

the situative study, data are regarded and analyzed as records of interactions rather than

verbal reports of one’s thought and reasoning processes.

Based on the principles of situative theory, learning environments should be designed to

promote learning of the desired knowledge and achievement of specific educational goals

(Greeno 1998). In the biomedical domain, situative learning theory appears to be most

useful in the characterization of learning in real-world practice settings, where the nature of

these environments and resources available are constantly changing. In addition, given the

emphasis on social components of learning, this theory provides a useful framework for

understanding collaboration and teamwork in medical practice in regards to how clinicians

construct their representations of collaborative clinical practice.

Cognitive flexibility theory (CFT)

Cognitive flexibility theory (CFT) (Spiro et al. 1991) accounts for the nature of learning in

complex and ill-structured domains, such as medicine [because in medical problem

solving, the initial states, the definite goal state, and the necessary constraints are not well
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known (Feltovich et al. 1993)]. Cognitive flexibility speaks of the learner’s ability to adapt

to the content and the conditions of learning in domains where problems can be analyzed

along several dimensions, requiring the learning to be flexible in response to different task

demands (Spiro et al. 1991). CFT is based on the notion of ‘‘constructivism.’’ Although

there are various versions of this concept, the concept refers to the position that learners

develop their understanding of the world by constructing models of reality in their minds.

When given a text or a problem, the learner constructs its meaning by using the given

information in conjunction with one’s prior knowledge to come to an adequate under-

standing, or representation, of the text or problem. CFT de-emphasizes the retrieval of

already formed static knowledge structures, and focuses on the need to use one’s knowl-

edge and various sources of information to create new understandings and new

representations. Thus, CFT involves constructive processing, which requires the flexible

use of prior knowledge along with the given information, which varies on a case-by-case

basis.

Both the cognitive and situative programs of research have resulted in important

knowledge about human learning that can, and should, inform the other when designing

effective learning environments and instructional methods. The notion of learning in

context is clearly one of the most important messages for education and instructional

training. However, when training is situationally bound, and no provisions are made to

emphasize the conditions of transfer, generalizability from one situation to another may be

impeded. Proponents of problem-based learning (PBL) have claimed that learning in

context facilitates retrieval of knowledge, and thus most learning should be context-bound,

where biomedical knowledge is taught in relation to specific clinical problems to ensure the

integration of biomedical and clinical knowledge. However, although biomedical knowl-

edge is indeed integrated into clinical problems in PBL situations, this integration is often

so context-dependent that its transfer to other situations is difficult (Bransford et al. 2000;

Norman 2005b; Patel et al. 1993; Schmidt et al. 1990). These problems speak of the need

to understand how physicians can acquire basic competencies in clinical practice through

the apprenticeship process, but there is also an equally pressing need to understand how

expert physicians acquire robust abstract conceptual models that have generalizability

across contexts.

In this section, we have provided an overview of some important cognitive learning

theories. In the next section, we focus on evaluation in medical education with respect to

the goals of medical education and professional performance, while showing how prin-

ciples from the cognitive and learning theories reviewed can be used to support these goals.

Evaluation in medical education

Goals of medical education

The overall goals of medical education are (1) the acquisition of the knowledge, skills,

attitudes and values required to perform professional medical tasks competently and safely;

and (2) the development and continuous refinement of the basic clinical skills that are

required to provide competent care throughout a lifetime of professional work (AAMC

2004, 2005a).

Regarding the first stated goal, according to general education principles, assessment of

performance should drive learning as well as the establishment of basic minimum levels

of competency (standards). Cognitive theories of complex learning include the notion of
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conceptual competence, defined as the potential to flexibly employ concepts in a range of

contexts. A theory of competence would imply that there is a specific reference or expert

standard indicating the content and form of knowledge in a given domain. Deviations from

the standard may result from a lack of knowledge—as it is often assumed in traditional

assessment—or from biases in reasoning or misconceptions (Feltovich et al. 1993; Patel

et al. 1989).

In order to achieve this first goal of medical education, there needs to be a better

integration between clinical experiences and the basic science courses. For example, early

introduction of clinical experiences in the medical curriculum, commensurate with student

experience and level of training, allows for the integration of basic science and clinical

knowledge and for the formation and development of complex representations linking the

basic science level to the clinical level and the intermediate levels of representation (Patel

et al. 1991). This will enhance clinical reasoning if clinical symptoms are understood in

relationship to underlying mechanisms. In addition, a ‘‘return to basic sciences’’ program

in the last year of the medical curriculum would further help students consolidate their

clinical knowledge with the necessary basic science knowledge. Such a program was

instituted by McGill Medical School in 1977, called the ‘‘basic sciences options,’’ which

was a 3-month program in the final year of medical school after the completion of the

undergraduate clinical clerkship. The rationale for the program was that after 2 years of

clinical experience, students would better appreciate the relevance of basic science

information to their clinical practice, thus providing a chance for better integration of the

two; as well as another opportunity for in-depth instruction in specific basic science areas

(Patel and Dauphinee 1984). Patel and Dauphinee (1984) evaluated the program with

respect to student learning and achievement and attitudes toward the program in 1978. The

students were evaluated for their factual knowledge, integration of basic science with

clinical knowledge, and interpretation of clinical data for decision-making; as well as a

questionnaire to test student attitudes toward the program. The authors found that students

held favorable views of the basic sciences program, and the major objectives of the

program, which were to facilitate student learning in greater depth and to integrate basic

sciences with clinical knowledge, were achieved. The structure of clinical problems

learned through clinical practice provides a foundation to better integrate basic science

information than vice versa (as reflected in all basic science learning before any clinical

problem exposure).

Regarding the second stated goal, basic skill education and acquisition has been an

implicit process, and it has been assumed that with repeated exposure to various situations,

the appropriate clinical skills would be acquired. However, this is not necessarily the case.

In addition, such clinical skills are not comprehensively evaluated. The AAMC Task Force

on the Clinical Skill Education of Medical Students, established in 2003, defines ‘‘clinical

method’’ as a ‘‘set of generic practice competencies required to provide medical care.’’

There are various, specific clinical skills which serve as the foundation for the generic

competency. A clinical skill is defined as any ‘‘discrete and observable act of medical

care’’ (AAMC 2005a). Skill learning requires the demonstration of skill proficiency.

Assessment of skill proficiency requires observation to evaluate performance and learners

need repeated and constructive feedback to improve and refine their skill proficiency

(AAMC 2005a).

An issue dear to the cognitive perspective that is raised from the reported AAMC

(2005a) view of skill learning is the assumption of generic competency that underlies both

skill learning and skill assessment. As it has become evident from extensive cognitive

research in learning and instruction, the existence of general skills and the possibility of
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learning them have been questioned for several decades (Detterman and Sternberg 1993;

Gick and Holyoak 1983; Salomon and Perkins 1989). These and other studies served to

highlight the difficulty of learning general skills that can be applied in different contexts.

Skills appear to depend not only on the context of practice—a position stressed by situative

theory—but also on the specific underlying domain and task knowledge (see Ericsson et al.

2006). Although acknowledging these and similar criticisms of the concept of general

skills, other researchers have pointed out that in some circumstances the learning of

general skills (i.e., those that can be applied in dissimilar situations and problems) is

possible if care is taken to carefully design situations that stress the critical aspects of

similarity between situations and contexts. In this way, some degree of generality may be

possible, if building on the concepts of reflective learning—which should ensure promo-

tion of abstraction and self-reflection, as CFT proposes—and situative/distributed learning,

making sure that the acquisition of effective skills takes place in the contexts and cultures

of practice (Bereiter and Scardamalia 1996; Bransford and Schwarz 1999).

It is well known in learning sciences that students need to be exposed to various

learning perspectives, including learning from clinicians in practice. Thus, teaching faculty

should be diverse and include both generalists and specialists, and their teaching should be

guided and determined by the educational objectives of the learning experience. Housestaff

should be encouraged to teach and assess undergraduate medical students, thereby

developing their own teaching and monitoring competencies as well as consolidating their

own knowledge and skills, as is required in order to be able to teach them to someone else.

These skills can only be developed through ‘‘learning by doing.’’

How should we assess teachers and teaching to improve student performance? In order

to answer this question, we need to define what makes a teacher effective. For example,

some characteristics include being knowledgeable, skilled clinicians, curious, inquisitive

life-long learners, excellent communicators and role models of professionalism, committed

to developing their teaching skills, including the ability to assess the range of learners’

needs and to take the level of each learner into perspective (Weinberger and Whitcomb

2003). They also should be able to provide timely, constructive, and effective feedback to

learners. This kind of feedback is known to change behavior more favorably than providing

either unconstructive, delayed or no feedback.

Competence in medical education

Since the goal of medical education is to perform medical tasks competently, how do we

define competence? Professional competence in medicine has been defined as the

‘‘acquisition of a strong and broad knowledge base, a range of clinical and professional

skills, and exemplary professional and humanistic behaviors’’ (AAMC 2006). The goal of

such competence is to have a positive impact on patient outcomes. Such competency could

be achieved by learning through practice and reflection on experience (AAMC 2006).

What competencies are necessary and what knowledge, skills, and behaviors are

required for competent performance? According to the AAMC, each medical education

program needs to establish a set of graduation competencies and a specific set of skills for

student achievement, which would then inform curriculum design to allow students to

acquire these competencies (AAMC 2006). There are multiple competencies involved in

medical performance, some of which are informally acquired in the context of practice,

whereas others are best acquired through a formal learning process. Medical students may

show competence in solving familiar problems because of well-organized and easily
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accessible knowledge but may not show the same competence when dealing with unfa-

miliar or novel problems. This addresses the issue of viewing competence as an ability to

be flexible and to transfer knowledge across problems and domains, as addressed in

empirical studies in the cognitive and learning sciences. Competence can also be viewed as

a function of level of training and amount of ‘‘deliberate practice’’ (Ericsson 2004) and

reflection on one’s experience. Therefore, one would assume that seasoned physicians

would have a higher level of competence than less experienced professionals, residents, or

medical students. Conceptual competence develops through the deep understanding of

general principles of a domain (Gelman and Greeno 1989), which is characterized by

generativity—the ability to use knowledge in a variety of task and contexts—and

robustness—the ability to adapt acquired concepts to unfamiliar task constraints or novel

situations. The extent to which aspects of a domain are best learned in context is deter-

mined jointly by the nature of the domain knowledge and the kinds of tasks that are

performed by practitioners. Such competence can be assessed by carefully designed

assessment tools that capture the qualitative nature of students’ thought (thinking and

reasoning) and action (providing problem solutions, e.g., diagnoses, and making decisions,

e.g., patient management plans).

Fostering and assessing competence

Cognitive theories of complex learning shed light on how to assess competence by sug-

gesting methods of testing that emphasize the flexibility inherent in conceptual

understanding. It needs to be acknowledged that traditional methods of assessing

achievement and competence are not sufficient for testing for flexible understanding with

more difficult and complex material. Thus, instruction and assessment needs to be

reformed to effectively test such deep understanding and flexible problem-solving. For

example, medical instruction should include a diagnostic component to identify problems,

where student’s preconceptions are identified and clarified, and a prescriptive component,

where direct challenges to areas of knowledge that may present barriers to understanding

are provided (Feltovich et al. 1993).

Another way to assess competence is to assess the reasoning strategies used when

solving clinical problems. According to cognitive theory, the development of data-driven

reasoning (as exemplified by experts) is associated with the development of automaticity of

clinical skills (Patel et al. 2000b). To support this development, students need to acquire

both biomedical and clinical knowledge. Clinical knowledge is generally sufficient to solve

most routine problems in clinical practice. However, to solve difficult problems, bio-

medical knowledge is necessary, which is associated with the use of backward (or

hypothesis-driven) reasoning, consisting of chains of causal explanations that serve to

explain the biomedical rationale for the current difficult problem. The biomedical

knowledge is fine-tuned to account for anomalous findings in the complex problem. It

should be noted that biomedical knowledge can exist without any clinical context and it

serves a specific purpose when provided in a clinical context. Thus, the type of reasoning

and knowledge used when solving routine and difficult clinical problems can be an indi-

cator of the level of competence (Patel et al. 2000a).

Assessment of competence in medicine has been typically based on the notions derived

from the Bloom’s taxonomy of educational objectives (Bloom 1956). Using this taxonomy,

evaluation of educational programs usually found objectives to be in the Knowledge cat-

egory, thus emphasizing mere recognition or recall of information. However, the most
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important educational objectives are generally considered to be related to the under-

standing and use of knowledge (i.e., cognitive processes, such as comprehension and

synthesis). A revision of the taxonomy (Anderson and Krathwohl 2001; Krathwohl 2002)

now provides a better conception of how educational goals and objectives can be linked to

competencies and assessment of performance, by separating types of knowledge from the

cognitive processes used. Using this revised taxonomy in the form of a table with

Knowledge on the vertical axis and Cognitive Process on the horizontal axis, educational

objectives can be classified according to the type of knowledge used as well as the cog-

nitive process used to understand and use the knowledge. This table can be used in two

important ways: (1) for evaluating instruction and teaching content by identifying which

Knowledge 9 Cognitive Process categories are lacking based on which categories are

covered by the educational objectives; and (2) for classifying the learning activities used to

achieve the outlined objectives and the assessments used to evaluate students’ progress in

achieving the objectives. This revised taxonomy has added ability to classify standards, in

addition to educational goals and objectives.

In traditional forms of assessment, the presence of preconceptions and misconceptions

in students’ understanding is not typically a focus of attention. This type of assessment

requires measures that tap understanding and application of clusters of related concepts,

not just individual concepts (e.g., to test for flexibility), as is considered important in

cognitive assessment. The cognitive flexibility perspective also requires de-emphasizing

compartmentalization of knowledge, and focusing on the connection of multiple concepts

and their interaction and variation across contexts, a goal that is inconsistent with the

current view of hierarchical learning emphasized by behavioral perspectives on

instruction and assessment, e.g., Bloom’s taxonomy and cognitive theories of simple

learning.

Assessment also needs to take into account the influence of contextual factors on

performance (Epstein 2007). The rationale for the latter comes from assumptions of

‘‘situative’’ theory, which views the individual and environment as dynamically interact-

ing, and focuses on learning and instruction that is context-based. However, as discussed

earlier, an exclusive focus on learning in context may reduce future abilities to transfer

knowledge to clinical problems in different contexts.

Teachers and teaching

It is well known that the quality of teaching influences student learning and performance,

so assessment of teachers and teaching is critical to evaluation of an educational curric-

ulum (e.g., Griffith et al. 1997, 1998; Jolly et al. 1996). For example, Patel and colleagues

(1991) found that after the first year of medical school, students learning pulmonary

physiology had difficulties in developing an accurate pathophysiological model of a given

problem and were not able to correlate clinical symptoms with the underlying patho-

physiological mechanisms. These difficulties were the result of the type of teaching

(lecture format) and instruction, which did not make relationships between clinical

symptoms and underlying mechanisms sufficiently explicit. Teachers need to impart robust

basic science models to students so they can use these models for clinical problem solving.

Although not discussed in this paper, the methods for evaluation of clinical teaching are

similar to those used for evaluation of student performance (see Snell et al. 2000 for a

review).
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Student learning and performance

Assessment of learners is used to determine competence, predict performance (as student

learning is closely tied to student performance), measure performance improvement after

feedback, and give a summative grade (Metheny et al. 2005). A combination of multiple

assessment methods is necessary to assess learning outcomes, and different methods are more

useful for different learning outcomes. For example, Miller (1990; as described in Shumway

and Harden 2003) proposed a pyramid of learning (from cognition at the bottom to behavior at

the top) and van der Vleuten (1996) ordered assessment methods according to their appro-

priate place in the pyramid. In a similar way, Shumway and Harden (2003) placed their 12

identified learning outcomes within the pyramid. Combining both pyramids, the optimal

assessment methods for each learning outcome are explicated. Taking this one step further,

the learning outcomes and assessment methods could be mapped along the cognitive pro-

cesses and knowledge dimensions of Bloom’s revised taxonomy, as described earlier. In this

way, type of knowledge learned, cognitive processes used, clinical performance and asso-

ciated methods of assessment can be linked, providing a strong rationale for the educational

experiences and instructional methods used. This would bring the focus of assessment to both

knowledge acquired and its use in clinical performance, suggesting that knowledge-based

assessments are not inferior to performance-based assessments, but that both are necessary in

evaluating student learning. In a recent editorial, Norman (2005a) has suggested that acquired

knowledge may be as, or even more, important in predicting actual physician performance,

and as such, should not be regulated to the bottom of Miller’s pyramid.

The method used to assess clinical competency has a strong influence on how and what

students learn (Howley 2004). Therefore, methods of assessment are closely tied to the

learning process and student performance, and ultimately patient outcomes. There is no

assessment that will provide the perfect picture of an individual’s knowledge, skills, and

performance, but the assessment needs to be valid and reliable enough to provide useful

data for evaluating clinical competence. Norman and Feightner (1981, p. 26) define clinical

competence as ‘‘the ability to gather data from the patient by history and physical

examination, integrate this information into a diagnostic formulation, select appropriate

investigations to confirm the diagnosis, and institute efficacious management.’’

Howley (2004) describes three areas for the direction of performance assessments,

including creating evidence-based locally developed assessments (valid in the context), an

understanding of educational outcomes (influence and effectiveness of feedback) and non-

cognitive assessment factors (student anxiety, motivation, learning styles), and more stu-

dent-driven assessments [conducted in naturalistic environments (authentic assessment);
transfer of knowledge and skills from classroom to bedside]. Recently, there have been

studies investigating the effects of various factors on students’ Objective Structured

Clinical Examination (OSCE) performance. For example, Junger et al. (2005) found that a

skills training course had a positive impact on OSCE performance. In addition, Blas-

kiewicz et al. (2004) found that the testing context (obstetrics-gynecology or psychiatry

rotation) influences OSCE performance (i.e., collection and interpretation of information

regarding case), despite the fact that the OSCE station was identical in both contexts. This

finding supports the need to use case scenarios that cover a broader range of diagnoses, not

limited to that of the immediate context.

Feedback is another factor that has been shown to influence clinical performance.

Veloski et al. (2006) conducted a systematic review of studies published between 1966 and

April 2003 on this issue, asking the following questions: ‘‘What are the features and

characteristics of feedback that influence physicians’ clinical performance?’’ and ‘‘What
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are the moderating factors of this relationship?’’ The authors showed that 70% of the

studies reviewed (29 of 41) reported positive effects of feedback on physicians’ perfor-

mance (where feedback was not combined with other interventions). The most important

features of feedback that were positively associated with performance included the source

of the feedback (administrative units and professional groups) and the duration of the

follow-up period of monitoring physician performance and providing feedback (i.e., a

duration of at least 2 years was associated with more positive outcomes than a duration of

less than 1 year). These findings highlight the importance of timely and constructive

feedback from teachers as well as long-term monitoring of student progress and perfor-

mance. In addition, more studies need to be conducted to explore the predictive

relationship between performance assessment during medical school and longer-term

outcomes, as the current literature has only shown a low to moderate correlation between

student assessment and postgraduate training performance (Hamdy et al. 2006).

Current trends in health sciences education

Four areas that are becoming prominent in health sciences education and medical care are

(1) personalized medicine, (2) evidence-based practices, (3) inquiry-based learning, and (4)

team-based learning. Personalized medicine aims to achieve optimal medical outcomes by

helping physicians and patients choose the disease management approaches likely to work

best in the context of a patient’s genetic and environmental profile and includes the use of

new methods of molecular analysis to better manage a patient’s disease or predisposition

toward a disease, genetic screening programs that more precisely diagnose diseases and

their sub-types, or help physicians select the type and dose of medication best suited to a

certain group of patients.

Evidence-based clinical practice is based on empirical findings of effective treatments

and diagnoses and decision-making and is usually provided to physicians in the form of

clinical practice guidelines (CPGs) that provide a means to manage ‘‘information over-

load’’ and support effective learning and performance. Unfortunately, CPGs are often

underused. The literature on the use of CPGs cites ineffective dissemination, irrelevance of

guidelines to the care of specific patients, and the substantive nature of the guideline

information as factors most frequently related to the poor use of guidelines. Patel and

colleagues (2001) investigated the effect of cognitive factors on the nature of experts’ and

sub-experts’ (experts working outside their area of expertise) guideline use. Findings

suggest that the format of guidelines may be differentially appropriate in different contexts:

algorithmic guidelines are more appropriate for supporting real-time problem solving, and

narrative guidelines are more appropriate for supporting learning. Clinical practice

guidelines are frequently used as the knowledge base for computerized clinical decision

support systems (CDSSs). A systematic review of the impact of CDSSs on practitioner

performance found that better performance was documented in studies where the practi-

tioner was automatically prompted to use the system than in studies where the practitioner

had to actively initiate the system (Garg et al. 2005). In addition, clinical recommendations

were only directly provided to the practitioner on the computer screen in 41% of the

reviewed studies, although most studies did not assess the impact of the CDSS on clinician

workflow.

Team work is increasingly recognized as central to effective patient care. However,

physicians are not adequately trained to work in teams. Interprofessional education, the

‘‘learning together to promote collaborative practice’’ (Hammick 1998, as cited in Cooper
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et al. 2001), is required. Cooper and colleagues (2001) reviewed the literature on educa-

tional interventions aimed at interprofessional education in undergraduate health

profession programs. The studies identified that measured outcomes found mostly bene-

ficial results. Specifically, interventions had the largest effect on students’ knowledge,

attitudes, skills and beliefs, especially on understanding professional roles and working in

teams. Most outcomes were only assessed in the short-term, and there were few studies that

summatively assessed student performance.

Relevant to the development of expert teams is the work of Guest and colleagues

(2001), who discussed deliberate practice (Ericsson 2004) and sustained practice (quality

use of time) to develop and maintain expertise (even in seasoned clinicians) in two types of

tasks: static and dynamic. Deliberate practice on dynamic tasks should involve reflecting

on the task, one’s actions, and thought processes. Lack of motivation for continuing to

improve one’s skills and understanding halts the further development of expertise.

Therefore, teachers need to encourage students to form a positive attitude toward work to

address motivational issues down the line. However, deliberate practice appears to be more

useful for relatively simple tasks, but not as useful for acquiring complex conceptual

models.

Team performance

Medical education has historically focused on the individual physician’s performance, but

given the changes in the health care system, there is a move towards incorporating

teamwork training, especially during residency, and assessing team performance. The

situative approach is a useful basis for understanding team processes, communication and

performance. As described earlier, the situated approach involves a shift from viewing

cognition as a property of the individual to viewing cognition as a distributive property of

individuals interacting with people and artifacts in the environment (Greeno 2006). In

terms of medical education, integrating team-based learning in biomedical curricula

becomes critical, especially in clinical situations where problem-solving requires cooper-

ation and coordination among multiple team members, such as in the hospital environment

(e.g., emergency and intensive care units). Team performance is further discussed in the

section on simulation-based team training.

Cultural competence

Cultural competence has been defined as ‘‘a set of congruent behaviors, knowledge, atti-

tudes, and policies that come together in a system, organization, or among professionals

that enables effective work in cross-cultural situations’’ (AAMC 2005b, p. 1). The Liaison

Committee on Medical Education (LCME) introduced the following standard for cultural

competence in 2000:

The faculty and students must demonstrate an understanding of the manner in which

people of diverse cultures and belief systems perceive health and illness and respond

to various symptoms, diseases, and treatments. Medical students should learn to

recognize and appropriately address gender and cultural biases in health care

delivery, while considering first the health of the patient. (AAMC 2005b; p. 1)
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In order to be effective and meet these standards, cultural competence education needs to

be integrated into the existing medical school curriculum and assessment. For evaluation of

students in cross-cultural education, the AAMC developed the Tool for Assessing Cultural

Competence Training (TACCT), a self-administered assessment tool for medical school’s

use to examine all components of the medical school curriculum and aid medical schools

in meeting the LCME objectives. The TACCT can be used in both conventional and

problem-based curricula. The two parts to the TACCT include monitoring of where

teaching is occurring, and what learning objectives are being met. However, the TACCT

cannot be used for detailed analysis of teaching strategies or learning outcomes.

The University of Michigan Medical School implemented and evaluated an under-

graduate Sociocultural Medicine Program (SMP) (one part of Sociocultural Medicine

Curriculum), providing a successful and informative model on how to incorporate socio-

cultural medical training into medical education (Tang et al. 2002). Tang et al (2002) uses

‘‘sociocultural medicine’’ to refer to ‘‘the understanding, incorporation, and application of

social and cultural issues in health, medicine, and patient care’’ (p. 578). This program is

one of the few instituted in medical schools across the country. Changes in students’

attitudes about sociocultural issues in medicine improved in the positive direction,

although there was no significant change in students’ perceptions of the impact of socio-

cultural background on specific clinical scenarios. This finding emphasizes that the

knowledge of the influence of sociocultural issues in the clinical situations that students

learned in the SMP program did not generalize to other clinical situations. Consistent with

learning theories described earlier (i.e., Cognitive Flexibility Theory), Feltovich and col-

leagues’ recommendations for the use of multiple, overlapping cases for teaching purposes

is very useful.

Other studies related to cross-cultural education and cultural competency training include

Betancourt (2003), Tervalon (2003), and Hobgood and colleagues (2006), who review

educational models and evaluation methods of cross-cultural competency education in the

health professions, and Gregg and Saha (2006), who discuss the uses and misuses of culture

in medical education and warn against teaching and promoting a simplistic view of culture,

which will enforce the use of racial and ethnic stereotypes and biases in medical care.

Simulation-based learning

There has been an increasing trend in medical education towards interactive learning.

Simulation techniques are a great example of this new trend (see Magee 2006 for a review

of simulation in adult education). The main benefits of this approach include, but are not

limited to, having a clinical setting without risk of causing patient harm and having a

learner-centered environment. Students learning through simulation have expressed a

feeling of increased clinical competency as well as enthusiasm for the learning material.

Gaba (2004) advocates the use of simulation for the improvement of patient safety and

patient care using various applications. The motivation for the use of simulation for

training and education in healthcare is the effective use of simulation in other industries,

such as the military and commercial aviation. Gaba (2004) outlines several diverse uses of

simulation in healthcare, including (1) education and training of clinicians, (2) assessment

of clinicians’ performance, (3) research and evaluation of organizational practices and

exploration of human factors (e.g., fatigue), (4) the usability of clinical equipment, and (5)

as a tool for helping create the desired ‘‘culture of safety’’ in the workplace. In addition, for

learning purposes, simulation may be used to help students acquire new knowledge and
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build deeper conceptual relations between discrete pieces of knowledge, as well as inte-

grate learning basic concepts with performance and development of the appropriate clinical

skills. One major benefit of using simulations is the training in a risk-free environment,

which allows students to make errors and learn from them without the fear of hurting a

patient (Friedrich 2002). This is especially important for crisis training and training for

clinicians in emergency medicine (discussed in a later section). However, there needs to be

evaluation of simulation-based learning and training that shows increases and efficiency in

learning (Friedrich 2002) in addition to the nature of learning that takes place with the use

of technology.

Comparison with other curricula and teaching methods

Simulation-based learning has been recently compared in empirical studies to other

learning approaches, such as conventional and problem-based learning approaches.

Steadman and colleagues (2006) evaluated and compared the performance of students

using simulation (SIM) vs. students using problem based learning (PBL) techniques.

Thirty-one fourth year medical students participated in this study via a 1 week acute care

course. After having their critical care skills assessed, students were randomly assigned to

either the PBL or SIM group to learn about dyspnea. To equilibrate the time spent for

simulator use, the PBL group used the simulator to learn about acute abdominal pain, while

the SIM groups utilized PBL techniques to learn about acute abdominal pain. Standardized

checklists were used to assess student performance at the end of the week on a unique

dyspnea scenario. Results indicated that the SIM group performed significantly better on

this final assessment than the PBL group. One explanation for this result is that the

simulator experience requires the learner to be more engaged in learning, activating

multiple learning pathways (e.g., auditory, visual, and tactile).

In a randomized controlled trial of third and fourth year medical students, simulation-

based teaching was compared to traditional teaching methods through the use of pre–post

written evaluations (short-answer questions) on both domains of reactive airways disease

and myocardial infarction (Gordon et al. 2006). In a single session, students received either

a simulation on myocardial infarction followed by a lecture on reactive airways disease, or

a simulation on reactive airways disease followed by a lecture on myocardial infarction.

Although both methods of teaching resulted in improvement in scores on the short-answer

questions examination for both domains, there were no significant differences between the

groups in their performance on the examinations in either subject domain. However, this

study was only conducted as a single teaching session and the long-term impact was not

assessed.

Impact on student learning and performance

Simulations are increasingly used in medical education, teaching and assessment, although

their use is not very widespread. An international survey (Morgan and Cleave-Hogg 2002)

of the use of simulation in education, evaluation, and research in anesthesia found that

most simulation centers responding to the survey (38%) used simulation in undergraduate

and postgraduate teaching, but very few centers used simulation for evaluation or practice

assessment. The biggest challenge to incorporating simulation into curricula is the high

cost of equipment and their maintenance.
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Despite their light utilization, simulations have been shown to positively impact

learning. In a recent review of medical simulations (Issenberg et al. 2005), it was found

that under certain conditions, high-fidelity medical simulations facilitate learning. The

review outlines 10 ideal conditions for educational programs that maximize the effec-

tiveness of simulation in education. These conditions include providing educational

feedback, participating in repetitive practice, using curriculum integration, using tasks

from a range of difficulty levels, employing multiple learning strategies, capturing clinical

variation in simulations, using a controlled and safe environment for training, having

individualized learning experiences where students are active learners, having clearly

defined goals and outcomes, and using valid simulators. Simulation training does not and

should not replace real patient contact, but instead complements and prepares learners for

direct patient care and allows them to acquire skills in a controlled and safe environment,

leading to increases in self-confidence which may affect clinical competency.

A recent pilot study (Gordon et al. 2006) explored if a brief exposure to patient sim-

ulation during a medical student’s pre-clinical years is able to enhance their ability to learn

basic concepts in cardiovascular physiology. Students belonged either to a control group

(discussion only) or intervention group (discussion and simulation) of a standardized case

of myocardial infarction. Students were then evaluated with a brief multiple choice test a

few days after the case discussion (control group), immediately after simulation (inter-

vention group) and 1 year later (both groups). Results indicated that the simulation group

showed higher scores both immediately and 1 year after intervention.

Patient simulators have been tested for use in the evaluation of performance in such

areas as anesthesiology. One study (Devitt et al. 1998), found that a performance rating

scale was able to discriminate between resident and faculty anesthesiologists. The current

challenge for the use of simulators is the ability to create scenarios that are valid and

reliable in assessing performance on a variety of tasks, while capturing the complexity of

doctor–patient interactions (Kapur and Steadman 1998). Furthermore, it is not quite clear

what the nature of the learning is that is acquired through simulation. However, although

much research needs to be conducted on the uses and effects of simulations on medical

learning, it is possible to speculate about the reasons simulations may be more effective

than traditional methods for fostering learning and improving performance. Going as far

back as to the work of the early constructivists, such as Piaget and Vygotsky, a central idea

has been that knowledge and skill acquisition through engaging actively in learning (e.g.,

through manipulation) opens up the possibility for reflection and better understanding.

Given the dynamic nature of simulations, and therefore the opportunities for active

engagement, they appear to afford the possibility of developing the needed cognitive

flexibility to adapt performance to the changing tasks demands, as suggested by CFT as

critical for complex learning (Spiro et al. 1991). It is important to note, however, that

simulations in and of themselves may not be sufficient to foster learning, as the design of

instruction would need to be guided by cognitive learning principles, such as those in CFT,

to be most useful and effective, which requires deeper forms of assessment (e.g., con-

ceptual understanding) than those used in traditional evaluations (e.g., rating scales,

multiple choice items).

Simulation in surgical training

It is well known that simulations are good ways to acquire skills. Simulation-based

training in surgery provides an enormous opportunity for residents to develop and refine
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their surgical skills in a variety of scenarios, without risk to patients (Pellegrini 2006).

Even more than in other medical specialties, the practice of surgery requires a high

degree of precision and attention to detail. Simulators that have been developed for use

in surgical training include mechanical simulators, computer-based simulators, virtual

reality environments, and hybrid simulators, all of which benefit the acquisition of

different types of skills. Several studies indicate that surgery skills acquired during

simulation training (both low-fidelity and high-fidelity simulations) transfer to the

operating room (e.g., Fried et al. 2004; Gallagher and Cates 2004; Seymour et al.

2002), and some studies have even shown that low-fidelity simulations transfer as well

as high-fidelity simulations (Hamstra et al. 2006). However, although there are many

studies that have shown the value of its use in surgery, this issue continues to be

debated (see Sutherland et al. 2006 for a review and Dutta et al. 2006 for critical

commentary).

Simulation in emergency medicine training

Simulation is being increasingly used in graduate medical education (McLaughlin et al.

2006) to ensure patient safety and as a measure of professional competence (see Norcini

and McKinley 2007 for a comprehensive review of assessment methods). A recent

national survey explored the status of simulation training in emergency medicine by

collecting data about the type of simulations used from 126 residencies (Bond et al.

2007). Results indicated that the most common use of simulators is Advanced Cardiac

Life Support (ACLS) mannequins, followed by high-fidelity mannequin-based (HFMB)

simulators.

High-fidelity simulations have been used to evaluate students’ and residents’ devel-

opment of the ACGME’s domains of competency, such as the systems-based practice

(SBP) competency. The SBP competency is defined as ‘‘an awareness of and respon-

siveness to the larger context and system of health care and the ability to effectively call on

system resources to provide care that is of optimal value’’ (ACGME 1999). For emergency

medicine physicians, having expertise in the systems-based practice domain is critical

because they interact with many of the departments and services within the hospital as well

as the health care system outside of the hospital and they evaluate and treat the entire

spectrum of the patient population. Faculty at Northwestern University’s Emergency

Medicine Residency Program developed and implemented a simulation-based curriculum

to address the systems-based practice competency, which can be used to enhance case-

based learning and provide another tool for evaluation of residents’ performance (Wang

and Vozenilek 2005). Other simulation-based curricula have also been proposed (e.g.,

McLaughlin et al. 2002). With an increased focus on competency and outcomes in the

curriculum, to what extent is knowledge that is tied to the skills that are being acquired also

developed? It is not clear that assessment of performance in simulations and clinical

scenarios will be adequate to understand the quality and depth of knowledge that is or is

not being developed. This is where cognitive studies of clinical reasoning and problem-

solving are essential for identifying students’ progress in biomedical and clinical knowl-

edge acquisition and organization in relationship to the development of clinical skills.

Although several cognitive studies have investigated such issues, as new curricula are

being introduced and changes are made in current programs, these studies are needed in

order to adequately evaluate the effectiveness of the curricula reform and to identify areas

for improvement.
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Simulation-based team training

Simulators are often used in group settings, with many programs offering team-based

simulation training (Baker et al. 2005). Research has shown that such training may sig-

nificantly increase teamwork performance (Wallin et al. 2007); and that didactic teamwork

training can be enhanced by the use of high-fidelity medical simulations, possibly due to

the task representing actual clinical care involving several patients (Shapiro et al. 2004).

However, further research needs to be conducted to see how much simulation training is

needed to produce a significant increase in team performance.

As evidenced by certain medical specialties (e.g., emergency medicine), effective inter-

professional collaboration and communication is essential to high quality and safe patient

care and the prevention of errors. Team training is not limited to physicians, but involves

all members of the clinical team, including nurses and other staff. Future directions of

research on team training are the development of methods to assess the team process as

well as studies to investigate the relationship between team performance and patient safety

outcomes.

Conclusions

This paper provides a review of the current issues in evaluation in health professions

education and its relationship with student learning and clinical performance, with a focus

on medical education. The motivation for effective evaluation serves two major purposes:

(1) to provide a scientific foundation for reforming medical curricula that would result in

better education and training of competent physicians, hopefully leading to high quality

patient care and better patient outcomes; and (2) to provide a learning tool for medical

students through the provision of timely and accurate feedback and for assessment of

students’ progress towards achievement of professional competence. This paper offers

several recommendations for curricular change and evaluation, which are empirically and

theoretically-based within the framework of the cognitive and learning sciences. We have

highlighted the availability of evidence to support curricular reforms to improve student

learning and performance, and several areas where further research is needed (e.g., effects

of technology and simulation on learning and performance, evaluation of hybrid curricula,

research in naturalistic settings). Ultimately, a cognitive perspective on how people think

and learn should underlie curricular reform and is necessary to fulfill the mission of

medical education.
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