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Table 2. Studies on the Impact of PBL on Problem-solving Ability.

*

* No study included content, criterion-related, predictive, or content validity evidence. To save space, this lack is not noted 
individually for each study.
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Cases: key features. Two authors used the key features case approach (Doucet et al., 
1998; Schuwirth et al., 1999). A central premise for this approach is that “the process by 
which physicians resolve clinical problems on paper mirrors their response when presented 
with the same clinical cases in practice” (Doucet et al., p. 591). However, this premise is 
problematic because, according to Doucet et al., it is not supported by evidence.  Addition-
ally, when physicians encounter clinical cases, someone else does not identify a specifi c 
key feature that most impacts the solution before the patient examination. One author 
attempted to justify the focus on providing treatment by stating, “in some medical cases 
. . . the actual diagnosis may not be the key element, but treatment or management may 
be more signifi cant” (Schuwirth et al., p. 236). However, diagnosing patient problems may 
be as important to physician problem solving as providing treatment. 

Other cases. None of the authors provided a rationale for using other case-related 
measures to assess the impact of PBL on problem-solving ability (Goodman et al., 1991; 
Moore et al., 1994; Schmidt et al., 1996; Zumbach et al., 2004). The fi nding in one study of 
no signifi cant diff erences between the treatment and control groups was attributed to 
problems with the measure (Zumbach et al.), a likely reason given issues of measurement 
and instructional sensitivity in many areas of research, especially education (W. Popham, 
personal communication, November 3, 2007). An implicit rationale for the use of measures 

Table 2 (cont.). Studies on the Impact of PBL on Problem-solving Ability.
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of problem-solving ability in two studies could be that students’ problem-solving abili-
ties could be explained by giving them opportunities to investigate a problem, and then 
measuring what they learned from the investigation (Goodman et al., 1991; Moore et al., 
1994). Measures of learning, of course, are critical to determining outcomes related to 
deep content learning, yet are not related directly to increases in students’ problem solv-
ing abilities, which is how they were used in these studies. Furthermore, while measuring 
one part of the problem-solving process—generating and pursuing learning issues—may 
be a good place to begin, researchers also should consider measuring students’ ability 
to complete the other steps of the problem-solving process, especially if the goal is to 
measure changes in students’ problem solving skills.

Other measures included presenting cases and having students (a) outline how they 
would solve the problem (Gallagher et al., 1992), (b) answer essay questions (Arts et al., 
2002), or (c) write problem defi nitions and learning issues (Hmelo, 1998) or just learning 
issues (Pedersen & Liu, 2002-2003). However, several questions remain. First, if students 
perform well outlining how they would solve the problem, are they demonstrating prob-
lem-solving skills or recall of the steps that they were encouraged to use (Gallagher et al.)? 
It also is not clear how essay questions measured the application of content knowledge in 
authentic problem-solving situations (Arts et al.). Additional information about the types 
of questions used would help the reader understand how they might be appropriate for 
this purpose. As noted earlier, it is not clear if defi ning a problem and generating but not 
pursuing learning issues is equivalent to solving a problem or if the number of relational 
operators measure coherence of an argument (Hmelo). After all, a pair in a leaky boat can 
defi ne that their boat is leaking and generate a list of symptoms they need to examine 
and research, but until they actually examine and research the symptoms and fi x the leak 
the problem is still there. While it is possible that all of these measures were appropriate 
for the researchers’ purposes, without additional information, it is impossible to tell.

Clinical ratings. Clinical clerkships typically occur in the last two years of medical 
and nursing school, and provide opportunities for students to examine patients under 
supervision. As one measure of the impact of PBL on problem-solving ability, compari-
sons have been made between the supervisor-assigned clerkship ratings of medical and 
nursing students enrolled in PBL and traditional tracks (Distlehorst & Robbs, 1998; Lewis 
& Tamblyn, 1987; Richards et al., 1996). However, no evidence was provided that the rat-
ings assessed problem-solving ability or even clinical performance (Distlehorst & Robbs; 
Lewis & Tamblyn; Richards et al.), making the conclusion problematic that “pre-clinical 
PBL curricula as found at the Bowman Gray School of Medicine may enhance third-year 
students’ clinical performance” (Richards et al., p. 187). In addition, clinical clerkship GPA 
was found to only explain 7.8% of the variance in residency performance ratings (Hamdy 
et al., 2006). 
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Some authors noted that numerical clerkship ratings can suff er from the halo eff ect—
that is, supervisors often give high ratings to all or most clerkship students (Cacamese, 
Elnicki, & Speer, 2007; Moore et al, 1990; Santos-Gomez et al., 1990). Due to this potential 
problem, Moore et al. used a content analysis of the clerkship ratings to compare PBL and 
conventional students. However, others (Santos-Gomez et al.) have continued to compare 
the numerical residency ratings given by supervising nurses and doctors to graduates of 
the PBL and conventional tracks of a medical school. When ratings were used, authors did 
not give explicit criteria for how the ratings were calculated (Moore et al.; Santos-Gomez 
et al.). 

Project ratings. Another measure used to assess the impact of PBL on problem-solving 
ability was ratings on students’ fi nal projects in an educational technology course (Lee & 
Kim, 2005). Unfortunately, project assessment procedures were not explained (Lee & Kim). 
Though they noted that outcomes “were assessed on the basis of (a) inquiry activities, (b) 
the qualities of outcome, (c) the degree of collaboration, and (d) creativity” (p. 288), it is 
unclear exactly how such assessment occurred. 

Essay questions. Essay questions were used in one study to measure problem-solving 
ability (Schwartz & Burgett, 1997). However, the questions were not described, making it 
diffi  cult to evaluate the fi t of the measure. In addition, the scoring procedures were not 
clear.

Honors and remedial selection. The impact of PBL versus conventional tracks on 
problem-solving ability was compared using percentages of students from PBL and con-
ventional tracks whom faculty selected for honors or remedial instruction (Distlehorst & 
Robbs, 1998). A possible, but implicit, premise behind the use of such fi gures could be a 
perception that students who were better at problem solving would be selected for honors 
by the faculty, and those who were poorer would be selected for remediation (Distlehorst 
& Robbs). However, this is problematic for three reasons. First, just as grade infl ation has 
been observed in higher education in general, it has also happened in medical schools 
(Cacamese et al., 2007). In a survey of medical schools, Cacamese et al. found that almost 
half of clinical clerkship students received honors, and over three fourths received high 
grades. Second, according to Hamdy et al. (2006), clerkship GPAs and Dean’s letter rankings 
(rankings of medical students included in letters sent to residency locations) of medical 
school students have relatively small correlations (0.28 and 0.22, respectively) with supervi-
sor ratings during residency. Thus, clerkship GPA and Dean’s letters only explained 4.8 to 
7.8% of the variance in supervisor ratings during residency. Finally, medical schools vary 
in their approaches to remediation. Some encourage students to take remedial courses 
and rarely have students drop out, while others tend to let students drop out who are 
having diffi  culty (Hughes, 2002).
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Self-directed Learning

Types of Assessment.  Of the 33 studies, seven assessed the impact of PBL on self-directed 
learning (see Table 3). Measures included self-report questionnaires (Blumberg & Michael, 
1992; Chanlin & Chan, 2004; Lohman & Finkelstein, 2000), interviews (Chanlin & Chan; 
Evensen, Salisbury-Glennon, & Glenn, 2001), student refl ections (Chanlin & Chan; Evensen 
et al.), scores on NBME I and II (Kaufman et al., 1989), clerkship ratings (Kaufman et al.), and 
library circulation data (Blumberg & Michael). In other studies that used case presentations, 
participants were required to defi ne the problem, identify information they needed to 
know (learning issues), and either (a) determine how to address the learning issues (Hmelo 
et al., 1997) or (b) determine how to address learning issues, address learning issues, and 
defi ne the problem (Barrows & Tamblyn, 1976). 

Validity and Reliability Information 

Self-report questionnaires. The strategy of asking students about the frequency of using 
various library resources appears to be reasonable (Blumberg & Michael, 1992). However, 
neither reliability information nor a clear rationale for how the measure assessed self-
directed learning was presented (Blumberg & Michael). Given a defi nition of self-directed 
learning as “recognizing the need for new learning, setting one’s own learning objectives, 
defi ning relevant questions for study, accessing relevant information, testing one’s depth 
of understanding of what one has learned” (Blumberg & Michael, p. 3), asking students how 
often they used diff erent library resources but not how or why they used the resources 
does not appear to be suffi  cient. Other authors provided limited or questionable valid-
ity evidence for the test scores (Chanlin & Chan, 2004; Lohman & Finkelstein, 2000). One 
noted that experts examined a questionnaire for construct validity (Chanlin & Chan). While 
experts can be involved in the process of assessing the construct validity, they can only 
perform part of the process: list what constructs might account for performance on the 
measure (Anastasi & Urbina, 1997; Cronbach, 1970; Kerlinger & Lee, 2000). Subsequently, 
empirical tests (e.g., factor analysis, multitrait-multimethod) must provide evidence that 
the suggested constructs do in fact account for test performance (Anastasi & Urbina; 
Cronbach; Kerlinger & Lee). Though not certain, it seems likely that the experts in Chanlin 
and Chan's study examined the questionnaire for content validity, or the extent to which it 
includes questions representative of the behavior domain. Content validity contributes to 
evidence of but is not the same as construct validity. It also is not appropriate to provide 
a citation for a measure and note that its “validity and reliability have been extensively 
documented” (Lohman & Finkelstein, p. 299), as test scores, and not tests, can be reliable, 
and validity refers to the goodness of fi t of test scores to current research or assessment 
purposes (Messick, 1989).
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Table 3. Studies on the Impact of PBL on Self-Directed Learning.

* No study included content, criterion-related, predictive, or content validity evidence. To save space, this lack is not noted 
individually for each study.

*
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Interviews. When interviews were used (Chanlin & Chan, 2004; Evensen et al., 2001), 
the content of interview questions was not explained, leaving it diffi  cult to determine 
how well they measured self-directed learning. Due to the paucity of information about 
such data sources, we could not assess the validity of, or the theoretical considerations 
behind, the interview measures.

Student refl ections. The authors of one study gave a reasonable description of the 
content of entries in the oral learning logs students completed in their study (Evensen 
et al., 2001). Evensen et al. were investigating the outcome of self-regulated learning; as 
described earlier, self-regulated learning is a similar outcome to self-directed learning. 
Though they did not explicitly articulate their framework for self-regulated learning, we 
can deduce that they believed that self-regulated learning can be explained, at least in 
part, through students’ self-reporting as they identify and address learning issues. The 
authors gave a suffi  cient account of how transcripts were coded and accuracy ensured 
through member checking.

Clinical clerkship ratings and scores on NBME II. It was not clear how clinical clerkship 
ratings and scores on the NBME II related to self-directed learning (Kaufman et al., 1989). 
Perhaps because the PBL students performed worse than conventional students on 
NBME I but better on NBME II and in their clerkships, the authors may have accepted this 
as evidence that PBL students engaged in self-directed learning between NBME I and II 
to address gaps in their knowledge. However, this was not stated (Kaufman et al.). In ad-
dition, clinical clerkship grades may be infl ated, making it diffi  cult to use as evidence to 
discriminate between students (Cacamese et al., 2007).

Library circulation data. A clear rationale for the use of library circulation data to com-
pare the self-directed learning skills of PBL and conventional students was not provided 

Table 3 (cont.). Studies on the Impact of PBL on Self-Directed Learning.
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(Blumberg & Michael, 1992). Potential problems with this measure include (a) that PBL 
schools give specifi c workshops on how to use the library more often than conventional 
medical schools (Woodward, 1996), and (b) students in the PBL curricula presumably need 
to check out books more often to address learning issues during the preclinical years. 
During the clinical years perhaps students go to the library more often because they do 
not have textbooks from earlier courses to which to refer (textbooks and other books 
counted the same in the authors’ measure).

Present problem and have students identify learning issues. An assumption behind the 
use of this measure type was that the nature of learning issues that students generate 
(disease-driven, data-driven, or basic science), and the type of resources they use (clini-
cal text or basic science book) to address learning issues indicate how self-directed they 
are (Hmelo et al., 1997). But this assumption generates a few questions. For example, 
are students who research in clinical texts less self-directed than those who use basic 
science texts? Researching issues in basic science texts may be indicative of data-driven 
reasoning, which has been associated with expertise (Hmelo et al.). However, expertise 
and self-directed learning are diff erent constructs.

Another assumption is that self-directed learning can be measured by examining the 
diff erence between scores on students’ defi nitions of a problem and answers to a test on 
content before and after an extended study period (Barrows & Tamblyn, 1976). However, 
one may ask if this is assessing students’ self-directed learning skills, or their researching 
skills. Also, though Barrows and Tamblyn assigned numerical scores to the problem defi ni-
tions, they did not mention their criteria for scoring the problem defi nitions. 

Summary of Included Validity and Reliability Information

Of the 33 reports reviewed, only four gave interpretable reliability and dependability 
coeffi  cients (e.g., interrater reliability of 92% [Hmelo et al., 1997]) for all measures (Hmelo, 
1998; Hmelo et al.; Lohman & Finkelstein, 2000; Pedersen & Liu, 2002-2003). Two gave 
coeffi  cients for some but not all measures (Chanlin & Chan, 2004; Sanci et al., 2000). Three 
reports gave incomplete or uninterpretable reliability evidence (Aaron et al., 1998; Lee & 
Kim, 2005; Santos-Gomez et al., 1990). No report contained content or criterion-related 
(concurrent or predictive) score validity evidence (other evidence attesting to test scores’ 
construct validity).

Discussion

Validity is “the degree to which evidence and theory support the interpretations of 
test scores” (AERA et al., 1999, p. 9; Embretson, 2007). A recurring problem was that the 
constructs under examination often were not defi ned. Of the 33 studies, only 3 gave a 
complete theoretical rationale for test score use (Doucet et al., 1998; Hmelo, 1998; Hmelo 
et al., 1997). 



Validity and Problem-Based Learning Research 79

• volume 3, no. 1 (Spring 2009)

Like the problems used in PBL, the desired outcomes of PBL (increased self-directed 
learning, deep content learning, and increased problem-solving ability) are ill defi ned 
(Berkson, 1993; Neufeld, 1989; Scandura, 1977; Vernon & Blake, 1993; Woodward, 1996). 
Because the outcomes are ill defi ned, PBL researchers should ensure that their defi nitions 
of constructs are clear to readers. We urge writers to provide all necessary information so 
that readers can determine the potential applicability of the conclusions to new contexts 
(AERA, 2006; AERA et al.). Without a clear explanation of the theoretical frameworks that 
authors use to explain and predict the target outcomes, readers cannot evaluate the 
validity of test score uses.

As test scores cannot be valid for all purposes, it is insuffi  cient to state that the mea-
sures used in the current study “had been developed and validated elsewhere” (Moore 
et al., 1994, p. 984), especially when no evidence is given that the context (population, 
purpose, etc.) of measure use in the current study is highly similar to the recommended 
use of the test scores. Authors should build a rationale for the validity of their test scores 
so that readers can make their own judgments. The rationale should include information 
about the constructs the test purports to measure, along with empirical data to support 
that the test measures the given constructs the researchers are studying with their par-
ticular sample populations. 

Test scores cannot be valid unless they are reliable (Anastasi & Urbina, 1997). Of the 
33 empirical papers we included in this review, only eight gave appropriate evidence of 
the reliability and dependability of test scores (Arts et al., 2002; Boshuizen et al., 1993; 
Doucet et al., 1998; Evensen et al., 2001; Hmelo, 1998; Hmelo et al., 1997; Pedersen & Liu, 
2002-2003; Schmidt et al., 1996). Four gave partial accounts of test score reliability (Aaron 
et al., 1998; Chanlin & Chan, 2004; Sanci et al., 2000). Readers cannot assess score validity 
if they do not know the measure’s accuracy, and thus are unable to estimate the standard 
error of the measurement (in the case of quantitative research), or the extent to which 
diff erent researchers provided with the same data would come to the same conclusions 
(in the case of qualitative research).

To allow readers to assess the validity of test scores, authors also must clearly describe 
test procedures—how they were administered, what students did, and how their responses 
were scored (Messick, 1989). For example, if the measure involves cases, descriptive infor-
mation about the cases, and what students had to do after reading the cases, should be 
included in the research report. Many authors did not give suffi  cient information about 
(a) how measures were administered (Boshuizen et al., 1993; Chanlin & Chan, 2004; Moore 
et al., 1994; Schuwirth et al., 1999), (b) the content of questions (Antepohl & Herzig, 1999; 
Doucet et al., 1998; Evensen et al., 2001; Finch, 1999; Schuwirth et al., 1999; Schwartz & 
Burgett, 1997; Zumbach et al., 2004), or (c) scoring procedures (Aaron et al., 1998; Barrows 
& Tamblyn, 1976; Chanlin & Chan; Doucet et al.; Goodman et al., 1991; Lee & Kim, 2005; 
Moore et al.; Sanci et al., 2000; Schuwirth et al.).
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Future Directions of PBL Research

While several measures have been used in PBL research to assess intended learning out-
comes, inconsistent information has been reported about those measures. Based on our 
review, many authors did not give suffi  cient information about how measures were (a) 
selected, (b) administered or (c) scored. The solution is not to search for perfect measures 
of problem-solving ability, deep content learning, and self-directed learning, as validity 
pertains to test score use, not tests (AERA et al., 1999).  Rather, the solution is to report 
better on the selection, use, and psychometric properties of measures. Such information 
should lead to researchers realizing the shortcomings of measures and seeing the need 
to improve these measures for future use. 

Shortcomings in PBL measurement reporting are not unique among social sciences 
research (Hamdy et al., 2006; Hogan & Agnello, 2004). For example, among 38 medical 
education papers attempting to correlate various measures taken during medical school 
and residency performance, only one reported the reliability of both predictor and out-
come variables (Hamdy et al.). Only 55% of articles from a variety of leading education 
and psychology journals contained any validity evidence (Hogan & Agnello). Gaps in mea-
surement reporting can happen due to journal length requirements, as when reviewers 
ask authors to add non-measurement information, but to keep a manuscript within the 
page limit (Hogan & Agnello). 

So why is the lack of appropriate measurement reporting important? Simply stated, 
better measurement reporting is needed to move PBL research forward. A fundamental 
purpose of educational research is to improve educational practice. If PBL does, in fact, 
lead to increases in self-directed learning, problem-solving ability, and deep content 
learning, it should be more widely used, especially in K-12 schools where students need 
to develop stronger problem-solving (Hulse, 2006; Jonassen, 2003; Warner, 2004) and 
self-directed learning skills (Hulse). Resources such as the Doing What Works website (US 
Department of Education, n.d., a) exist to help teachers learn about these types of educa-
tional approaches. However, at present, if one were to search for strategies for increasing 
problem-solving ability among K-12 students, one would be advised to design coaching 
and mentoring programs. PBL's absence on the Doing What Works site could lead to less 
dissemination of PBL among K-12 teachers. 

Doing What Works selects interventions based on studies that have demonstrated 
satisfactory research evidence (US Department of Education, n.d., b). That is, the What 
Works Clearinghouse employs a three-stage process to determine if a study was conducted 
appropriately for providing sound evidence. One such criterion is the quality of the out-
come measure. If the measure is judged inadequate, the entire study is listed as “Does Not 
Meet Evidence Screens” and is eliminated at stage one of the review process. As standards 
for high quality research increase in the data-driven environment, it is paramount that all 
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instruments used to assess outcomes are (a) aligned with the goals of the study, (b) have 
appropriate psychometric evidence to support the intended use, and (c) are understood 
by the researchers employing the instruments. To our knowledge, no study reviewed in this 
paper would meet evidence screens. Thus, given the studies identifi ed for this review, the 
likelihood of PBL being promoted by the Doing What Works website to increase deep con-
tent learning and problem-solving and self-directed learning abilities appears slight.

However, PBL researchers can increase the likelihood of their research being used 
by the What Works Clearinghouse and the Doing What Works site by following a simple 
process (see Figure 1) in the preparation, implementation, and reporting of their studies. 
To begin, researchers must defi ne their study goal. Within the goal statement there will 
be a construct (e.g., problem-solving ability) for which they must provide an operational 
defi nition. Following this, they need to identify measures that purport to measure the 
same construct and select from among those measures that include appropriate reli-
ability and validity evidence from past uses with similar populations to the researchers’ 
target populations. They must then administer the measures, collect appropriate validity 
and reliability evidence, and report that evidence, along with past reliability and validity 
evidence associated with the measure, the study goal and operational defi nitions of the 
constructs being measured, and measure description and procedures. While we recognize 
that not every form of reliability and validity can be collected for every study, eff orts should 
be made to collect as much reliability and validity evidence as possible. 

Limitations

The majority of research reviewed here was in the area of medical or allied medical educa-
tion. The use of many specifi c examples such as simulated patient tests is most applicable 
to medical education. Though research on PBL in a variety of content areas and levels of 
education was sought, research into the eff ects of PBL on its desired outcomes has been 
more widespread in medical education (Gallagher, 1997) for several reasons. First, PBL was 
developed in medical schools and has thus been used in medical schools longer than in 
other contexts (Barrows & Tamblyn, 1980). Second, in medical school PBL is often chosen 
not only as a way to teach specifi c content, but also as a way to structure the curriculum 
(Albanese, 2000). As such, medical educators and deans of medical schools have been 
interested in seeing if PBL has a discernable impact on the desired competencies of future 
physicians (Albanese).

Implications

Measurement in problem-based learning (PBL) research suff ers from many problems 
of validity and scant information about measurement procedures and accompanying 
theoretical frameworks. The reader and researcher should not be discouraged by this is-
sue. First, some authors included in this review did a good job including much required 
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Figure 1. Measurement reporting process.



Validity and Problem-Based Learning Research 83

• volume 3, no. 1 (Spring 2009)

measurement information (Hmelo, 1998; Hmelo et al, 1997; Pedersen & Liu, 2002-2003). 
Second, there are many ways to increase the quality of the instruments employed in PBL 
research. Carefully employing the steps to create better measurements will allow the 
fi eld to move forward in a very positive fashion. Such work may be diffi  cult, if not painful 
at times, but the benefi ts will be evident in the long-term results of research agendas 
focusing on PBL issues. 

The development of more psychometrically sound instruments will set high stan-
dards for PBL researchers. Taking these steps in a relatively young fi eld of inquiry holds 
promise to serve as a model for other areas of research. Meeting such high standards is 
becoming critical. We encourage PBL researchers to pay full attention to measurement 
issues as they pursue their research agendas with the goal of producing the most accurate 
and defensible results possible.   
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Note
1.  The name was changed to United States Medical Licensing Examination in the 1990s due to 

its adoption as a component of the medical licensing process. However, in this paper, versions of the 
exam before and after the name change will be referred to as NBME. Steps 1 and 2 of the USMLE follow 
largely the same format as NBME, except that in the former the clinical context of questions is more 
central (Albanese, 2000). 
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