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Does College Teach Critical Thinking?
A Meta-Analysis

Christopher R. Huber and Nathan R. Kuncel
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Educators view critical thinking as an essential skill, yet it remains unclear
how effectively it is being taught in college. This meta-analysis synthesizes
research on gains in critical thinking skills and attitudinal dispositions over
various time frames in college. The results suggest that both critical thinking
skills and dispositions improve substantially over a normal college experi-
ence. Furthermore, analysis of curriculum-wide efforts to improve critical
thinking indicates that they do not necessarily produce incremental long-
term gains. We discuss implications for the future of critical thinking in edu-
cation.
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Educators, policymakers, and employers have demonstrated a sustained inter-
est in teaching critical thinking, as both an important life skill and an asset to the
future workforce (Koenig et al., 2011). This interest is particularly evident in col-
lege, where critical thinking has gained traction as a crucial component of general
education (Arum & Roksa, 2011; Halpern, 2001). A recent study reported that
faculty endorsed teaching critical thinking as the most important goal of under-
graduate education, with over 99% describing it as “very important” or “essen-
tial” (DeAngelo et al., 2009, p. 3). Critical thinking is also viewed as an important
component of many medium- and high-complexity jobs (Peterson et al., 1997).
However, despite the value placed on teaching critical thinking, the actual effec-
tiveness of college at doing so—through either explicit instruction or general
exposure—remains a disputed point.

Numerous interventions have been tested to increase both critical thinking
skills and the general disposition toward critical thinking. McMillan (1987)
reviewed the literature and concluded that specific interventions to foster critical
thinking were not well supported but college attendance itself did appear to have
a bolstering effect. Later research has suggested that some college experiences
may actually affect gains on critical thinking. Terenzini, Springer, Pascarella, and
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Nora (1995) reported that both out-of-class experiences, such as number of unas-
signed books read, and in-class variables, such as type of courses taken, explained
significant variance in critical thinking ability after a year of college. In a meta-
analysis, Abrami et al. (2008) also found a modest but positive effect for critical
thinking interventions. In addition, the researchers found a large amount of vari-
ability in effect sizes, much of which was attributable to the type of intervention
and the degree of implementation. This finding suggests that larger gains on criti-
cal thinking might be achieved by focusing on the most effective types of inter-
vention, should current gains be deemed inadequate. Finally, in an unpublished
meta-analysis, Ortiz (2007) found larger mean effect sizes in samples where a
critical thinking intervention was employed.

Even without explicit attempts to foster critical thinking, there is certainly a
widespread perception that college breeds critical thinkers. Tsui (1998) reported
that 92% of students in a large multi-institution study believed they had made
some gains in critical thinking, and 39.3% thought their critical thinking had
grown much stronger. Only 8.9% believed it had not changed or had grown
weaker. However, it is not clear whether students share a common definition of
critical thinking and whether they are capable of an accurate self-assessment. The
actual effects of college on global critical thinking remain unclear. First, there is
disagreement about the magnitude of critical thinking gains over the course of
college. Second, there is disagreement about whether the concept of global criti-
cal thinking makes sense in the first place. This study synthesizes effect sizes to
estimate the magnitude of gains on general critical thinking measures and pro-
vides a theoretical basis for interpreting these results.

Changes in Critical Thinking During College

Past quantitative reviews support the hypothesis that college improves critical
thinking. Ortiz’s (2007) meta-analysis estimates gains of 0.12 standard deviations
(SDs) per semester for nonphilosophy students. This finding supports the general
efficacy of college for teaching critical thinking. One concern, however, is that
studies that occurred over different intervals of time were simply rescaled to a
single semester effect. It is unclear whether critical thinking increases linearly
over the college years or more over certain intervals. Arum and Roksa (2011) sug-
gested that it may increase more in the beginning, but other evidence is mixed
(Pascarella & Terenzini, 1991). Given that the rate of change may differ depend-
ing on the time frame studied, analyses should ideally avoid collapsing data from
different time frames into a single global estimate.

The problem with collapsing across time frames is further illustrated by revers-
ing Ortiz’s (2007) procedure and estimating the effects over 4 years of college. If
an effect size measured over 4 years can be divided by 8 and combined with
semester-long studies, then the reverse must also hold. However, rescaling Ortiz’s
semester effect sizes to 4-year effects leads to estimates that are implausibly large.
For example, Ortiz reported semester-long gains of 0.78 SDs in philosophy
courses that incorporate large amounts of argument mapping practice. Expanded
to a full 4-year education, this would imply that consistent argument mapping
practice could result in massive gains of 6.24 SDs in critical thinking skill. This
thought experiment does not imply that large changes could not occur over a
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single semester. Rather, it suggests that large gains due to short-term interventions
may not be sustained or expanded on indefinitely. In other words, there is proba-
bly some upper limit to the amount of critical thinking skills that will be learned
and retained in college, even if critical thinking instruction is explicitly infused
into the curriculum.

Other research suggests that legitimate gains do occur even without explicit
critical thinking instruction. Pascarella and Terenzini (1991, 2005) reviewed
evidence from several studies, which on the whole indicate that college improves
critical thinking. However, Pascarella and Terenzini (2005) noted that the gains
observed in their review of 1990s studies are “appreciably smaller in magnitude
than the gains we observed in our previous synthesis” (p. 158). Specifically,
they estimated that seniors had an advantage of 1 SD in critical thinking ability
over freshmen in the pre-1990s samples compared to around half an SD in the
1990s.!

Arum and Roksa (2011) cited this decline as possible evidence that college is
actually becoming /ess effective at teaching critical thinking over time. Their own
large-scale study reveals gains of 0.18 SDs on the Collegiate Learning Assessment
(CLA) performance task over the first three semesters of college and 0.47 SDs
over 4 years, which they deem insufficient. However, the CLA is a measure of
skills such as written communication and complex reasoning in addition to criti-
cal thinking (Arum & Roksa, 2011; Klein, Benjamin, Shavelson, & Bolus, 2007).
Such criterion contamination makes it impossible to directly compare Arum and
Roksa’s (2011) results to those of Pascarella and Terenzini (1991, 2005) or to
interpret them purely as indicators of critical thinking gains. Nevertheless, Arum
and Roksa’s estimates are in keeping with the half SD estimate from Pascarella
and Terenzini (2005; Arum & Roksa, 2011, Footnote 14, p. 219).

In light of Arum and Roksa’s (2011) dissatisfaction with observed gains on the
CLA, it is helpful to consider what magnitude of gains might be reasonably
expected. One way to do this is to examine the effects of other variables in col-
lege. A second-order meta-analysis by Hattie (1992) found that the average effect
of numerous situational and individual difference variables on academic achieve-
ment was 0.40 SDs (see also Hattie, 1987). Even students’ general disposition
toward learning, arguably a central predictor of success, had an overall effect size
of only 0.61. In this context, we have little reason to expect gains larger than half
an SD on critical thinking. Even with explicit instruction, producing meaningfully
larger gains might be difficult.

Changes in Critical Thinking Across Majors

Some have suggested that certain majors may produce larger gains in critical
thinking than others. If this were the case, an analysis of majors that produced the
strongest gains would be useful. First, it would suggest the magnitude of gains
that could be achieved with the correct curriculum (although it may be possible to
improve upon even the best current curriculum). Second, understanding the fea-
tures that distinguish gain-producing majors would inform future attempts to
improve critical thinking in other majors.

The current evidence on differences between majors is inconclusive. Pascarella
and Terenzini’s (2005) review failed to find strong evidence for differential gains
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across majors. By contrast, Ortiz’s (2007) meta-analysis suggests that philosophy
students may learn more critical thinking than other students. Ortiz estimated
gains of 0.26 SDs per semester for philosophy students compared to only 0.12
SDs per semester for other majors. However, the number of pure philosophy sam-
ples in her analysis is small (k = 6), and the samples appear to be from unpub-
lished studies. In addition, the confidence intervals for the philosophy and
nonphilosophy effect sizes show substantial overlap. Ortiz herself suggested that
the observed difference may simply be statistical noise.

Another likely exemplar of critical thinking instruction is nursing programs.
The National League for Nursing (NLN) requires that nursing programs include
formal critical thinking training (Adams, Whitlow, Stover, & Johnson, 1996).
This requirement makes nursing students a useful comparison group for estimat-
ing the long-term effects of sustained instruction in critical thinking. Measuring
this long-term change has different implications than measuring the effects of
short-term interventions (e.g., adding a critical thinking component to a single
course). For example, short-term critical thinking instruction may give students
an initial advantage that does not ultimately persist after the posttest, which could
occur either because the benefits are temporary or because other students eventu-
ally catch up. Such a result would be analogous to recent findings from the Head
Start impact study. Puma et al. (2012) found that the Head Start program yielded
substantial advantages in preschool children, but most of the benefits dissipated
by the third grade. Similarly, it is possible that students in a critical thinking—rich
curriculum may enjoy an initial head start that is negated in the long run.

Although this possibility would ideally be tested by a true experimental design,
such studies are rare (if not nonexistent) in this literature due to the difficulty of
enacting an institution-wide curricular experiment. However, a comparison
between nursing students and students in other majors is a feasible proxy for such
a study. With their strong emphasis on critical thinking, nursing programs can be
seen as representative of a college education in which explicit critical thinking
instruction is the norm rather than the subject of an occasional intervention. We
would therefore expect greater gains on critical thinking in nursing programs to
the extent that formal training is incrementally effective. Currently, the literature
is lacking any comprehensive comparison of such programs to a more traditional
college experience.

Definition and Measurement Issues

Another difficulty in the critical thinking literature is defining the construct.
The traditional generalist view conceptualizes critical thinking as a broad ability
to interpret information and approach problems correctly that can be applied
across a wide variety of domains (e.g., McMillan, 1987; Pascarella, 1989). For
example, Abrami et al. (2008) defined critical thinking as “the ability to engage in
purposeful, self-regulatory judgment” (p. 1102). Researchers have distinguished
between critical thinking skills and dispositions, suggesting a meaningful distinc-
tion between the ability to think critically and willingness to actually do so. Most
measures focus on the skill aspect, with the California Critical Thinking
Disposition Inventory (CCTDI) being the main exception (N. C. Facione, Facione,
& Sanchez, 1994).
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Some scholarship has questioned traditional conceptualizations of critical
thinking as a broad domain-general skill. McPeck (1984, 1990) argued that criti-
cal thinking has been operationally reduced to the ability to analyze arguments.
According to this perspective, the ability to reason and think critically is required
for a broad range of tasks beyond analysis of logical arguments, such as “finding
one’s way home, investing money, fishing, driving a car, doing sums, shopping,
playing hopscotch, intelligent voting, building math models, writing poems, and
countless other classes of activities” (McPeck, 1984, p. 30). McPeck argued that
the ability to think critically about such a broad array of domains is not well rep-
resented by any general skill (e.g., analyzing arguments), and therefore critical
thinking ability is best conceptualized as domain-specific.

Kuncel (2011) argued that when people describe critical thinking skills, they
refer to one of two very different things. The first is field- or job-specific exper-
tise, which will form only with practice and experience in a field and is not widely
generalizable. For example, thinking critically about medical diagnosis in veteri-
nary medicine is hard-earned expertise that does not readily transfer to restaurant
management. Kuncel suggested that critical thinking in college should emphasize
field-specific expertise at least as much as the second type of critical thinking. The
second type, as currently measured by many critical thinking scales, is “a finite set
of very specific reasoning skills (e.g., gambler’s fallacy, law of large numbers,
correlation vs. causation)” (Kuncel, 2011, p. 2). Although these skills are viewed
as useful, it is argued that knowing about the law of large numbers is useful for
reasoning about the law of large numbers and nothing else. This narrow definition
also calls into question the degree to which critical thinking can be taught in a
broad way that will transfer to improved performance across all work, school, or
life tasks. In his meta-analytic review, Kuncel found little discriminant validity
evidence for commonly used critical thinking tests and other cognitive ability
assessments. In addition, the evidence suggested that these tests (and gains on
them) are unlikely to predict grades or job performance more effectively than
common measures of IQ or general cognitive ability (although they may be useful
for specific tasks).

Despite questions about the scope of critical thinking skills, most researchers
have argued that critical thinking tests do measure useful traits (e.g., P. A. Facione,
2011). Even if critical thinking skills are domain-specific, the specific reasoning
skills measured by commonly used tests are likely to produce more informed
consumers of information (Kuncel, 2011). In addition, the attitudinal disposition
toward critical thinking is more likely to apply across domains than specific criti-
cal thinking skills. If college can promote general skepticism toward questionable
claims and ideas, especially ones that mesh with one’s own worldview, it has
surely performed a valuable function. Although individuals lack the specific
knowledge needed to critically analyze every domain, a disposition toward criti-
cal thinking should at least encourage acquisition of additional knowledge and
reservation of judgment.

Although there is little disagreement that critical thinking is important, teach-
ing it takes time away from teaching other important skills, such as reading and
mathematics. Given these trade-offs, it is important to understand the present state
of critical thinking in college and what can reasonably be done if it is inadequate.
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To do this, we must determine whether a normal college education is even effec-
tive at teaching critical thinking. In addition, we must estimate the incremental
gains over longer periods of time when more resources are devoted to critical
thinking instruction. This meta-analytic study will establish average gains on tests
of general critical thinking during college, both with and without formal training,
and reconcile conflicting views in this domain.

Method
Search Strategy and Inclusion Criteria

Our search included studies that reported critical thinking skills or dispositions
at multiple points during a student’s tenure in college. Searches were conducted
using PsycInfo (1872-2012), ERIC (1966-2012), ProQuest Dissertations and
Theses (1861-2012), and Google Scholar (through 2012). To maximize the num-
ber of relevant studies found, the broad search terms “college students” and “criti-
cal thinking” were used on the first three databases. Due to the large number of
irrelevant results, “critical thinking” was revised to “changes in critical thinking”
for the Google Scholar search. We also included papers found in the literature
reviews and reference sections of other articles.

Each study was coded for means and SDs of critical thinking scores across dif-
ferent points of time in college. All longitudinal and cross-sectional designs were
included that provided sufficient information to calculate a standardized mean dif-
ference between at least two points in time or class years (e.g., comparing current
freshmen to current seniors). Measures of domain-specific critical thinking were not
included. Examples of excluded measures include tests of critical thinking in psy-
chology and critical thinking essays in English for foreign-language speakers (Wang
& Liao, 2012). We also excluded one time point from Bartlett and Cox (2002)
because it represented gains after clinical rather than academic experiences.

Studies that presented only partial change data were also excluded from our
sample. For example, Mentkowski and Rogers (1985) reported gains on three of
the five Watson-Glaser Critical Thinking Appraisal (Watson & Glaser, 1980) sub-
scales but did not include data for the other two subscales or overall score gains.
The purpose of this exclusion was to avoid upwardly biasing the effect size esti-
mates by considering only the statistically significant changes from a given study.
Studies that relied only on self-reported changes in critical thinking and those that
only reported results from experimental interventions to increase critical thinking
were also excluded from the meta-analytic sample. However, control groups from
experimental studies were included, as long as no explicit effort was made to
teach critical thinking skills or dispositions to these control groups.

The one exception to the exclusion of explicit interventions was studies of
baccalaureate nursing students. Although individual courses specifically geared
toward teaching critical thinking to nursing students were still excluded, the
NLN specifically includes critical thinking instruction in its accreditation
requirements. The high interest in teaching critical thinking among nursing pro-
grams is reflected in the relatively large number of studies that used nursing
samples. As such, nursing students could be analyzed separately to address pos-
sible concerns about contamination (i.e., gains due to critical thinking instruction
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TABLE 1
Frequencies of exclusion criteria applied to prescreened studies

Exclusion criterion No. of studies % excluded studies

Does not measure critical thinking at 27 30.7
multiple time points

Only reports gains after an intervention? 19 21.6

Noncollege sample 10 11.4

Missing vital information 10 11.4

No data (research proposals, qualitative 6 6.8
studies)

Only uses a domain-specific critical 6 6.8
thinking measure

Not related to critical thinking 4 4.5

Self-report data only 3 34

Time frame too short (less than one term) 2 2.3

Only reports statistically significant 1 1.1
subscale gains

Total 88 100.0

aIncludes logic/reasoning courses.

rather than the normal college experience) and as a useful comparison group to
demonstrate the possibilities for explicitly teaching critical thinking over the
span of a college education.

Ultimately, we excluded 88 studies that were deemed potentially eligible for
inclusion after our initial review. Table 1 lists the frequencies of various rationales
for rejecting studies. Although some studies may be deficient in multiple catego-
ries, we present the primary reason for rejection for each study. The most common
exclusion factors were measuring critical thinking at only one time point (30.7%),
only reporting gains in critical thinking after an intervention (21.6%), using a
noncollege sample (11.4%), and missing other vital information needed to calcu-
late an effect size (11.4%). After our exclusion criteria were applied, a total of 71
studies remained for the final analysis.

Effect Size Calculation

Cohen’s d was calculated for changes in critical thinking across varying time
frames. This effect size quantifies the difference between two means in SD units.
However, standardized effect sizes can be calculated in different metrics depending
on the available data and the specific research question. In this case, we considered
two possibilities described by Morris and DeShon (2002): the raw score metric and
the change score metric. The raw score d value is calculated by dividing the differ-
ence in mean scores between two time points by a pooled SD. Variations on this
effect size are commonly used in critical thinking research. The change score d
value is calculated using the SD of change scores in the denominator rather than an
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average SD of observed scores. Effect sizes in the change score metric tend to be
larger and are appropriate for analyzing change over time (Morris & DeShon, 2002).

Although the SD of change scores is almost never reported in the critical think-
ing literature, it is possible to convert raw score effect sizes to change score effect
sizes under certain conditions. Morris and DeShon (2002) presented a formula to
perform the conversion when the correlation between pretest and posttest scores
can be estimated in each study. A meta-analytic estimate of this correlation in
longitudinal studies can be applied to perform the conversion for cross-sectional
effect sizes. However, this method is not recommended if there is significant
residual variance in pretest—posttest correlations across studies.

To investigate the possibility of using the change score metric, we performed a
preliminary meta-analysis of pretest—posttest correlations from 29 longitudinal
studies in our sample. The sampling variance of a correlation varies according to
the population value of the correlation, particularly at values greater than .50
(Raudenbush & Bryk, 2002). Therefore, we used Fisher’s r-to-z transformation to
normalize the sampling variances prior to conducting the analysis. Since Fisher’s
transformed 7 approaches infinity as the raw correlation approaches one, two cor-
relation estimates were reduced from 1 to .99 (the next highest value in our sam-
ple). We then conducted a random effects meta-analysis with time frame as a
moderator and transformed the results back into the raw correlation metric.

These preliminary results did not support the use of the change score metric.
Significant residual heterogeneity remained after accounting for the (nonsignifi-
cant) effect of time frame, Q(27) = 1022.6326, p <.0001. Given the residual vari-
ance in effect sizes across studies, it would be inappropriate to use the meta-analytic
average as a proxy in studies without the data to compute a correlation directly. As
such, we chose to use the more traditional raw score formula for Cohen’s d.

In some cases, we still had to impute certain values necessary to estimate an
effect size. When only a pretest SD was available, it was used as a stand-in for the
posttest SD. When SDs were not available, estimates were taken from comparable
samples with large sample sizes. Table 2 reports samples for which this method
was used, as well as the source of imputed SDs. We also conducted a sensitivity
analysis to determine if our results were robust to changes in the imputed values.

Once all effect sizes were calculated, we corrected the estimates for unreli-
ability in the measures used. Measurement error systematically reduces effect
size estimates, causing the magnitude of the true population effect to be underes-
timated (Hunter & Schmidt, 2004). This biasing effect can be corrected by divid-
ing an effect size by the square root of the associated measure’s reliability
(Bobko, Roth, & Bobko, 2001). Whenever possible, we used study-specific
internal consistency reliability estimates (i.e., coefficient alpha, Kuder-
Richardson-20, Kuder-Richardson-21, and split-half) to correct for attenuation
due to measurement error. When reliability statistics were not reported, we used
estimates from test manuals. To avoid overcorrection, the most conservative (i.e.,
largest) estimates available were used in these cases. Four studies used less com-
mon measures of critical thinking skills for which reliability evidence was not
available. We used a reliability estimate of .85 in these cases. This estimate was
chosen because it was the most conservative imputed value among all other criti-
cal thinking skill measures.
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We conducted a mixed-effects multivariate meta-analysis using the METAFOR
package in R (Viechtbauer, 2014). This method facilitates the aggregation of
effect size measures from multiple primary studies and allows for multiple mod-
erators to be analyzed in a single hierarchical model. An important feature of
multivariate meta-analysis is that it permits analysis of multiple effect sizes drawn
from overlapping samples. When more than two times or class years were included
in a single study, we calculated ds between the initial time (e.g., freshman year)
and each subsequent time separately. Because the resulting effect sizes share a
common pretest group, their sampling errors are no longer independent (Gleser &
Olkin, 2009). This violates the independence assumptions of most meta-analytic
methods.

Multivariate meta-analysis incorporates dependent effect sizes by accounting
for the covariances between their sampling errors. This is accomplished by con-
structing a variance-covariance matrix containing estimated sampling variances
for each d value, as well as covariances between dependent effect size estimates.
Our first step was to estimate sampling variances for each study based on sample
size and study design. We estimated sampling variances using Morris and
DeShon’s (2002) Equation 22, which can be used for both cross-sectional and
longitudinal designs. Sampling variance estimates for each effect size are included
in Table 3.

Next, we estimated covariances between dependent effect sizes. Gleser and
Olkin (2009) presented two relevant equations to estimate these covariances.
First, Equation 19.19 estimates the covariance between effect sizes in multiple-
treatment studies due to a shared control group. We used this equation to estimate
covariance due to a common pretest group (or a common comparison group in
cross-sectional studies). Second, Equation 19.27 can be used when multiple out-
come measures are given to a single sample. In the present study, Mines et al.
(1990) contributed data from two separate critical thinking measures given to a
single sample. Estimated covariances between all dependent effect sizes are
reported in Table 4.

As an additional check against homogeneous effect sizes, we specified a hier-
archical data structure with effect sizes grouped within studies. Even if they are
calculated from nonoverlapping samples, multiple effect size estimates from a
smgle study may be more homogeneous than expected by chance. Using study of
orlgln as a grouping variable accounts for increased similarity between effect
sizes due to their common source.

Seventy-one studies met the criteria to be included in the meta-analysis (see
Table 3). In total, we coded 124 effect sizes from these studies. Given evidence
that critical thinking skills and dispositions are distinct constructs that behave dif-
ferently with external correlates (Kuncel, 2011), we kept skills and dispositions
separate for all analyses. We analyzed 110 effect sizes for critical thinking skills
and 14 for dispositions.

Because our analysis mixes cross-sectional and longitudinal studies, the inter-
pretation of a given study’s sample size depends on the study design. For exam-
ple, 100 participants in a cross-sectional study provide an average of 50 data
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TABLE 4
Estimated sampling covariances between dependent effect sizes

Covarying effect sizes S

Beckie, Lowry, and Barnett (2001), Cohort 1, 1 and 2 years .01816
Beckie et al. (2001), Cohort 2, 1 and 2 years .01823
Beckie et al. (2001), Cohort 3, 1 and 2 years .01440
Blaich and Wise (2008); Blaich and Wise (2011) .00046
Brigham (1989), 1 and 2 years .03778
Brigham (1989), 1 and 3 years .03878
Brigham (1989), 2 and 3 years .03821
Ewen (2001), 1 and 2 years .01353
Ewen (2001), 1 and 3.5 years .01353
Ewen (2001), 2 and 3.5 years .01359
N. C. Facione and Facione (1997), CCTDI, 1 and 2 years .00468
N. C. Facione and Facione (1997), CCTDI, 1 and 3 years .00470
N. C. Facione and Facione (1997), CCTDI, 2 and 3 years .00468
N. C. Facione and Facione (1997), CCTST, 1 and 2 years .00323
N. C. Facione and Facione (1997), CCTST, 1 and 3 years .00324
N. C. Facione and Facione (1997), CCTST, 2 and 3 years .00325
Fleeger (1986), 1 and 2 years .02396
Kokinda (1989), 1 and 2 years 11520
Kokinda (1989), 1 and 3 years 11979
Kokinda (1989), 2 and 3 years 11211
Melvin (1996), Fr—So and Fr—Jr .0109%4
Melvin (1996), Fr—So and Fr—Sr .01101
Melvin (1996), Fr-Jr and Fr—Sr .01129
Mines, King, Hood, and Wood (1990), Cornell Z and Watson-Glaser .07501
Shin, Lee, Ha, and Kim (2006), 1 and 2 years .03129
Shin et al. (2006), 1 and 3 years .03109
Shin et al. (2006), 2 and 3 years .03123
Whitmire (2001), 1.5 and 3.5 years .00096

Note. CCTST = California Critical Thinking Skills Test; CCTDI = California Critical Thinking
Disposition Inventory; Fr = freshman; So = sophomore; Jr = junior; Sr = senior. 6, = estimated

sampling covariance between the two effect size estimates.

points per point in time (e.g., 50 freshmen and 50 sophomores). By contrast, 100
participants in a longitudinal study provide 100 data points at each time. As such,
reporting a single overall sample size that combines cross-sectional and longitu-
dinal studies is not meaningful. To facilitate interpretation, Table 3 presents the

sample sizes at both time points used to calculate each effect size. The sample of

studies measuring critical thinking skills included approximately 16,185 longitu-
dinal participants? and 9,392 cross-sectional participants. The sample of studies
measuring critical thinking dispositions included 475 longitudinal participants
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TABLE 5
Meta-analysis of critical thinking skill studies

95% confidence 95% confidence
Moderator v interval, lower interval, upper
Intercept 0.8834%#* 0.5852 1.1816
Time frame 0.0181 —0.0746 0.1108
Time frame? 0.0249%* 0.0061 0.0436
Longitudinal —0.2703* —0.5009 —0.0397
publication year —0.0184*%** —0.0248 —0.0121

2

c 0.1165

study

2

Study = variance

Note. Values are unstandardized coefficients from a mixed-effects meta-analysis. o
component for the random effect of Study ID (etfect sizes grouped within study).
*p <.05. *¥*p <.001. ***p <.0001.

and 3,545 cross-sectional participants. There was some overlap between the skill
and disposition samples, as three studies included scores on both constructs from
the same group of participants.

The first author coded all studies in the meta-analysis. However, the second
author independently coded a randomly selected subset of 15 studies (21% of the
total) to ensure accuracy. There were no major discrepancies found, although one
disagreement about a time frame estimate (1.5 years vs. 2 years) did occur. The
resulting change did not substantially affect any of our conclusions.

Results

We used mixed-effects meta-analysis to model the effects of four moderator
variables: time frame (0.5—4 years), study design (cross-sectional = 0, longitudi-
nal = 1), sample? (nonnursing = 0, nursing = 1), and year of publication (1963—
2011). For ease of interpretation and to allow the model to converge, we recentered
the publication year variable by subtracting the earliest year in our sample from
all values. Conceptually, this means that a value of zero for publication year
corresponds to the year 1963. To test for nonlinear gains in critical thinking over
time (e.g., larger or smaller gains during the entirety of college than would be
expected from rescaling effect sizes from a single semester), we also included a
quadratic term for time frame. Initial analyses indicated that the nursing/nonnurs-
ing moderator did not reach statistical significance. Additionally, a reduced model
without this moderator produced lower values of the Aikake information criterion
and Bayesian information criterion, indicating better fit. Therefore, we present
results for the reduced model in the interest of simplicity.

Results are presented for changes in critical thinking skills across moderators
in Table 5. We found evidence for significant moderator effects, O(4) = 9325.1340,
p <.0001, as well as significant residual heterogeneity, Q(105) = 716.1532, p <
.0001. As expected, gains were larger across longer time frames. However, only
the quadratic effect of time frame reached statistical significance. This finding
suggests that gains in critical thinking skills during college are nonlinear, with the
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TABLE 6
Meta-analysis of critical thinking skill studies including starting year in school

Moderator Model 1 Model 2 Model 3
Intercept 1.1207%*** 1.0309 0.7893*#*
Time frame -0.0069 -0.0101 0.1467*%*
Time frame? 0.0313** 0.0320** —
Starting year — 0.073 0.0591
Longitudinal -0.2167 —0.2358 -0.2077
Puzblication year —0.0263%*%*%* —0.0267*** —0.0235%%*%*
O tudy 0.1622 0.1655 0.1496

Note. Values are unstandardized coefficients from three mixed-effects meta-analysis models.
These analyses use a subset of 76 effect sizes for which a specific starting year in school could be
identified. Oswdy = variance component for the random effect of Study ID (effect sizes grouped
within study).

**p <.001. **¥¥p <.0001.

rate of change increasing over larger time intervals. An important caveat when
interpreting this finding is that the time frames in many studies could not be attrib-
uted to specific years of college. For example, studies of gains during semester-
long courses combine data from freshmen, sophomores, juniors, and seniors
enrolled in those particular courses. As a result, the significant quadratic term is
not a clear indicator that critical thinking gains accelerate in the later years of
college.

To follow up on this possibility, we analyzed a subset of 76 effect sizes for
which we could code a specific starting year (e.g., freshman = 1). In this subset,
we compared three models: the original model, the original model with starting
year added as an additional moderator, and the starting year added model with the
quadratic time frame term removed. The purpose of removing the quadratic term
was to determine if it was accounting for variance in effect sizes that would oth-
erwise be attributed to starting year. Coefficients from all three models are pre-
sented in Table 6. The effect of starting year did not reach significance in either
Model 2 or Model 3, suggesting that there may not be differential gains across
different years of college.

We also analyzed differences between longitudinal and cross-sectional studies
in our full sample. Our results suggest that study design has a substantial influ-
ence on effect size estimates. Controlling for other moderators, using a longitudi-
nal design as opposed to a cross-sectional design was associated with a reduction
of 0.27 SDs in estimated gains on critical thinking skills.

To better represent the joint effects of time frame and study design, we calcu-
lated model-predicted values for different levels of each moderator with publica-
tion year set to the sample mean (approximately 1994). The results in Table 7
show substantially larger effects for cross-sectional studies and longer time
frames. We also predicted effect sizes for a hypothetical mixed sample with an
equal number of cross-sectional and longitudinal studies. This analysis produced
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TABLE 7

Model-predicted values for time frame and study design moderators with changes in
critical thinking skills as the outcome

Time frame (years) Cross-sectional d Longitudinal d Mixed d

0.5 N/A 0.00 [-0.44, 0.44] N/A

1 0.30 [-0.16, 0.76] 0.03 [-0.41, 0.47] 0.16 [-0.28, 0.61]
2 0.39 [-0.07, 0.85] 0.12 [-0.32, 0.57] 0.26 [-0.19, 0.70]
3 0.54[0.08, 0.99] 0.26 [-0.18, 0.71] 0.40 [-0.04, 0.84]
4 0.73 [0.27, 1.19] 0.46 [0.01, 0.90] 0.59[0.15, 1.04]

Note. N/A = not applicable. Values in brackets are 80% credibility intervals. Mixed d is calculated
using a value of 0.5 for the study design moderator (cross-sectional = 0, longitudinal = 1). N/A
values are used to avoid extrapolating beyond the meta-analytic sample as there were no cross-
sectional single-semester studies. The publication year moderator was fixed at its sample mean for
these analyses.

a 4-year gains estimate of 0.59 SDs, as opposed to 0.73 for cross-sectional studies
and 0.46 for longitudinal designs.

The compilation of studies spanning 48 years also allowed us to examine
changes in critical thinking gains over time. To test the suggestion that college
has become less effective at teaching critical thinking, we included publication
year as a moderator. Our moderator analysis provides some support for this
notion. Holding other moderators constant, more recent studies provided sig-
nificantly smaller effect sizes than older studies. Given an equal mix of cross-
sectional and longitudinal studies, the predicted 4-year gain is 1.22 SDs for a
study published in 1963 (80% credibility interval [0.75, 1.68]), whereas the
predicted gain is only 0.33 for a study published in 2011 (80% credibility inter-
val [-0.11, 0.78]).

Our search revealed a relatively small sample of studies measuring the disposi-
tion toward thinking critically, all of which used the CCTDI. Given the small
meta-analytic sample, we tested simpler moderator analyses excluding sample
type and publication year. Using Aikake information criterion and Bayesian infor-
mation criterion as criteria, a simple model with only the linear effect of time
frame produced the best fit. This model is presented in Table 8. As expected,
longer time frames were associated with larger effect sizes, Q(1) = 22.8770, p <
.0001. However, significant residual heterogeneity remained after accounting for
this effect, O(12) = 52.1465, p <.0001. Predicted values for different time frames
are shown in Table 9. We estimate an average gain of 0.55 SDs on the disposition
toward critical thinking over 4 years of college.

As previously mentioned, we imputed SDs from other samples for several
studies in which no SDs were presented. It is possible that our specific decisions
about the sources of imputed values could have affected the overall results of this
study. To address this concern, we performed a sensitivity analysis using alternate
imputed values. Specifically, we computed new imputed values using N-weighted
averages of pretest SDs from the meta-analytic sample. This resulted in three new
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TABLE 8
Meta-analysis of critical thinking disposition studies

95% confidence 95% confidence
Moderator v interval, lower interval, upper
Intercept 0.1444 —0.0534 0.3422
Time frame 0.1015%** 0.0599 0.1431

2

Ostudy 0.0555

2

ey = variance

Note. Values are unstandardized coefficients from a mixed-effects meta-analysis. G
component for the random effect of Study ID (effect sizes grouped within study).
**%p <.0001.

TABLE 9

Model-predicted values for different time frames with changes in critical thinking
dispositions as the outcome

80% credibility 80% credibility
Time frame (years) d value, lower value, upper
0.5 0.20 -.13 52
1 0.25 —-.08 .57
2 0.35 .02 .67
3 0.45 A2 77
4 0.55 22 .88

imputed values for the Watson-Glaser, California Critical Thinking Skills Test
(CCTST), and CCTDI. For the studies in Table 2, we replaced our original
imputed values with these new values. We then reran the mixed-effects meta-
analyses for critical thinking skills and dispositions using the new effect sizes and
sampling variances. The new values did not affect our model selection decisions
and had trivial effects on the magnitudes of moderator coefficients (see Tables A1l
and A2 in Appendix A for these results). Thus, our overall conclusions appear to
be robust to changes in imputed SDs.

Discussion

Our study suggests that students make substantial gains in critical thinking
during college. We estimate the overall effect of college on critical thinking
skill at 0.59 SDs, which paints a slightly more optimistic picture than recent
estimates by Arum and Roksa (2011) and Pascarella and Terenzini (2005).
However, our overall findings are fairly consistent with these studies. Arum
and Roksa estimate a gain of 0.18 SDs over three semesters, which falls well
within our 80% credibility intervals for both 1-year and 2-year effect sizes.
Their estimate of 0.47 SDs over 4 years is nearly identical to our point estimate
of 0.46 for 4-year longitudinal studies. Similarly, Pascarella and Terenzini’s
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overall estimate of 0.50 SDs from a combination of longitudinal and cross-
sectional studies is reasonably similar to our mixed designs estimate of 0.59
(especially considering that our effect size estimates are corrected for unreli-
ability whereas theirs are not). It is worth noting that a 0.50 SD gain for person
who starts at the 50th percentile would lift him or her to the 69th percentile, no
small improvement in our minds.

A major contribution of the present study is that we analyze time frame as a
moderator rather than aggregating all time frames into a single estimate, provid-
ing more information about nonlinear patterns in the growth rate. Our quadratic
analysis of the time frame moderator suggests that the rate of gains in critical
thinking skills increases across larger time frames. This finding suggests that it
may be inappropriate to rescale and collapse effect sizes from different time
frames (e.g., Ortiz, 2007). However, follow-up analyses failed to link this effect
to specific years in college. Thus, we did not find unequivocal support for an
acceleration effect where critical thinking gains become more rapid in the later
years of college. On the other hand, our results also do not support Arum and
Roksa’s (2011) suggestion that critical thinking may increase more in the early
stages of college.

Another benefit of our study is that it includes cross-sectional designs, which
were excluded or grouped with longitudinal studies in other reviews. Considering
these designs is important because they make up a large part of the literature.
However, treating them as equivalent to longitudinal designs may lead to errone-
ous conclusions; we found that cross-sectional studies produced substantially
larger effect sizes than longitudinal studies. This finding suggests that critical
thinking researchers should carefully consider the effects of their study design on
the final results. Cross-sectional studies may be confounded if students who score
higher on critical thinking tests are more likely to remain in college. The result
would be inflated effect size estimates, as low-performing students contribute
only to the pretest mean before dropping out. Since critical thinking is related to
college performance (Kuncel, 2011), this confound is a possibility.

On the other hand, longitudinal studies suffer from a similar self-selection
problem. Longitudinal samples are typically restricted to students who remain in
college for both data collections. As a result, effect size estimates may be down-
wardly biased by range restriction, a statistical artifact that results from artificially
reduced variance in the outcome of interest (e.g., Bobko et al., 2001). In addition,
students who initially score low on critical thinking may simply have more room
to improve than their high-ability counterparts. The degree to which this is prob-
lematic largely depends on the research question of interest. If a researcher wants
to know the effect of college on students who stay in college, then the range
restriction issue is not a concern. However, it should be recognized that longitudi-
nal effect sizes are likely to be larger if the dropout rate is reduced.

Another somewhat worrisome finding is that observed gains in critical think-
ing appear to have deteriorated over time despite increased interest in fostering
critical thinking skills. This finding is not conclusive evidence that college educa-
tions have declined in quality because there are a number of possible explanations
for the observed effect. First, it is worth noting that a large amount of residual
variance in effect sizes remained after our moderators were accounted for. Thus,
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publication year may be acting as a proxy for some missing variable that also
changed over time. Such a variable could either directly affect gains on critical
thinking or affect the measurement of gains. For example, changes in curricula or
student behaviors could bring about reductions in the effectiveness of college
(e.g., Terenzini et al., 1995). On the other hand, changes in study design or the
quality of studies might affect observed effect sizes in ways not accounted for by
our single design moderator. Such differences would be artifactual rather than
representing true changes in how well critical thinking is learned. It is worth not-
ing that our estimated 4-year gain for a study published in 1963 is 1.22 SDs. Such
an effect size is perhaps suspiciously large and may partially reflect lower stan-
dards for research design and implementation.

Another potential explanation is that students are now coming to college with
a reduced readiness to learn critical thinking skills. One reason for this may be
that students have increasingly learned more critical thinking skills before enter-
ing college. If the skills taught in college are already present in a greater propor-
tion of students, then overall gain scores should be reduced. Alternatively, college
attendance has increased over time, and many new students may not be suffi-
ciently prepared to learn more complex reasoning skills. A final possibility is that
students have become less willing or able to learn critical thinking skills over
time. As of now, these possibilities are mere speculation. Further research is
needed to determine the true causes of this phenomenon.

Implications

Although college education may lag in other ways, it is not clear that more
time and resources should be invested in teaching domain-general critical think-
ing. For a specific group of individuals who already possess above-average cogni-
tive abilities, a gain of 0.59 SDs on a purportedly general ability is quite impressive
(comparable to going from the 50th percentile to the 72nd percentile). The effect
of college on critical thinking is larger than the average effect of educational vari-
ables on academic achievement (0.40 SD) and even rivals the effect of disposition
toward learning (0.61 SD; Hattie, 1992). Put differently, college appears to pro-
duce critical thinkers about as well as motivation produces good students.

College also appears to foster more favorable dispositions toward critical
thinking. As an attitudinal construct, critical thinking disposition is arguably even
less trainable than critical thinking skill. However, it does appear that the college
experience can have a substantial impact. Our 4-year gain estimate of 0.55 SDs is
not markedly different from Pascarella and Terenzini’s (2005) estimate of 0.50
(although there is some overlap between our disposition samples). This finding is
particularly important because critical thinking disposition may be the only
domain-general form of critical thinking, in that a willingness or desire to ques-
tion and critique is clearly applicable across settings. The average increase of over
half an SD on this general disposition is encouraging.

When considering educational interventions, the amount of value added rela-
tive to other potential investments must be a central consideration. Time spent
teaching critical thinking is time not spent teaching other things, such as reading,
writing, mathematics, and profession-specific knowledge. If our efforts to foster
critical thinking are inadequate, then the same surely holds for these domains in
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which observed gains are similar to gains in critical thinking. Pascarella and
Terenzini (2005) estimate 4-year gains of 0.77 SDs, 0.62 SDs, and 0.55 SDs for
English, science, and mathematics skills, respectively, which are similar to our
estimates for critical thinking gains. It is also clear that there is significant room
for improvement in these fundamental competencies. Students in the United
States score only around the average among Organization for Economic
Co-operation and Development (2010) member countries on reading and science
skills, and they are actually below average at mathematics.

Given the skill deficiencies that exist in multiple areas within the labor force
(Galagan, 2010), we must carefully consider where we invest educational
resources. It is unlikely that additional investment in domain-general critical
thinking will provide a solution to our problems. Our analysis of nursing samples
failed to find any long-term advantage of the NLN’s critical thinking requirement;
nursing students simply did not improve more than their nonnursing counterparts.
Although Abrami et al. (2008) found an average effect size of 0.34 for critical
thinking interventions, the nursing data suggest that such interventions may ulti-
mately have little incremental impact above and beyond the gains that naturally
occur over the span of college.

Limitations and Future Directions

The central limitation of the literature we synthesize is the inability to make
clear causal conclusions, a limitation that is problematic in two ways. First, the
studies reviewed do not distinguish the effects of college from ordinary matura-
tion effects, a persistent problem in this body of research (Pascarella & Terenzini,
1991). There is some evidence that the observed effects are largely due to college.
Pascarella and Terenzini (1991, 2005) reviewed studies that control for matura-
tion and other confounds, and they concluded that college still produces signifi-
cant effects. However, it may still be the case that critical thinking increases
naturally with age and that some of the observed changes occur independently of
college education. Of course, a true experimental design is still lacking in the lit-
erature. Since it is not realistic to randomly assign participants to attend or not
attend college, a degree of uncertainty is likely to persist.

A second issue is that nursing differs from other majors in ways other than
attention to critical thinking. One must consider the possibility that other aspects
of nursing education or nursing students could cause differential gains in critical
thinking skills. If some unknown feature of nursing programs were to suppress
critical thinking, then the effect of the curricular difference might be masked. In
other words, nursing programs’ additional focus on critical thinking could actu-
ally be alleviating a relative deficit that would otherwise exist. Therefore, we
cannot rule out the possibility that a critical thinking curriculum could produce
lasting incremental gains. At the very least, our study simply shows that such
gains—if they exist—are not readily apparent despite a large literature devoted to
searching for them. As previously mentioned, it is not highly feasible to randomly
assign participants to a long-term critical thinking curriculum. Therefore, the
analysis of nonequivalent comparison groups is arguably the best evidence that is
presently available.
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The evidence from nursing samples casts doubt on the amount of value added
by explicitly training domain-general critical thinking in college. The critical
thinking literature could benefit from a change in focus to incorporate domain-
specific critical thinking. Our literature search revealed relatively few studies that
measured critical thinking in a specific content domain and even fewer that com-
pared specific and general measures. Most of those we did find were tests of criti-
cal thinking in nursing or psychology. Without sufficient studies of critical
thinking in other domains, we are unable to draw generalizable conclusions about
changes in critical thinking skills. If the logic items on the Watson-Glaser and
other common tests represent only one domain out of many in which one can
think critically, then the current literature has largely ignored a crucial aspect of
critical thinking.

It is plausible that domain-specific measures would show stronger gains in col-
lege and track better with important outcomes. For example, Renaud and Murray
(2008) compared gains on domain-general and domain-specific critical thinking
tests following a brief intervention. Students in both experimental and control
conditions read a passage about personality theory. The experimental group then
completed critical thinking questions about the passage, whereas the control
group completed simple recall questions. Participants in the experimental group
showed larger gains in domain-specific, but not domain-general, critical thinking.
Another experiment by Williams, Oliver, and Stockdale (2004) indicated that psy-
chology students showed significant gains on a measure of psychological critical
thinking when critical thinking practice was incorporated into the course.
However, there were not significant gains on the Watson-Glaser for either experi-
mental or control groups. Williams (2003) found that students in an educational
psychology course showed more significant gains on psychological critical think-
ing than domain-general critical thinking. In particular, students who received
high grades in the course improved more on the domain-specific test. This finding
suggests that changes in domain-specific critical thinking may be related to mas-
tery of that domain.

The domain-specificity hypothesis could also explain the failure of nursing
programs to produce larger gains in critical thinking through explicit instruc-
tion. The type of critical thinking infused into current nursing curricula may not
be captured well by traditional measures. General critical thinking inventories
measure the ability to employ a specific set of logical rules, but these rules are
not necessarily the ones used to think critically about the condition of a patient
or which treatment is appropriate. Nursing curricula may focus on teaching
critical thinking rules that are useful to nurses but not as useful for increasing
scores on the Watson-Glaser. Alternatively, nursing education may not be con-
ducive to retention of the skills taught in a general critical thinking lecture.
Skills are typically more likely to be retained if they are practiced (Campbell &
Kuncel, 2001), and it is unlikely that the day-to-day experience of nursing edu-
cation affords much explicit practice at recognizing post hoc fallacies or using
modus ponens. The domain-specificity hypothesis suggests that critical thinking
skills taught in one domain (e.g., formal logic) are unlikely to transfer well to
another (e.g., nursing; McPeck, 1984). Under this paradigm, it is unsurprising
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that nursing students would fail to apply (and thus retain) the ability to analyze
formal arguments.

The retention and application of critical thinking gains beyond college also
require further study. The present study demonstrates that college students learn
critical thinking skills, but this does not guarantee that they retain these skills
long after college or apply them in other contexts (Campbell & Kuncel, 2001;
Schmidt & Bjork, 1992). Our search did not reveal any studies that followed up
with college graduates to determine their levels of critical thinking skill or dispo-
sition later in life. If critical thinking skills are not practiced as frequently after
graduation, they may diminish over time. Similarly, it is likely that the disposi-
tion toward critical thinking is influenced by the norms and environment of col-
lege, which generally promote open-mindedness and other intellectual virtues. It
may be the case that a departure from the college environment would be associ-
ated with regression toward the mean of critical thinking dispositions. To the best
of our knowledge, the above possibilities have never been formally tested.

Conclusion

Our initial results argue against investing additional time and resources in
teaching domain-general critical thinking. Although the set of specific skills mea-
sured by critical thinking tests is important, spending more time on them involves
trade-offs with other important skills. The evidence suggests that basic competen-
cies such as reading and mathematics are more amenable to improvement beyond
the gains currently observed, and the need is arguably more desperate. In addition,
critical thinking in major-related domains may be a more practical target for
instruction than the kind of critical thinking measured by domain-general tests,
although further research is needed to explore this possibility. Regardless, our
findings should not be a cause for pessimism about the future of critical thinking
in higher education. On the contrary, the present study has demonstrated that col-
lege is already effective at fostering critical thought, leaving more resources free
to pursue other educational goals.

Appendix A
Sensitivity Analyses

TABLE A1l

Meta-analysis of critical thinking skill studies using alternate imputed standard
deviations

95% confidence 95% confidence
Moderator Y interval, lower interval, upper
Intercept 0.8818*** 0.5846 1.1790
Time frame 0.0184 —0.0743 0.1111
Time frame? 0.0248** 0.0060 0.0435
Longitudinal —0.2725% —0.5020 —0.0429
Publication year —0.0184%*%** —0.0247 -0.0121
oy 0.1151
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TABLE A2

Meta-analysis of critical thinking disposition studies using alternate imputed standard
deviations

95% confidence 95% confidence
Moderator Y interval lower interval upper
Intercept 0.1393 —0.0533 0.3318
Time frame 0.1013%** 0.0598 0.1428
Cody 0.0509
Notes

1Tt is worth noting that although the authors provide “best estimates” for these effect
sizes, their exact methodology for arriving at these estimates is unclear. They appear to use
meta-analytic techniques (Pascarella & Terenzini, 2005, pp. 12, 150). However, they pro-
vide a narrative review of several cross-sectional and longitudinal studies and then simply
report an overall effect size estimate. Some of these studies do not contain the informa-
tion necessary to compute an effect size, but the authors attempt to estimate an effect size
regardless (p. 157).

2Two longitudinal studies had unequal sample sizes at different times due to incom-
plete data for some participants (Ewen, 2001; Johnson, 2002). For these studies, we used
an average of the sample sizes at Time 1 and Time 2 to compute the overall sample size
estimate.

3The nonnursing category includes the following majors and categories of major:
unspecified/mixed, humanities, liberal arts, science, mathematical and social sciences,
social sciences, health science, business, psychology, engineering, architecture/architec-
ture engineering, physical therapy, and prehealth science.
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