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Abstract

Previous research suggests that there are differences in the way various professionals reason.
This is evidenced by variable susceptibility to cognitive reasoning fallacies. This study examines
these differences between lawyers and doctors through a battery of cognitive reasoning measures
including the CRT, Numeracy Scale, Linda Problem, Wason Selection Task, and Beads Task.
Secondly, this study aims to pinpoint when these differences emerge in each respective
professional track—prior to the onset of training vs. later during professional practice--as a way
to discern a self-selecting bias when it comes to thinking styles and career choices. We found
that while not ubiquitous, there was evidence to suggest both loci. For certain cognitive aspects
in legal education it seems that more schooling leads to improved performance in various forms
of reasoning. However, this did not hold true for medical education, which seemed to have
relatively little effect on performance. Generally, lawyers were able to score higher than doctors
on our battery of cognitive tests, which suggests either that medical professionals are not able to
make decisions as soundly, or that this study was unable to reveal the areas of cognitive
functioning in which doctors excel over lawyers. Results from this study should be extended by
future research that examines more closely the differences revealed here, to better understand

how professional education affects decision making.
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Clinical and Legal Decision Making: How Education May Affect Cognitive Reasoning Fallacies

Introduction

Choosing a career is one of the most important decisions a person makes over his or her life. It
determines how you spend the majority of your adult life and it becomes a large part of your
self identity. Other people will even use your job as a way to assess your role in society: how
much money you make, or even how smart you are. It is interesting then to think of some of
the traditional advice given to people at such a critical juncture. We often hear advice that falls
into one of two categories: the idealistic or the pragmatic. Concerning the former, some
suggest we follow our dreams and that if we work hard enough we can attain anything. Then
there are others who suggest that we act in a more measured way—that we should develop a
skill and find a high-paying profession that we count on to support ourselves and our family.
Although these two perspectives aren’t mutually exclusive, they can be in conflict, and for
those on the brink of choosing a career, confusing. Ultimately all any of us can do is make the

best decision we can with what we know at the time.

Unfortunately, this decision-making process is often flawed. Human reasoning is inherently
based on our ability to process information, for which everyone has a limit. Therefore, we must

rely on gestalt principles or heuristics. These general ideas, similar to things such as “rules of
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thumb” or “educated guesses” can be especially useful when our cognitive resources are taxed,
such as when we are stressed or need to make snap decisions (Neth & Gigerenzer, 2015).
Heuristics are often accurate and efficient bases of decision-making, but can sometimes include
unrelated and extraneous information that can lead to misjudgments. Just as a rule of thumb
cannot apply always, neither can heuristics be accurate for all situations. This makes sense
considering that our experience tells us that many people, when presented with the same
information, will often come to disparate conclusions. The failure of our decision-making
process has been shown to be due, at least in part, to the incorporation of bits and pieces of
stored information that may only relate tangentially to the situation at hand. These manifest
themselves in the form of biases in our decision-making process (Gigerenzer & Gaissmaier,
2011). One of the largest sources of variation in decision-making research stems from individual
differences (Hofmans et al., 2013), and it makes sense that these differences arise from
differences in the way certain biases get erroneously incorporated into the heuristics we often

rely on.

Does this mean that, when presented with the facts, we are somewhat doomed to form biased
conclusions and misjudgments? No, but it does mean that people are susceptible to cognitive
errors and fallacies. Interestingly though, there is evidence to suggest that people in different
professions make decisions differently. Further, this decision-making bias seems to be
somewhat consistent among people in that profession. For instance, Hoffrage and Gigerenzer
showed that physicians, when presented with a question regarding the percentage in which a
diagnostic test would yield positive results, only correctly estimated 10% of the time. This was

even after information was provided such as the base rate of the disease in the population, the
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type 1 error rate of the test, and the correct positive result rate of the test. These findings along
with the results of Berwick et al. reflect negatively on doctors’ ability to reason statistically, but
may hint at a common cognitive bias. Loftus et al. found that people in creative careers such as
artists and architects showed superior memory when compared to law enforcement agents.
These underlying, profession-specific, cognitive deficits beg the question: is there selection bias
going on such that people with a certain cognitive profile choose one career disproportionately,
or does the nature of the career shape the way its professionals think, independently of any

preexisting characteristics?

This study sought to shed some light on this question by attempting to examine the effect of
educational training on the decision-making process--specifically, how progress along an
education track (e.g. medicine, law, engineering etc.) changes the frequency and type of errors
made. To do this, students and graduated professionals at all stages of their career, from pre-
professional undergraduates to graduate students to newly-minted professionals to seasoned
veterans in the field were given a battery of critical thinking measures via an online survey. We
hypothesized that across all professions, ability to reason, and thus avoid cognitive pitfalls,
would peak during last years of schooling since this is the epitome of the emphasis on formal
cognition. Additionally, we hypothesized that doctors and lawyers would, on average,
outperform other members of the general population on the battery of tests administered
based on their generally higher cognitive test performance. We hypothesized that doctors
would prefer to make their decisions based on a smaller amount of information, and finally, we

hypothesized that reasoning differences (i.e. a specific profile formed from performance on the
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battery) would emerge between professions and become more pronounced as years spent in

that profession increased.

Methodology

Participants

A total of 736 participants completed all tasks included in the present study. Two-hundred-
thirty-nine participants were recruited via Cornell University’s Psychology Experiment System (SONA),
and 203 participants were recruited from Amazon’s Mechanical Turk (MTurk). Additionally, 294
individuals were recruited via snowball sampling. Approximately 250 individuals started the survey, but
failed to complete all measures. Their data was included for the measures they did complete.

Participants were offered incentives based on their recruitment platform: participants recruited
via SONA were awarded 1 SONA credit for their participation, while those who were recruited from
Amazon’s MTurk were given $0.50 for their participation. Individuals recruited by snowball sampling
(e.g. via email) were not compensated, but instead thanked for their participation. Of the entire sample,
28.5% participants identified as male, 45.6% as female, 0.3% did not identify with either gender, and
25.5% of participants, did not specify their gender. Participant ages ranged from 18 to 78 (M = 29.75 SD
=13.6).
Design

This study employed a cross-sectional, correlational design with an exploratory component that
compared individuals’ performances on a battery of tasks. These tasks included measures of critical
thinking and decision-making. Individuals were grouped according to self-reported professional field,
age, gender, income, or ethnicity. However, regardless of grouping, all participants were shown an
identical battery of tasks. Each participant’s scores on cognitive measures were then used in subsequent

analyses.
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Measures

Professional field. Participants first completed a questionnaire regarding their intended or
current professional track. If the participant indicated that he or she was enrolled as a student in either
medical school or law school, they were asked if they intended on specializing in a specific field of law or
medicine. Participants that indicated they received their JD or MD degree, were asked to include their
specialty, if applicable, and the number of years since receiving his or her degree. Additionally,
participants who indicated that they were neither interested in medicine nor law were asked to specify
their level of education (Some college, Bachelor degree, or graduate degree) as well as their field of
study and years since receiving their degree if they had done so.

Cognitive Reflection Test (CRT). The Cognitive Reflection Test (Frederick, 2005) is a short (3
guestion) questionnaire that measures cognitive reflection. The questions included in the test have
obvious, but incorrect answers. They require the participant to override their “gut” reaction and engage
in further consideration to find the right answer. These different types of thinking are called “System 1”
and “System 2” processes by Stanovich and West (2000). System 1 processing is a quick gut reaction
that is often below conscious awareness and does not tap limited-capacity attentional resources,
whereas System 2 processing is a slower and more reflective thought process. The CRT is used to assess
a participant’s ability to override system 1 thinking and engage in system 2 thinking. The ability to do so
is highly correlated with patience and propensity to delay gratification (Frederick, 2005). For example,
an individual scoring high on cognitive reflective abilities would be able to appreciate a larger reward
that was presented days or weeks away compared to a smaller immediate reward. Interestingly
(Mischel, 1974), and Shoda, Mischel and Peake (1990) showed that increased propensity for a delayed

reward in preschool predicted higher SAT scores over a decade later. Additionally, CRT scores can be
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used to assess how an individual’s decision-making process employs heuristics. It can also be used to
indirectly assess how quickly someone forms decisions. The inability to re-think an initial gut reaction
during processing may indicate a preference for quicker decisions. Liberali, Reyna, Furlan, Stein, and
Pardo (2012).

Abridged numeracy scale- The abridged numeracy scale used is part of a longer, 11-item scale
developed by Lipkus, Samsa, and Rimer (2001). Six of the original 11 questions were eliminated for the
task because they had exceptionally high proportions of correct responses (over 75% correct). We felt
they wouldn’t add any predictive power to the task. An example of a question used in the task was:
“Imagine that we rolled a fair, six-sided die 1,000 times. Out of 1,000 rolls, how many times do you think
the die would come up even (2, 4, or 6)?” These questions were used to gauge participants’ ability to
comprehend and manipulate numeric data. Research has shown that this skill may have an important
impact on decision-making (Estrada, Barnes, Collins, & Byrd, 1999; Reyna, Nelson, Han, & Dieckmann,
2009). The score on the Numeracy task is related to the CRT because an exceptionally low score on this
task could impede a participant’s ability to complete the CRT successfully regardless of their actual
cognitive reflection ability.

The Linda Conjunction Fallacy problem. Participants’ ability to make rational judgments in a
probabilistic context was tested with the Linda Problem (Tversky & Kahneman, 1983). In the Linda
problem a woman named Wendy (usually Linda) is described as a socially liberal woman invested in
“issues of discrimination and social justice”. Participants are then asked whether Wendy would be more
likely to be a “bank teller” or “a bank teller and active in the feminist movement”. When answering the
Linda problem, many participants find themselves making a conjunction fallacy. This is a type of fallacy
that occurs when it is assumed that specific conditions are more probable than a single general one. It is
always true that the likelihood of two events happening simultaneously is less than or equal to the

likelihood of either one occurring alone. This happens when participants rely too heavily on irrelevant
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information; in this case, the part of the problem that portrays Wendy as someone committed social
reform. Previous research suggests that an individual’s performance on the Linda problem may be,
similar to performance on the CRT, related to over-reliance on heuristic based decision-making (Tversky
& Kahneman, 1983).

Wason selection task. The Wason Selection Task (Wason, 1968) measures participants’
deductive reasoning. First, participants were asked to answer an “if-then” logic puzzle using four white-
faced cards labeled with either black-type letters or numbers (Specifically: “A”, “K”, “4”, and “7”).
Participants were told that each card had a number on one side, and a letter on the other. Participants
were presented with the following statement: “If a card has an even number on one side, then it has a
vowel on the other”. They were then asked to chose two of the four cards to “flip over” in order to verify
that the rule above was true. In other words, which two cards’ backside could contain information
capable of disproving the statement given. For example, if the card with the number “4” on the front
was flipped, and shown to have the letter “R” on the backside, the rule would be disproven. However, if
the card with the number “7” was flipped, neither a vowel nor a consonant on the backside could
disprove the statement because the rule only applies to cards with and even number on one side.

Beads task. The tendency for individuals to “jump to conclusions” was tested by the Beads Task
(Garety et al., 1991, Garety & Freeman, 1999). The Jumping to conclusions beads task, as defined by
Garety (1991), is a measure of a person’s tendency to gather information before making a decision, and
some even characterize low information gathering (a high tendency to jump to conclusions) as a type of
decision-making bias (So et al. 2015). Hasty decision-making can reasonably lead to flawed decisions
when insufficient information is gathered before coming to a conclusion. Although previous research
has used the Beads Task to assess this bias in delusion-prone individuals (Warman, Lysaker, Martin,

Davis, & Haudenschield, 2006), some new research has attempted to use the Beads Task on healthy,
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neurotypical individuals (So et al. 2015). In this study, the beads task was used to assess the nature of
information gathering in decision-making for different professional groups.

In the present study, two versions (Easy and Hard) of the Beads Task were administered to
participants. In the easy version of the Beads Task, participants were presented with pictures of two jars
(labeled “A” and “B”, respectively). Each Jar contained 100 beads, and in the Easy version, Jar “A” was
comprised of 15% blue beads and 85% red beads. Jar B had a ratio of 85:15 Blue beads to Red beads.
Next, participants were told “The computer will now select one of the jars and draw random beads from
it”. Participants were allowed to continue to draw beads from the same jar until they felt comfortable
that they knew which jar the computer had selected. Each participant could, at each bead draw, decide
to make a guess or draw another bead. The same set of instructions was given during the Hard Beads
Task. The ratio of blue to red beads in the Hard condition was 60:40, making the choice of jar less
obvious and often requiring participants to draw more beads. The bead sequence for both conditions
are pictured below.

Easy 85:15 beads task (o = Blue, ® = Red):

0000000000000 00000000000000000

Hard 60:40 beads task (o = Blue, ® = Red):

000 0000000000000 00000e000e00800

Demographic questionnaire. Lastly, participants were given a battery of demographic
questions, including questions regarding age; gender; race; highest level of education completed;
number of academic courses taken in STEM fields; and estimated income. For those participants still
dependent on a parent or guardian’s income, he or she was asked to estimate the income of that parent
or guardian.

Attention checks. All participants were timed while completing the survey. Participants who

spent less than 70 seconds on the survey were excluded from subsequent analyses.
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Procedure

Participants completed the survey online through the Qualtrics survey tool. Participants were
given access to the study based on how they were recruited. Those recruited through SONA systems
received the link there while others were given access through personal emails or Amazon’s MTurk.

The link lead participants to the Cornell sponsored Qualtrics website where they were able to
continue. Each gave informed consent for their participation. The first part of the survey consisted of the
participants intended or current professional track. Then, participants completed the battery of twelve
cognitive and decision-making tasks (detailed above) in random order. specifically, participants
answered three CRT questions, five Abridged Numeracy Scale questions, the Linda problem, the Wason
Selection Task, and two trials (one easy, and one hard) of the Beads Task. Lastly, participants completed

demographic questions.

Data Analysis and Results
Cognitive Reasoning Task-

A One-Way ANOVA test was performed to compare mean values for a composite CRT score. The
data was blocked into ten comparison groups including: Pre-Medical students, Pre-Law Students,
Medical Students, Law Students, Doctors, Lawyers, Psychologists, Engineers, Heath Support Staff, and a
group labeled “other” that included the rest of the general population. The omnibus model was
significant with F(7, 718) = 6.25, p < .001, np? = .057. Post hoc pairwise comparisons were made using
Bonferroni corrections and this revealed several group differences. After Bonferroni correction, pre-
medical undergraduates had significantly lower CRT scores than Medical school students (p=0.024), law

students (p=0.003), lawyers (p=0.01), and engineers (p=0.017) (See Table 1 and Figure 1).
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Table 1- CRT Score- Between Group Comparisons

Educational Track | n Mean Standard Deviation
Pre-Med | 116 1.51 1.18
Medical Student | 43 2.16 .97
Medical Doctor | 53 1.79 91
Pre-Law | 54 1.74 1.09
Law Student | 60 2.18 0.98
Lawyer | 45 2.30 0.90
Engineer | 73 2.12 1.16
Other | 282 1.63 1.07
Total | 726 1.80 1.12

Within group comparisons

When comparing within groups, we used the same one-way ANOVA procedure with Bonferroni
post-hoc correction for pairwise comparisons. The purpose of these within group comparison was to
better elucidate the source of differences seen on performance on these tasks. We were interested in
examining whether formal education changes performance on a task, or if there were pre-existing

differences in the population that are unchanged by education.

For the law track our model F (2, 158) = 4.00, p = .02, np? = .048, found that Pre-Law students
had a lower CRT score than law students (p=0.031), but interestingly, they were not significantly

different from practicing lawyers (See table 2).
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Table 2- CRT Score- Within group Comparison for Law track

Educational Track | n Mean Standard Deviation
Pre-Law | 54 1.74 1.09
Law Student | 60 2.18 0.98
Lawyer | 45 2.30 0.90

This was the same trend seen in pre-medical students who were outperformed by medical
students (p=.002) but did not differ from practicing doctors F(2, 211) = 6.34, p =.002, np2 = 0.057. No
other comparison’s attained significance (see table 3). These two findings showing that students prior to
professional training fared worse on this task than medical or law school students, but they did not fare
worse than actual physicians and attorneys, suggests that sampling may be an issue, or else some real-
life experiences of doctors and attorneys work to shift them to more impulsive decision-making of the

sort observed prior to the onset of professional training.

Table 5- CRT Score- Within group Comparison for Medical track

Educational Track | n Mean Standard Deviation
Pre-Med | 116 1.51 1.18
Medical Student | 43 2.16 0.97

Doctor | 53 1.79 0.91
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Figure 1- Mean CRT score comparison
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The numeracy scale here was used to assess participants’ ability to understand basic probability
and mathematical concepts. Nisbett and Lehman (1990) showed that there were significant differences
in statistical reasoning ability between graduate students in different disciplines. In order to expand on
this result through a within group comparison we performed a one-way ANOVA to compare mean
composite scores on the Numeracy Scale. The omnibus model was significant and revealed an effect of
education on mean score, F (7, 712) = 3.12, p = .003, np? = .03. Post-hoc pair wise comparisons again
utilizing the Bonferroni correction revealed that pre-med students performed significantly worse than

medical school students (p=0.021). No other comparisons yielded significant differences (See table 4).
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Table 4- Abridged Numeracy Score- Between Group Comparisons

Educational Track | n Mean Standard Deviation
Pre-Med | 115 3.72 1.51
Medical Student | 41 4.51 .93
Medical Doctor | 50 4.34 .96
Pre-Law | 52 3.75 1.61
Law Student | 62 4.27 1.16
Lawyer | 50 4.16 1.48
Engineer | 71 4.06 1.30
Other | 278 3.93 1.21
Total | 720 4.00 1.29

Notes: *p<0.05, **p<0.01

Within Group comparisons

When examining the law track, our one-way ANOVA model was insignificant F (2, 162) = 1.99, p
=.139, np? = .024, (see Table 5). Because the ANOVA model did not reveal significant differences, no
pairwise comparisons were performed. At the extremes, the means had a relatively small range from

3.75t0 4.27.

Table 5- Abridged Numeracy Score- Within group Comparison for Law track

Educational Track | n Mean Standard Deviation
Pre-Law | 52 3.75 1.61
Law Student | 62 4.27 1.16
Lawyer | 50 4.16 1.48

Notes: *p<0.05, **p<0.01
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When examining the medical track on the other hand we did yield a significant difference
between pre med students and their older educational counterparts using a one-way ANOVA (2, 204) =
7.23, p =.001, np? = .066 and the Bonferroni correction for pairwise comparisons. Pre meds scored
lower than Medical students (p=.004) as well as medical graduates (p=0.019). There were no other

comparisons that showed significant differences (see Table 6).

Table 6- Abridged Numeracy Score- Within group Comparison for Medical track

Educational Track | n Mean Standard Deviation
Pre-Med | 115 3.72 1.51
Medical Student | 41 4.51 .93
Medical Doctor | 50 4.34 .96

Notes: *p<0.05, **p<0.01

Figure 2- Abridged Numeracy Score Comparisons
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The Wason Card Task

Since the Wason Cards Task was a single question that could either be correct or incorrect, we
used a binary logistic regression to determine the effect of education on performance. Specifically,
Lawyers and Doctors were used as comparison groups for the analyses. First, physicians were compared,
followed by lawyers to reveal between group differences, and then we examined the differences in
performance within groups. When physicians were the comparison group, the omnibus test for the
model was significant (p=0.002), and revealed some interesting differences. Medical students were
about 3.8 times more likely to correctly answer the problem than physicians (p=0.031). Interestingly,
without exception all members of the law track (pre-law, law students, and lawyers) outperformed
doctors in this comparison. Pre law students were 3.4 times as likely to answer correctly (0.045), law
students 5.8 times (p=0.001), and lawyers 4 times (p=0.021). Engineers also outperformed physicians 4

fold (p=0.016). No other comparisons were significant in this model (see table 7).

Table 7- Wason Cards Task- Medical Doctors as reference group

Educational Track | b SE Wald Accuracy
Pre-Med | 0.96 0.65 217 0.12
Medical Student | 1.48 0.69 4.63 0.19
Medical Doctor | ---- - 21.99 0.05
Pre-Law | 1.37 0.69 4.00 0.17
Law Student | 2.08 0.64 10.45 0.29
Lawyer | 1.56 0.67 5.32 0.20
Engineer | 1.58 0.62 2.30 0.12
Other | 0.94 0.66 5.79 0.20
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When Lawyers were used as the comparison group, the omnibus test of the model was not
significant (p=0.224). There were no significant comparisons between lawyers and other professional or
between lawyers and their younger educational counterparts. However, even though none of the
contrasts reached significance, a trend did emerge within both the medical and law track (See Figure 2).
This trend, that did reach significance in the medical track but not the law track shows the same peak

performance during a student’s professional education.

Within Group Comparison

When comparing performance on the Wason task within the medical profession, a binary
logistic regression was used. Physicians were used as a comparison group, and the omnibus test of the
model was not significant (p=0.069). Since the model was not significant, the comparisons contained
within have little impact; however, it is worth noting that the same trends shown in figure 2 emerge

with this model even though the comparisons were not able to reach significance (see Table 8).

Table 8- Wason Cards Task- Within Medical profession, Doctors as reference group

Educational Track | b SE Wald Accuracy
Pre-Med | 0.96 0.65 2.17 0.12
Medical Student | 1.46 0.69 4.50 0.19
Medical Doctor | ---- - 4.59 0.05

A binary logistic regression was used to determine the effects of legal education on Wason cards task
score. Lawyers were used as the comparison group and the omnibus test of the model was not
significant (p=0.224). None of the comparisons within this model reached significance, but interestingly
the model does show the same trend as seen in the between group comparison- namely that law
students outperform both lawyers and pre-law students (see Table 9). The latter contrast suggests that

there is something inherent in legal training that improves deductive reasoning ability over what pre-law
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students exhibit during their undergraduate training. As to why actual attorneys did not appear to

reason as well as law school students, future research with scientific sampling will be necessary.

Table 9- Wason Cards Task- Within Law profession, Lawyers as reference group

Educational Track | b SE Wald Accuracy
Pre-Law | -0.09 0.46 0.04 0.17
Law Student | 0.55 0.41 1.79 0.29
Lawyer | ---- -—-- 2.99 0.20

Figure 3- Wason Cards Task Within Group Comparison
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The Linda Problem

Here, again, a binary logistic regression was used to compare groups on their average accuracy
on the Linda problem. First, physicians were used as the comparison group. The omnibus test of the
overall model was significant (p<0.001) and showed that lawyers were about 1.56 more likely to get the
correct answer than physicians (p=0.004). Interestingly, physicians were 1.64 times as likely to answer

correctly than those in the “other group (p=0.007). No other comparisons yielded significant differences
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(see table 10) This shows tha the two professional groups, despite sometimes differing from each other,

were actually superior to members of the educated public who did not enter professional training.

Table 10- Linda Problem- Medical Doctors as reference group

Educational Track | b SE Wald Accuracy
Pre-Med | -0.50 0.33 2.22 0.34
Medical Student | 0.06 0.40 0.02 0.48
Medical Doctor | ---- -—- 45.76 0.46
Pre-Law | -0.60 0.40 2.25 0.32
Law Student | 0.12 0.37 0.10 0.49
Lawyer | 1.22 0.42 8.39 0.75
Engineer | -0.12 0.30 0.12 0.28
Other | -0.82 0.36 7.27 0.43

When Lawyers were used as the comparison group, the binary logistic regression was significant
(p<0.001). The data show that Lawyers outperformed every other group in our experiment. Lawyers
were 2.21 times as accurate as Pre-med students (p<0.001), 1.56 times as accurate as medical students
(p=0.008), and 1.63 times as accurate as physicians (p=0.004). Further, Lawyers were 2.34 time as
accurate as pre-law students (p=0.007), and 1.53 times as accurate as Law students (p=0.007). They
performed 1.74 times as accurately as people in the “other” group (p=0.001) and surprisingly 2.68 times
as accurately as engineers (p<0.001) (see table 11). This suggests that there is either something specific

to practicing law that sensitizes practitioners to conjunction fallacies.

Table 11- Linda Problem- Lawyers Doctors as reference group

Educational Track ‘ b SE Wald Accuracy

Pre-Med | -1.72 0.37 21.13 0.34

Medical Student | -1.16 0.44 7.06 0.48
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Medical Doctor | -1.22 0.42 8.39 0.46
Pre-Law | -1.82 0.44 17.51 0.32

Law Student | -1.10 0.41 7.31 0.49
Lawyer | ---- - 45.74 0.75
Engineer | -2.04 0.40 11.42 0.28

Other | -1.35 0.35 34.46 0.43

Within-Group Comparisons

A binary logistic regression was used to assess the effect of medical education on performance
on the Linda Problem. Physicians were used as the comparison group and the omnibus test for the
model was not significant (p=0.185). Physicians were shown to be 1.35 times as accurate as pre-medical
students; however, this comparison was not significant (p=0.136). No other comparisons were

statistically significant (see Table 12).

Table 12- Linda problem- Within Medical profession, Doctors as reference group

Educational Track | b SE Wald Accuracy
Pre-Med | -0.50 0.33 2.22 0.34
Medical Student | 0.02 0.40 0.003 0.48
Medical Doctor | ---- - 3.36 0.46

A binary logistic regression was also used to compare performance on the Linda problem within
the legal profession. Lawyers were used as the comparison group and the omnibus test for the model
was significant (p<0.001). This model showed that Lawyers were 2.34 times as accurate than pre-law
students (p<0.001) and 1.53 times as accurate as law students (p=0.01). Because accuracy increases as a

function of training in the field, it suggests that law education has an impact on its students’ cognitive
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abilities (see figure 3). Namely it shields them from the conjunction fallacy being tested here. No, other

comparisons attained significance (see Table 13).

Table 13- Linda Problem- Within Law profession, Lawyers as reference group

Educational Track

Pre-Law

Law Student

Lawyer

Accuracy

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

b SE
-1.803 0.43
-1.03 0.40

Wald
17.77
6.58

17.81

Accuracy
0.32
0.49

0.75

Figure 4- Linda Problem- Trends in within-group comparisons
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Beads Task

As noted earlier, we used two different versions of the beads task. One was labeled “easy” and
one was labeled hard”. The difference between the two versions was the ratio of blue to red beads in
the jar. The ratio in the difficult version was closer to 1:1, thus making the decision about which jar is

being chosen a more difficult task.

Easy Version

We used a one-way ANOVA test to test for effect of profession on the number of beads
drawn before coming to a conclusion. The model was significant, indicating that there is a reliable effect
of education on number of beads drawn F (7, 629) = 2.11, p = .04, np? = .023. Unfortunately, even
though the overall model was significant, none of the individual comparisons between professions

reached significance (see table 14).

Table 14- Number of beads draw-, easy version- Between Group Comparisons

Educational Track | n Mean Standard Deviation
Pre-Med | 115 3.91 3.33
Medical Student | 28 4.04 3.68
Medical Doctor | 48 3.83 2.56
Pre-Law | 49 3.57 3.23
Law Student | 31 5.03 5.87
Lawyer | 42 6.00 6.15
Engineer | 62 5.18 4.29
Other | 262 4.43 3.90
Total | 637 4.41 4.03
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To test the effect of medical education specifically on the number of beads drawn, we
performed another one-way ANOVA test. We sought to reveal any differences in the amount of
information that different people need to make a decision at different points in their career. The ANOVA

was not significant F (2, 122) =.052, p = .95, np? = .001 (see Table 15).

Table 15- Number of Beads drawn-Easy Version- Within group Comparison for Med track

Educational Track | n Mean Standard Deviation
Pre-Med | 115 391 3.33
Med Student | 28 4.04 3.68
Doctor | 48 3.83 2.56

To test the effect of legal education specifically on the number of beads drawn, we performed
another one-way ANOVA test. The analysis also did not yield any significant results F (2, 122) =2.57, p =

.08, np? = .04, (see Table 16).

Table 16- Number of Beads Drawn-Easy Version- Within group Comparison for Law track

Educational Track | n Mean Standard Deviation
Pre-Law | 49 3.57 3.23
Law Student | 31 5.03 5.87
Lawyer | 42 6.00 6.15

Difficult Version

We used a one-way ANOVA test to test for effect of profession on the amount of information
gathered before coming to a conclusion, measured by the number of beads drawn. The model was
significant, indicating that there is a significant effect of education on number of beads drawn F (7, 696)

=2.89, p = .005, np? = .028. The overall model was significant and revealed some interesting differences
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between groups once the Bonferroni correction was used for pairwise comparisons. Law students drew
significantly more beads than pre-med students (p=0.011) or those classified in the “other” category

(p=0.046) (see table 17).

Table 17- Number of beads draw-, difficult version- Between Group Comparisons

Educational Track | n Mean Standard Deviation
Pre-Med | 113 6.67 5.57
Medical Student | 40 8.13 5.20
Medical Doctor | 50 8.48 7.45
Pre-Law | 50 7.22 6.06
Law Student | 59 8.37 6.95
Lawyer | 47 10.43 8.58
Engineer | 70 9.39 5.48
Other | 275 7.39 5.79
Total | 704 7.87 6.14

To test the effect of medical education on the number of beads drawn in the difficult version of
the beads task, we performed a one-way ANOVA test. We sought to reveal any differences in the
amount of information that different people need to make a decision at different points in their medical
career. The ANOVA was not significant F (2, 202) = 2.00, p = .138, np? = .019 (see Table 20). (see Table

18).

Table 18- Number of Beads drawn-difficult Version- Within group Comparison for Med track

Educational Track | n Mean Standard Deviation
Pre-Med | 113 6.67 5.57
Med Student | 40 8.13 5.20

Doctor | 50 8.48 7.45
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To test the effect of legal education specifically on the number of beads drawn in the difficult
version of this task, we performed another one-way ANOVA test. The analysis did not yield any

significant results F (2, 154) = 2. 15, p = .12, np? = .027, (see Table 19).

Table 19- Number of Beads Drawn-Easy Version- Within group Comparison for Law track

Educational Track | N Mean Standard Deviation
Pre-Law | 50 7.22 6.06
Law Student | 59 8.37 6.95
Lawyer | 47 10.43 8.58

Figure 5- Easy Beads Task- within-group comparisons
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Figure 6- Difficult Beads Task- within-group comparisons
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Discussion

The current study aimed to explore the effect of education on performance on a battery of
cognitive tests. These tests seek to evaluate both critical thinking ability, such as deduction, as well as
decision-making preferences such as how much evidence is required before leaping to a conclusion. We
looked both between professions and within the legal and medical professions for differences in
performance. Analyses revealed some interesting trends. First, and perhaps most surprisingly, despite
their higher numbers of years of education, trained professionals (lawyers, and doctors) did not
consistently outperform the general population on these critical thinking measures. There were certain
instances in which lawyers performed better than the general population, however this was not as
ubiquitous as hypothesized and interestingly doctors did not outperform the general population on any

of the measures included. Results also indicated that our hypothesis that performance on these
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cognitive measures would peak in during graduate education was only partially supported. In the Cards
task, the numeracy scale, and the CRT, this assumption held true, but it was not as clear in the Linda
problem. More specifically this difference seems to differ between the law and medical education. In
the law track, it seems that for our measures, time spent in the profession generally leads to increased
performance, while for the medical track performance peaks in graduate school and declines during
professional practice. Additionally, the results did not show a clear divergence in decision-making
patterns between Law school graduates and Medical doctors. The differences seen between doctors and
lawyers consistently show lawyers outperforming doctors, and while this difference did not always reach
significance, that surprising trend did frequently emerge in the results. When exploring the tendency of
different professions to jump to conclusions, no trends emerged and no comparisons yielded a
significant result, which was in stark contrast to our hypothesis that the exigencies facing doctors

encourage them to rely on less information in their practice.

Between-group differences in Cognitive reflection

The CRT is made to measure one’s ability to halt their initial reaction, reflect, and change their answer to
the less appealing, but ultimately correct answer. We predicted that doctors would have a lower CRT
score than lawyers because of the necessity to make quick judgments in the course of their practice. We
found, however, that medical professionals did not perform significantly worse than lawyers on that
measure. They were however just as accurate as the general population. Interestingly, there were some
significant differences that emerged in this comparison that we did not expect. For instance, pre-med
students scored significantly lower than engineers on the CRT. This was an interesting finding, but one
that we did not seek to explore. The results of our CRT analysis were surprising because of the relatively
small differences between groups of people who were so differently educated. Especially considering

the findings of Fredrick et at. (2005), which suggested that individuals from high-ranking universities
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(e.g., Harvard, MIT) were able to greatly outperform members of the general population as well as

members of less elite universities (e.g., University of Toledo).

Within-group differences in Cognitive reflection

We sought to ascertain some information about the content of medical and legal education. Specifically,
how exactly does education affect the way professionals employ system 1 versus system 2 decision
making? On the CRT we found that pre medical students scored significantly lower than medical
students, but surprisingly they seemed to perform just as well as doctors. This suggests that cognitive
reflection peaks during medical school. This might indicate that this particular skill is important during a
medical education but the need for cognitive reflection declines as these individuals graduate and begin
to practice medicine. Another possible explanation for this surprising result is a sampling bias. It is
possible that the doctors surveyed were not as adept as the pre-medical students we surveyed, perhaps
because of changes to the medical curricula over time. Lawyers on the other hand seem to be able to
retain improvements on the CRT made during schooling well into their career. Pre-law students scored
lower than law students, but lawyers were able to score just as well as law students indicating that there
was not a decline post graduation in cognitive reflection. Further research in this area should focus on a
larger and more diverse cohort of individuals on both the legal and medical track, not only to rule out

any sampling biases but also to improve the statistical power of the comparisons made here.

Between-group differences in deductive and statistical reasoning

Using the Wason Cards task and the Linda problem to test deductive reasoning and statistical reasoning
respectively, we compared different professions in our cohort. Here doctors scored higher than the
general population on the Linda problem, but were unable to score higher than the general population
the deductive reasoning task. Lawyers were able to score higher than all other groups studied on the

Linda problem indicating a high level of dexterity with statistical reasoning. Lehman and Nisbett (1990)
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show that professions in social science and psychology are generally more adept with statistical
reasoning than individuals in the natural sciences. It is not unreasonable to assume that lawyers would
more likely have a background in social science or psychology than doctors and this could partially
explain the result shown. Lawyers were only able to outperform doctors on the deductive reasoning
task, but this might simply be because of their frankly dismal (0.05 accuracy rate) on that particular

measure.

Within-group difference in deductive and statistical reasoning

Looking within each profession studied we found that doctors and pre-med students performed
comparably on the Wason cards task while doctors were more accurate on the Linda problem than Pre-
med students. Current medical school students were superior to medical school graduates on the
deductive reasoning task and performed comparably on the Linda problem. Barring sampling bias, these
results lend some more partial support to the idea that certain critical thinking abilities decline in
medical professionals after graduation. Lawyers were more accurate than law students, who were more
accurate than pre-law students on the Linda problem. The linear trend shown in figure 3 depicts a
steady increase in statistical reasoning ability throughout legal education. On the deductive reasoning
task, there was a trend that is more characteristic of our hypothesized peak in thinking ability during
graduate education. Although none of the comparisons within the legal track reached significance, the
trend that emerges is one where current law students outperformed both pre-law students and lawyers.
Once again, the issue of sampling becomes relevant and future research by someone with greater

resources than | will be needed to insure scientific sampling.

Between-group differences in evidence based decision making

We hypothesized that doctors would require less information than lawyers based on the need for quick

decision making in the practice of medicine. This hypothesis however was not substantiated by the data.
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In fact, on this dimension we found no significant differences between any of the groups studied. This
however was due to a very high variability within the data set. It is worth noting however, that while
these differences did not reach significance, lawyers on average were more inclined to draw more beads
on both the easy and hard version of the task. Perhaps this is the result of the risk-aversive nature of
many legal decisions; unlike medicine in which a practitioner does not have the luxury of waiting until all
evidence is collected before initiating treatment, lawyers are aware of the consequences of decisions

that are irreversible, thus delaying making them until all options are considered.

Within-group differences in evidence based decision making

Our exploratory analysis revealed some interesting trends within each professional track studied. While
even these within group trends did not reach significance, they were nonetheless informative and
something to consider when looking toward future research. First, we found that within the medical
track, there was no obvious difference in preference for amount of information gathered in the beads
task. Within the law profession however, it seemed that as legal education continued, a desire for more

concrete evidence emerged (see figure x).

Between-group numeracy comparisons

When comparing the legal and medical profession in their ability to understand numerical problems, we
found that only pre-medical students were significantly worse than medical students. No other
comparisons yielded significant differences, however a trend emerged in which both medical and legal
graduates had a slight edge over the general population. Interestingly, when we subdivided the general
population to examine only those who were engineers we found that they performed no better than
any other group. This is a surprising result given the extensive mathematical background of most

engineers.



How Education May Affect Cognitive Reasoning Fallacies 35

Within-group numeracy comparisons

We hypothesized that graduate education would improve dexterity with numbers and thus improve the
score on our numeracy scale. This hypothesis was not entirely borne out in the data however because
we only found that medical students and doctors outperformed pre-med students. This trend was not
seen with lawyers, indicating that their training may not emphasize math or the ability to handle

numbers well.

Conclusion

The results from this study focused on both inter- and intra- professional differences. There
have been many studies published that have sought to quantify the differences between groups of
individuals on various measures including the ones used here. What makes this study unique is its ability
to look at a cross-section of the educational track of both lawyers and doctors. We sought to shed light
on a question of self-selection. We wanted to explore whether certain cognitive profiles were present in
individuals prior to the onset of their education or if the very nature of their education is what shaped
their cognitive profiles. Our results don’t necessarily give us a clear answer to this question. For
instance, on one hand with the Linda problem (a measure of statistical reasoning) there seems to be
evidence to suggest that legal education significantly improves performance in this area of critical
thinking (see figure 2). On the other hand, however, Lawyers do not seem to keep the cognitive gains
made in cognitive reflection following their law school years. In the same vein, physicians seem to lose
any cognitive gains made during their medical schooling on basically all of the measures used here, and
on the measures where they manage to avoid this decline, it is simply because they perform identically
to pre-med and medical students, not outperform them. As explained below, | do not believe, however,

that these results are contradictory.
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Given that critical thinking is a broad and very nuanced aspect of cognition, it is entirely possible
that the current study did not manage to paint an accurate picture of the skills taught during legal and
medical education. The fact that the cognitive properties tested here are very relevant to both fields, it
does not mean that they are necessarily emphasized in either profession’s curriculum. This would then
help explain the incomplete educational phenomena we have begun to describe in the current study.
Another possible explanation for these sporadic results are that medical professionals, medical students,
and pre-medical students come from a less educationally diverse pool of individuals. Since the
requirements to attend medical school are strict and rigorous, only a certain type of person is willing to
embark on that path. This would then help explain why medical school does not seem to alter the
cognitive profile of its students: the individuals that were not suited to that style of thinking were either
not attracted to the profession or eliminated from the potential pool early in their baccalaureate years.
With regard to law school, however, the requirements are decidedly less defined. Students from any
major can be “pre-law” as there is no required coursework that is pre-requisite for attending law school.
Thus, the pool of students who identify as “pre-law” and even those who go on to law schooling will by
definition be from a group of students who are more diverse thinkers, or at the very least are from
educational backgrounds that foster different styles of thinking. When these students are churned
through the mill of legal education, their patterns of thinking inevitably become more uniform as now
they have all undergone the same training. This could explain why law school and practicing law seem to
have a larger impact on critical thinking measures that medical schooling, and it is consistent with the
generally higher SDs observed among members of the legal community (see Beads Task SDs in Tables
17-19). Notwithstanding this, the trend of a decline in cognitive skills among doctors and the general

underperformance of the individual’s medical track is of note and concern.

Future research should seek to repeat this study with the aim of identifying more nuanced

differences in performance between lawyers and doctors. First, this study would need a much larger
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sample size than the one used in the current study, and scientific sampling employed—a luxury not
possible in the present study due to limited resources. Additionally, snowball sampling was used to
obtain professional and graduate participants which meant that each group we compared was relatively
homogeneous with regard to educational background, SES, and ethic background. This homogeneity
might help explain some of the non-significant differences we found between groups. Additionally, in
order to make the results here more applicable to a broader population, future research should seek to
examine each year of schooling separately as well as examining the difference between different
specialties. This way we would be able to get a better understanding of when cognitive skills improve
and decline and under what specific educational circumstances this happens. This way, professors and
curriculum designers may be able to shape the education they bestow on their students to better
prepare them with critical thinking skills. It may also be useful to compare the education attained at
different universities because it is known that quality of education has an impact performance on many

of the measures used above (e.g., Frederick, 2005).

Unfortunately, although the measures used in the current study were previously validated and
have high internal consistency, they do not test all aspects of critical thinking. Due to constraints on
participant attention we were unable to include as many measures as we would have liked and thus
future research would certainly benefit from including a wider array of cognitive measures in order to
get a more complete cognitive profile for each participant. Additionally, some of the measures used in
this study did not perform as well as we would have hoped. The numeracy scale particularly was
problematic in this study because of the extremely high accuracy rate among all groups, possibly
obscuring subtler differences that went undetected. The beads task was similarly crude due to a very
high variability within each group (often the standard deviation was as high as the mean number of

beads chosen). Thus, this measure had relatively little explanatory value. Future studies should certainly
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consider using more sensitive and reliable tests to tease out any effects that we may have missed due to

the rough nature of the tools used here.

This study sought to examine how individuals in certain careers were shaped by their education.
There is an important distinction between selecting a career based on existing cognitive traits or having
that career mold a certain cognitive profile. This distinction also has important implications for the
thousands of people who sit at a crossroads every year when they decide what career they will pursue
for the rest of their lives. Additionally, it is important to understand how our education shapes the way
we think so as to more responsibly wield that powerful tool to give students the best cognitive
advantages that will help them in their career. We find that the answer to this question, as we probably
could have expected, is nuanced and not entirely clear. What we do know though is that most likely,
both innate cognitive traits and education combine to shape the way we think. Either way, it is
imperative that we delve deeper into understanding how formal education may affect cognitive

reasoning.
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