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Abstract

Background/Introduction: There have been numerous recent initiatives within
medical education to convert multi-tiered academic assessments and the grades
that summarize them to a dichotomous Pass/Fail (P/F) metric. Because the valid-
ity of an assessment depends upon how it is scored, an investigation of the psy-
chometric outcomes of converting a multi-tiered assessment to P/F is needed.
Methods: The psychometric and statistical validity implications of converting
multi-tiered scores and grades to P/F are examined. How P/F scoring impacts test-
based learning is also considered. Results: For the multi-tiered assessments used
in medical education, there will generally be a large decrease in the variance of
scores after converting to P/F. Statistical calculations demonstrate that compared
to multi-tiered scores, P/F scores exhibit much smaller concurrent and predictive
validity correlations and significantly attenuated reliability. Because P/F scores
have a limited ability to correlate with other variables and provide very little in-
formation (i.e., Jow score reliability) regarding performance, the necessary pre-
conditions for validity are practically absent after converting medical education
assessments to P/F. Further, evidence suggests that using assessments with low
validity will negatively impact learning. Discussion/Conclusions: There does not
appear to be a sound psychometric or educational rationale for converting multi-
tiered academic assessments to P/F.
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1. Introduction/Purpose

Across the continuum of assessments used in medical education, there have been
numerous initiatives designed to convert multi-tiered academic measures and the
grades that summarize them to a dichotomous Pass/Fail (P/F) metric. As the va-
lidity of an educational assessment depends upon the scale (i.e., usually a numeric
or letter-based system) used to summarize performance, the metrics employed in
achievement and aptitude testing will determine the integrity of medical school
assessments. Therefore, the score reporting scale needs to be carefully considered.
Because the validity of an assessment depends upon how it is scored, medical ed-
ucators need to understand that changing a multi-tiered score to a dichotomy (i.e.,
P/F) will influence its measurement characteristics and validity.

When multi-tiered test scores or grades are converted to P/F, the variance is
reduced. Since most aspects of construct validity (e.g., generalizability, extrapola-
tion, scoring, implications, prediction, and reliability) depend upon score vari-
ance, changing to dichotomous scoring will impact validity. If the information
from multi-tiered academic assessments weren’t valid, there would be little reason
to be concerned about this reduction in variance. However, if academic assess-
ments weren’t valid, measurement experts would certainly advise medical educa-
tors to eliminate them entirely rather than convert them to P/F. Since academic
assessments are generally valid, medical educators must consider how test validity
is changed after converting multi-tiered scores to P/F.

This commentary reviews the quantitative evidence that reveals how the psy-
chometric validity of a multi-tiered assessment will change after converting to P/F.
It examines how P/F scoring impacts two necessary statistical preconditions for
validity. Specifically, it considers how a conversion to P/F influences a test score’s
ability to correlate with other variables and how the reliability of an assessment is
changed after the conversion. Since an assessment’s maximum attainable validity
is the square root of its reliability (i.e., Max. Validity = Vreliability), finding a
measure to be unreliable conclusively demonstrates low validity. Although finding
that a test score is reliable does not necessarily demonstrate it is valid, demon-
strating that a test score is unreliable does establish low validity. Therefore, exam-
ining reliability as a necessary but not sufficient condition for validity is often a
preliminary, and sometimes the final, scientific step in establishing the level of
validity exhibited by an assessment score. An additional validity-related concern

in educational settings is measuring how an assessment impacts learning.

2. The Statistical/Psychometric Impact of P/F Scoring

The medical education research literature has not adequately assessed the quanti-
tative outcomes of adopting P/F assessments. This is a significant gap in the liter-
ature as quantitative statistical methods provide the most scientifically definitive
evidence for deciding whether to adopt P/F scoring. In educational measurement,
the statistical concepts of reliability and validity represent the scientific definition

of measurement quality. Therefore, an estimate of the statistical validity of P/F

DOI: 10.4236/psych.2025.167046

825 Psychology


https://doi.org/10.4236/psych.2025.167046

C. D. Kreiter

scoring is the most important consideration for deciding whether to convert to

dichotomous scoring.

2.1. Prediction/Extrapolation

Score variance is reduced when converting multi-tiered ordinal scores (e.g., num-
ber correct, percent correct, percentile, decile scores, ordinal letter grades etc.) to
a dichotomy (e.g., P/F, 0/1, High/Low). The size of that reduction will depend
upon the characteristics of the multi-tiered score distribution and the location of
the cut score used to convert a multi-tiered score to a binary metric. In general,
the larger the multi-tiered score variance and the smaller the number of students
in the failed group (i.e., the further the distance between the P/F cut score and the
multi-tiered mean), the larger will be the reduction in score variance upon con-
verting to dichotomous scoring. Given the substantial variance in multi-tiered
medical education assessment scores and the small proportion of students who
fail (i.e., the relatively large distance between the mean and the cut score), a large
reduction in score variance will be observed after converting medical education
assessments to P/F.

The reduced variance associated with P/F scoring will also attenuate correla-
tional indices that define score validity. As most are aware, correlation and pre-
diction are inextricably linked to the validity concepts of extrapolation and gen-
eralization. When correlation and prediction are reduced, scores will extrapolate
and generalize less well. This means that compared to multi-tiered scores, P/F
scores will be less valid and less useful for making inferences regarding an exami-
nee’s status on the knowledge and skill domains to which a test score generalizes.
In other words, P/F scores will be less accurate than multi-tiered scores for estab-
lishing the level of competence, characterizing academic achievement, and pre-
dicting the future success of students.

In comparing the validity of multi-tiered scores with P/F scores, it is useful to
examine their respective correlations with the variables that define their validity.
While it may be intuitively obvious that compared to a multi-tiered score, a P/F
score will display a reduced correlation with other variables, the magnitude of the
difference is best estimated mathematically. Specifically, the impact of dichoto-
mizing an approximately normally distributed assessment score is forecast using
Equation 1 (Cohen, 1983).

Px,y =Pxr (h/\/ﬁ) (1)

Where p, , is the projected validity correlation between the dichotomized test
score (Xp), and a variable (Y) that is used to quantify test validity, p,, is the
observed validity correlation between a multi-tiered assessment score (X) and var-
iable (Y), pis the proportion of students who pass, fis the proportion of students
who fail, and A1is the ordinate of the normal curve at the point of dichotomization.
To illustrate, suppose an approximately normally distributed written test score of
clinical knowledge is shown to correlate at r= 0.60 with examinees’ ability to cor-

rectly diagnose clinical cases in a performance assessment. If the test is dichoto-
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mized to create a P/F exam and 5% of the examinees fail, the correlation with
diagnostic performance would be reduced to approximately r = 0.28. With this
loss of predictive information, the test would be significantly less valid for char-

acterizing diagnostic ability.

2.2. Reliability /Information

How P/F scoring will impact reliability and test information is also an important
consideration when deciding whether to convert a multi-tiered score to P/F. The
classic representation of reliability is shown in Equation 2 and provides a useful
conceptual tool for representing the proportion of test score variance that conveys
meaningful information. Equation 3 estimates the reliability of a test that is con-
verted from a multi-tiered score to P/F. It provides a perspective on the amount
of useful information retained after conversion to P/F. In this equation, p.pequals
the reliability of the dichotomized scores, p. equals the reliability of the multi-
tiered scores, A is the ordinate of the standard unit normal curve, and p equals the
proportion of passing scores. To provide an example, suppose multi-tiered scores
display a relative reliability of .70. If a P/F cut score is set at 1.0 SD below the mean
(i.e., failing ~16%, p = 0.841, A = 0.242, p = 0.70), the expected reliability of the
P/F score would be pup = 0.46. At 1.5 SD below the mean (i.e., a 7% fail rate, A=
0.130), the projected relative reliability would be p.p = 0.36.

Reliability = true score var / (true SCore var + error score Var) 2)
Pup =Pt i/ [ (1= p)] (3)

2.3. The Outcome of P/F Scoring in Practice

While it is theoretically useful to estimate the reliability as the proportion of ob-
served score variance that is meaningful information and to estimate the predic-
tive validity of a P/F score from multi-tiered score correlations, results from
within an actual medical school after converting test scores to P/F provide im-
portant practical evidence. A 2016 report by Kreiter and Ferguson (Kreiter & Fer-
guson, 2016) describes the use of generalizability theory to estimate the reliability
of a four-tiered grading system at a large midwestern medical school. They ana-
lyzed grades from over 1000 students attending that medical school across 10 con-
secutive years. They found their four-tiered grading system produced a highly
generalizable (G > 0.80) (i.e., highly reliable and informative) grade point average
(GPA). When those grades were converted to P/F however, the reliability/gener-
alizability was reduced to less than 0.20 (G < 0.20). Further, the low reliability of
P/F grading substantially attenuated the correlations that defined the validity of
those grades (Kreiter & Kreiter, 2007). For example, while GPAs from multi-tiered
grades correlate at approximately r= 0.60 with licensure scores, a composite GPA
based on P/F grades (i.e., the proportion of courses passed on first try) would yield
a correlation of just r= 0.25 (Kreiter & Platti, 2021). This represents a very large

reduction in the validity of those grades. The authors demonstrated that while the

DOI: 10.4236/psych.2025.167046

827 Psychology


https://doi.org/10.4236/psych.2025.167046

C. D. Kreiter

four-tiered grading system used at that school for summarizing performance across
assessments did produce a highly reliable and informative GPA, little of that useful

information was retained when grades were converted to P/F.

3. The Impact on Learning

Given the importance of acquiring the skills and knowledge needed to practice
medicine, a validity investigation of P/F scoring must consider its impact on learn-
ing. Testing’s ability to facilitate educational achievement is attributed to intrinsic,
extrinsic, and selection learning effects (Kreiter et al., 2013). The intrinsic learning
effect, sometimes referred to as the direct effect of testing, is the degree to which
testing or quizzing over studied materials enhances the acquisition and long-term
retention of knowledge and skills through the retrieval and rehearsal of infor-
mation that takes place during testing. The extrinsic effect, often referred to as the
indirect effect on learning, is the degree to which assessments enhance learning
achievements through increased motivation and effort. This takes place when the
test scores are used as an accountability mechanism for rewarding the attainment
of learning objectives set by the medical college, licensure board, or certification
organization. Finally, the selection effect is defined as the observed increase in
academic achievement by selecting high-aptitude learners with admission tests
and other academic achievement measures. While a complete review of the evi-
dence for each effect is beyond the scope of this commentary, existing summaries
suggest that each make a substantial positive contribution to learning and that
testing represents one of the most powerful interventions employed within medi-
cal education (Kreiter et al., 2013; Phelps, 2012; Roediger & Karpicke, 2006; Larsen
et al., 2009). Therefore, the relevant validity question is how converting multi-
tiered scores to P/F impacts these types of test-based learning effects. Although
there is little experimental evidence (e.g., randomized controlled trials)in medical
education that applies to this question, other forms of evidence offer insight. That

evidence is presented in the following three sections.

3.1. The Intrinsic (Direct) Effect

Correct answer formative feedback and the mental practice of producing a correct
answer during testing has been shown to produce substantial gains in learning
compared to studying alone (Roediger & Karpicke, 2006; Larsen et al., 2009). As-
sessments used purely as intrinsic learning tools are rare in medical education.
This is because a test designed solely for intrinsic learning is, by definition, a no-
stakes assessment with no external consequences. For such tests, learning would
be maximized by informing the examinee regarding the quality of each response.
Clearly this requires scoring at the item level. However, summary P/F scoring
across items in this context might be a useful indicator of mastery and setting a
logical stopping point to terminate an intrinsic test. In this application, an additive
cut-score across dichotomous items to indicate mastery would appear to be a valid

use of P/F scoring. This application would be primarily useful as a programming
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technique in computerized automated test-based learning as a method for defin-
ing a termination point for self-testing. However, more traditional and much
more frequently employed stakes-based assessments in medical education also
contribute to intrinsic learning through practice and formative feedback. If the
distance a particular performance falls from the P/F cut score is useful for intrinsic
learning, logic suggests that its elimination would diminish the intrinsic effect by
removing information regarding the quality of a test performance. In other words,
if it is useful feedback for an examinee to know how their performance ranks rel-
ative to their peers or how far their score exceeds or falls below the passing mark,
then P/F scoring will be detrimental to the formative process of informing the

learner whether they have sufficiently mastered the content.

3.2. The Extrinsic (Indirect) Effect

The extrinsic or indirect learning effect is quantified by comparing the level of
student achievement with and without the accountability mechanisms enabled by
assessments. Assessments that promote this effect are course-based tests, course
grades, licensure examinations, and certification examinations. The indirect effect
is enabled by test scores that convey the relative or absolute amount of learning a
student has achieved. Assessments are often used to increase student efforts by
allocating rewards or penalties based upon assessment performance. Studies that
report a reduction in self-reported student stress with P/F grading could be inter-
preted as consistent with the hypothesis that P/F grading lowers extrinsic motiva-
tion and the amount of study time a student is willing to dedicate to their course
work. While research has examined the correlation between the use of examina-
tions and the subjective experience of stress, stress and effort are confounded, if
not identical, constructs in such studies. The true quantitative impact of P/F scor-
ing on the extrinsic effect has not been adequately examined by a randomized
controlled trial design that compares medical education programs with and with-
out P/F scoring. Although several within institution pre-post studies have shown
little or no effect on average licensure scores before and after converting to P/F
grading, multi-tiered test scores (e.g., norm-based or percent correct scores) con-
tinued to be used for rewarding high levels of performance in those studies (Spring
et al., 2011).

3.3. The Selection Effect

The score on an admission test is one of the first academic measures obtained
from a medical student. Admission measures were also among the first to be con-
sidered for conversion to P/F reporting. An early call to convert the Medical College
Admission Test(MCAT) to P/F came from a previous President of the AAMC, Jor-
dan Cohen, who advocated removing MCAT scores from an applicant’s file and
providing admission committees with only information regarding whether the
score was above or below a passing threshold (Cohen, 2002). This recommenda-

tion was based upon the belief that P/F scoring of the MCAT would improve the
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so-called ‘non-cognitive’ attributes of the admitted applicants and enhance diver-
sity. Unfortunately, this practice can be shown to yield large decreases in average
achievement as reflected by predicted licensure scores for both the over and un-
der-represent groups (Kreiter, 2007). In addition, no evidence has ever been re-
ported showing a negative correlation between the favored non-cognitive attrib-
utes and cognitive aptitude. This implies there is no reason to assume there would
be an improvement in non-cognitive attributes with P/F scoring of the MCAT.
The most compelling reason for retaining multi-tiered admission test scores how-
ever is reflected by meta-analytic analyses and statistical modeling of the selection-
effect. Studies examining the impact of selection measures clearly show that selec-
tion using multi-tiered aptitude and achievement measures provide large gains in
learning (Effect Size > 1.0) and that converting multi-tiered admission metrics to
P/F would attenuate learning outcomes to a significant degree (Kreiter et al., 2013;
Kreiter, 2007).

4. Summary and Conclusions

Psychometric and statistical evidence demonstrate that correlation and reliability
are significantly reduced by converting multi-tiered scores to P/F. This implies
that P/F scoring will negatively impact test validity. Statistical metrics measuring
information, extrapolation, prediction, and generalizability will be substantially
compromised with P/F scoring of most medical education assessments. Except for
tests designed for purely intrinsic learning, the evidence suggests that the neces-
sary conditions for validity are almost completely absent for assessments utilizing
P/F scoring. Further, administering tests with very low validity will have a negative
impact on learning. From a scientific perspective, it is illogical to expect that med-
ical education would improve simply by removing information regarding an ex-
aminee’s performance on an assessment. Rather, statistical evidence shows that
multi-tiered scores are more reliable and valid and better able to promote learn-
ing. Although medical students have expressed a preference for P/F scoring in
some circumstances, it is unknown whether they understand that P/F scoring re-
duces validity, reliability, and test-based learning. Given this, it would be useful to
assess student preferences after informing them of the measurement and learning
impacts of P/F.

Recent decisions to remove test score information based upon the belief that it
will improve medical education appear misguided. While a reduction in stress ap-
pears to be a commonly observed outcome as reflected in subjective evaluations
(Rohe et al., 2006), effective education relies on accountability. While accountability
could be viewed as introducing stress, removing accountability measures would cer-
tainly reduce effort as well as stress. Removing sound measures to achieve demo-
graphic representation is also misguided as it removes measurement precision for
both the over- and under-represented groups. Alternately, employing affirmative
action with multi-tiered scores maximizes within group predicted performance.

Differential standards achieve a higher level of public protection and are more trans-
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parent. In addition, the assertion that multi-tiered licensure scores mislead medical
educators and students appears untenable. Such claims fail to account for the im-
portant role of reliability and validity and underestimate the intellectual capabilities
of test score users. Users of medical education test results are quite capable of un-
derstanding and using the test statistics along with the interpretative guidance that
accompanies multi-tiered score reports. Compared to the option of trusting test us-
ers with valid and reliable multi-tiered test score information, it is difficult to sup-

port the ethics of withholding that information and providing only a P/F score.
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