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Abstract

To our knowledge, this is the first published, transparent, formulaic time-al-
location tool for nursing education exam preparation grounded in utilitarian
learning theory. Nursing education has shifted to flipped classroom, asynchro-
nous, and self-directed learning after the COVID-19 pandemic. Nursing edu-
cators must meet the increasing demands of these new learning methods by
exploring practical ways of improving nursing student education and learning.
The Deficiency-Time Allocation (DTA) model has been developed as a for-
mulaic strategy to improve self-directed study guidance. A bioethical utilitar-
ian framework guided the formulation of DTA, grounded in three bodies of
research: 1) the relationship between study time and performance, 2) Mastery
Learning, and 3) Deliberate Practice. DTA guides a learner on how many hours
of studying they should allocate to topic deficiencies based on the hours that
learner has available. The conceptual justification of this tool has been re-
viewed by experts, with mathematical verification and face validity. The next
steps are empirical validation, feasibility, and acceptability.
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1. Introduction

Nursing education has undergone substantial structural changes since the COVID-
19 pandemic. There is a shift toward non-traditional methods of learning in nurs-

ing schools, including flipped classroom, team or case-based learning, asynchro-
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nous, and self-directed learning [1]. The nursing education paradigm has also
shifted from the pedagogical assumptions of traditional school learning to the
more mature andragogical needs of the adult learner [2]. As adult learners, nurs-
ing students face limited hours in the day to study effectively for their exams.

Nursing student test performance in the National Council Licensure Examina-
tion for Registered Nurses (NCLEX-RN®, which we will simplify to NCLEX) has
room for improvement. In 2025, the first-time US test takers’ pass rate dropped
by 4.5 percentage points (from 91.2% to 86.7%) [3]. All test candidates, including
repeat US, first-time international, and repeat international test takers” pass rate
fell from 73.3% in 2024 to 69.1% in 2025. The pandemic may have exposed and
exacerbated existing weaknesses rather than creating entirely new problems. The
US dropout rate for nursing students is roughly 20%, with some attrition rates
reported as high as 50% [4]. This incurs the economic cost of training those who
dropped out.

Therefore, finding ways to improve nursing education through guided test-taking
preparation is an important step to improving student performance and the future
of our healthcare system. Nursing students will have an improved understanding
of the content covered on their exams. Faculty will have evidence-based insights
for their curriculum as the curriculum adapts to the post-COVID learning mo-
dalities. Institutions will have informed classroom implementation and retention.
In the long run, patients will receive better overall care from nurses who have
skillfully passed their licensing exams and met the foundational requirements for
success.

Allocating time towards areas of improvement is vitally important for nursing
students to improve their exam scores. However, doing so can be difficult under
stressful circumstances, especially during dedicated study periods. According to
research, learners do not follow act-utilitarian principles of hypothetically max-
imizing their study time [5]. Further research is needed on utilitarian methods of
studying. Additionally, there has not been a consensus on a best practice for an
educational strategy for the NCLEX exams [6]. Faculty and nursing student per-
spectives differ on what drives exam success on the NCLEX [7]. While existing
studies have evaluated many of the known factors that play a role in NCLEX suc-
cess, such as GPA and preadmission testing [8], there is a gap in the literature
regarding how one’s time management plays a role in successfully passing this
standardized test.

Therefore, there is an identifiable gap in existing study-guidance tools for nurs-
ing students. The current commercial educational adaptive platforms are black
boxes that do not disclose the underlying algorithm or logic [9]. Students in the
health professions often cannot reliably identify their own deficits [10]. This need
has led to the development of the Deficiency-Time Allocation (DTA) model, a
formulaic strategy to improve self-directed study guidance. Such a model was de-
veloped with a utilitarian bioethical framework grounded in three existing theo-

retical constructs. The model has gone through a preliminary expert review at face
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validity, with a planned empirical validation and eventual implementation in the

post-COVID academic setting.

2. Theoretical Framework

DTA is grounded in a utilitarian ethical framework. Conceptually, utilitarianism
posits that one must act in such a way that will maximize one’s overall well-being.
While utilitarianism is about maximizing aggregate welfare across persons, the
rational optimization of one’s test score serves as the instrumental means to this
aggregate end. In this sense, the nursing student learner must act in such a way
that would improve their test scores. This leads to better prepared nurses improv-
ing patient care, thereby maximizing aggregate welfare for all. This basic concept
extends to the educational realm by finding a methodology that will lead to opti-
mization and the academic success of the test taker. Utilitarianism therefore con-
tributes to DTA by supplying a normative justification for allocating scarce time
where marginal benefit is greatest. We hypothesize that this allocation will im-
prove exam readiness. DTA is therefore grounded in three utilitarian bodies of
research.

The first utilitarian body of research is the well-studied concept of the relation-
ship between study time and performance. It has been agreed upon by the aca-
demic community that the more time one dedicates to studying, the higher one
performs [11], although this relationship holds most reliably when study quality
is accounted for [12]. This feeds into the basic premise and foundational assump-
tion behind DTA. Allocating more hours to a topic of deficiency will yield better
results on that topic.

The second utilitarian body of research is Mastery Learning. According to Mas-
tery Learning, students must achieve a level of mastery in prerequisite knowledge
before moving forward to the next topic [13]. This theory focuses on targeted
feedback to address learning gaps. Applying Mastery Learning has historically led
to an increased number of students scoring well on their exams [14].

The third utilitarian body of research is Deliberate Practice. Deliberate Practice
focuses on the student’s weaknesses to refine their skills [15]. According to this
theory, one must focus on low-scoring areas in order to improve. This is a clear
example of a utilitarian implementation. The fundamentals of Deliberate Practice

are still being applied to healthcare education in this current decade [16].

3. Formula Development

Together, these three theories ground the development of the DTA formula. Let

us look at the complete DTA formula and its derivation:

weight, -(1— Sigr;ij

score .
| weight. -| 1— !

4

round| 4-num-

hours, =
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where,

hours = number of hours one should study on a given topic;

num = total number of hours a student has available to study;

weight = the fractional weight given to the topic (outlined on the official
NCLEX website), and

score = the student’s percentage score on that given topic.

The subscript 7represents the topic in question while jis designated for all top-
ics in general.

The easiest way to process this formula is to look at it in three steps.

The first step involves weighing the deficit of the score based on the topic:
100 —score;,

var, = weight; - 100

where var; represents the “deficit score” calculated on the premise that the weight
of the topic is multiplied by the percentage of deficiency scored on that portion of
the practice test.
The second step is to then add all the deficit scores and divide each of the deficit
scores by that sum to get a ratio:
rat, = _vah
2. var,
where rat; represents the ratio, and X(var;) represents the sum of all deficit scores.
Finally, the number of hours one should study on a given topic is calculated as
follows:
_ round(4-num-rat; )

hours,
4

This puts out the number of hours one should study and rounds to the nearest
quarter-hour, or 15 minutes. This iteration of DTA is therefore useful for students
who study in chunks of 15 minutes.

As an example, let us assume a nursing student took a practice NCLEX and
plans on taking another practice test in 2 weeks, setting aside 90 hours to study
over those 2 weeks. Out of the exam questions, they answered 50% of the questions
under Management of Care correctly. Outside of that category, they answered
90% of the remaining questions correctly. Management of Care constitutes
roughly 18% of the test plan distribution [17]. Therefore, the weighted deficit

(var)) equals

0.18x(100— 50)/100 =0.09.

The weighted deficit of the remaining topics (constituting 82% of the exam) alto-

gether would equal
0.82x(100- 90)/100 =0.082.

The deficit scores are then summed, and each is divided by that sum to get a ratio.

For var, it would be:
rat; = 0.09/(0.09 + 0.082) =0.09/0.172=0.523.
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Finally, the number of hours this student should study on Management of Care is

calculated as follows:

hours, = round(4x(90x0.523)) /4 =188/4 = 47.0.

This individual should therefore study 47 hours out of the 90 available over the
next 2 weeks to hypothetically maximize their exam readiness before the next
practice test. Importantly, this calculation is based on topic scores that should
come from a practice assessment with sufficient questions per category, because
unstable topic-level scores may produce misleading allocations. Because the offi-
cial blueprint provides ranges for category weights, users should base their topic
breakdown on any exact numbers provided by their specific practice test. If none
are provided, they should use their best estimation with the understanding that
these are general guidelines: Selected weights should be normalized to sum to 1,
and when practice-test categories do not map cleanly, users should map them to

the nearest blueprint category or collapse categories.

3.1. Mathematical Properties

The DTA formula has mathematical properties that have implications for how

one studies under a dedicated period. Let us look at the key assumptions for DTA:

> weight; =1
j
score; €[0,100]

with DTA, we assume that the weighted breakdown of all the exam categories adds
up to 100%. The percentage score of each student must range from 0 to 100 per-
cent, meaning they answered every question on that topic incorrectly, they an-
swered every question correctly, or they answered a portion of those questions
correctly. Please note that the breakdown of exam categories may be subject to
change in the future. We therefore defer commenting on the exact breakdown in
this paper.
Now, let Dbe the total weighted deficits:

_ score,
D= Z{welghtj -[1— 100‘ ﬂ

The DTA model is therefore well-defined whenever D > 0. This means that there

must be a deficiency in the practice test performance for there to be a meaningful
breakdown of what topics to study.
Let us look at the case of uniform performance. When all scores are equal (score;

= score,), the deficit score (var;) behaves as such:

var, = Weighti M and
100
D |19 ~Z.Weightj [ 130 therefore,
100 ! 100

hours; = num - weight,
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In plain language, this means that when the student has no differential infor-
mation from practice scores, the formula automatically defaults to studying ac-
cording to the NCLEX blueprint. This is a desirable property, as it means a student
with uniformly weak performance (score;= score;) and a student with a uniformly
strong performance receive identical relative allocations. The formula uses scores

only insofar as there are relative differences across topics.

3.2. Boundary Conditions

To extend DTA to boundary conditions, a complete mastery where score; = 100
equates to hours; = 0. This is sensible as it assumes a test taker who performed
perfectly on a given topic should not spend any time on that topic but should
allocate time on topics that were deficient. A complete deficit where score; = 0
equates to var; = weight; so the topic absorbs allocation proportional to the weight
on the NCLEX only.

The interesting case is when one has universal mastery, where score, = 100. If
D =0, the formula is undefined. This case is notable because if there is no deficit
and hours; = 0, the formula would suggest that the test taker should not allocate
any time to study. Therefore, if D = 0, the DTA model should fall back to:

hours, =num-weight; (when D =0) which is the default blueprint review.

Students who score perfectly should still do maintenance reviews proportional
to test importance. As a practical safeguard for near-mastery scores, the authors
recommend a minimum of 1 - 2 hours on topics the test-taker is already comfort-
able with so that they do not forget key information. If they are studying under
the guidance of an instructor, they should defer to the instructor’s judgment when
small score differences generate highly concentrated study plans.

If only one topic has score; < 100 and there is a single non-zero deficit, all the
study hours flow to that topic. This produces an all-or-nothing allocation that may
feel extreme but is mathematically correct under the formula’s logic.

At very low D levels (D — 0*) as students approach mastery, small absolute
differences in deficits get amplified into large proportional allocations. In other
words, if a student theoretically scores 99% on all topics except for one that was

95%, the formula will allocate a significant chunk of that time to the 95% topic.

3.3. Sensitivity Analysis

For own-score sensitivity, let p; represent the proportional allocation of topic j

where:
var,
=
such that
var, = Weighti M

100

(Note that p; is equivalent to the variable rat; under Formula Development.)
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There is an inverse relationship between score and proportional allocation: as
score; increases, this allocation decreases. When examining the mathematical
properties of DTA, one may ask: How much does improving topic /reduce its own

allocation? Let us look at the compact form of the DTA formula:

var,
hours; =num-—+
D

which simplifies to:

hours; =num- p,

The inverse relationship between the score on a topic and proportional allocation
also applies to the relationship between the score on that topic and the allocated
number of hours. As one’s score increases, the formula correctly reduces allocated
time.

There are two takeaways from this own-score sensitivity: 1) The magnitude of
the hours needed to study scales with the weight of that topic. Topics with a high
weight are more responsive to score changes, which is desirable. 2) The sensitivity
scales inversely with D. As overall mastery improves and D shrinks, the formula
becomes more sensitive to small score movements, as discussed earlier.

For cross-score sensitivity, one asks: How much does improving topic 7increase
the allocation to topic 2 When j # j improving any topic redistributes time to
others in proportion to their existing share. This is also a desirable behavior.

Lastly, the rounding to the quarter-hour is not mandatory, but offers a simpli-
fied method of organizing the amount of time one has to dedicate to studying.
Quarter-hour rounding can introduce up to 7.5 minutes of rounding error, which
means that the rounded sum X(hours; may not equal num. In addition, there may
also be a minimum budget problem if num is relatively small. Given the assumed
large value of num when test takers study, this rounding error can largely be ig-

nored as DTA is more of a guided tool and approximation to begin with.

4. Expert Review and Validation

The DTA formula has face validity. The formula was independently reviewed by
five doctorates in nursing education or health-related sciences and independently
reviewed by two non-health-related professionals: a mathematician and a com-
puter scientist. Experts were chosen based on a combination of convenience and
snowball sampling. The five doctorates were selected based on four eligibility cri-
teria: 1) they had to be age 18 or older, 2) be fluent in English, 3) have graduated
from doctoral-level training, and 4) have at least 3 years of prior experience with
nursing or nursing education. The mathematical and computational soundness of
the formula was independently reviewed by two technical reviewers based on
three eligibility criteria: 1) they had to be age 18 or older, 2) be fluent in English,
and 3) have over a decade of experience in a mathematical or computer program-
ming field.

The chosen experts qualitatively evaluated DTA based on theoretical alignment,
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relevance to NCLEX preparation, clarity, feasibility, and completeness. The eval-
uation was conducted in person, starting with a PowerPoint presentation on the
utilitarian framework and grounding in Mastery Learning and Deliberate Prac-
tice, followed by a visual of the DTA formula itself with its mathematical deriva-
tion and an example of how to use it. This presentation was followed by a roughly
3 - 5-minute Question-and-Answer session, after which the experts were given the
following review prompts:

1) How would you assess the theoretical alignment of the utilitarian framework
to the DTA formula?

2) How relevant would you say the DTA model is to NCLEX preparation?

3) Is the DTA formula presented clearly?

4) How feasible would it be for a test-taker to use the DTA formula for exam
preparation?

5) For completeness, do you have any further suggestions?

6) Finally, do you approve of the DTA formula based on everything that has
been shown?

Under theoretical alignment, experts evaluated whether the formula faithfully
operationalizes the utilitarian framework. Under NCLEX relevance, experts eval-
uated whether the construct of deficit-weighted time allocation was appropriate
at face value for the target use case. Experts also evaluated whether a nursing ed-
ucator or student could understand and apply it, and whether it would be imple-
mentable in real study planning. For completeness, experts also evaluated whether
there were important factors the formula omits that should be present. While
there was no rating scale, approval was inferred from responses and all reviewers
answered “yes” to Question 6.

All five nursing education experts rated the formula as appropriate on each
evaluation dimension, yielding unanimous agreement on theoretical alignment,
relevance, clarity, feasibility, and completeness. Both technical reviewers inde-
pendently confirmed the formula’s mathematical correctness and conformance to
the specified rounding rule. Qualitative feedback emphasized the formula’s rele-
vance not only to nursing student education but also its relevance to other topical
educational fronts such as medical school education and the United States Medi-
cal Licensing Examination (USMLE) preparation. Experts noted that DTA could
in principle generalize to any blueprint-weighted standardized exam. In response
to feedback, the piecewise rule for the D = 0 case was added and the rounding
convention clarified. No experts proposed additional substantive changes to the
formula’s structure.

In terms of ethical considerations, this DT A model presents a methodological
tool that qualifies as IRB-exempt, as it does not constitute human subjects re-
search under 45 CFR 46. Due to small panel size and purposeful non-random
sampling, as well as a single-round non-Delphi design, this validation constitutes
face validity and expert consensus, not empirical validation. Empirical validation

of the formula’s effect on NCLEX practice test performance constitutes the next
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step in studying the DTA model.

5. Limitations

DTA has limitations, including the linear deficit-to-time assumption. The for-
mula assumes that a student scoring 50% needs twice the time that a student scor-
ing 75% on a similarly weighted topic. DTA does not account for diminishing
returns or desirable difficulties [18]. DTA is defensible as a first-order approxi-
mation. DTA also does not factor in the sequencing or distribution of time allo-
cated, which would be improved by spaced memory [19]. The quantity of study
time is only reliable when considering the quality of study time and baseline ability
of the learner. Although DTA is grounded in 20"-century theories, DTA bears
relevance to post-COVID applications as outlined in the introduction.

Logistically, the model assumes topic independence, but NCLEX content areas
can overlap. The model is highly reliant on practice-test reliability and validity,
while the official test blueprint offers an approximate range of percent breakdown
rather than fixed ratios. Generalizability beyond the NCLEX is untested.

6. Conclusion

DTA provides guidance for nursing student test-taking improvement during ded-
icated study hours. DTA does not comment on the quality of study or spaced-repe-
tition but does approximate the amount of recommended time a nursing student
test-taker should allocate toward each focused topic given a finite number of hours.
DTA is an emerging educational model with theoretical grounding, mathematical

justification, face validity and expert consensus.
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