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The Critical Role of Medication Math for Nurses

Medication math for nurses is far more than a mere academic hurdle; it is a cornerstone of
patient safety and effective healthcare delivery. Imagine the intricate dance of dosages,
concentrations, and administration times - each element requiring precise calculation. This essential
skill set ensures that every patient receives the correct medication, in the right amount, at the
scheduled time, and via the appropriate route. Without a solid grasp of medication dosage
calculations, nurses face the potential for critical errors that can have severe, even life-threatening,
consequences for those under their care. This article delves deep into the fundamental principles,
common calculations, and practical strategies that empower nurses to confidently master medication
math, ultimately enhancing patient outcomes and professional competence. We will explore the
building blocks of these calculations, tackle common scenarios, and offer tips for ongoing
proficiency.
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Understanding the Basics of Medication Math

At its heart, medication math for nurses involves understanding units of measurement, ratios,
proportions, and the conversion between different systems. Nurses frequently encounter metric
units (milligrams, milliliters, grams), imperial units (ounces, pounds), and sometimes apothecary
units. Knowing how these relate to each other is the first vital step. For instance, comprehending
that 1 milligram (mg) is equivalent to 1000 micrograms (mcg) or that 1 kilogram (kg) equals 2.2
pounds (lbs) forms the foundation upon which more complex calculations are built. It's about having
a mental toolkit of equivalencies that allow for seamless transitions between the units presented on



medication labels, physician orders, and patient charts.

Furthermore, nurses must be comfortable working with fractions and decimals. Many medication
calculations involve dividing or multiplying to determine the final dosage. A clear understanding of
how to manipulate these numerical forms ensures that the calculations are performed accurately.
For example, when calculating the number of tablets to administer, you might need to divide the
ordered dose by the concentration available per tablet. Precision here is paramount; a minor decimal
error can lead to a significant dosage discrepancy.

Units of Measurement in Pharmacy

The pharmaceutical world utilizes several measurement systems. The metric system is the most
widely used in healthcare globally, featuring units like grams (g) for mass, liters (L) for volume, and
meters (m) for length. Within the metric system, prefixes are crucial: 'kilo' (1000), 'hecto' (100),
'deka’' (10), 'deci' (0.1), 'centi' (0.01), and 'milli' (0.001). Understanding these prefixes allows for easy
conversion within the system. For example, to convert milligrams to grams, you divide by 1000, as 1
g = 1000 mg.

The imperial system, though less common in medication calculations for many nurses, may still
appear, particularly in older documentation or for certain types of medications. Units like ounces
(oz) for volume and pounds (Ib) for weight are part of this system. Nurses must know the standard
conversions, such as 1 ounce being approximately 30 milliliters (mL) or 1 kilogram being
approximately 2.2 pounds. Accurate conversion between metric and imperial units is essential when
dealing with doctor's orders that might be in one system and medication packaging in another.

Fractions, Decimals, and Percentages

Fractions are often used to represent parts of a whole, such as 1/2 tablet or 3/4 of a teaspoon.
Nurses need to be able to simplify fractions, find common denominators for addition and
subtraction, and multiply and divide them accurately. Decimals, on the other hand, represent parts
of a whole using a decimal point. They are very common in medication calculations, especially when
dealing with milliliters or milligrams. For instance, a dose might be ordered as 500 mg, and the
available medication comes in 250 mg scored tablets, requiring the administration of 2 tablets. If the
dose were 375 mg, nurses would need to calculate 1.5 tablets.

Percentages are also frequently encountered, particularly with intravenous (IV) fluid concentrations
or topical ointments. A 10% solution, for example, means 10 grams of solute per 100 milliliters of
solution. Converting percentages to decimals (by dividing by 100) is a standard first step in many
calculations involving percentages, making them easier to incorporate into formulas. Mastering
these fundamental numerical concepts ensures that nurses can confidently interpret and execute
medication orders.

Essential Formulas and Calculation Methods

Several tried-and-true formulas form the backbone of medication math for nurses. These formulas



provide a systematic approach to complex calculations, minimizing the chance of error. While
different nurses might have slight variations or preferred methods, the underlying mathematical
principles remain consistent. Familiarity with these core formulas is non-negotiable for any
practicing nurse.

The most common approach involves using ratios and proportions, a method that sets up an
equation to solve for an unknown quantity. This method is highly adaptable to various medication
scenarios, from calculating oral doses to determining IV drip rates. Another invaluable tool is
dimensional analysis, a method that uses unit cancellation to ensure the final answer is in the
correct units. This technique is particularly effective for complex conversions and can help nurses
avoid common pitfalls.

The Ratio and Proportion Method

The ratio and proportion method is a fundamental technique. It states that two ratios are equal if
their cross-products are equal. The standard setup for medication calculations is: "What you have" /
"What you have on hand" = "What you want" / "X" (the unknown dose to be administered). For
example, if a doctor orders 250 mg of a medication, and the available tablets are 500 mg per tablet,
the proportion would be: 500 mg / 1 tablet = 250 mg / X tablets. Solving for X involves cross-
multiplication: 500X = 250, so X = 250/500 = 0.5 tablets. This method is intuitive and widely taught,
providing a clear framework for solving dosage problems.

Let's consider another example involving volume. If a physician orders 100 mL of a liquid
medication, and the concentration on hand is 200 mg per 5 mL, we first need to determine how
much liquid contains 100 mg. Using ratio and proportion: 200 mg / 5 mL = 100 mg / X mL. Cross-
multiplying: 200X = 500, so X = 500/200 = 2.5 mL. This method ensures that all units are accounted
for and the final answer represents the correct volume to administer. Consistent application of this
formula builds confidence and accuracy.

Dimensional Analysis

Dimensional analysis, sometimes called the "factor-label method," is a powerful technique that relies
on canceling out units to arrive at the desired unit. It’s incredibly useful for more complex
calculations involving multiple steps or conversions. The process involves setting up a series of
fractions, where the numerator of one fraction is the denominator of the next, ensuring that
unwanted units cancel out, leaving only the desired unit. For instance, to calculate the infusion rate
for an IV bag:

e Start with the volume to be infused.

Multiply by the conversion factor for hours to minutes (if needed).

Multiply by the concentration of the medication (e.g., mg per mL).

Multiply by the ordered rate in mg/min or mcg/kg/min (if applicable).

e Ensure all units cancel appropriately to arrive at mL/hour or drops/minute.



Consider calculating the dose in milliliters when the physician orders a specific dose in milligrams,
and the medication is supplied in milligrams per milliliter. If the order is for 75 mg, and the vial
contains 150 mg/3 mL, the setup would look like this: (75 mg /1) (3 mL / 150 mg). Notice how 'mg'
cancels out, leaving 'mL' as the final unit. This systematic cancellation is what makes dimensional
analysis so reliable and less prone to conceptual errors.

The "Have, Want, X" Formula

This is a simplified version of the ratio and proportion method, often favored for its directness. The
formula is: (Desired Dose / Dose on Hand) Quantity of Available Medication = Amount to Administer.
The "Desired Dose" is what the doctor ordered. "Dose on Hand" is the strength of the medication as
supplied. The "Quantity of Available Medication" is the volume or number of units (e.g., mL, tablets)
that the "Dose on Hand" comes in. This formula is particularly useful for calculating oral dosages
and liquid medications.

For example, if a nurse needs to administer 125 mg of a medication, and the available tablets are
250 mg per tablet, the calculation is straightforward: (125 mg / 250 mg) 1 tablet = 0.5 tablets. If the
order was for 500 mg and the available solution was 250 mg per 5 mL, the calculation would be:
(500 mg / 250 mg) 5 mL = 2 5 mL = 10 mL. This method is incredibly efficient for everyday
calculations and provides a quick check for dose accuracy.

Common Medication Math Scenarios and Practice

Nurses encounter a variety of medication calculation scenarios daily. Each type of administration
requires specific attention to detail and the application of appropriate formulas. From the simple
task of administering an oral tablet to the complex management of continuous intravenous infusions,
medication math is an integral part of the nursing workflow.

Practicing these scenarios repeatedly is crucial for building confidence and speed. The more
comfortable a nurse is with these calculations, the less mental effort is required, freeing up cognitive
resources to focus on patient assessment and care. Understanding the rationale behind each
calculation helps in troubleshooting and recognizing when an answer might be unreasonable.

Oral Dosage Calculations

Calculating oral dosages is one of the most frequent tasks for nurses. This involves determining the
correct number of tablets or the volume of liquid medication to administer based on the doctor's
order and the available drug preparation. For tablets, if the ordered dose is a fraction of a tablet
(e.g., 0.5 tablets), it's crucial to ensure the tablet is scored and can be safely divided. If the
medication is in liquid form, nurses must accurately measure the volume using appropriate syringes
Or measuring cups.

For instance, if a physician orders 10 mL of Amoxicillin suspension, and the label states that 5 mL



contains 250 mg, the nurse would administer the ordered 10 mL. If the order was for 125 mg and
the available concentration was 250 mg/5 mL, the calculation using the "Have, Want, X" formula

would be: (125 mg / 250 mg) 5 mL = 0.5 5 mL = 2.5 mL. This requires careful use of a calibrated
oral syringe for accurate delivery.

Intravenous (IV) Calculations

IV calculations are critical for ensuring medications are administered at the correct rate and
concentration. This includes determining the drip rate for manual IV sets (measured in drops per
minute) and the infusion rate for programmable infusion pumps (measured in milliliters per hour).
Factors such as the volume of fluid to be infused, the infusion time, and the drop factor of the tubing
(for manual sets) are essential components of these calculations.

To calculate the manual IV drip rate, the formula is typically: (Total Volume in mL Drop Factor) /
Time in Minutes = Drops per Minute. For example, if a nurse needs to infuse 500 mL of a medication
over 4 hours using IV tubing with a drop factor of 15 gtts/mL, the calculation would be: (500 mL 15
gtts/mL) / (4 hours 60 minutes/hour) = 7500 gtts / 240 minutes = 31.25 gtts/min. Often, this is
rounded to 31 gtts/min. For infusion pumps, the calculation is simpler: Total Volume in mL / Total
Time in Hours = mL/hour. If a physician orders 1000 mL of Normal Saline to infuse over 8 hours, the
pump would be set to 125 mL/hour (1000 mL / 8 hours).

Reconstitution Calculations

Many medications, particularly antibiotics, are supplied in powder form and require reconstitution
with a diluent (like sterile water or saline) before administration. The manufacturer's instructions for
reconstitution are paramount, as they specify the amount and type of diluent to use. After
reconstitution, the resulting solution will have a new concentration, which must be calculated and
used for subsequent dosage calculations.

For example, a vial might contain 1 gram of a medication. The manufacturer's instructions might
state to add 9.6 mL of sterile water for injection. After adding the diluent and gently mixing, the
total volume becomes 10 mL, and the concentration is now 100 mg/mL (since 1 gram = 1000 mg). If
the doctor orders 250 mg, the nurse would calculate the volume to administer: (Desired Dose /
Concentration on Hand) Volume = (250 mg / 100 mg/mL) = 2.5 mL. It's crucial to read the
reconstitution instructions carefully and re-calculate the concentration immediately after mixing.

Pediatric and Geriatric Dosing

Calculating dosages for pediatric and geriatric patients often requires special consideration.
Pediatric doses are frequently based on weight (mg/kg) or body surface area (mg/m?2), necessitating
accurate patient weight measurements and conversions. Geriatric patients may have altered
metabolism and excretion, requiring careful dose adjustments based on renal or hepatic function,
and a higher susceptibility to adverse drug reactions.

For pediatric weight-based dosing, if a child weighs 44 Ibs, and the ordered dose is 15 mg/kg, the
nurse first converts the weight to kilograms: 44 lbs / 2.2 lbs/kg = 20 kg. Then, the total daily dose is



calculated: 20 kg 15 mg/kg = 300 mg. This daily dose might then be divided into multiple
administrations throughout the day. Always confirm the safe dose range for the medication in the
pediatric population, as off-label dosing can be dangerous.

Strategies for Ensuring Accuracy and Confidence

Mastering medication math is an ongoing process that requires diligence, critical thinking, and a
commitment to accuracy. Nurses should employ multiple strategies to build confidence and minimize
the risk of errors. These strategies extend beyond simply performing calculations and encompass
critical thinking, verification processes, and continuous learning.

Developing a systematic approach to every calculation is key. This involves understanding the
problem, identifying the necessary information, selecting the appropriate formula, performing the
calculation, and then verifying the result. Employing a "doubling check" process and staying calm
and focused are also invaluable techniques that can prevent simple mistakes from becoming serious
medication errors.

The "Doubling Check" and Verification

The "doubling check" is a practice where two qualified healthcare professionals independently
calculate the dosage for a medication. While this is standard practice for many high-alert
medications, nurses can also implement a self-doubling check. This means performing the
calculation once, then re-calculating it using a different method or by starting the calculation from
scratch. If both calculations yield the same result, it significantly increases confidence in the
accuracy of the dose. This is especially important when administering potent medications or to
vulnerable patient populations.

Beyond re-calculating, nurses should always perform a "reasonableness check." Does the calculated
dose make sense in the context of the patient and the medication? For example, if a nurse calculates
that a patient needs to receive 100 tablets of a common pain reliever, something is likely wrong.
This critical thinking step helps catch errors that mathematical formulas alone might miss. Always
cross-reference the calculated dose with the patient's chart, the medication administration record
(MAR), and the available medication packaging.

Utilizing Available Resources

Nurses should never hesitate to use available resources when unsure about a calculation. This
includes consulting with colleagues, such as more experienced nurses, pharmacists, or supervisors.
Many healthcare facilities provide medication calculation worksheets or online tools that can aid in
complex calculations. Reference books and reliable online medical calculators can also be valuable
tools, but it's important to ensure they are from reputable sources and that the nurse understands
the inputs and outputs.

Pharmacists are invaluable resources for medication-related questions, including dosage
calculations. They possess a deep understanding of pharmacology and can assist in clarifying



complex orders or confirming calculated dosages. Don't let pride prevent you from seeking help;
patient safety is always the priority, and utilizing available expertise is a sign of professionalism, not
weakness.

Practice, Practice, Practice

Like any skill, proficiency in medication math is best achieved through consistent practice. Many
nursing schools provide practice problems, and numerous online resources offer medication math
quizzes and exercises. Regularly working through these problems, especially those related to areas
where a nurse feels less confident, will reinforce understanding and improve calculation speed and
accuracy. Simulation labs in educational settings also provide a safe environment to practice these
skills.

Consider creating flashcards with common medication equivalencies and formulas. Dedicate a few
minutes each day to review these or to work through practice scenarios. The more familiar you are
with the types of problems you'll encounter, the more automatic the calculation process becomes,
allowing for greater focus on the patient.

Advanced Concepts in Medication Calculations

While basic dosage calculations are fundamental, nurses may encounter more complex scenarios
that require a deeper understanding of pharmacokinetic principles and specialized calculations.
These advanced concepts often arise when dealing with critical care medications, chemotherapy, or
in specialized nursing roles. Being prepared for these situations demonstrates a higher level of
expertise and commitment to patient safety.

These advanced calculations often involve multiple variables and require careful attention to detail,
as even small errors can have profound impacts. Understanding the physiological factors that
influence drug distribution and metabolism is crucial for correctly interpreting and implementing
orders for these complex medications.

Chemotherapy Dosing

Chemotherapy dosing is a highly specialized area of medication math where precision is paramount
due to the potent and often toxic nature of these drugs. Doses are almost always calculated based on
the patient's body surface area (BSA), which is determined using a nomogram or a specific formula
that takes into account the patient's height and weight. The calculation requires careful unit
conversions and accurate use of BSA values.

For example, if a chemotherapy drug is ordered at 100 mg/m?, and the patient's calculated BSA is
1.75 m?, the dose to be administered would be 100 mg/m? 1.75 m? = 175 mg. This total dose might
then be further divided for infusion over a specific period or administered in a specific volume of
diluent. Nurses administering chemotherapy must be rigorously trained and adhere strictly to
institutional protocols and physician orders.



Critical Care Infusions

Critical care settings frequently involve the administration of vasoactive drugs, sedatives, and
paralytics via continuous intravenous infusion. These medications are often titrated based on the
patient's physiological response, meaning the infusion rate needs to be adjusted frequently.
Calculating the initial infusion rate and subsequent adjustments requires precise medication math,
often involving complex concentration calculations and unit conversions.

A common scenario involves titrating a drip based on a patient's blood pressure. If a doctor orders
norepinephrine to be infused at 2 mcg/min, and the available concentration is 4 mg in 250 mL, the
nurse must first convert the ordered dose to milligrams (2 mcg = 0.002 mg) and then calculate the
infusion rate in mL/hour. Using dimensional analysis: (0.002 mg / 1 min) (250 mL /4 mg) (60 min /1
hour) = 75 mL/hour. These calculations require a high degree of accuracy and constant monitoring
of the patient's response.

Heparin and Insulin Infusions

Heparin and insulin infusions are also common in critical care and require meticulous calculation.
Heparin is often ordered in units per kilogram per hour, and insulin is often ordered in units per
hour. Both medications are typically supplied in pre-mixed solutions, but the concentration can vary,
and nurses must be able to calculate the correct infusion rate in mL/hour based on the order and the
concentration.

For example, if a physician orders 5000 units of heparin to infuse over 24 hours, and the pharmacy
supplies it as 25,000 units in 500 mL, the nurse would calculate the rate: (5000 units / 24 hours) =
208.33 units/hour. Then, using the concentration: (208.33 units/hour) (500 mL / 25,000 units) = 4.17
mL/hour. Again, this highlights the importance of accurate calculations for life-sustaining infusions.

The Impact of Technology on Medication Math

Technology has significantly impacted how medication math is performed in healthcare settings.
Automated dispensing cabinets, barcode scanning systems, and sophisticated infusion pumps have
introduced new layers of safety and efficiency. However, it's crucial to remember that technology is
a tool, and the underlying mathematical principles remain essential for nurses to understand.

While technology can help reduce manual calculation errors, it does not eliminate the need for
nurses to possess strong medication math skills. Nurses must still be able to verify the accuracy of
the information provided by technology and to perform calculations independently when necessary.
Understanding how these systems work and their limitations is part of being a competent healthcare
professional.

Smart Pumps and Barcode Scanning

Modern infusion pumps, often referred to as "smart pumps," have built-in drug libraries that guide
nurses in setting appropriate infusion rates and dosages. These pumps can flag potential errors,



such as a dose falling outside the programmed safe range. Similarly, barcode scanning systems help
ensure that the right patient receives the right medication by verifying the drug, dose, and patient
identity against the electronic health record.

These technologies significantly enhance patient safety by providing an additional layer of checks
and balances. They can alert nurses to potential discrepancies, reducing the likelihood of manual
calculation errors reaching the patient. However, the algorithms and databases within these systems
are programmed by humans, and understanding the underlying math allows nurses to critically
evaluate the system's output and intervene if discrepancies arise.

Electronic Health Records (EHRs) and CPOE

Computerized Provider Order Entry (CPOE) systems within Electronic Health Records (EHRs) allow
physicians to enter medication orders directly into the system, often with built-in dose checking
mechanisms. This digital process can reduce transcription errors that were common with
handwritten orders. EHRs can also automatically calculate certain dosages based on patient
parameters and drug information.

However, nurses are still responsible for interpreting these orders and administering the
medication. They must understand how the EHR presents dosage information, especially when
dealing with weight-based or BSA-based calculations. The ability to perform manual calculations
provides a critical backup and allows nurses to verify the accuracy of the EHR's recommendations,
ensuring that the patient receives the correct treatment.

Limitations and the Nurse's Role

Despite the advancements in technology, nurses remain the final line of defense against medication
errors. Technology can fail, databases can have errors, and unique patient situations may not be
fully accounted for by automated systems. Therefore, a strong foundation in medication math is
indispensable. Nurses must be able to recognize when a technologically generated dose or infusion
rate seems incorrect and have the skills to verify it manually.

The nurse's critical thinking and clinical judgment are paramount. Technology assists, but it does
not replace the nurse's responsibility to ensure patient safety. Understanding the principles of
medication math empowers nurses to use these technological tools effectively, to troubleshoot
problems, and to advocate for their patients when necessary. It ensures that technology is a helpful
aid rather than a blind reliance.

Continuing Education and Skill Maintenance

Medication math is not a static skill; it requires continuous learning and practice to maintain
proficiency. The healthcare landscape is constantly evolving, with new medications, updated
guidelines, and technological advancements. To ensure ongoing competence and patient safety,
nurses must commit to continuous education and skill maintenance in medication math.



Regularly refreshing these skills through in-service training, continuing education units (CEUs), and
self-study is crucial. This proactive approach helps nurses stay sharp, adapt to changes, and
consistently provide the highest level of care. It also builds confidence, knowing that they are
equipped to handle any medication calculation challenge that comes their way.

In-Service Training and Workshops

Many healthcare facilities offer regular in-service training sessions and workshops focused on
medication math. These sessions are invaluable for nurses to review fundamental principles, learn
about new calculation methods or technologies, and practice complex scenarios in a supportive
environment. These trainings often address common errors or areas of difficulty identified within the
institution.

Attending these sessions actively, asking questions, and participating in practice exercises can
significantly boost a nurse's confidence and competence. It's also an excellent opportunity to
network with colleagues and learn from their experiences and approaches to medication math
challenges. Staying up-to-date with facility-specific protocols and best practices related to
medication administration is also a key benefit.

Online Resources and Self-Study

The internet provides a wealth of resources for nurses looking to enhance their medication math
skills. Numerous websites offer free practice quizzes, tutorials, and even simulated medication
calculation exercises. These resources are flexible and allow nurses to study at their own pace and
focus on areas where they need the most improvement. Engaging with these materials regularly can
help reinforce learning and keep skills sharp.

Creating a personalized study plan that includes reviewing formulas, working through practice
problems, and researching specific medication calculation challenges can be highly effective.
Keeping a journal of difficult calculations or concepts can also serve as a valuable personal reference
guide for future review. Self-study empowers nurses to take ownership of their professional
development.

Staying Current with Pharmacology

As new medications are introduced and existing ones are used in novel ways, the complexity of
medication math can increase. Understanding the pharmacokinetics and pharmacodynamics of these
drugs, as well as their typical dosages and administration routes, is crucial. Staying current with
pharmacology through professional journals, conferences, and continuing education courses related
to specific drug classes will directly support accurate medication calculations.

For instance, the emergence of new insulin formulations or complex antibiotic regimens might
require nurses to recalculate dosages or infusion rates based on updated guidelines. A thorough
understanding of the drug itself, beyond just the numbers, allows for a more comprehensive
approach to medication safety and efficacy. This holistic view ensures that medication math is
integrated into the broader context of patient care.



FAQ Section

Q: What are the most common types of medication math
calculations nurses perform daily?

A: Nurses commonly perform oral dosage calculations (determining tablets or liquid volumes),
intravenous (IV) calculations (setting drip rates or infusion pump rates), and calculations for
reconstitution of powdered medications. They also frequently calculate doses based on patient
weight, especially for pediatric patients.

Q: Why is understanding units of measurement so critical in
medication math?

A: Medication orders and available drug preparations may use different units of measurement (e.g.,
milligrams, grams, milliliters, ounces). Accurate conversion between these units is essential to
ensure the correct dosage is administered, preventing under- or overdosing.

Q: Can technology, like smart pumps, completely replace the
need for manual medication math skills?

A: No, technology is a vital safety tool but does not replace manual skills. Nurses must understand
the underlying math to verify the accuracy of technology, troubleshoot errors, and handle situations
where technology may not be available or applicable.

Q: What is the "doubling check" in medication math, and why
is it important?

A: The "doubling check" involves having a second qualified healthcare professional independently
calculate the same medication dosage. If both calculations match, it greatly increases confidence in
the accuracy. Nurses can also perform a self-doubling check by recalculating using a different
method.

Q: How do nurses calculate chemotherapy dosages?

A: Chemotherapy dosages are typically calculated based on the patient's Body Surface Area (BSA),
which is determined using height and weight. The ordered dose is usually in mg/m?, and nurses
multiply this by the patient's BSA to determine the total dose to administer.

Q: What are the key differences in medication math for
pediatric versus adult patients?

A: Pediatric dosages are often weight-based (mg/kg) or sometimes based on Body Surface Area
(BSA), requiring careful weight conversions. Adult dosages are more standardized but can still



require adjustments for age, organ function, and specific medical conditions.

Q: What is reconstitution, and why is it important for
medication math?

A: Reconstitution is the process of adding a diluent to a powdered medication to create a liquid
solution. It's crucial for medication math because it changes the concentration of the medication,
requiring nurses to calculate the new strength (e.g., mg/mL) before determining the dose to
administer.

Q: How can nurses best maintain and improve their
medication math skills over time?

A: Continuous practice through online resources, workshops, in-service training, and self-study is
vital. Staying current with pharmacology, understanding new drug formulations, and consistently
applying a systematic approach to calculations will ensure ongoing proficiency.
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