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For every nurse who ever wondered

why the researchers keep talking about p-values.

Now you know.



Preface

Statistics lives in every nursing action. The chart documenting a patient’s vital signs every
four hours is a time series. The hospital’s infection rate is a proportion. The decision to
change a treatment protocol based on a published study is applied hypothesis testing. The
confidence interval in a clinical trial abstract is directly telling you how much uncertainty
remains after the study was done.

This textbook was written because nursing students deserve a statistics course that meets
them where they are: intelligent professionals with demanding clinical training who need
statistics to make better decisions for patients, not to pass an abstract mathematics require-
ment.

Every example in this book involves patients, clinical outcomes, hospital data, or nursing
practice. Every definition is followed by a clinical application. Every concept builds to-
ward the final chapter, which asks: can you read a research article and judge whether its
conclusions deserve to change what you do at the bedside?

How this book is organized.
Each section follows the same six-step rhythm:

1. Read This First — a clinical scenario that creates the problem

2. Let’s Talk About It — intuition before formalism

3. Now We Name It — definitions, notation, and formulas

4. Watch It Work — a fully worked clinical example

5. Your Turn — practice problems with clinical context

6. Think Like a Nurse — interpretive close, connecting statistics to practice

Technology.

This course uses Desmos Scientific Calculator (desmos.com/scientific) for all probability

t
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and statistical computations. Desmos is free, runs in any browser, and is permitted on all
assessments. Appendix A provides a complete reference guide to all Desmos commands
used in this course. Excel alternatives are included throughout for students who prefer a
spreadsheet environment.

A note on examples.

All patient scenarios, hospital names, study results, and clinical data in this book are entirely
fictional. They were designed to be realistic and instructive, not to describe actual cases or
institutions. When real statistical benchmarks are referenced (such as infection rate targets
or NCLEX pass rates), these reflect general clinical knowledge at the time of writing.

Statistics will not make you a better nurse by itself. But knowing statistics will help you
recognize a good study from a bad one, question a protocol that was never properly tested,
and advocate for your patients with evidence. That is worth the work.

— Safaa Dabagh
Los Angeles, 2026
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CHAPTER 1

The Story Behind the Numbers

“Data 1s not numbers. Data is people.”

— a principle worth remembering every time you open a chart

In this chapter, you will learn to:

e Explain what statistics is and why it matters in nursing practice

Distinguish between a population and a sample

Tell the difference between descriptive and inferential statistics

Classify variables as qualitative or quantitative, discrete or continuous

Identify the four levels of measurement: nominal, ordinal, interval, and ratio

1.1 What Is Statistics and Why Should a Nurse Care?

Step 1 Read This First

You are three months into your first job as a floor nurse at a large urban hospital.
During a morning huddle, your charge nurse says:

“The hospital just published its quarterly report. Our unit’s average patient satisfaction
score dropped from 84% to 79%. Administration wants to meet with us next week.”

Later that shift, a colleague hands you a printed study from a nursing journal:

“A randomized trial of 412 patients found that hourly rounding reduced call light usage
by 38% (p < 0.001).”

By lunch, you have read three more numbers: a patient’s sodium level of 148 mEq/L,
a blood pressure of 142/88 mmHg, and a 30-day readmission rate of 12.4% for patients




Statistics in the Fye of a Nurse

discharged from your unit last quarter.

Every one of those numbers is a statistical claim. Someone collected data, organized
it, summarized it, and presented it as a fact that should influence a decision. Your job
as a nurse is not just to receive those numbers — it is to understand them, question
them, and act on them wisely.

That is what this course is about.

r
.

Step 2 Let’s Talk About It

Before we define anything formally, think about the numbers from the scenario above.

When the charge nurse said satisfaction dropped from 84% to 79%, did that feel signif-
icant to you? What would you want to know before deciding whether to be worried?

When the journal article said hourly rounding reduced call light usage by 38%, did
that convince you? What questions came to mind?

You already have statistical instincts. You already know that a single number rarely
tells the whole story. You already suspect that who was measured, how many were
measured, and under what conditions all matter.

Statistics gives precise language and reliable tools to those instincts. This course takes
what you already do intuitively and makes it rigorous.

Step 3 Now We Name It

Definition: Statistics

Statistics is the science of collecting, organizing, summarizing, and analyzing
information to draw conclusions or answer questions. When the information is
numerical, we call it data.

Definition: Two Branches of Statistics

Descriptive statistics organizes and summarizes data that have already been
collected. It describes what was observed.

Inferential statistics uses data from a sample to draw conclusions about a
larger population. It goes beyond the data in hand to make predictions or gen-
eralizations.
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Definition: Population and Sample

A population is the entire group of individuals or objects we want to study.

A sample is a subset of the population — the group we actually observe and
measure.

In most real-world studies, we cannot observe the entire population. We study a
sample and use what we learn to draw conclusions about the whole group.

Definition: Parameters and Statistics

A parameter is a numerical summary that describes a population. Parameters
are usually unknown and are what we are trying to estimate.

A statistic is a numerical summary computed from a sample. Statistics are known
from our data and are used to estimate parameters.

Memory tip: Population — Parameter. Sample — Statistic.

(
\
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Step 4  Watch It Work

Clinical Scenario: A hospital quality team wants to know the average wait time (in
minutes) from triage to first nurse contact in the emergency department. They review
the records of all 847 ED visits during February and find an average wait time of 23
minutes.

Meanwhile, a researcher studying the same question surveys a random sample of 60
patients from across the country and finds an average wait time of 31 minutes in that
sample.

Classify each number and statement below.

Statement Classification

The hospital reviewed all 847 February ED visits. Population
The 847 visits produced an average wait of 23 min- Parameter

utes.

The researcher’s 60 patients are a subset of all pa- Sample
tients.

The 31-minute average comes from those 60 pa- Statistic
tients.

“The average ED wait time in our hospital in Descriptive statistics
February was 23 minutes.”

“Based on our sample, we estimate the national av- Inferential statistics
erage ED wait time is approximately 31 minutes.”

Key observation: The hospital’s statement is purely descriptive — it is reporting
what actually happened in their own records. The researcher’s statement is inferential
— she is using 60 patients to say something about all patients, not just those 60.

Step 5 Your Turn

For each statement below, identify: (a) whether the group described is a population or
a sample, and (b) whether the statement uses descriptive or inferential statistics.
1. A charge nurse surveys all 18 nurses on her floor and finds that 14 of them prefer
12-hour shifts. She reports: “78% of nurses on our floor prefer 12-hour shifts.”

2. A researcher collects data from 200 randomly selected ICU patients across five
hospitals and concludes: “ICU patients nationwide spend an average of 4.3 days
on mechanical ventilation.”

3. A hospital reviews the complete records of its 1,200 patients discharged last year
and reports a 30-day readmission rate of 11.2%.
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4. A public health researcher surveys 500 nurses in California and reports: “We
estimate that approximately 68% of nurses in the United States have experienced
burnout in the past year.”

5. A nurse manager pulls all shift reports from the past month and summarizes:
“On average, our unit administered 14.7 medications per patient per shift.”

ot
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Step 6 Think Like a Nurse

A hospital administrator walks into your unit meeting and announces: “A new study
found that nurses who use a structured handoff protocol make 22% fewer medication
errors.” She concludes the meeting by saying that your unit will adopt the new protocol
starting next week.

Before the meeting ends, what statistical questions would a thoughtful nurse raise?

Consider: Where did the 22% come from? Was it a population or a sample? How
large was the sample? Was the sample similar to your patient population? Is 22% a
descriptive number (from the study’s own nurses) or an inferential claim (applied to
all nurses everywhere)?

These are not nitpicky questions. They are exactly the questions that determine
whether a policy change is supported by solid evidence or by a number that sounds
impressive but may not apply to your situation.

Statistics is not about being skeptical of everything. It is about knowing which questions
to ask.
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1.2 What Kind of Data Are We Working With?

Step 1 Read This First

You are preparing for a research summary assignment and pull up a dataset from a
nursing outcomes study. The spreadsheet has the following columns:

Patient ID Unit Age Pain Score Temp (°F)
001 ICU 67 7 101.2

002 Med/Surg 43 3 98.6

003 ICU 71 9 102.4

004 Oncology 58 5 99.1

005 Med/Surg 29 2 98.2

Before you can analyze any of this data, you need to know what type each variable is —
because the type of data determines which statistical tools are appropriate. Applying
the wrong tool to the wrong type of data is one of the most common errors in nursing
research.

Step 2 Let’s Talk About It

Look at the five columns above. Which ones feel like they are in a different category
from the others?

Patient ID and Unit seem different — they are labels or categories, not numbers you
would average. But Age, Pain Score, and Temperature feel like numbers you could add
up, find means for, and compare.

And yet, even among numbers, there are differences. The difference between a temper-
ature of 98.6°F and 101.2°F is a real, meaningful difference in degrees. But is a Pain
Score of 6 really twice as much pain as a Pain Score of 37 That is less clear.

These distinctions matter. Statistics has a careful vocabulary for them.
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Step 3 Now We Name It

Definition: Qualitative vs. Quantitative Variables

A qualitative variable (also called a categorical variable) classifies individuals
into groups or categories. These cannot be meaningfully added or averaged.

Examples: Blood type, nursing unit, insurance type, gender, shift assignment.

A quantitative variable is a numerical measurement where arithmetic operations
(addition, averaging) make sense.

Examples: Age, temperature, heart rate, length of stay, number of medications.

Definition: Discrete vs. Continuous Variables

Among quantitative variables:
A discrete variable takes on countable values — usually whole numbers with no
values possible in between.

Examples: Number of hospital admissions, number of medications administered,
number of patients on a unit.

A continuous variable can take on any value within a range — including deci-
mals. It is measured, not counted.

Examples: Blood pressure, temperature, weight, time (in hours or minutes).

Common Confusion: Is Pain Score Quantitative?

Pain scores (0-10) are technically ordinal — they rank pain levels, but the gap
between 3 and 4 is not guaranteed to equal the gap between 7 and 8. In practice,
healthcare researchers often treat them as quantitative for convenience. You will
encounter both approaches. When in doubt, report medians and ranges for pain
scores rather than means.

-
.
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Step 4  Watch It Work

Returning to our dataset:

Variable Qualitative or Quantitative? If Quantitative: Reasoning

Patient ID Qualitative — A label; arithmetic is meani
Unit Qualitative — Names a category

Age (years) Quantitative Discrete Counted in whole years
Pain Score Quantitative Discrete Counted values 0-10
Temperature (°F) Quantitative Continuous Measured; 986, 98.61, etc. :

Why this matters clinically: If you want to know the “average unit,” that question
does not make sense — Unit is qualitative. But you can absolutely compute the average
temperature or the average age of your patients.

Step 5 Your Turn

1.

o e B Y

—
=

Classify each variable as qualitative or quantitative. If quantitative, state whether
it is discrete or continuous.
Type of insurance coverage (Medicare, Medicaid, Private, Uninsured)

Number of falls reported on a unit during one month
Diastolic blood pressure reading (mmHg)

A nurse’s years of experience

A patient’s primary diagnosis (coded as ICD-10)
Number of IV lines currently in place

Body temperature recorded every four hours

Whether a patient was readmitted within 30 days (Yes / No)

Time (in minutes) between a patient pressing the call button and a nurse re-

sponding

Patient room number
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Step 6 Think Like a Nurse

When a Number Is Not What It Seems

A hospital administrator distributes a report showing that the average patient acuity
code on your unit last month was 2.8. The report uses this number to argue that your
unit has a “moderate” patient load and that staffing levels do not need to increase.

Before accepting this conclusion, a statistically aware nurse asks: what type of variable
is the acuity code, and is an average the right tool for summarizing it?

If acuity is coded 1 through 5 as a categorical label — with no guarantee that the
distance from 2 to 3 equals the distance from 3 to 4 — then computing a mean of 2.8 is
treating an ordinal (or even nominal) variable as if it were quantitative. The number
looks precise, but the precision is an illusion.

Better questions to bring to that meeting: How many patients were coded at Level
4 or 5 (the highest acuity)? What percentage of shifts had a majority of high-acuity
patients? A frequency breakdown tells a more honest story than a single average.

Classifying variables is not a formality. It is the first act of protection against mislead-
g data summaries.

10
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1.3 Levels of Measurement

Step 1 Read This First

You are reviewing patient records for a quality improvement project and come across
the following measurements:

e Room number: 204, 207, 211

e Satisfaction rating: Poor, Fair, Good, Excellent

e Temperature in Fahrenheit: 97.8, 98.6, 101.2
Length of stay in days: 0, 2, 4, 7
Someone on your team wants to compute averages and percentages for all four variables.
Before you can agree or push back, you need to understand what each number actually
means.

,
\

Step 2 Let’s Talk About It

Room numbers look like numbers, but can you say Room 211 is “better” or “larger” in
any meaningful sense? Can you say a patient in Room 211 waited 7 rooms longer than
a patient in Room 2047

Satisfaction ratings have a natural order (Excellent is better than Poor), but is the
distance between “Poor” and “Fair’ the same as the distance between “Good” and
“Excellent”?

Temperature in Fahrenheit has equal spacing between degrees, but does 0°F mean “no
temperature”?

Length of stay in days has equal spacing and a true zero (0 days really means the
patient was not admitted). That is the richest kind of data.

Statisticians classify measurement into four levels that capture these distinctions. The
level of measurement determines which statistical operations are legitimate.
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Step 3 Now We Name It
Definition: The Four Levels of Measurement

Nominal level: Data that are labels or names for categories. There is no natural
order. Arithmetic operations are meaningless.

Ezamples: Blood type (A, B, AB, O), nursing unit (ICU, Med/Surg, Oncology),
patient room number, insurance type.

Ordinal level: Data with a natural order, but the distances between categories
are not uniform or meaningful.

Ezamples: Pain scale (mild, moderate, severe), satisfaction rating (Poor/Fair/-
Good/Excellent), stage of cancer (Stage I, 11, III, 1V).

Interval level: Data with equal spacing between values, but no true zero point.
A value of zero does not mean “none.”

Ezxamples: Temperature in Fahrenheit or Celsius (0°F does not mean no heat),
calendar year (Year 0 does not mean no time).

Ratio level: Data with equal spacing between values and a true zero that means
“none of the quantity.” This is the most informative level.

Ezamples: Weight in pounds (0 Ib = no weight), length of stay in days (0 days =
not admitted), heart rate, medication dose in mg.

The Rule for Ratios

You can only make ratio statements (“twice as much,” “three times as long”) with
ratio-level data. A patient with a heart rate of 120 bpm genuinely has twice the
rate of a patient at 60 bpm. But you cannot say that 80°F is “twice as hot” as
40°F — temperature in Fahrenheit is interval, not ratio. (Temperature in Kelvin,
with a true absolute zero, is ratio.)
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Step 4  Watch It Work

Apply the four levels to common nursing data:

Variable Level Why?

Patient room number Nominal Labels; Room 210 is not “more”
than Room 108

Primary diagnosis (ICD-10 Nominal Category labels; no meaningful

code) order

Pain severity (mild/mod/- Ordinal Ordered, but gaps between levels

severe) are unequal

APGAR score (0-10) Ordinal Ranked, but equal spacing is not
guaranteed

Temperature in Fahrenheit Interval Equal spacing, but 0°F # no tem-
perature

Temperature in Kelvin Ratio True zero exists (absolute zero =
no heat)

Heart rate (bpm) Ratio 0 bpm = no heartbeat (true zero)

Length of stay (days) Ratio 0 days = not admitted (true zero)

Weight (kg) Ratio 0 kg = no weight (true zero)

A diagnostic test example:

A clinical researcher codes patients’ test results as: 1 = Negative, 2 = Inconclusive, 3
= Positive. A colleague suggests computing the mean of these codes and reporting it
as the “average result.”

Is this valid? No. The codes 1, 2, 3 are nominal labels even though they look
like numbers. Computing a mean of 1.8 and calling it “average result” is statistically
meaningless. The researcher should report counts and percentages instead.

Step 5 Your Turn

Identify the level of measurement for each variable. Be prepared to explain your rea-
soning.
1. A nurse records whether each patient’s wound is: Healing Well, Stable, or Dete-
riorating.

2. The number of milligrams of morphine administered to a patient.
3. A patient’s Social Security Number (used for identification purposes).

4. The Likert scale response to “How satisfied are you with your care?” (1 = Very
Dissatisfied, 5 = Very Satisfied).

5. A patient’s weight in kilograms.

13
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6. The year a nurse graduated from nursing school.

7. A hospital assigns each nursing unit a numerical priority code (1 = highest pri-
ority, 5 = lowest) for equipment upgrades.

8. Time (in hours) from symptom onset to antibiotic administration in sepsis pa-
tients.

9. A researcher categorizes patients’ insurance as: 1 = Private, 2 = Medicare, 3 =
Medicaid, 4 = Uninsured.

Challenge problem:

10. A hospital rates nurses’ clinical competency on a scale of 1 to 5, where 1 = Novice,
3 = Competent, and 5 = Expert. A manager computes the mean score for all
nurses on her unit and gets 3.4. She concludes that the “average nurse is between
Competent and Proficient.”

What level of measurement is this scale? Is the manager’s conclusion statistically
appropriate? What would be a better way to summarize the data?

14
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Step 6 Think Like a Nurse

The Coding Problem in Clinical Research
You are reading a published nursing study. In the methods section, the researchers
write: “We coded patient acuity as 1 = Low, 2 = Moderate, 3 = High, and then
computed the mean acuity score for each unit.”

Before accepting the study’s conclusions, ask: What level of measurement is acuity? Is
“mean acuity” a meaningful statistic?

The honest answer is that acuity coded this way is ordinal. The mean of ordinal data
can be misleading because it assumes equal spacing between categories — it assumes
that the difference between Low and Moderate is identical to the difference between
Moderate and High. That assumption is often untested and often wrong.

You will find this practice everywhere in healthcare research. It is not always wrong,
but it is always worth noticing. A nurse who can spot this is a more critical reader of
evidence.
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1.4 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 1. Problems marked with x are
more challenging.

Part A: Population, Sample, Parameter, Statistic
1. A hospital reviews the blood pressure readings of all 312 patients admitted during
the month of March and calculates an average systolic pressure of 128 mmHg.
(a) Is the group of 312 patients a population or a sample?
(b) Is 128 mmHg a parameter or a statistic?
(c) Is this descriptive or inferential statistics? Explain.

2. A researcher studying nurse burnout randomly selects 180 nurses from hospitals
across three states. She finds that 62% of her respondents report feeling emo-
tionally exhausted at least once a week. She concludes that burnout is prevalent
among nurses nationwide.

(a) What is the population of interest?

(b) What is the sample?

(c) Is the 62% figure a parameter or a statistic?
(d) Is this descriptive or inferential statistics?

3. x A nursing school has 840 enrolled students. The dean surveys a randomly
selected group of 120 students and finds that 74% are satisfied with the clinical
placement process. She then reports to the board that “about three-quarters of
our students are satisfied with clinical placements.”

(a) Identify the population and the sample.

(b) The 74% from the survey — is this a parameter or a statistic?

(¢c) What is the dean implicitly claiming about the population parameter?

)

(d) Is there any risk in this inference? What would make the inference more
reliable?

Part B: Variable Classification
4. Classify each variable as qualitative or quantitative. If quantitative, state discrete
or continuous.
(a) Shift type (Day, Evening, Night)

) Number of patients a nurse cares for in a single shift
(c) Oxygen saturation (SpO; as a percentage)
)

Whether a patient was discharged home, to a facility, or against medical
advice

(e) Serum creatinine level (mg/dL)

(f) Number of pressure injuries reported per month on a unit

16
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(g) A nurse’s annual salary in dollars

(h) The method used to administer medication (oral, IV, subcutaneous, intra-
muscular)

5. x A hospital tracks “patient acuity” using a five-point scale where nurses rate each
patient from 1 (requires minimal care) to 5 (requires constant monitoring).
(a) Is this variable qualitative or quantitative?
(b) Is it discrete or continuous?
(c) What level of measurement does this scale represent?
(d) A unit manager computes the average acuity score and finds it is 3.2. What
are the limitations of this summary statistic for this type of variable?

Part C: Levels of Measurement

6. Identify the level of measurement. Justify your answer in one sentence.
(a) A patient’s ABO blood type (A, B, AB, O)

(b) Number of hours a patient slept the previous night

(¢) A nurse’s shift satisfaction rated 1-5 (Strongly Dissatisfied to Strongly Sat-
isfied)

(d) Systolic blood pressure in mmHg
(e) The temperature at which a medication must be stored (in degrees Celsius)
(f) A hospital’s Star Rating (1 to 5 stars) from CMS

The zip code of a patient’s home address

—

)
)
)
()
(h) Time in hours from admission to first physician assessment
7. x A quality improvement coordinator assigns numerical codes to patient discharge
destinations: 1 = Home, 2 = Skilled Nursing Facility, 3 = Rehabilitation Center,
4 = Hospice, 5 = Deceased.
(a) What level of measurement is this coding system?
(b) A data analyst computes the mean discharge destination code and gets 2.3.
Interpret this number. Is it meaningful?
(¢) What would be the appropriate way to summarize this data?
(d) Suppose the coordinator wants to know whether discharge destination is

related to length of stay. What concerns should she raise about using this
coded variable in a statistical analysis?

8. x Research Application: Read the following excerpt from a hypothetical study:

“We surveyed 95 nurses about their confidence level with electronic health record
(EHR) documentation. Responses were coded as: 1 = Not Confident, 2 = Some-
what Confident, 3 = Confident, 4 = Very Confident. The mean confidence score
was 2.87 (SD = 0.91).”

(a) What level of measurement is the confidence scale?

17
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(b) What assumption must be true for the mean to be a meaningful summary
of this data?

(c) If you were reviewing this study for a journal, what statistical concern would
you raise?

(d) Suggest an alternative way to summarize the responses that does not require
the assumption you identified in (b).
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Answer Key — Selected Problems

Section 1.1 Practice — Your Turn
1. (a) Population (all 18 nurses on the floor). (b) Descriptive — reporting what was
observed among those nurses.

2. (a) Sample (200 ICU patients from five hospitals, not all ICU patients). (b)
Inferential — using the sample to draw conclusions about ICU patients nationwide.

3. (a) Population (all 1,200 discharged patients). (b) Descriptive — reporting what
was observed in the complete records.

4. (a) Sample (500 California nurses). (b) Inferential — using California nurses to
estimate a national figure.

5. (a) Population (all shift reports from the past month). (b) Descriptive — summa-
rizing observed records.

Section 1.2 Practice — Your Turn
1. Qualitative (categories of coverage)

Quantitative, discrete (counted in whole numbers)
Quantitative, continuous (measured; decimals are possible)
Quantitative, discrete (whole years; can also argue continuous)
Qualitative (codes are category labels)

Quantitative, discrete (whole number count)

Quantitative, continuous (measured in degrees)

Qualitative (Yes/No categories)

© %2 >R LD

Quantitative, continuous (measured time; fractions of minutes are possible)

[y
o

. Qualitative (room numbers are labels, not meaningful quantities)

Section 1.3 Practice — Your Turn
1. Ordinal (ordered categories: Healing Well > Stable > Deteriorating, but spacing
is unequal)

2. Ratio (true zero exists: 0 mg = no medication administered)
3. Nominal (a label for identification; arithmetic is meaningless)

4. Ordinal (ordered 1-5, but equal spacing between satisfaction levels is not guaran-
teed)

5. Ratio (0 kg = no weight; true zero)
6. Interval (years are equally spaced, but Year 0 does not mean “no time”)

7. Ordinal (the codes 1-5 represent ordered priority, but the gaps between levels need
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not be equal)
8. Ratio (0 hours = immediate administration; true zero)

9. Nominal (1, 2, 3, 4 are labels for insurance types; no meaningful order)
Problem 10 (Challenge): The scale is ordinal. The manager’s conclusion is not
statistically appropriate because ordinal data does not guarantee equal spacing between
levels (the jump from Novice to Competent may not equal the jump from Competent
to Expert). A better summary would be to report the median or the frequency
distribution (e.g., “40% of nurses scored Competent or higher”).

Chapter Practice — Selected

Problem 1: (a) Population — all 312 admitted patients were reviewed. (b) Parameter
— computed from the entire population. (c) Descriptive — no generalization beyond
those 312 patients.

Problem 2: (a) All nurses nationwide. (b) The 180 randomly selected nurses. (c)
Statistic — from the sample only. (d) Inferential — using 180 nurses to make a claim
about all nurses.

Problem 4e: Quantitative, continuous. Creatinine is measured and can take non-
integer values.

Problem 7b (Challenge): The mean of 2.3 is not meaningful because the codes
(1-5) represent nominal categories with no natural ordering. The number 2.3 cannot
be interpreted as a destination between “Skilled Nursing Facility” and “Rehabilitation
Center.” The appropriate summary is a frequency table or bar chart showing how many
patients fell into each category.
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Section 1.1 — What Is Statistics?
e Statistics is the science of collecting, organizing, summarizing, and analyzing
data to answer questions.

e Descriptive statistics summarizes observed data. Inferential statistics uses
sample data to draw conclusions about a population.

e A population is the entire group of interest. A sample is the subset we actually
observe.

e A parameter describes a population. A statistic describes a sample.
e Memory rule: Population — Parameter. Sample — Statistic.
Section 1.2 — Types of Variables
e Qualitative variables classify into categories (blood type, unit, insurance type).

e Quantitative variables are numerical measurements where arithmetic makes
sense.

e Quantitative variables are either discrete (counted: number of medications) or
continuous (measured: temperature, weight).
Section 1.3 — Levels of Measurement
e Nominal: categories, no order (blood type, room number)
e Ordinal: ordered categories, unequal spacing (pain severity, satisfaction ratings)
e Interval: equal spacing, no true zero (temperature in °F, calendar year)
e Ratio: equal spacing + true zero (weight, length of stay, heart rate)

e Only ratio-level data supports statements like “twice as much” or “three times as
long.”

e The level of measurement determines which statistical tools are appropriate.

The Nursing Connection
e Every chart, research article, and quality report you read contains statistical
claims.
e Knowing whether a number describes a population or a sample — and whether the
right statistical tools were applied — is a professional competency, not optional
background knowledge.




CHAPTER 2

How We Know What We Know: Study
Design

“A conclusion is only as trustworthy as the study behind it.”

a standard every nurse should apply before changing practice

In this chapter, you will learn to:

e Distinguish between observational studies and experiments

e Explain why only experiments can establish cause and effect

Identify confounding variables and explain why they matter

e Recognize the three main experimental designs: completely randomized, randomized
block, and matched pairs

Explain the purpose of control groups, placebos, and blinding

Critically evaluate study design in nursing research

2.1 Observational Studies vs. Experiments

Step 1 Read This First

Your unit has been piloting a new early mobility protocol for post-surgical patients.
After three months, the charge nurse reports that patients on the protocol had an
average length of stay of 3.8 days, compared to 5.1 days for patients on the standard
protocol.

Before the hospital rolls out the protocol system-wide, a skeptical physician asks: “Were
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the patients in each group similar? Could the difference in stay be explained by some-
thing other than the protocol?”

Meanwhile, you are reading a nursing journal and find two studies on the same topic
— nurse-to-patient ratios and medication error rates:

Study A: Researchers surveyed 40 hospitals and found that units with lower nurse-
to-patient ratios had higher medication error rates.

Study B: Researchers randomly assigned 20 units to temporarily reduce their staffing
ratios and 20 units to maintain current levels. Units with reduced ratios showed a 31%
increase in errors.

Both studies found a relationship. But only one of them can tell you that the ratio
caused the errors. Which one — and why?

Step 2 Let’s Talk About It

Think about what is different between the two studies.

In Study A, the researchers simply looked at hospitals that already had different staffing
levels. They did not change anything. The hospitals chose their own ratios for their
own reasons — budget, union contracts, patient census, administrator preferences. The
patients at low-ratio hospitals may have been sicker, older, or more complex. Any of
those factors could explain the higher error rates.

In Study B, the researchers randomly decided which units got the reduced ratio. The
random assignment means that, on average, the two groups of units started out similar
in every way — patient complexity, nurse experience, unit culture. The only systematic
difference between the groups was the ratio change. So if errors went up, the ratio is
the most likely explanation.

This distinction — between watching and intervening — is the most important idea in
research design. It determines whether a study can answer the question “Does X cause
Y?” or only “Are X and Y related?”
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Step 3 Now We Name It
Definition: Observational Study

In an observational study, the researcher observes and records data without in-
tervening. No treatment is imposed. The researcher does not attempt to influence
the subjects or change any conditions.

Examples: Surveying nurses about burnout levels; reviewing hospital records to
compare infection rates across units; tracking patient outcomes without changing
any care protocols.

Definition: Experiment

In an experiment, the researcher deliberately imposes a treatment on subjects
and observes the effect. The researcher actively intervenes to change something.

Examples: Randomly assigning patients to receive a new wound care protocol or the
standard protocol; testing whether a hydration reminder system reduces catheter-
associated infections.

. .

Definition: The Key Principle

Only experiments can establish cause and effect.

Observational studies can show that two variables are associated — that they
tend to occur together — but association is not causation. The apparent relation-
ship may be explained by a third variable that was not measured or controlled.

Definition: Confounding Variable

A confounding variable (also called a lurking variable) is a variable that is
related to both the explanatory variable and the response variable, and that can
distort or explain away the apparent relationship between them.

Confounding: The Most Common Error in Nursing Research

Confounding is everywhere in healthcare research. Patients who choose to exercise
more are also more likely to follow other healthy behaviors. Hospitals with more
resources tend to have both better nurse staffing and better patient outcomes.
When you read a study that says “patients who did X had better outcomes,”
always ask: what else might be different about those patients?

24



CHAPTER 2. HOW WE KNOW WHAT WE KNOW: STUDY DESIGN

Step 4  Watch It Work

Classifying Studies and Identifying Confounders

Scenario 1: A hospital notices that nurses who work night shifts have higher rates of
self-reported medication errors. They conclude that night shifts cause more errors.

Classification: Observational study — no treatment was assigned.

Possible confounder: Night-shift nurses may care for sicker or more unstable pa-
tients. Fatigue, lower staffing ratios at night, and less experienced staff may all con-
tribute. The shift itself may not be the cause.

Scenario 2: A clinical researcher randomly assigns 60 post-operative patients to re-
ceive either standard pain management or a new multimodal approach. She measures
pain scores and opioid use at 24 and 48 hours post-surgery.

Classification: Experiment — the treatment (pain protocol) was imposed by the
researcher, and patients were randomly assigned.

Can it establish causation? Yes — because random assignment controls for con-
founders. Patients in both groups are, on average, similar in all other respects.

Diagram: Observational Study vs. Experiment

Observational Study Experiment

[ Population ] E Population ]

Y Y

Observe Random
(no intervention)
\L

Assignment

Y
{ Association
(

Control
Group

not causation) Caonp

} { Treatment

Causal
Conclusion

For each scenario, state: (a) whether it is an observational study or an experiment,
and (b) if observational, identify at least one possible confounding variable.
1. A research team reviews records from 500 hospitals and finds that hospitals with



Statistics in the FEye of a Nurse

Magnet nursing status have lower patient mortality rates than non-Magnet hos-
pitals.

2. A nurse researcher randomly assigns patients with chronic back pain to either a
structured stretching program or standard care, then compares pain scores after
8 weeks.

3. A hospital notices that patients who receive daily visits from a chaplain or coun-
selor have shorter average lengths of stay than those who do not.

4. A pharmaceutical company recruits 200 hypertensive patients and randomly as-
signs half to receive a new ACE inhibitor and half to receive a placebo. Blood
pressure is measured at 4, 8, and 12 weeks.

5. A public health researcher compares flu vaccination rates and flu hospitaliza-
tion rates across counties and finds a negative association: counties with higher
vaccination rates have fewer hospitalizations.

6. A hospital quality team compares fall rates before and after implementing a new
hourly rounding protocol on one unit, without a control unit for comparison.
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Step 6 Think Like a Nurse

Reading Research with a Critical Eye

A nursing journal publishes a study with the headline: “Nurses who practice mindful-
ness meditation report 40% less burnout.” The hospital’s wellness committee immedi-
ately proposes a mandatory mindfulness program for all staff.

Before you sign on, ask the design question: Was this an observational study or an
experiment?

If nurses chose to practice mindfulness, the study is observational. Nurses who seek
out mindfulness practices may already be more resilient, have more supportive home
environments, work on less stressful units, or have greater access to mental health
resources. The mindfulness is not the only difference between them and non-meditators.
The 40% figure may reflect self-selection, not the effect of meditation itself.

To establish that mindfulness causes reduced burnout, you would need an experi-
ment: randomly assign nurses to a mindfulness program or a control condition, measure
burnout before and after, and compare.

The design of a study determines what its findings can and cannot tell you. A nurse who
understands this is a far more effective advocate for evidence-based practice — and a
far more useful voice when hospital administration wants to implement something based
on weak evidence.
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2.2 The Structure of a Well-Designed Experiment

Step 1  Read This First

Your hospital is testing a new early ambulation protocol for patients recovering from
hip replacement surgery. The research team wants to know: does structured walking
within 12 hours of surgery reduce time to discharge compared to standard care?

They have 120 patients enrolled and ready to begin. Now they face a series of decisions:
e How do we divide patients into groups — and how do we make the groups com-
parable?

e Should some patients receive a placebo? Can you even have a placebo for a
walking protocol?

e Should the physical therapists assessing recovery know which protocol the patient
received?

e What if older patients respond differently than younger ones? Should we account
for that?

Each of these questions has a statistical answer. The answers together determine
whether the study will produce results you can trust.

Step 2 Let’s Talk About It

Think about the first question: how do you divide 120 patients into two groups?

If you let patients choose, some will pick the walking program (probably the more mo-
tivated ones) and some will choose standard care. Your groups will not be comparable.

If you assign the first 60 patients who enroll to the walking group and the next 60 to
standard care, you may accidentally put all the younger or healthier patients in one
group if they tend to schedule surgery at certain times.

The only way to guarantee that the groups are comparable — on average, in all the
ways that matter — is to assign patients randomly. Random assignment is not a
formality. It is the mechanism that allows you to attribute differences in outcomes to
the treatment rather than to pre-existing differences between the groups.
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Step 3 Now We Name It

Definition: Key Components of an Experiment

Experimental units (or subjects when human): the individuals being studied.

Treatment: the condition imposed on the experimental units. An experiment
may have one treatment or several.

Control group: a group that receives either no treatment, the standard treat-
ment, or a placebo. The control group provides a baseline for comparison.

Placebo: an inert or inactive treatment designed to look identical to the real
treatment. Used to separate the psychological effect of receiving treatment from
its actual physical effect.

Random assignment: using a chance mechanism to assign subjects to treatment
or control groups. This is what makes the groups comparable at the start.

Definition: Blinding

| r
\

Single-blind experiment: subjects do not know which treatment they received,
but the researchers do.

Double-blind experiment: neither the subjects nor the researchers assessing
outcomes know which treatment each subject received. This is the gold standard
because it prevents both the placebo effect and researcher bias from distorting
results.

Why Blinding Matters in Nursing Research

Nurses and patients are both susceptible to expectation effects. A nurse who
knows a patient received the “new” protocol may unconsciously provide more en-
couragement or attention. A patient who knows they received the experimental
treatment may report feeling better even before the treatment has had time to
work. Double-blinding controls for both.
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Step 4  Watch It Work

The Three Experimental Designs

The choice of experimental design depends on the research question, the characteristics
of the subjects, and what sources of variability need to be controlled.

Design 1: Completely Randomized Design

All subjects are randomly assigned to one of the treatment groups. No blocking or
pairing is used. This is the simplest design.

Early Ambulation
Protocol (n = 60)

Compare
/ Outcomes

All Subjects Random
(n = 120) Assignment

Standard Care
(n = 60)

Design 2: Randomized Block Design

Subjects are first grouped into blocks based on a characteristic expected to affect the
response (such as age or surgical risk). Then, within each block, subjects are randomly
assigned to treatments. This controls for the blocking variable and increases precision.

[ Early Ambulation}

Block 1

Age < 65

[ Standard Care}

All Subjects

Early Ambulation]

Random [

$

[ Standard Care}

Block 2
Age > 65
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Design 3: Matched Pairs Design

Each subject is compared to themselves (before vs. after) or matched with a very similar
subject. This eliminates individual variability from the comparison.

[ Each Patient Baseline Post-treatment Compare

(Pre-treatment) Measurement Difference
Example: A patient’s pain score is measured before and after implementing the new
ambulation protocol. Each patient serves as their own control.

Step 5 Your Turn

1. Identify the experimental design (completely randomized, randomized block, or
matched pairs) in each scenario.

(a) A researcher wants to test whether a new hand hygiene reminder system
reduces infection rates. She randomly selects 30 nursing units across the
hospital system and assigns 15 to receive the reminders and 15 to continue
standard protocols.

(b) A study tests a new insulin delivery method. Patients are first grouped by
their HbAlc level: well-controlled (< 7%), moderately controlled (7-9%),
and poorly controlled (> 9%). Within each group, patients are randomly
assigned to the new or standard delivery method.

(c) A researcher measures nurses’ perceived stress levels at the beginning and
end of a 12-week mindfulness training program, comparing each nurse’s own
scores before and after.

(d) Patients scheduled for cardiac surgery are matched in pairs based on age,
sex, and ejection fraction. One patient from each pair is randomly assigned
to an enhanced cardiac rehabilitation protocol; the other receives standard
care.

2. A hospital plans to test a new sepsis early-warning alert system. The research
team has 80 ICU patients enrolled.

(a) Describe how you would conduct this study as a completely randomized
design.

(b) Explain why you might prefer a randomized block design, and identify
an appropriate blocking variable.

(c) Is a matched pairs design feasible here? Why or why not?

(d) Should this study be blinded? If so, who should be blinded and why?

3. x A clinical trial is testing whether a new anticoagulant reduces stroke risk in
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patients with atrial fibrillation compared to the current standard. The trial is
described as double-blind.
(a) Who is blinded in a double-blind trial?
(b) Why is blinding particularly important when the outcome measure is a
patient-reported symptom (such as fatigue or dizziness)?
(¢) The trial uses a placebo pill that looks identical to the new anticoagulant.
What is the purpose of the placebo in this context?
(d) At the trial’s midpoint, an independent safety board reviews the data. They
find the new drug is dramatically more effective. Should the trial continue?
What ethical considerations arise?

32



CHAPTER 2. HOW WE KNOW WHAT WE KNOW: STUDY DESIGN

Step 6 Think Like a Nurse

Why “We Tried It and It Worked” Is Not Enough

A nurse manager introduces a new patient rounding checklist on her unit. Six months
later, patient satisfaction scores have risen from 72% to 81%. She presents the results
to hospital leadership as evidence that the checklist works, and recommends rolling it
out hospital-wide.

The data looks compelling. But before the hospital invests in system-wide training

and implementation, a statistically literate administrator asks: what kind of study was
this?

This was not an experiment. There was no control group — no comparable unit that
continued without the checklist. Satisfaction scores at many hospitals rose during
that same period for other reasons: seasonal patterns, a reduction in patient census,
improved staffing, a new cafeteria. Without a control group, there is no way to know
how much of the improvement came from the checklist and how much would have
happened anyway.

This is called a pre-post design without a control, and it is one of the most common
— and most misleading — designs in quality improvement research.

A better design would have assigned some units to the checklist and kept others on
standard practice, then compared the change in satisfaction scores across groups. That
design would have isolated the effect of the checklist.

Before you advocate for a practice change, ask: compared to what? A finding without
a comparison is a story, not evidence.
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2.3 Types of Observational Studies

r

Step 1 Read This First

Not all research questions can or should be answered with an experiment. You cannot
randomly assign people to smoke for 20 years to study lung cancer. You cannot ran-
domly assign nurses to work 12-hour versus 8-hour shifts to study burnout — at least
not easily or ethically. You cannot wait 10 years to see whether a dietary intervention
prevents heart disease in a clinical trial.

For questions like these, researchers rely on carefully designed observational studies.
Knowing the different types helps you understand what a study can and cannot tell
you — and how much weight to give its conclusions.

Step 2 Let’s Talk About It

Observational studies differ in one key dimension: time.

Some studies look backward — they start with an outcome (like a disease or an adverse
event) and ask: what exposures preceded it? Others look forward — they start with
an exposure (like a diet or a medication) and follow subjects over time to see what
outcomes develop. Still others take a snapshot at a single point in time.

Each approach has strengths and weaknesses, and each is suited to certain types of
research questions. You will see all three in nursing literature.

Step 3 Now We Name It

Definition: Cross-Sectional Study

7
.

A cross-sectional study collects data from a group of subjects at a single point
in time. It is a snapshot — it can show associations but cannot establish time
order or causation.

Nursing example: Surveying all nurses on a hospital’s medical-surgical floors today
to measure current burnout levels and current staffing ratios.
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Definition: Case-Control Study

A case-control study starts with the outcome and looks backward. Re-
searchers identify subjects who have the outcome of interest (cases) and subjects
who do not (controls), then compare their past exposures.

Nursing example: Identifying 50 patients who developed a hospital-acquired infec-
tion (cases) and 50 patients who did not (controls), then examining prior antibiotic
use, room assignments, and care procedures.

Definition: Cohort Study

A cohort study starts with the exposure and follows subjects forward in time
to observe outcomes. It can establish time order (exposure preceded outcome) but
not causation.

Nursing example: Following 300 newly hired nurses for two years, comparing
burnout and turnover rates between those who work rotating shifts and those who
work fixed shifts.

t Study (forward)

EXpOSUI‘e follow forward ){) 2 }

( Cohort) J [ utcome?
Case—Control (ba

[ EX SRS look back utcome
P " J (Cases)
Cross-Sectional
(snapshot)
Past Time Future
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Step 4  Watch It Work

Identify the study type and evaluate its limitations.

Study Description Type Key Limitation
Researchers survey 800 hospital nurses to- Cross- Cannot determine
day, measuring current shift length and sectional which came first

current burnout scores.

A team identifies 40 nurses who left the Case-control  Relies on  past
profession within 2 years (cases) and 40 records; recall bias
who stayed (controls), then reviews their

original onboarding records.

A hospital recruits 200 new graduate Cohort Long time frame;
nurses and follows them for 3 years, com- loss to follow-up
paring turnover between those mentored

and those not mentored.

Researchers select 100 patients who devel- Case-control ~ Cannot  establish
oped pressure injuries during hospitaliza- causation

tion and 100 who did not, then compare

their nursing care records.

A public health team surveys 2,000 nurses Cross- Temporal order un-
from across the country at one time point sectional clear

to assess current COVID-19 vaccination

status and current health outcomes.

Clinical Trial Phases: A special case of experiment

When a new drug or treatment is tested, the process follows regulated phases:
Phase I Phase II Phase II1 Phase IV

Safety Efficacy RCT Post-market
Small group Moderate n Large n Surveillance

When you read “Phase III randomized controlled trial,” you are reading about the gold
standard of clinical evidence — a large, well-controlled experiment. Phase IV studies
are observational, monitoring long-term safety after approval.

\ J

Step 5 Your Turn

1. Classify each study as cross-sectional, case-control, or cohort. Then identify one
strength and one limitation of each.

(a) Researchers follow 500 patients diagnosed with Type 2 diabetes for 5 years,

comparing the rate of cardiovascular events between those who received
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structured diabetes education and those who did not.

(b) A hospital surveys all staff nurses on a single day about their current work
hours and their current level of compassion fatigue.

¢) A research team identifies 80 patients who developed delirium during hos-
g
pitalization and 80 patients who did not, then reviews medical records for
prior use of sleep aids, opioids, and anticholinergic medications.

2. x A study claims: “Nurses who eat breakfast daily have 35% lower rates of work-
place errors.” The study surveyed 1,200 nurses at a single point in time.
(a) What type of study is this?
(b) Can the researchers conclude that eating breakfast causes fewer errors? Why
or why not?
(¢) List two confounding variables that might explain the relationship.
(d) What type of study would be needed to establish causation?

3. x Research Application: The following description is from a hypothetical study
abstract:

“We conducted a prospective cohort study of 348 registered nurses hired between
January and June 2023. Participants completed validated burnout and intention-
to-leave surveys at baseline, 6 months, and 12 months. We compared outcomes
between nurses who participated in a formal mentorship program and those who
did not.”
(a) Is this an observational study or an experiment? Explain.
(b) What is the exposure variable? What is the outcome variable?
(¢) The study is described as “prospective.” What does this mean in the context
of a cohort study?
(d) The researchers find that nurses in the mentorship program had significantly
lower burnout at 12 months. Can they conclude that mentorship caused the
reduction? What alternative explanations exist?
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Step 6 Think Like a Nurse

The Hierarchy of Evidence

In evidence-based nursing practice, not all studies are created equal. The type of study
design directly determines how much confidence you can place in its findings.

=
Rand Trials
/ Cohort Studies \
%S—Sectional / Case-Control Sttﬁ&i
Expert Opinion / Case Reports
=

When a colleague hands you a study and says “the research shows,” your first question is:
where does this study sit in the hierarchy? A cross-sectional survey and a randomized
controlled trial are both “research” — but they are not equally persuasive. The higher
up the pyramid, the more confidently you can apply the findings to your practice.

Fuvidence-based practice does not mean doing whatever the latest study says. It means

knowing how much weight to give each study — and this chapter is where that skill
begins.
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2.4 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 2. Problems marked with x are
more challenging.

Part A: Observational Studies vs. Experiments
1. For each scenario, state whether it is an observational study or an experiment.
If it is an experiment, identify the treatment and the control condition. If it is
observational, identify at least one possible confounding variable.
(a) A researcher asks nurses to self-report how many hours of sleep they get per
night, then compares their scores on a cognitive performance test adminis-
tered the next morning.

(b) A hospital randomly assigns patients admitted for pneumonia to receive
either standard antibiotic therapy or a new combination therapy, then com-
pares 30-day readmission rates.

(¢) A study finds that patients in private rooms have lower rates of hospital-
acquired infections than patients in shared rooms.

(d) A team randomly assigns ICU patients to receive either music therapy during
wound care or silence, then measures pain scores on a validated scale.

(e) A nursing researcher examines whether nurses who completed a BSN degree
have lower medication error rates than those with an ADN, using hospital
records from the past three years.

2. A study reports: “Patients treated at teaching hospitals have 12% lower 30-day
mortality than patients treated at non-teaching hospitals.” The data come from
Medicare claims records.

(a) Is this an observational study or an experiment?

(b) Can the researchers conclude that being treated at a teaching hospital causes
lower mortality? Explain.

(c) Identify two confounding variables that could explain the association.

(d) What would need to be true for this finding to justify a policy of routing all
complex patients to teaching hospitals?

Part B: Experimental Design
3. A hospital wants to test whether a new fall prevention checklist reduces fall rates
in elderly inpatients. They have 90 patients aged 65 and older available for the
study.
(a) Design this study as a completely randomized experiment. How would
you assign patients to groups?
(b) A colleague suggests blocking by mobility level (independent, needs assis-
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tance, or non-ambulatory). Redesign this as a randomized block design.
(¢) Could you use a matched pairs design? Describe how.
(d) Should this study be blinded? Who could realistically be blinded, and who

could not?

4. Identify the design of each experiment and explain your reasoning.
(a) Blood glucose is measured in 40 diabetic patients before and after a 6-week
dietary education program.

(b) Thirty nursing units are randomly divided into two groups: 15 receive a new
electronic documentation system, 15 continue with paper records.

(c) Patients are grouped by diagnosis (cardiac, pulmonary, or neurological).
Within each group, patients are randomly assigned to receive either standard
discharge teaching or enhanced teach-back discharge teaching.

(d) Twenty pairs of patients are matched by age, diagnosis, and length of stay.
One patient in each pair receives acupuncture for post-operative nausea; the
other receives standard antiemetics.

5. x A pharmaceutical company is testing a new antibiotic for hospital-acquired
pneumonia. The trial is described as a double-blind, placebo-controlled, random-
1zed trial with 300 patients across 15 hospitals.

(a) Who is blinded and why?

(b) What does “placebo-controlled” mean in the context of an antibiotic trial?
Is a placebo ethical here?

(¢) Why is it important to recruit patients from 15 different hospitals rather
than one?

(d) The company analyzes results only for patients who completed the full course
of antibiotics, excluding those who dropped out. What is the statistical
concern with this approach?

Part C: Types of Observational Studies
6. Classify each study as cross-sectional, case-control, or cohort.
(a) A research team identifies 60 nurses who left their jobs within 18 months
of hire and 60 nurses who stayed, then reviews their pre-hire surveys for
warning signs of burnout.

(b) Researchers enroll 400 patients with newly diagnosed hypertension and fol-
low them for 3 years, comparing cardiovascular events between those who
adhere to their medication regimen and those who do not.

(¢) A hospital surveys all nurses on duty on a Tuesday morning about current
sleep quality and current job satisfaction.

(d) Researchers identify 100 patients who developed sepsis and 100 matched
controls who did not, then compare the timing and type of antibiotic ad-
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ministration in each group’s prior care records.

7. * Research Critique: The following abstract is from a hypothetical study. Read
it carefully and answer the questions.

“We conducted a cross-sectional survey of 650 registered nurses working in acute
care settings. Nurses who reported exercising at least 150 minutes per week had
significantly lower burnout scores (mean 22.4) compared to those who exercised
less (mean 31.7), p < 0.001. We conclude that regular exercise is an effective
intervention for preventing nurse burnout.”

(a) What type of study is this?

(b) Is the conclusion that exercise “prevents”’ burnout justified by this design?
Explain.

(c) Propose a study design that would allow a stronger causal conclusion.

(d) The p-value is reported as p < 0.001. Without knowing what p-values
mean yet, does a very small p-value change whether the causal conclusion
is justified? Why or why not? (We will return to this question in Chapter
12.)
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Answer Key — Selected Problems

Section 2.1 Practice — Your Turn
1. Observational. Possible confounders: Magnet hospitals tend to have better re-
sources, higher nurse-to-patient ratios, and more experienced nursing staff. These
factors may independently reduce mortality.

2. Experiment. Treatment: structured stretching program. Control: standard care.
Random assignment allows causal inference.

3. Observational. Possible confounders: patients who receive chaplain visits may
have stronger family support systems, longer planned stays (giving more time for
visits), or less severe illness.

4. Experiment. Treatment: new ACE inhibitor. Control: placebo. Double-blind if
neither patients nor outcome assessors know the assignment.

5. Observational (ecological). Possible confounders: counties with higher vaccination
rates may have wealthier, healthier populations or better access to healthcare
overall.

6. Observational (pre-post without control). No control group means observed
changes cannot be attributed solely to the rounding protocol.

Section 2.2 Practice — Your Turn
1. (a) Completely randomized. (b) Randomized block — blocks by HbAlc level. (c)
Matched pairs — each nurse serves as own control, before vs. after. (d) Matched
pairs — patients paired on age, sex, and ejection fraction.

2. (a) Randomly assign 40 patients to the alert system and 40 to standard monitoring.
(b) Block by APACHE score or admitting diagnosis, since severity likely affects
outcomes. (c¢) Possible but difficult — ICU patients vary widely and finding true
matches is challenging. (d) The outcome assessors should be blinded to group
assignment; blinding patients is more difficult since the alert system is visible.

3. (a) Both patients and outcome assessors (physicians, nurses evaluating outcomes)
are blinded. (b) A placebo pill ensures patients cannot tell which group they are
in. The ethics are complex — a true placebo would mean some patients receive no
antibiotic, which may be unethical for a serious infection; trials often compare new
drug vs. current standard treatment instead. (c¢) Multi-site recruitment improves
generalizability and reduces site-specific confounding. (d) Excluding dropouts cre-
ates per-protocol bias — patients who tolerate the full course may differ system-
atically from those who do not.

Section 2.3 Practice — Your Turn
1. (a) Cohort — begins with exposure, follows forward. Strength: establishes time
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order. Limitation: long follow-up, costly, loss to follow-up. (b) Cross-sectional
— single time point. Strength: quick, inexpensive. Limitation: cannot determine
which came first. (c) Case-control — begins with outcome. Strength: efficient for
rare outcomes. Limitation: relies on past records, subject to recall bias.

2. (a) Cross-sectional. (b) No — cross-sectional studies cannot establish causation.
Nurses who eat breakfast may differ in many other health behaviors. (c) Over-
all health consciousness; socioeconomic status; working conditions (morning shift
nurses are more likely to eat breakfast before work). (d) A randomized experiment
assigning nurses to eat or skip breakfast.

Chapter Practice — Selected

Problem 1a: Observational. Possible confounders: nurses who sleep more may have
better scheduling, fewer dependents at home, or work less demanding shifts.

Problem 1c: Observational. Confounders: private rooms may be associated with bet-
ter insurance, higher socioeconomic status, less severe illness, or more attentive nursing
ratios.

Problem 2: (a) Observational. (b) No— patients are not randomly assigned to hospital
type. Sicker patients may self-select to teaching hospitals. (c) Illness severity; insurance
type and socioeconomic status. (d) The groups would need to be comparable in all
relevant ways except hospital type — virtually impossible without randomization.
Problem 5d (Challenge): Excluding dropouts creates selection bias. Patients who
complete a full antibiotic course may be healthier, more adherent, or less severely ill
than those who drop out. This makes the treatment appear more effective than it is
for the full population. The correct approach is intention-to-treat analysis: analyze all
patients in the group they were originally assigned to.
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Chapter 2 Summary

Section 2.1 — Observational Studies vs. Experiments
e An observational study records data without imposing a treatment. It can
show association but not causation.

e An experiment imposes a treatment and observes the effect. With random
assignment, it can establish causation.

e A confounding variable is related to both the explanatory and response vari-
ables and can distort apparent relationships.

e Association is not causation. This is one of the most important principles in
statistics.

Section 2.2 — Structure of a Well-Designed Experiment
e Key components: subjects, treatment, control group, placebo, random assign-
ment.

e Single-blind: subjects do not know their group. Double-blind: neither sub-
jects nor assessors know.

e Completely randomized design: all subjects randomly assigned with no
blocking.

¢ Randomized block design: subjects grouped by a relevant characteristic first,
then randomly assigned within blocks.

e Matched pairs design: subjects compared to themselves (before/after) or to a
matched partner.

Section 2.3 — Types of Observational Studies
e Cross-sectional: data collected at one point in time; snapshot; cannot establish
time order.

e Case-control: starts with outcome, looks backward at prior exposures; efficient
for rare outcomes.

e Cohort: starts with exposure, follows forward to outcome; can establish time
order but not causation.

e The hierarchy of evidence places randomized controlled trials above observa-
tional studies because random assignment controls for confounding.

The Nursing Connection
e Every practice change you implement or advocate for should be backed by evi-
dence. Knowing what type of study produced that evidence tells you how much
confidence to place in it.

e Before changing practice, ask: Was this an experiment or an observation? Were
groups comparable? What confounders might explain the finding?
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CHAPTER 3

Collecting Good Data: Sampling

“The sample is the window through which we see the population.”

— how you choose that window determines everything you can see

In this chapter, you will learn to:

Explain why sampling is necessary and what makes a sample trustworthy

Describe and distinguish five sampling methods: simple random, stratified, systematic,
cluster, and convenience

Identify the sampling method used in a given study

Recognize and explain four major sources of bias: sampling bias, nonresponse bias, re-
sponse bias, and undercoverage

Evaluate the quality of a sample used in a nursing research study

3.1 Why Sampling Matters

Step 1 Read This First

The state board of nursing wants to know how registered nurses across California feel
about mandatory overtime policies. There are approximately 350,000 licensed RNs in
California.

Option A: Survey all 350,000 nurses.

Option B: Randomly select 1,200 nurses, survey them carefully, and use their responses
to draw conclusions about all 350,000.

Option A sounds more trustworthy — after all, more data is better, right? But consider
the reality: contacting 350,000 nurses takes months and millions of dollars. Response
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rates fall. Data quality deteriorates when the collection process is rushed. By the time
you finish, the policy landscape may have changed.

Option B, done well, can give you an answer that is just as accurate — and in far less
time, at far less cost.

This is the power of sampling. But it only works if the sample is collected carefully.
A poorly chosen sample of 1,200 nurses can produce results that are more misleading
than no data at all.

Step 2 Let’s Talk About It

Think about the last time someone cited a statistic about nurses or patients that
surprised you. Did you wonder: who did they ask? How did they find those people?
Could the people they asked be different from everyone else in some important way?

Those are exactly the right questions. A survey of nurses who attend a professional
conference will not represent nurses who never attend conferences — probably the most
burned-out, understaffed, and overworked ones. A patient satisfaction survey mailed
to home addresses will miss patients who were discharged to skilled nursing facilities.

The fundamental challenge of sampling is this: we want to learn about a large group,
but we can only observe a small piece of it. Whether that small piece accurately reflects
the whole depends entirely on how we chose it.

Randomness is the key. When selection is left to chance, every member of the popu-
lation has a fair shot at being included, and the resulting sample tends to reflect the
diversity of the whole group.
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Step 3 Now We Name It
Definition: Key Sampling Vocabulary

The population is the entire group we want to learn about.

The sample is the subset of the population we actually observe.

The sampling frame is the list or mechanism from which the sample is drawn.
Ideally it includes every member of the population — but in practice it often misses
some.

A representative sample mirrors the characteristics of the population. A good
sample makes inferences from sample to population trustworthy.

Sampling error is the natural, unavoidable difference between a sample result
and the true population value. It decreases as sample size increases.

Bias is a systematic error that consistently pushes results in one direction. Bias
does not decrease with larger samples — it is a flaw in the method, not the size.

Bigger Is Not Always Better

A sample of 1,000 randomly selected nurses will give more reliable results than
a sample of 10,000 self-selected volunteers. Size cannot fix a biased collection
method. The infamous 1936 Literary Digest poll surveyed 2.4 million people and
predicted the wrong winner of the presidential election — because the sample came
from telephone directories and car registrations, systematically missing poorer vot-
ers. The lesson: method beats size every time.
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Step 4  Watch It Work

Population vs. Sample Frame vs. Sample

A hospital wants to estimate the average job satisfaction score among all its nurses.
There are 480 nurses employed across 12 units.

Population: All 480 Nurses

Sampling Frame: 460 nurses with active email

Y
1
1

Sample Inferience
n = 60 to poplilation

What to notice:
e The sampling frame (460 nurses with email) is smaller than the population (480
nurses). The 20 nurses without email addresses are excluded before sampling
even begins — this is undercoverage.

e The sample of 60 is drawn from the frame. Inferences apply to the frame, and
by extension to the population — but the 20 excluded nurses may systematically
differ (perhaps older, part-time, or in lower-tech roles).

e If job satisfaction is related to tech access, the sample will overestimate satisfac-
tion for the full workforce.

Step 5 Your Turn

1. A researcher wants to study nurse burnout among all nurses working in public
hospitals in Los Angeles County. She obtains a list of nurses from the three
largest public hospitals and draws her sample from that list.

(a) What is the population of interest?

(b) What is the sampling frame?

(¢) Are the sampling frame and population the same? If not, who is excluded?
(d) Is there a risk of undercoverage? Explain.

2. A hospital surveys 200 patients about their care experience. The surveys are
distributed by nurses at discharge. Response rate is 40%.
(a) What is the population?
(b) What is the potential source of bias in how surveys are distributed?
(¢) The 40% response rate means 120 patients did not respond. What type of
bias does this introduce?
(d) Would increasing the survey to 500 patients fix the bias issues you identified?
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Explain.

3. True or False: A sample of 5,000 people is always more accurate than a sample
of 500. Explain your answer.
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Step 6 Think Like a Nurse

Who Is Missing from the Data?

A hospital publishes a report showing that 91% of patients rated their care as “Good”
or “Excellent” last quarter. Administration uses this to argue that no staffing changes
are needed.

Before accepting this conclusion, ask: who filled out the survey, and who did not?

Patients who died during admission did not complete a discharge survey. Patients
who were discharged to ICU step-down or transferred to other facilities may have been
missed. Patients who do not speak English may have been unable to complete the
survey. Patients with the worst experiences may have left before staff had time to
distribute surveys.

The 91% figure is not wrong — it accurately describes the patients who completed the
survey. The problem is using it to describe all patients. The sample is almost certainly
skewed toward patients who had smoother, less complicated stays.

When you see a satisfaction statistic, your first question is not “what does the number
say?” It is “who was able to answer?” The missing voices often tell the most important
story.
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3.2 Five Sampling Methods

Step 1 Read This First

A nurse researcher at a large hospital system wants to study the relationship between
shift length and compassion fatigue. The system employs 1,800 nurses across six hos-
pitals. She has a budget that allows her to survey 300 nurses.

She has several options for selecting those 300 nurses. Some will give her a trustworthy,
representative sample. Others will introduce systematic bias that no amount of analysis
can fix. Her choice of method will determine how much she can actually conclude.

Here are five approaches she might consider. By the end of this section, you will know
exactly which ones to trust — and which ones to question.

Step 2 Let’s Talk About It

Before we name the methods, think about what you would do.

You could survey the nurses who happen to be in the break room when you visit —
quick and easy, but are break-room nurses representative of everyone? Probably not.

You could assign every nurse a number and use a random number generator to pick
300 — fair to everyone, but what if night-shift nurses are never on the list because you
only visited during the day?

What if you know that day-shift and night-shift nurses have very different experiences?
Maybe you should make sure both groups are represented, rather than hoping they
appear in the right proportion by chance.

Each of these instincts corresponds to a formal sampling method. Some are random.
Some are not. The random ones can go wrong in different ways. Knowing the differences
is what separates a critical reader of research from one who simply accepts the findings.
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Step 3 Now We Name It

Definition: Method 1: Simple Random Sample (SRS)

Every individual in the population has an equal and independent chance of
being selected. Selection is done using a random mechanism — a random number
generator, a lottery, or a random number table.

How: Assign each of the 1,800 nurses a number from 1 to 1,800. Use a random
number generator to select 300 numbers. Those nurses are your sample.

Strength: Eliminates selection bias. Every nurse has an equal chance.
Weakness: Requires a complete list of the population. By chance, some subgroups
may be over- or under-represented.

Definition: Method 2: Stratified Random Sample

The population is divided into non-overlapping groups called strata based on a
shared characteristic. Then a random sample is drawn from each stratum.
How: Divide the 1,800 nurses by shift (day, evening, night). Randomly select 100
from each shift group (proportional to shift size if needed).

Strength: Guarantees representation of every stratum. More precise than SRS
when strata differ meaningfully.

Weakness: Requires knowledge of stratum membership for the entire population.

Definition: Method 3: Systematic Random Sample

Subjects are selected at every kth interval from an ordered list, where k =
population size = sample size. A random starting point is chosen between 1 and

k.

How: k = 1800+ 300 = 6. Randomly select a starting point between 1 and 6 (say,
3). Then select nurses 3, 9, 15, 21, ...

Strength: Simple and efficient when a list exists. Distributes selection evenly across
the list.

Weakness: If the list has a hidden repeating pattern (e.g., every 6th nurse is always
a charge nurse), the sample may be biased.
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Definition: Method 4: Cluster Sample

The population is divided into clusters (often natural groupings like units, floors,
or hospitals). A random sample of clusters is selected, and all individuals within
selected clusters are surveyed.

How: Divide the 1,800 nurses into their 6 hospitals. Randomly select 3 hospitals.
Survey all nurses at those 3 hospitals.

Strength: Cost-effective when the population is geographically spread out.
Weakness: Individuals within a cluster tend to be similar to each other, reducing
diversity. Results are less precise than SRS of the same size.

Definition: Method 5: Convenience Sample

Subjects are selected because they are easy to reach — not through any random
mechanism. Also called a voluntary response sample when subjects self-select.

How: Survey nurses who happen to be in the break room, or post a link on a
nursing Facebook group and survey whoever clicks.

Strength: Fast and cheap.

Weakness: Almost always biased. Self-selected samples over-represent people with
strong opinions. Break-room samples miss night-shift nurses, charge nurses, and
those on leave.

'
&

Stratified vs. Cluster — The Most Tested Confusion

Stratified: divide into groups, randomly sample from each group. All groups are
represented.

Cluster: divide into groups, randomly select some groups, survey everyone in
those groups.

Memory trick: Stratified = Some from each. Cluster = Complete groups selected.

,
.
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Step 4  Watch It Work

Visual Comparison of the Five Methods

Imagine a population of 18 nurses represented as dots, organized into 3 units (rows) of
6 nurses each. We want to select 6 nurses.

Simple Random Stratified Random
Any 6 chosen at random2 selected from each unit

000000 wWQO@O@®OO
000000 "@OO0O0OO
00000 e wWOQO@O00®

Systematic (k = 3) Cluster
Every 3rd nurse select@units belected all surveyed

000000 000000
000000 000000
000000 O O OO O@seected

Convenience
Whoever is easiest to reach

000000
OOOOQ Bissed
OOOOQO Gissea

Key observation: Only the simple random, stratified, and systematic methods guar-
antee that selection is governed by chance. Cluster introduces dependence within
groups. Convenience is not random at all and should not be used for inference.

Step 5 Your Turn

1. Identify the sampling method used in each scenario.
(a) A hospital assigns each of its 600 nurses an ID number, then uses a random
number table to select 60 nurses for a workplace safety survey.

(b) A researcher divides nurses into three groups by experience level: new grad-
uates (0-2 years), mid-career (3-10 years), and experienced (>10 years).
She randomly selects 40 nurses from each group.

(c) A state health department numbers all licensed nurses 1 through 45,000.
They randomly select a starting number of 15, then survey every 150th
nurse: 15, 165, 315, 465, ...

(d) A large hospital system has 24 nursing units. Researchers randomly select 6
units and survey every nurse working on those units during the study week.

(e) A nursing school posts a link to a burnout survey on its alumni Facebook
page and analyzes responses from the 312 alumni who click and complete it.
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(f) A quality improvement coordinator wants to assess medication safety. She
stands at the nurses’ station on the 7 AM to 3 PM shift every Monday and
surveys the first 30 nurses she encounters.

2. For each of the following research questions, recommend the most appropriate
sampling method and explain why.
(a) A researcher wants to compare burnout levels across three types of nursing
units: ICU, medical-surgical, and outpatient. She wants to make sure all
three unit types are represented.

(b) A hospital needs a quick estimate of how many nurses have completed their
annual flu vaccination. Complete rosters are available.

(¢) A public health department wants to assess vaccination attitudes among
nurses across b0 rural counties. Traveling to each county individually is too
expensive.

3. x A nursing journal publishes a study on needle-stick injury rates. The sample
consists of 800 nurses who responded to a survey posted on a major nursing online
forum. The researchers conclude that 43% of nurses have experienced at least
one needle-stick injury in the past year.

(a) What sampling method was used?

(b) Who is likely over-represented in this sample?

(¢) Who is likely under-represented?

(d) Can the researchers validly conclude that 43% of all nurses have experienced
needle-stick injuries? Why or why not?

ot
ot
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Step 6 Think Like a Nurse

The Method You Choose Is the Conclusion You Can Draw

A hospital survey finds that 88% of nurses feel “supported by management.” The
survey was distributed by unit managers, who handed it to nurses before shift huddle.
Completed surveys were collected by the same managers.

Think carefully about the sampling and data collection process here. Who selects the
surveys? The managers. Who collects them? The managers. Who can see whether a
nurse completed a survey? Quite possibly, the managers.

This is not a random sample of nurse opinions. Nurses who feel unsupported may
be reluctant to say so when their manager is distributing and collecting the form.
The 88% figure likely reflects a social desirability bias layered on top of a convenience
sample. Neither the sampling method nor the data collection process protects against
distortion.

A better design: distribute anonymous surveys via an independent department (HR,
or an external vendor), collect them in sealed boxes that managers cannot access, and
allow nurses to complete them privately.

Sampling method and data collection method are inseparable. A random sample under-
mined by a biased collection process is no longer a random sample in any meaningful
sense.




CHAPTER 3. COLLECTING GOOD DATA: SAMPLING

3.3 Sources of Bias in Sampling

Step 1 Read This First

A hospital administrator presents the following findings at a board meeting:

e “Our patient satisfaction survey shows 94 % satisfaction.” (Survey distributed only
to patients discharged home; patients transferred to other facilities were excluded.)

e “Only 28% of nurses responded to our burnout questionnaire.” (Of those, 71%
reported high burnout.)

e “Nurses report an average of 1.2 medication errors per month.” (Self-reported
on anonymous forms — but nurses know the data may be used for performance
reviews. )

o “The survey was sent to all 410 nurses on our roster.” (The roster has not been
updated in two years and includes 45 nurses who have since left.)

Each of these findings has a bias problem buried in the methodology. By the end of
this section you will be able to name each one — and explain why it matters.

Step 2 Let’s Talk About It

Bias in data collection is not usually intentional. It creeps in through the small decisions
that seem harmless at the time: where surveys are distributed, who gets to opt out,
how questions are phrased, which patients are easy to reach.

What makes bias dangerous is that it is systematic — it does not average out the
way random sampling error does. If the same type of person is consistently missed or
consistently answers differently, no amount of data can fix it. The distortion compounds
as the sample grows.

Understanding where bias comes from is the first step to detecting it in research you
read — and avoiding it in research you conduct.
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Step 3 Now We Name It

Definition: Sampling Bias (Selection Bias)

Sampling bias occurs when the method of selection systematically favors certain
members of the population over others. The sample is not representative because
the selection process was not random.

Example: Surveying only nurses who attend a voluntary wellness workshop to study
overall nurse stress levels. Nurses who attend wellness events may be less stressed
than those who do not attend.

'
8

Definition: Nonresponse Bias

Nonresponse bias occurs when individuals who do not respond to a survey differ
systematically from those who do. Low response rates are a warning sign.

Ezample: A burnout survey sent to 500 nurses yields 140 responses (28%). If
nurses with high burnout are too erhausted to complete surveys, the respondents
will underrepresent the most burned-out group — and the true burnout rate will be
underestimated.

-

\

Definition: Response Bias

Response bias occurs when respondents do not answer truthfully or accurately,
often due to the phrasing of questions, the presence of an authority figure, or social
desirability pressure.

Example: Nurses self-reporting the number of hand hygiene lapses per shift are
likely to underreport — knowing the “right” answer and feeling social pressure to
appear compliant.

Definition: Undercoverage

Undercoverage occurs when some members of the population are excluded from
the sampling frame entirely, before any selection takes place.

Example: A satisfaction survey is emailed only to patients who provided an email
address at registration. FElderly patients, non-English speakers, and lower-income
patients are systematically less likely to have provided email addresses — their
voices are absent from the data.
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Step 4  Watch It Work

Diagnosing bias in the administrator’s report

Return to the opening scenario. Each finding has a specific bias:

Finding and Method Bias Type Direction of Distor-
tion

94% satisfaction — only home- Undercoverage Overestimates satis-

discharged patients surveyed faction (sicker, more
complex patients
excluded)

28% response to burnout survey; 71% Nonresponse  Likely underesti-

of respondents report high burnout bias mates burnout (most
burned-out nurses

may not respond) or
overestimates ~ (only
those motivated by
high burnout respond)

Self-reported error rates on forms Response bias Underestimates true

linked to performance reviews error rates  (social
desirability and fear
of consequences)

Roster includes 45 departed nurses Undercoverage Distorts  denomina-
/ Outdated tors; surveys returned
frame undeliverable

Visual: How Bias Differs from Sampling Error

Unbiased, Low Errddiased, I.ow Error

© (@

Consistently off-target

Unbiased, High EriBiased, High Error
[ ]

Scattered, but centered Scattered and off-target

Bias shifts all results in one direction. Larger samples reduce sampling error (scatter)
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{ but do mot fix bias (the off-center cluster stays off-center). J

Step 5 Your Turn

1. Identify the type of bias (sampling bias, nonresponse bias, response bias, or un-
dercoverage) in each scenario. Explain how it could distort the results.
(a) A hospital mails satisfaction surveys to patients after discharge. Only 22%
of surveys are returned. The hospital reports an 89% satisfaction rate based
on returned surveys.

(b) A nurse researcher asks ICU nurses whether they have ever fallen asleep
during a shift. The survey is administered face-to-face by the unit manager.

(¢) A study of medication errors uses self-reported data collected from incident
report forms that nurses voluntarily submit.

(d) A hospital surveys patients about their pain management using a question-
naire written only in English, in a community where 35% of patients speak
primarily Spanish.

(e) A nursing school studies student satisfaction by surveying students who
attend an end-of-year banquet. Students who withdrew or failed out during
the year are not surveyed.

2. x A pharmaceutical company surveys 2,000 patients who were prescribed their
new blood pressure medication and asks: “Have you experienced the following
side effects: headache, dizziness, nausea, or fatigue?” They report that 82% of
patients experienced at least one side effect.

(a) Is this a random sample? What type of bias might affect who is in the
sample?

(b) The question lists specific side effects. How might this influence the re-
sponses?

(c) What type of bias does this create?

(d) How should the question be reworded to reduce response bias?

(e) The company claims this proves the medication causes side effects in 82%
of users. Is this justified?

3. x Research Application: A study reports that 67% of nurses in the United
States are satisfied with their current position. The data come from an online
survey advertised on a nursing job board website. n = 14, 842.

(a) What type of sampling was used?

(b) Who is likely to visit a nursing job board website? How does this affect the
sample?

(¢) The sample size is nearly 15,000. Does this large sample size make the 67%
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figure reliable? Explain.
(d) What would a better sampling method look like for this question?
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Step 6 Think Like a Nurse

The Survey Behind the Statistic
The next time you read a statistic in a policy brief, a nursing journal, or a hospital
report, run through this mental checklist before accepting the number:

( N
1. Who is the population of interest?

> v <
2. What was the sampling frame? Who was

L excluded?

Y

3. How were subjects selected? Was it ran-
dom?

AN

( A
4. What was the response rate? Who did not
respond?

( A
5. How were questions phrased? Could they
lead responses?

( A
6. Is the conclusion proportionate to the study

design?
- J

If you cannot answer questions 1 through 4 from the methods section of a study, the
study’s findings should be held at arm’s length. Not dismissed — but not adopted as
policy either.

Statistics is not about being paralyzed by uncertainty. It is about calibrating how much
confidence each piece of evidence deserves. A nurse who asks these siz questions is a
better advocate for patients than one who simply accepts any number with a decimal
point in .
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3.4 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 3. Problems marked with x are
more challenging.

Part A: Sampling Concepts
1. Define each term and give a nursing example of each.
(a) Population

(b) Sampling frame
(c) Representative sample
d

(d) Sampling error
(e) Bias

2. A hospital system employs nurses across four campuses. A researcher wants to
estimate average weekly overtime hours. She has access to the complete payroll
database for all nurses.

(a) What is the population?
(b) What is the sampling frame?

(¢) Are the population and the sampling frame the same in this case?

(d) Would it be appropriate to use a convenience sample here? Why or why

not?

Part B: Sampling Methods
3. Identify the sampling method in each scenario. Then state one advantage and
one disadvantage of the method used.
(a) A researcher numbers all 920 nurses at a hospital 1-920 and uses a random
number generator to select 80 nurses for a wellness survey.

(b) A public health team divides the state into 15 health districts and randomly
selects 4 districts. All nurses working in those districts are invited to par-
ticipate.

(¢) A researcher groups nurses by specialty area (ICU, ED, Med/Surg, Oncology,
Pediatrics) and randomly selects 25 nurses from each group.

(d) A hospital manager surveys all nurses who attend the monthly staff meeting.

(e) A researcher selects every 12th name from an alphabetical list of 2,400
nurses, starting with the 7th name.

4. x A state nursing association wants to survey nurses about their opinions on a
proposed change to mandatory nurse-to-patient ratio legislation. They have a
membership list of 18,500 nurses. They want a sample of 500.
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(a)

(b)
()

(d)

(a)
(b)

Design this study using a simple random sample. Describe the steps.
Redesign using a stratified sample, stratifying by specialty area. What
information would you need?

Redesign using a systematic sample. What is k7 What are the steps?
The association decides to post a survey link in its monthly email newsletter
instead. What sampling method does this become? What are the concerns?

Part C: Bias
5. For each scenario, identify the type of bias and explain how it likely distorts the
results.

A hospital reports that 95% of nursing staff are satisfied with their benefits
package, based on surveys returned by 180 of the 600 nurses who received
them.

A researcher studying infection rates excludes patients who were transferred
from other facilities because their prior care records are incomplete.

A nurse satisfaction survey asks: “Do you agree that the hospital provides ex-
cellent working conditions?” with response options: Strongly Agree, Agree,
Somewhat Agree.

A study of patient outcomes uses a database of patients who were admitted
to hospitals with electronic health records. Rural hospitals without EHR
systems are not included.

6. x Research Critique: Read the following study description carefully.

“We assessed the prevalence of compassion fatigue among emergency department
nurses. Surveys were distributed by charge nurses at the beginning of each shift
over a two-week period. Of the 340 surveys distributed, 197 were completed and
returned (58% response rate). Results show that 44% of respondents meet the
clinical threshold for compassion fatigue.”

Is this a random sample? What type of sampling is this closest to?

What is the response rate? What does a 42% non-response mean for the
validity of the findings?

Identify at least two specific sources of bias in this study.

The researchers conclude that “44% of ED nurses experience compassion
fatigue.” Is this conclusion justified? What would a more careful statement
of the finding look like?

Propose one methodological change that would improve each bias you iden-
tified.
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Answer Key — Selected Problems

Section 3.1 Practice — Your Turn
1. (a) All nurses working in public hospitals in LA County. (b) The nurse lists from
the three largest public hospitals. (c¢) Not the same — nurses at smaller public
hospitals are excluded. (d) Yes — nurses at smaller hospitals may have different
working conditions and burnout levels.

2. (a) All patients at that hospital. (b) Nurse distribution creates potential social
desirability effects; patients may feel they should respond positively to their nurse’s
face. (c) Nonresponse bias — the 120 non-responders may differ systematically.
(d) No — increasing size does not fix a biased collection method.

3. False. A larger sample reduces sampling error but not bias. A biased sample of
5,000 will give a more consistently wrong answer than an unbiased sample of 500.

Section 3.2 Practice — Your Turn
1. (a) Simple random sample. (b) Stratified random sample. (c) Systematic random
sample. (d) Cluster sample. (e) Convenience / voluntary response sample. (f)
Convenience sample.

2. (a) Stratified — ensures all three unit types are represented, which is the research
goal. (b) Systematic — quick and efficient when a complete roster exists. (c)
Cluster — surveying entire counties avoids traveling to all 50; cost-effective for
geographically spread populations.

3. (a) Voluntary response / convenience sample. (b) Nurses with strong opinions
about needle-stick injuries — either those who have experienced them and want
to report, or advocates for safety reform. (c¢) Nurses who do not use the forum,
those who have not had injuries and feel less compelled to respond. (d) No —
voluntary response samples cannot be used to make valid inferences about all
nurses.

Section 3.3 Practice — Your Turn

1. (a) Nonresponse bias — 78% did not respond; if dissatisfied patients are less
likely to return surveys, satisfaction is overestimated. (b) Response bias (social
desirability) — nurses may underreport sleep events to avoid judgment from their
manager. (c¢) Undercoverage combined with response bias — voluntary incident
reports systematically undercount errors because not all errors are reported. (d)
Undercoverage — non-English-speaking patients are excluded from the sampling
frame. (e) Sampling bias — students who attend the banquet are likely more
satisfied; those who left the program are never surveyed.

2. (a) Not random — patients prescribed the medication are not a random sample
of all patients. Sampling bias. (b) Listing specific symptoms primes respondents
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to think about them; they may report symptoms they would not have thought
to mention otherwise. (c¢) Response bias (question wording / priming effect). (d)
Reword as: “Please describe any changes in how you have felt since starting this
medication.” (e) No — this is an observational sample without a comparison
group. Side effects could be pre-existing.

Chapter Practice — Selected

Problem 3a: Simple random sample. Advantage: every nurse has equal chance; elim-
inates selection bias. Disadvantage: by chance, some specialty areas may be over- or
under-represented.

Problem 3d: Convenience sample. Advantage: easy and fast. Disadvantage: nurses
who attend staff meetings may be more engaged or satisfied than those who do not;
results are not generalizable.

Problem 7 (Challenge): (a) Convenience/cluster (distributed at shifts, not randomly
selected). (b) A 42% non-response is substantial; nurses not completing the survey may
be those most affected by compassion fatigue or those least affected — both distort
results in opposite directions. (c¢) Nonresponse bias (58% response); response bias (dis-
tributed by charge nurse, a supervisor figure). (d) Not fully justified — a more careful
statement: “Among ED nurses who completed our survey, 44% met the threshold for
compassion fatigue.” (e) Use anonymous drop boxes not accessible to supervisors; follow
up with non-responders using a second distribution method.
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Chapter 3 Summary

Section 3.1 — Why Sampling Matters
e A representative sample mirrors the population. Random selection is the
mechanism that makes this happen.

e Sampling error is random and decreases with larger samples. Bias is systematic
and does not decrease with larger samples.

e The sampling frame is the list from which the sample is drawn. If it excludes
part of the population, undercoverage results.

e Bigger samples cannot fix a biased collection method.

Section 3.2 — Five Sampling Methods

e Simple random sample (SRS): every individual has an equal chance; requires
a complete population list.

e Stratified: divide into strata, randomly sample from each — guarantees repre-
sentation of all strata.

e Systematic: select every kth individual from an ordered list with a random
start.

e Cluster: randomly select entire groups; survey everyone in those groups —
efficient but less precise.

e Convenience: not random; produces biased results; should not be used for
inference.

e Key distinction: Stratified samples from all groups. Cluster selects some groups
entirely.

Section 3.3 — Sources of Bias
e Sampling bias: non-random selection systematically favors certain members.

e Nonresponse bias: non-respondents differ from respondents in ways that mat-
ter.

e Response bias: respondents answer inaccurately due to question wording, social
pressure, or authority figures.

e Undercoverage: some members of the population are missing from the sampling
frame entirely.

The Nursing Connection
e Before accepting any survey-based statistic, ask: Who was asked? Who was
missed? Who might not have answered honestly?

e The method of data collection is as important as the method of sampling. A
random sample undermined by a biased collection process produces biased results.
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CHAPTER 4

Describing Data Visually

“A picture is worth a thousand data points — but only if you know how to
read it.”

— on why every nurse needs to understand graphs

In this chapter, you will learn to:

e Organize raw data into frequency distributions and relative frequency tables

e Construct and interpret bar charts and pie charts for qualitative data

Construct and interpret histograms, stem-and-leaf plots, and dot plots for quantitative
data

Describe the shape of a distribution: symmetric, skewed left, skewed right

Use Desmos and Excel to create graphs from clinical datasets

Identify misleading graphs and explain what makes them deceptive

4.1 Organizing Data: Frequency Distributions

Step 1 Read This First

You are a charge nurse reviewing last month’s incident reports for your 28-bed medical-
surgical unit. The reports list the type of each incident: fall, medication error, pressure
injury, patient elopement, IV infiltration, or other.

Here is the raw data — 30 incidents listed in the order they were reported:
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Fall Med Error Fall IV Infiltration Pressure Injury Fall

Med Error Other Fall Med Error Fall IV Infiltration
Pressure Injury Fall Med Error Other Fall Med Error

IV Infiltration  Fall Pressure Injury Fall Med Error (Qther

Fall IV Infiltration Med Error Fall Fall BHressure Injury

Right now, this is just a list. You cannot quickly see which incident type is most
common, whether falls are increasing, or how much of your team’s time goes to each
category. Before any of that analysis is possible, the data needs to be organized.

Step 2 Let’s Talk About It

Look at the list above. Even with just 30 incidents, counting “falls” requires scanning
every row. With 300 incidents or 3,000, it becomes impossible to see patterns in a raw
list.

The solution is to tally: go through the list once and count how many times each
category appears. Once you have counts, you can immediately see that falls are the
dominant incident type, that medication errors are second, and that elopements did
not occur at all last month.

But counts alone are not always enough. If you want to compare your unit’s fall rate to
another unit with 50 beds, you need to express each count as a proportion of the total.
That way the comparison is fair regardless of how many total incidents each unit had.

This is the purpose of a frequency distribution — it transforms raw data into a struc-
tured table that makes patterns visible at a glance.

Step 3 Now We Name It

Definition: Frequency Distribution

A frequency distribution is a table that lists each possible value (or category)
of a variable and the number of times it occurs in the dataset. The count for each
value is called the frequency.
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Definition: Relative Frequency and Cumulative Frequency

The relative frequency of a category is its frequency expressed as a proportion
(or percentage) of the total:

Frequency

Relative Frequency = Totel
otal n

The cumulative frequency is the running total of frequencies up to and includ-
ing a given value. It is used for ordered (quantitative) data to show “how many
observations fall at or below this value.”

Definition: Class Width and Classes (for Quantitative Data)

When data are quantitative and continuous, we group values into classes (inter-
vals). The class width is the length of each interval:

Maximum value — Minimum value

Class Width ~ Number of classes

A good rule of thumb: use between 5 and 20 classes. Classes must be non-
overlapping and cover all data values.

'
\
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Step 4  Watch It Work

Building the frequency distribution for the incident data

Counting each type from the raw list:

Incident Type Tally Frequency Relative Freq. Cumul. Freq.
Fall HIT 11T 11 12 12/30 = 0.400 12
Medication Error IIIT 1T 7 7/30 = 0.233 19
IV Infiltration i 4 4/30 = 0.133 23
Pressure Injury il 4 4/30 = 0.133 27
Other 11 3 3/30 = 0.100 30
Patient Elopement — 0 0/30 = 0.000 30
Total 30 1.000

What this table tells us immediately:
e Falls account for 40% of all incidents — nearly twice the rate of any other category.

e Medication errors are second at 23.3%.
e The top two categories together account for 63.3% of all incidents.
e Cumulative frequency shows that 23 of 30 incidents (76.7%) involved falls, med-

ication errors, or IV infiltrations.

Now a quantitative example: Patient wait times (in minutes) from triage to first
nurse contact for 20 ED patients:

8,12, 5,19, 23, 31, 14, 7, 27, 18, 9, 35, 22, 11, 16, 29, 6, 24, 33, 15
Using class width = (35 — 5)/5 = 6 minutes, rounded to width of 7 for clean intervals:

Wait Time (min) Frequency Relative Freq. Cumul. Freq.

5 to <12 6 0.300 6
12 to < 19 S 0.250 11
19 to < 26 4 0.200 15
26 to < 33 3 0.150 18
33 to < 40 2 0.100 20
Total 20 1.000

Interpretation: 55% of patients waited less than 19 minutes. Two patients waited 33
minutes or more — a potential patient experience concern.
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Step 5 Your Turn

1. A nurse records the primary reason for 24 call light activations during one shift:

Pain Bathroom Pain Repositioning
Bathroom Nausea Pain Bathroom
Repositioning Pain Other Pain
Bathroom Repositioning Pain Nausea

Pain Bathroom Repositioning Pain

Other Pain Bathroom Repositioning

(a) Construct a complete frequency distribution table including frequency, rel-
ative frequency, and cumulative frequency.

(b) What is the most common reason for a call light activation?

(¢c) What percentage of activations were for pain or bathroom needs combined?

(d) What cumulative frequency tells you that 75% of all activations have been
accounted for?

2. The systolic blood pressures (mmHg) of 18 patients on a cardiac unit are:

118, 134, 142, 109, 127, 155, 138, 121, 148, 163, 116, 132, 145, 128, 137, 152,
119, 141
(a) Find the range (maximum — minimum).
(b) Using 5 classes of equal width, determine an appropriate class width.
(c¢) Construct the frequency distribution table.
(d) What proportion of patients have systolic BP of 140 mmHg or higher (hy-
pertension stage 2 threshold)?
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Step 6 Think Like a Nurse

What the Numbers Don’t Show

Your frequency distribution shows that falls account for 40% of all incidents last month.
Administration schedules a meeting to discuss fall prevention. Before that meeting,
think about what the table tells you — and what it does not.

The table tells you how many falls occurred. It does not tell you:
When they occurred (which shifts? which days of the week?)

Who fell (patient demographics, acuity level, fall risk score)
Where they fell (which rooms? near the call light? in the bathroom?)

Whether the rate is improving or worsening over time

The frequency distribution is the starting point, not the conclusion. It tells you where
to look next. A charge nurse who walks into the fall prevention meeting armed only
with “we had 12 falls” is less prepared than one who has already cross-tabulated falls
by shift, by patient acuity, and by room location.

Data organization is not the end of analysis. It is what makes deeper analysis possible.
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4.2 Graphs for Qualitative Data: Bar Charts and Pie Charts

Step 1 Read This First

You need to present last month’s incident data to hospital leadership. You have the
frequency distribution table from Section 4.1. But leadership does not want to read a
table — they want to see the story at a glance.

You have two standard tools for displaying qualitative (categorical) data visually:

e A bar chart, which shows the frequency or relative frequency of each category
as the height of a bar

e A pie chart, which shows each category as a slice of a circle proportional to its
relative frequency

Both are familiar. Both are commonly misused. By the end of this section you will
know when each is appropriate, how to read them accurately, and how to spot when
they are being used to mislead.

Step 2 Let’s Talk About It

Think about which display would be more useful for leadership.

A bar chart makes it easy to compare the sizes of categories. The bars have a common
baseline, so your eye can quickly judge that the fall bar is almost twice the height of
the medication error bar.

A pie chart makes it easy to see how the whole is divided. It is natural for communi-
cating parts-of-a-whole — “falls alone account for 40% of all incidents.”

But pie charts struggle when there are many slices of similar size. If you have six
categories and four of them are each around 10-15%, the slices look almost identical
and are hard to compare. Bar charts handle this situation much better.

A good rule: use a bar chart when you want to compare categories. Use a pie chart
when you want to show composition and there are few categories.
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Step 3 Now We Name It

A bar chart displays the frequency or relative frequency of each category of a
qualitative variable as the height of a rectangular bar. Bars are separated by gaps
(distinguishing them from histograms). The categories can be placed in any order,
but ordering by frequency (highest to lowest) makes comparisons easiest — this is
called a Pareto chart.

Definition: Pie Chart

A pie chart represents each category as a sector (slice) of a circle. The angle of
each slice is proportional to the category’s relative frequency:

Angle = Relative Frequency x 360

Best used with 2-5 categories. Becomes difficult to read with more slices.

Side-by-Side Bar Charts for Comparisons

When comparing the same categories across two or more groups (e.g., incident
types on Day shift vs. Night shift), a side-by-side bar chart places grouped bars
next to each other for each category. This makes cross-group comparisons direct
and clear. It is one of the most useful graphs in nursing quality improvement work.
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Step 4  Watch It Work

Bar chart and pie chart for the incident data

Bar Chart (ordered by frequency — Pareto style):

Uhit Incident Types — Last Month (n = 30)

12

Frequency (count)
(@] Ne] 5

w

(@)

Med
Error Infilt. Injury

Fall

Pie Chart (showing proportional composition):

Incident Composition (n = 30)

13%

13% Press:
10% Other

Key takeaway: The bar chart makes it easier to compare category sizes. The pie
chart communicates that falls alone make up nearly half the whole. Both are correct
— the choice depends on the story you are telling.

Step 5 Your Turn

1. Use the call light data from Section 4.1 (Problem 1).
(a) Sketch a bar chart ordered from most to least frequent (Pareto style). Label
the axes and title your graph.
(b) Calculate the angle for each category in a pie chart. Show your work.
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(¢) Which graph would you show to a nurse manager who wants to know what
is driving call light volume? Justify your choice.

2. A hospital tracks primary diagnosis at discharge for 120 patients over one month.
The counts are: Cardiac 38, Respiratory 27, Neurological 19, Orthopedic 22,
Other 14.

(a) Construct a relative frequency table.
(b) Calculate each angle for a pie chart.
(c) Would a pie chart or bar chart be more appropriate here? Why?

3. x A side-by-side bar chart compares medication errors on Day shift vs. Night shift
across four error types (Wrong Dose, Wrong Drug, Wrong Time, Wrong Route).
Day shift counts are: 8, 3, 12, 2. Night shift counts are: 5, 6, 9, 7.

(a) What does this chart tell you about the pattern of errors by shift?

(b) Which error type shows the greatest day-to-night difference?

(¢) What might explain the higher Wrong Route errors at night?

(d) If you were presenting this data at a safety committee meeting, what action
would you recommend based on the chart?

7
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Step 6 Think Like a Nurse

When Charts Lie

Hospital marketing produces a pie chart showing patient satisfaction scores for four
categories: Excellent 48%, Very Good 31%, Good 15%, Fair/Poor 6%. The chart is
displayed in the hospital lobby under the heading “Our Patients Love Us.”

The chart is not technically wrong. But look at what is being communicated versus
what is being hidden.

The four slices are colored so that Excellent and Very Good are shown in deep blues
and the Good and Fair/Poor slices are nearly the same shade of light gray, making
them hard to distinguish. The 6% Fair/Poor slice — representing patients who had a
negative experience — is visually minimized.

Now consider: what is 6% of your hospital’s annual patient volume? If you discharge
10,000 patients per year, that is 600 people who had a poor enough experience to say
so on a formal survey. That is not a small number.

A more honest presentation would use a bar chart with a consistent color scheme that
does not visually minimize negative outcomes, and would include the count next to the
percentage.

A chart is an argument. Before you accept it, ask: what has been highlighted? What
has been de-emphasized? What is missing entirely?
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4.3 Graphs for Quantitative Data: Histograms and More

Step 1 Read This First

You are reviewing the ages of 30 patients admitted to a medical-surgical unit this week.
You have the raw ages:

45, 72, 58, 61, 34, 83, 67, 49, 55, 78, 62, 41, 70, 53, 88, 66, 47, 59, 73, 38,
64, 51, 80, 57, 69, 44, 76, 52, 63, 71

You want to know: are these patients mostly middle-aged? Mostly elderly? Evenly
spread? Are there a few very young patients or very old ones who might need special
care planning?

A frequency table would organize the data, but a visual display would make the shape
of the distribution immediately clear. This section introduces three graphs designed
specifically for quantitative data.

Step 2 Let’s Talk About It

The key difference between graphs for qualitative data (bar charts, pie charts) and
graphs for quantitative data is that numerical data has an inherent order and the
distance between values is meaningful.

When you look at a histogram, you are not just comparing bar heights — you are
also reading the shape of the distribution. Is it bell-shaped? Skewed to one side?
Does it have two separate peaks? The shape tells you something about the underlying
phenomenon.

A roughly symmetric, bell-shaped distribution of patient ages would suggest a fairly
typical general medical population. A distribution strongly skewed toward older ages
would tell you that your unit tends to serve an elderly population — which has impli-
cations for fall risk, polypharmacy, length of stay, and discharge planning.
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Step 3 Now We Name It

Definition: Histogram

A histogram is a graph for quantitative data where the horizontal axis represents
the values of the variable (grouped into classes) and the vertical axis represents
frequency or relative frequency. Unlike bar charts, the bars in a histogram touch
— there are no gaps — because the data is continuous and the classes cover
consecutive intervals without gaps.

The shape of a histogram is one of its most important features.

Definition: Distribution Shapes

Symmetric (bell-shaped): The left and right sides mirror each other. Most
values cluster in the middle, with fewer values toward both extremes.

Clinical example: Resting heart rates in a healthy adult population.
Skewed right (positively skewed): The tail extends toward the right. Most

values are low, with a few unusually high values pulling the tail out. The mean is
pulled above the median.

Clinical example: Length of stay — most patients stay 2-5 days, but a few stay
30+ days.

Skewed left (negatively skewed): The tail extends toward the left. Most values
are high, with a few unusually low values pulling the tail down.

Clinical example: APGAR scores at 5 minutes — most babies score 7-10, very few
score below 4.

Definition: Stem-and-Leaf Plot

A stem-and-leaf plot displays quantitative data by splitting each value into a
stem (the leading digit(s)) and a leaf (the last digit). It preserves all original data
values while showing the distribution’s shape. Best for small-to-medium datasets
(roughly n < 50).

Definition: Dot Plot

A dot plot places a dot above a number line for each data value. When multiple
values are the same, dots stack vertically. Simple and useful for small datasets;
reveals gaps, clusters, and outliers clearly.
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Step 4  Watch It Work

Three displays for the patient age data

Data (sorted): 34, 38, 41, 44, 45, 47, 49, 51, 52, 53, 55, 57, 58, 59, 61, 62, 63, 64, 66,
67, 69, 70, 71, 72, 73, 76, 78, 80, 83, 88

Display 1: Histogram (class width = 10 years)

Agéd Distribution of 30 Admitted Patients
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Display 2: Stem-and-Leaf Plot
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Key: Stem = tens digit, Leaf = ones digit. — Ezample: 3| 4 = age 34
What both displays show: The distribution is roughly symmetric and approximately
bell-shaped. Most patients are between 50 and 79 years old, with the peak in the 50s

and 60s. This is consistent with a general medical-surgical population. There are no
extreme outliers, though the 34-year-old and 88-year-old are the most unusual ages.

Try This in Desmos

To create a histogram in Desmos Graphing Calculator from a list of ages:

1. Open desmos.com/calculator
2. Type: A = [45, 72, 58, 61, 34, ...] (enter all values)

3. In a new row type: histogram(A)
4. Desmos will display the histogram. Click the settings gear to adjust bin width.
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Try This in Excel

To create a histogram in Excel from a data column:

1. Enter data in column A

2. Select the data range

3. Insert — Charts — Histogram

4. Right-click the horizontal axis — Format Axis — set Bin Width to 10
Note: Excel histograms use left-closed intervals [lower, upper) by default.

Step 5 Your Turn

1. The number of medications administered per patient during a 12-hour shift for
20 patients:

3,7,2,9,5,11,4,8,6,3,10,5,7,2,8,6,4,9,5, 7
(a) Create a stem-and-leaf plot. Use stems 0 and 1.
(b) What is the shape of this distribution?
(c¢) Using Desmos or Excel, create a histogram using a bin width of 3. Describe
what you see.
(d) What is the most common number of medications per patient?

2. The length of stay (in days) for 25 patients discharged from an orthopedic unit:

2,3,2,4,5,1,3,7,2,4,3,2,6,3,2,4,8,3,2,5,3,2,14,4, 3
(a) Create a dot plot for this data.
(b) Describe the shape of the distribution. What feature stands out most?
(c) Is the distribution symmetric, skewed right, or skewed left? How do you
know?
(d) The patient with a 14-day stay is an outlier. How might this affect summary
statistics? (We will revisit this in Chapter 5.)

3. * Match each clinical variable with the histogram shape you would most expect.
Justify each answer.
(a) Salary for all registered nurses in the United States

(b) Gestation length (in weeks) for full-term pregnancies
(c) Patient satisfaction scores at a highly-rated hospital (scale 1-10)
)

(d) Time from symptom onset to emergency department arrival for stroke pa-
tients

(e) Blood glucose levels in a general hospital population (many diabetic pa-
tients)
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4. x Desmos/Excel Application: Open Desmos or Excel and use the following

diastolic blood pressure readings for 24 hypertensive patients to create a his-
togram:

88, 94, 102, 86, 97, 108, 91, 85, 99, 112, 93, 87, 103, 96, 89, 101, 95, 92, 107, 98,
84, 100, 90, 106
(a) Create the histogram using a bin width of 5 mmHg.
(b) Describe the shape. Is it symmetric, skewed right, or skewed left?
(c) What percentage of patients have diastolic BP of 100 mmHg or higher (Stage
2 hypertension)?

(d) Would a stem-and-leaf plot work well for this dataset? Why or why not?
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Step 6 Think Like a Nurse

The Shape of the Distribution Tells a Clinical Story

You are reviewing length-of-stay data for your unit. The histogram is strongly skewed
right: most patients stay 2-4 days, but the tail extends out to 18 and even 25 days for
a small number of patients.

Administration presents the average (mean) length of stay as 6.2 days and suggests
that your unit is performing below the hospital benchmark of 5.5 days.

But look at the histogram. The 6.2-day mean is being pulled upward by those extreme
outliers in the right tail. The median length of stay — the middle value, which is
resistant to outliers — is 3 days. Half your patients go home in 3 days or less.

Which number better represents the typical patient experience? The median. The
mean is being distorted by a handful of patients with complex, prolonged stays who
are not representative of the usual case.

Before any summary statistic is applied, look at the shape. A right-skewed distribution
with a long tail calls for the median, not the mean. A bell-shaped distribution with no
extreme outliers can be fairly summarized by the mean.

The graph is not decoration. It is the prerequisite. Always visualize your data before
computing summary statistics.
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4.4 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 4. Problems marked with x are
more challenging.

Part A: Frequency Distributions
1. A pediatric unit records the reason for 20 unplanned readmissions within 30 days:

Infection Dehydration Infection Pain Infection
Dehydration Respiratory Pain Infection Other
Respiratory  Infection Dehydration Pain Infection
Other Infection Respiratory  Dehydration Pain

(a) Construct a complete frequency distribution table (frequency, relative fre-
quency, cumulative frequency).

(b) What percentage of readmissions involved infection?

(c) What is the cumulative relative frequency for the top two causes?

2. A hospital tracks overnight call-in rates (number of nurses who call in per night)
over 30 nights:

0,1,2,0,3,1,2,0,1,4,2,1,0,2,1,3,1,0,2,1,1,2,0, 1, 3,2, 1, 0, 1, 2
(a) Construct a frequency distribution.
(b) On what percentage of nights did at least 2 nurses call in?
(c) What is the relative frequency of zero call-ins?

Part B: Bar Charts and Pie Charts
3. Use the readmission data from Problem 1.
(a) Sketch a Pareto bar chart (ordered highest to lowest frequency). Label axes
and provide a title.
(b) Calculate the pie chart angle for each category.
(¢) Would you present a bar chart or pie chart to the quality improvement
committee? Justify.

~ —

4. A hospital displays a pie chart in its annual report showing: “91% of patients
rated care as Excellent or Very Good; 9% rated it as Good, Fair, or Poor.” The
9% slice is drawn using a pale gray color, barely distinguishable from the white
background.

(a) What presentation technique is being used to minimize the negative re-
sponse”?

(b) If the hospital serves 15,000 patients annually, how many patients gave a
negative rating?

(c) Redesign this display in a more honest way. What would you change?

Part C: Histograms, Stem-and-Leaf, and Distribution Shape
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5. The hemoglobin levels (g/dL) for 16 patients with anemia:

7.2.88, 6.5, 9.1, 7.8, 8.3, 6.9, 9.5 7.4, 8.1, 7.0, 9.8, 8.6, 6.7, 7.6, 8.9

(a) Construct a stem-and-leaf plot (stems: 6, 7, 8, 9; leaves: tenths digit).

(b) Describe the shape of the distribution.

(c) What percentage of patients have hemoglobin below 8.0 g/dL?

(d) Clinical reference: hemoglobin < 7.0 g/dL typically triggers transfusion con-
sideration. How many patients are in this range?

6. Describe the shape you would expect for each histogram and explain your rea-
soning:
(a) Ages at first diagnosis of Type 1 diabetes (mostly children and young adults)

(b) Number of days since last continuing education course for a sample of nurses
(many recently certified, some who haven’t done it in years)

(c) Systolic blood pressure in a random sample of healthy young adults

(d) Patient age at admission to a hospice care unit

7. * The serum creatinine levels (mg/dL) for 22 patients in a renal unit:

1.2,3.4,1.8,5.6,2.1,72,15,48,2.3,1.9,6.1, 1.7, 3.2, 9.4, 2.6, 1.4, 4.3, 2.0,
1.6, 8.7, 3.8, 2.2

(a) Sort the data and create a frequency distribution using class width of 2
(classes: 1-3, 3-5, 5-7, 7-9, 9-11).

(b) Describe the shape of the distribution.

(c) Normal creatinine range is approximately 0.6-1.2 mg/dL. What does the
distribution tell you about this patient population?

(d) Would the mean or median better represent the “typical” patient’s creatinine
level? Why?

(e) Using Desmos or Excel, create a histogram and compare it to your frequency
distribution.
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Answer Key — Selected Problems

Section 4.1 Practice — Your Turn
1. (a) Frequency table: Pain=9, Bathroom=6, Repositioning=5, Nausea—2,
Other=2; Relative frequencies: Pain=0.375, Bathroom=0.250, Reposition-
ing=0.208, Nausea=0.083, Other=0.083. (b) Pain (9 activations, 37.5%). (c)
Pain + Bathroom = 15/24 = 62.5%. (d) Cumulative frequency = 18 (Pain +
Bathroom + Repositioning = 9+6+5).

2. (a) Range = 163 — 109 = 54. (b) Class width = 54/5 ~ 11; round to 10 or 12
for clean intervals. Using width 10: classes 109-119, 119-129, 129-139, 139-149,
149-159, 159-169. (c) Counts: 3, 4, 4, 4, 2, 1. (d) Patients with BP > 140: count
values 141, 142, 145, 148, 152, 155, 163 — 7 patients; 7/18 — 38.9%.

Section 4.2 Practice — Your Turn
1. (b) Angles: Pain = 0.375 x 360 = 135; Bathroom = 90; Repositioning = 75;
Nausea = 30; Other = 30. (c) Bar chart — comparing 5 categories of similar sizes
is clearer with bars than with pie slices.

2. (a) Relative frequencies: Cardiac 0.317, Respiratory 0.225, Orthopedic 0.183, Neu-
rological 0.158, Other 0.117. (b) Angles: Cardiac ~ 114, Respiratory = 81, Or-
thopedic ~ 66, Neurological ~ 57, Other ~ 42. (c) Bar chart is preferable — 5
categories of similar sizes are difficult to distinguish as pie slices.

3. (a) Day shift has more Wrong Time errors (12 vs. 9); Night shift has more Wrong
Drug and Wrong Route errors. (b) Wrong Route: Day = 2, Night = 7, difference
= 5 — greatest day-to-night difference. (c) Night shift may have fewer available
pharmacy consultations, reduced supervisor oversight, increased fatigue, or less
familiar nursing staff. (d) Recommend a night-shift specific medication adminis-
tration audit, particularly for route verification.

Section 4.3 Practice — Your Turn
1. (a) Stem 0: leaves 2, 2, 3,3,4,4,5,5,5,6,6,7,7,7,8,8,9,9; Stem 1: leaves 0, 1.
(b) Roughly symmetric or slightly right-skewed. (¢) Most values cluster between
4-9. (d) Mode is 5 (appears 3 times).

2. (b) Right-skewed; the 14-day patient is an outlier extending the tail. (c) Skewed
right — most values are clustered at 2-5 days with a long tail toward higher
values. (d) The outlier will pull the mean upward, making it unrepresentative of
the typical stay; the median would be more appropriate.

3. (a) Right-skewed (most nurses earn similar salaries but a small number earn very
high salaries). (b) Symmetric/bell-shaped (gestation is tightly regulated biologi-
cally). (c) Left-skewed (high satisfaction; few very low scores). (d) Right-skewed
(most stroke patients arrive late; few arrive immediately). (e) Bimodal or right-
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skewed (one cluster for normal BG, another for diabetic patients with elevated
levels).

Chapter Practice — Selected

Problem 1: Infection = 7 (35%), Dehydration = 4 (20%), Pain = 4 (20%), Respiratory
= 3 (15%), Other = 2 (10%). Cumulative relative frequency for top two: Infection +
Dehydration = 55%.

Problem 2b: At least 2 call-ins: count nights with 2, 3, or 4 = 8 + 3 + 1 = 12 nights;
12/30 = 40%.

Problem 5a: Stem-and-leaf: 6/579 702468 813689 9|158.

Problem 7 (Challenge): (b) Strongly right-skewed — most creatinine values are in
the 1-3 range but a few very high values (7.2, 8.7, 9.4) extend the tail. (c¢) All patients
are above the normal range (0.6-1.2 mg/dL), indicating a population with significant
kidney dysfunction. (d) Median — the right skew and high outliers will pull the mean
upward, making it unrepresentative of the typical patient.
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Chapter 4 Summary

Section 4.1 — Frequency Distributions
e A frequency distribution organizes data into a table of categories and counts.

¢ Relative frequency = frequency =+ total n; expresses each category as a pro-
portion.

e Cumulative frequency shows how many observations fall at or below a given
value.

e For quantitative data, choose 5-20 classes of equal width: width ~ (max — min)
- number of classes.

Section 4.2 — Qualitative Data Graphs
e Bar chart: displays frequency/relative frequency of categories; bars do not
touch; best for comparing categories.

e Pareto chart: bar chart ordered from highest to lowest frequency.

e Pie chart: sectors proportional to relative frequency; best for 2-5 categories
showing composition.

e A chart is an argument — check what is highlighted, minimized, or missing.
Section 4.3 — Quantitative Data Graphs

e Histogram: bars touch (continuous data); reveals the shape of the distribution.

e Stem-and-leaf plot: preserves all data values; best for n < 50.

e Dot plot: one dot per value above a number line; reveals clusters, gaps, and
outliers.

e Symmetric: mirror-image shape; mean ~ median.

e Skewed right: long tail to the right; mean > median (e.g., length of stay).

e Skewed left: long tail to the left; mean < median (e.g., APGAR scores).
The Nursing Connection

e Always visualize data before computing summary statistics. The shape of the
distribution determines which statistics are appropriate.

e Right-skewed clinical data (length of stay, wait times, creatinine) is better sum-
marized by the median than the mean.

e Charts can mislead through color, scale manipulation, or selective display — read
them critically.
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CHAPTER 5

Describing Data Numerically

)

“A single number, chosen wisely, can summarize an entire patient population.’

— chosen poorly, it can mislead everyone in the room

In this chapter, you will learn to:

e Compute and interpret the mean, median, and mode

e Explain when each measure of center is appropriate

e Compute and interpret range, variance, standard deviation, and IQR
e Construct and interpret a five-number summary and boxplot

e Identify and handle outliers using the IQR fence method

e Compute and interpret z-scores

e Apply the Empirical Rule to bell-shaped distributions

e Use Desmos and Excel for all calculations

5.1 Measures of Center: Mean, Median, and Mode

Step 1 Read This First

You are reviewing patient outcomes data for a quality improvement project. Your unit
tracked the length of stay (in days) for 12 patients discharged last week:

3,2,5,4,3,7,24,3,6, 3,28

A colleague summarizes this as: “The average length of stay on our unit is 5.8 days.”
She presents this to administration as evidence that the unit needs more discharge
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planning resources.

You look at the numbers again. Eleven of the twelve patients went home in 7 days or
less. One patient — who developed a serious complication — stayed 28 days. Does 5.8
days really represent the typical patient on your unit?

The answer depends entirely on which measure of center you choose — and whether
that choice is appropriate for the shape of your data.

Step 2 Let’s Talk About It

Look at the twelve values. Remove the 28 for a moment. The remaining eleven values
—2,2,3,3,3, 3,4, 4,5, 6, 7— have an average of about 3.8 days. That feels like a
much better description of the typical patient.

When you put 28 back in, the average jumps to 5.8. That one extreme value dragged
the mean almost two full days higher. Yet only one of twelve patients stayed that long.

This is the fundamental tension in descriptive statistics: we want one number to rep-
resent the whole group, but that one number is always a simplification. The art is
knowing which simplification is honest.

There are three common measures of center. Each makes a different promise about
what it represents — and each breaks that promise under certain conditions.

Step 3 Now We Name It
| Definition: Mean |

Definition: Mean

The mean (arithmetic average) is the sum of all values divided by the number of
values:

1 =
- (sample mean) i ~

(population mean)

B =

The mean uses every data value. This makes it sensitive to extreme values (out-
liers). It is the most appropriate measure of center for symmetric distributions
without outliers.
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Definition: Median

The median is the middle value when data are arranged in order. It divides the
dataset so that half the values fall below and half above.

Finding the median:

e Sort the data from smallest to largest.
1
e [f n is odd: the median is the middle value at position nt :

e If n is even: the median is the average of the two middle values at positions
g and g + 1.
The median is resistant to outliers. It is the preferred measure of center for
skewed distributions.

r
\

Definition: Mode

The mode is the value (or values) that appear most frequently in the dataset. A
dataset may have one mode (unimodal), two modes (bimodal), or no mode (all
values appear equally often).

The mode is the only measure of center that can be used with qualitative data.

Example: The most common blood type in a sample of 50 patients is “O positive”
— the mode for the qualitative variable Blood Type.

Which Measure of Center to Use?

Symmetric, no outliers: Mean and median will be close; use the mean.
Skewed or outliers present: The median is more representative; use the median.
Qualitative data: Only the mode applies.

Rule of thumb: If mean > median, the distribution is likely skewed right. If
mean < median, likely skewed left.

,
|\
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Step 4  Watch It Work

Computing the three measures for the length-of-stay data
Data: 3,2,5,4,3,7,2,4,3,6,3,28 (n=12)

Step 1 — Sort: 2,2, 3,3,3,3,4,4,5,6,7, 28
Step 2 — Mean:

242434343 +3+4+44+05+6+74+28 70
e 5 =13 ~ 5.8 days

Step 3 — Median (n = 12, even): average of 6th and 7th values:

4
Median = 3% = 3.5 days

Step 4 — Mode: 3 appears four times — the mode is 3 days.

Median = 3.5
ModeMed8n = 5.8

i, i, outlier
000000 e
— —
0 2 4 6 8 10 12 14 16 18 20

Length of Stay (days)

Interpretation:
e The mean (5.8 days) is pulled well above the data cluster by the single 28-day
outlier.

e The median (3.5 days) and mode (3 days) much better represent the typical
patient experience.

e For this right-skewed dataset with an extreme outlier, the median is the honest
summary.

e Reporting the mean to administration without mentioning the outlier misrepre-
sents 11 of 12 patients.

Try This in Desmos

In Desmos Scientific Calculator, type:
mean([2,2,3,3,3,3,4,4,5,6,7,28]) — returns 5.833
median([2,2,3,3,3,3,4,4,5,6,7,28]) — returns 3.5
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Try This in Excel

In Excel, with data in cells A1:A12:
=AVERAGE(A1:A12) — mean
=MEDIAN(A1:A12) — median

=MODE(A1:A12)  — mode (returns first mode if multiple)

. J

Step 5 Your Turn

1. The pain scores (0-10 scale) recorded for 11 patients at a post-operative check:

7,3,5,8,4,6,5,9,5,2,6
(a) Sort the data and find the mean, median, and mode.
(b) Are the mean and median close together or far apart? What does this
suggest about the shape?
(¢) Which measure of center would you report to the charge nurse as the “typi-
cal” pain level? Why?

2. The diastolic blood pressures (mmHg) of 10 patients in a hypertension clinic:

92, 88, 105, 97, 84, 91, 118, 95, 89, 93
a) Compute the mean and median.
b) Remove the value 118 and recompute the mean and median.
(¢) How much did each measure change? Which is more resistant to the outlier?
(d) Using Desmos or Excel, verify your calculations.

3. *x A hospital reports the “average” nurse salary on its website as $82,000. A newly
hired nurse discovers that 8 of the 10 nurses on her unit earn between $68,000
and $75,000, but the two senior charge nurses each earn $142,000.

(a) Without computing exactly, explain why $82,000 does not represent the
typical nurse’s salary.

(b) Which measure of center would you recommend reporting? Why?

(¢) What might motivate a hospital to report the mean rather than the median
for salary data?
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Step 6 Think Like a Nurse

The Mean Can Be Technically Correct and Clinically Misleading

A hospital quality report states: “Awverage time from ED triage to physician evalua-
tion: 38 minutes.” This meets the national benchmark of 45 minutes, so the quality
committee marks this indicator as “passing.”

But when a nurse looks at the actual distribution, she finds: 80% of patients were
seen in under 20 minutes. The remaining 20% waited between 90 and 180 minutes —
patients who arrived during shift change or when the department was at capacity.

The mean of 38 minutes obscures a two-tiered system. Most patients are seen very
quickly. A significant minority waits far too long. The mean hides this split because
the low values and high values average out to a number that describes neither group
accurately.

A more honest summary would report: “Median wait time: 18 minutes. 20% of patients
waited longer than 90 minutes.” That tells you something actionable.

When a single number is used to describe a system, ask: does this number describe what
18 actually happening to patients, or does it describe the arithmetic average of two very
different experiences?
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5.2 Measures of Spread: Range, Standard Deviation, and IQR

Step 1 Read This First

Two nursing units both have a median patient-to-nurse ratio of 5:1.

Unit A ratios over the last 14 shifts: 4, 5, 5,5, 5,5, 5,5, 5,5, 5,5, 5,6
Unit B ratios over the last 14 shifts: 1,2, 3,4,5,5,5,5,5,6,7,8,9, 10
Both units have the same median. Are they equally safe?

Not even close. Unit A has almost no variation — the ratio is almost always exactly
5. Unit B swings wildly from 1 to 10. On some shifts, nurses on Unit B are managing
10 patients each. The median alone is dangerously misleading here.

This is why measures of spread are just as important as measures of center. The center
tells you where the data is located. The spread tells you how much it varies around
that center.

Step 2 Let’s Talk About It

7
\

Think about what spread means in clinical terms.

A medication that reliably lowers blood pressure by about 10 mmHg in most patients
is very different from one that lowers it by 10 mmHg on average but sometimes by 2
mmHg and sometimes by 35 mmHg. The average effect is the same. The variability
in effect is completely different — and that variability is what determines whether the
medication is safe to use broadly.

In statistics, spread is measured in several ways. The simplest is the range. The most
commonly reported is the standard deviation. For skewed data, the interquartile range
(IQR) is more robust. Each captures something different about how spread out the
data is.

Step 3 Now We Name It

r
\

Definition: Range

The range is the difference between the maximum and minimum values:
Range = Maximum — Minimum

Simple to compute but sensitive to outliers — one extreme value can make the
range enormous.
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Definition: Standard Deviation

The standard deviation measures how far, on average, each data value is from
the mean. A larger standard deviation means the data is more spread out; a
smaller value means the data clusters tightly around the mean.

Sample standard deviation:

> (xi — x)?

n—1

S =

Population standard deviation:

Use s for sample data (which is almost always). The denominator n — 1 (not n)
corrects for the tendency of samples to underestimate population variability.

Variance (s? or 0?) is the square of the standard deviation. It is used in many

statistical formulas but is harder to interpret directly because its units are squared.

Definition: Interquartile Range (IQR)

The quartiles divide ordered data into four equal parts:
e () (first quartile): 25th percentile — 25% of data falls below

e (); (second quartile): 50th percentile — the median

e ()3 (third quartile): 75th percentile — 75% of data falls below
The interquartile range is:

IQR = Q3 — Q1

The IQR captures the spread of the middle 50% of the data. It is resistant to
outliers, making it the preferred spread measure for skewed distributions.
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Step 4  Watch It Work

Computing spread measures for nurse-to-patient ratios on Unit B

Data (sorted): 1,2,3,4,5,5,5,5,5,6,7,8 9,10 (n=14)

Range: 10—-1=9

Quartiles: n = 14 values.
Lower half (first 7): 1, 2, 3,
Upper half (last 7): 5, 5, 6,

4,5,5,5 =0, =4 (4th value)
7,8,9,10 = Q3 =7 (4th value)
IQR=Q3—-Q1=7—4=3

Standard deviation:
243+4+54+5+54+54+54+6+74+8+9+10 75

z= 4 =" 5.36

1 —4.36 18.98
2 —=3.36 11.27
3 —2.36 5.56
4 —1.36 1.84
5 —0.36 0.13 x5
6 +0.64 0.41
7 +1.64 2.70
8 +2.64 6.98
9 +3.64 13.27

10 +4.64 21.56

S (2 — 7)? ~ 83.21

83.21 83.21
= = = V640 &~ 2.
\/14— 1 13 040~ 2.53

Compare Unit A vs. Unit B:
Median IQR Std Dev

Unit A 5 0 0.38
Unit B 5 3 2.53

Same median. Very different spread. Unit B’s standard deviation is nearly seven times
larger. This is the story the center alone cannot tell.
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Try This in Desmos

In Desmos, type stdev(I[1,2,3,4,5,5,5,5,5,6,7,8,9,10]) for sample standard
deviation, or
stdevp([...]) for population standard deviation.

For quartiles: quantile([...], 0.25) gives ()1; quantile([...], 0.75) gives

Q3.

Try This in Excel

=STDEV(A1:A14)  — sample standard deviation (s)

=STDEVP(A1:A14)  — population standard deviation (o)

=QUARTILE(A1:A14, 1) —

=QUARTILE(A1:A14, 3) — Q3

=IQR is not a built-in function; compute as

=QUARTILE(A1:A14,3)-QUARTILE(A1:A14,1)

Step 5 Your Turn

1. The number of patient falls per month over 10 months on two nursing units:

Unit ICU: 0, 1,0,2,1,0, 1,0, 1, 0
Unit Med/Surg: 3,0,5,1,7,0,4, 2,6, 2
(a) Compute the mean and median for each unit.
(b) Compute the range and standard deviation for each unit (use Desmos or
Excel for standard deviation).
(c) Both units have similar means. Which unit has a more serious fall problem?
Justify using the spread measures.
(d) Which measure of spread is more appropriate here given the data shape?

2. Medication response times (in minutes) for 8 patients after an IV pain medication:

12, 8, 15, 10, 14, 9, 11, 13
(a) Compute the mean and standard deviation. Show your work for the standard
deviation.
(b) What is the IQR?
(c) Interpret the standard deviation in context: what does it tell you about how
consistently the medication works?
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3. x A researcher reports that a new blood pressure medication has a mean reduction
of 12 mmHg with a standard deviation of 1.2 mmHg. A second medication has a
mean reduction of 12 mmHg with a standard deviation of 8.4 mmHg.

(a) Which medication is more predictable in its effect? Explain.

(b) For a patient with dangerously high BP where consistent reduction is critical,
which medication would you prefer? Why?

(c) For a patient whose BP is only mildly elevated, which concern about the
second medication is most relevant?
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Step 6 Think Like a Nurse

Standard Deviation Is a Safety Metric

The Joint Commission and hospital accreditation bodies do not just report average
outcomes — they look at variability in outcomes. A hospital where 90% of patients
receive their medication on time and 10% wait hours is more dangerous than one where
every patient waits 15 minutes, even if both have the same mean wait time.

This is not abstract statistics. In clinical practice, high variability in:
e medication administration times = some patients receive drugs too early or too
late

e nurse-to-patient ratios = some shifts are chronically unsafe
e handoff quality = some transitions miss critical information
When you see a quality report showing a mean that looks acceptable, always ask: what

is the standard deviation? What does the distribution look like? A reassuring average
can hide a dangerous tail.

In patient safety, the outliers are often the patients who are harmed. The mean protects
the average patient. The standard deviation tells you about everyone else.
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5.3 The Five-Number Summary, Boxplots, and Z-Scores

Step 1 Read This First

Your hospital’s infection control team is comparing central line-associated bloodstream
infection (CLABSI) rates (per 1,000 line-days) across eight ICUs in a regional hospital
system:

0.8, 1.2, 0.5, 2.1, 0.9, 3.4, 1.1, 0.7

One of the eight ICUs has a rate of 3.4 — more than three times the rate of most units.
Is this an outlier that should trigger an investigation, or is it within the normal range
of variation? How do you decide?

Meanwhile, your own ICU has a rate of 2.1. A nurse asks: “How do we compare to the
other ICUs? Are we above average? By how much?”

Two tools answer these questions precisely: the boxplot (which visualizes the distri-
bution and flags potential outliers) and the z-score (which quantifies how far a value
is from the mean in standard deviation units).

Step 2 Let’s Talk About It

Think about the question: is 3.4 an outlier?

Intuitively, it seems high — six of the eight values are below 1.3. But “seems high” is
not rigorous enough for a clinical investigation or a quality report.

We need a mathematical criterion for what counts as an outlier. The IQR gives us one:
values that fall more than 1.5 times the IQR beyond @), or Q)3 are flagged as potential
outliers. This is called the fence method.

And for the question “how far above average is 2.17” — the z-score answers this directly.
It converts any data value to a universal scale measured in standard deviations, making
comparisons meaningful even when the underlying data have different units.
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Step 3 Now We Name It
Definition: Five-Number Summary

The five-number summary consists of five values that describe a dataset’s dis-
tribution:

Minimum, @, Median (@), @3, Maximum

Together, these five numbers capture center, spread, and the extremes of the dis-
tribution.

Definition: Boxplot (Box-and-Whisker Plot)

A boxplot is a visual display of the five-number summary:
e A box spans from @), to Q3 (the IQR)

e A vertical line inside the box marks the median
e Whiskers extend from the box to the smallest and largest non-outlier values

Outliers are plotted as individual dots beyond the whiskers

Definition: Outlier Fences (IQR Method)

A value is a potential outlier if it falls outside the fences:

Lower fence = @1 — 1.5 x IQR Upper fence = Q3 + 1.5 x IQR

Values below the lower fence or above the upper fence are flagged as outliers and
plotted separately in a boxplot.

Definition: Z-Score (Standardized Score)

The z-score measures how many standard deviations a value is above or below
the mean:

r—x

z =
S

z > 0: the value is above the mean

z < 0: the value is below the mean

|z| > 2: the value is unusually far from the mean (approximately)

|z| > 3: the value is extremely unusual
Z-scores have no units. They allow comparison across different variables or dif-
ferent datasets.
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Step 4  Watch It Work

Five-number summary, boxplot, and z-scores for CLABSI rates

Data (sorted): 0.5, 0.7, 0.8, 0.9, 1.1, 1.2, 2.1, 3.4 (n =278)

Five-number summary:
e Min = 0.5
e Q:: median of lower half (0.5, 0.7, 0.8, 0.9) = %&%8 = 0.75
e Median = 0'9‘5—1'1 =1.0

e (J3: median of upper half (1.1, 1.2, 2.1, 3.4) = % =1.65

e Max = 34
IQR =1.65—0.75=0.90
Fences:

Lower fence = 0.75 — 1.5(0.90) = 0.75 — 1.35 = —0.60
Upper fence = 1.65 + 1.5(0.90) = 1.65 + 1.35 = 3.00
Outlier check: 3.4 > 3.00 = 3.4 is a flagged outlier.
Boxplot:

Q1 Med Q3 _ 3.4 (outlier)

[
0 0.5 1.0 15 20 25 3.0 35
CLABSI Rate (per 1,000 line-days)

Z-score for your ICU’s rate of 2.1:
Mean of 8 rates: 7 — 0:5+0-7+0.840.941.141.242.1434 _ 10.7 _ | 34

8
Standard deviation (using Desmos): s ~ 0.96

21—-134 0.76

ST 7096 0.96

Interpretation: Your ICU’s CLABSI rate of 2.1 is about 0.79 standard deviations

above the group mean — above average but not extreme. The rate of 3.4 (z ~ +2.15)

is more than 2 standard deviations above the mean and is flagged as an outlier by the
fence method. That unit warrants investigation.

~ +0.79

1. The hemoglobin levels (g/dL) for 10 patients:
11.2, 9.8, 13.4, 8.7, 12.1, 10.5, 14.2, 9.1, 11.8, 7.2
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(a) Find the five-number summary.

(b) Compute the IQR and determine the outlier fences.
(c¢) Are any values potential outliers?

(d) Sketch a boxplot. Label all five components.

(e) Compute the z-score for the value 7.2. Is it unusual?

2. A hospital tracks 30-day readmission rates (%) for six hospital units: 8.2, 12.7,
9.1, 18.4, 10.3, 7.6.

(a) Find the five-number summary.

(b) Compute the IQR and outlier fences. Is 18.4 a flagged outlier?

¢) Compute the z-score for 18.4. Interpret it in context.

(d) If you were the nurse manager of the unit with 18.4% readmission, what
would you do with this information?

3. * A nurse’s resting heart rate is measured at 102 bpm. The mean resting heart
rate for nurses on her unit is 72 bpm with a standard deviation of 9 bpm.

(a) Compute the z-score for 102 bpm.

(b) What does this z-score tell you about how unusual this reading is?

(¢) If normal resting heart rate is 60-100 bpm, how does the z-score complement
the clinical assessment?

(d) A second nurse has a heart rate of 58 bpm. Compute and interpret her
z-score. Should this reading concern you clinically?
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Step 6 Think Like a Nurse

The Empirical Rule: When Bell Shapes Tell Us Everything
When a distribution is approximately bell-shaped (symmetric, unimodal), an extraor-
dinarily useful rule applies:

,7'O L

p—3ou—20pu—0c M pt+opu42ou+3o

Interval Contains approximately Clinical meaning

pwto 68% of data Most patients fall in this range
u =+ 20 95% of data Almost all patients fall here
i E 30 99.7% of data Nearly every patient falls here

Clinical application: If resting heart rate in healthy adults is approximately normally
distributed with g = 72 bpm and ¢ = 9 bpm, then:
e 68% of healthy adults have heart rates between 63 and 81 bpm

e 95% have rates between 54 and 90 bpm

e 99.7% have rates between 45 and 99 bpm

e A patient at 105 bpm has z = (105—72)/9 = +3.67 — this lies outside the 99.7%
range and is clinically significant

The Empirical Rule transforms a standard deviation into a statement about individual
patients. It is the bridge between the group’s statistics and the individual’s clinical
picture.
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5.4 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 5. Problems marked with x are
more challenging.

Part A: Measures of Center
1. The oxygen saturation (SpO,, %) readings for 9 patients on a respiratory unit:

94, 97, 91, 98, 88, 95, 96, 92, 98
(a) Find the mean, median, and mode.
(b) A tenth patient is added with SpOsy of 72%. Recompute the mean and
median.
(¢) Which measure changed more? What does this illustrate?

(d) For the full 10-patient dataset, which measure of center is more appropriate?
Why?

2. The number of patients each nurse cared for during 8 consecutive shifts:

5,6,5,7,5 8 5,6
(a) Find the mean, median, and mode.
(b) The hospital reports “average nurse load of 5.9 patients.” A nurse argues
this overstates the typical load. Who is right?

Part B: Measures of Spread
3. Two nurses record medication administration times (minutes from order to ad-
ministration) over 6 shifts:

Nurse A: 28, 32, 30, 29, 31, 30
Nurse B: 14, 45, 22, 38, 19, 52
(a) Compute the mean for each nurse.
(b) Compute the range and standard deviation for each (use Desmos or Excel
for standard deviation).
(c) Both nurses have similar means. Which nurse is more consistent? Justify
using the standard deviation.
(d) From a patient safety perspective, which variation pattern is more concern-
ing?

4. Serum potassium levels (mEq/L) for 7 patients: 3.8, 4.2, 3.5, 4.7, 3.9, 4.1, 5.8.
(a) Compute the IQR.
(b) Compute the outlier fences. Is 5.8 a flagged outlier?
(¢) Normal potassium range is 3.5-5.0 mEq/L. What does identifying 5.8 as an
outlier add to the clinical picture?

Part C: Five-Number Summary, Boxplots, Z-Scores, and Empirical Rule
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5. Patient wait times (minutes) from admission order to bed assignment for 10
patients:

45, 32, 67, 28, 51, 39, 88, 44, 35, 62
Find the five-number summary.
Compute the IQR and determine the outlier fences.
Is 88 minutes a flagged outlier? Show your work.
Sketch a labeled boxplot.
Compute the z-score for the 88-minute wait. The mean is 49.1 min and
standard deviation is 18.6 min.

/N
o T
N’ N N S S

)

6. x A hospital uses the Empirical Rule to set acceptable ranges for patient vital
signs. Suppose systolic blood pressure in the general patient population at this
hospital is approximately bell-shaped with p = 128 mmHg and ¢ = 14 mmHg.

(a) What range of systolic BP values contains approximately 68% of patients?

(b) What range contains approximately 95% of patients?

(c¢) A patient has systolic BP of 170 mmHg. Compute the z-score. What does
it tell you?

(d) A patient has systolic BP of 100 mmHg. Compute the z-score. Is this
clinically unusual?

(e) The Empirical Rule requires a bell-shaped distribution. What type of pa-
tients or conditions might violate this assumption in a hospital setting?

7. x Research Application: A study of nurse burnout scores (0-100 scale) in 120
ICU nurses reports: mean = 61.4, median = 58.2, standard deviation = 12.7, ),

= 52.1, Q3 = 70.8.
(a) Is the distribution symmetric, skewed right, or skewed left? How do you
know?

(b) Compute the IQR and outlier fences.

(¢) A nurse with a burnout score of 95 is flagged. Compute her z-score. Is this
consistent with the fence method?

(d) The study reports that the mean burnout score is 61.4. Given the skew you
identified, is the mean or median a better summary? Why?

(e) If the hospital sets an intervention threshold at “burnout score above 2 stan-
dard deviations from the mean,” what is the threshold score? How many
nurses likely exceed it?
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Answer Key — Selected Problems

Section 5.1 Practice — Your Turn
1. Sorted: 2, 3,4,5,5,5,6,6,7,8,9. (a) Mean = 60/11 ~ 5.5; Median (6th value)
= 5; Mode = 5. (b) Mean and median are close (5.5 vs. 5); the distribution is
roughly symmetric. (c¢) Either mean or median is reasonable; mode (5) is also a
valid answer since it represents the most common score.

2. (a) Mean = (92488+105+97+84+91+1184+95+89+93)/10 = 952/10 = 95.2;
Sorted: 84, 88, 89, 91, 92, 93, 95, 97, 105, 118; Median — (92 + 93)/2 = 92.5. (b)
Without 118: Mean — 834/9 ~ 92.7; Sorted: 84, 88, 89, 91, 92, 93, 95, 97, 105;
Median = 5th value = 92. (¢) Mean changed by 2.5; median changed by 0.5. The
median is more resistant. (d) The median.

Section 5.2 Practice — Your Turn
1. ICU: Mean = 0.6, Median = 0.5, Range = 2, SD & 0.70. Med /Surg: Mean = 3.0,
Median = 2.5, Range = 7, SD & 2.49. (c¢) Med/Surg has a more serious problem
despite a similar-looking structure — both the mean and spread are much higher.
(d) The IQR, since the Med/Surg data is right-skewed.

2. Sorted: 8,9, 10, 11, 12, 13, 14, 15. (a) Mean = 92/8 = 11.5. SD: > (x; — 11.5)* =
12.254-6.2542.2540.2540.254-2.2546.254+12.25 = 42.0; s = 1/42/7 = /6 ~ 2.45
min. (b) @1 = 9.5, @3 = 13.5, IQR = 4. (c) Typical response time deviates from
the mean by about 2.45 minutes — the medication is fairly consistent.

Section 5.3 Practice — Your Turn
1. Sorted: 7.2, 8.7, 9.1, 9.8, 10.5, 11.2, 11.8, 12.1, 13.4, 14.2. (a) Min=7.2, Q; = 9.1,
Median:w = 10.85, Q3 = 12.1, Max=14.2. (b) IQR=3.0; Lower fence=9.1—
4.5 = 4.6; Upper fence=12.1+4.5 = 16.6. (c) No outliers (7.2 > 4.6; 14.2 < 16.6).
(e) Mean = 10.8, s ~ 2.17; z = (7.2 — 10.8)/2.17 ~ —1.66; below average but not
extreme (|z] < 2).

2. Sorted: 7.6, 8.2, 9.1, 10.3, 12.7, 18.4. (a) Min=7.6, Q; = 8.2, Median—9.7,
Qs = 12.7, Max=18.4. (b) IQR=4.5; Upper fence=12.7 + 6.75 = 19.45; 184 <
19.45, so not a flagged outlier by the fence method. (¢) Mean ~ 11.05, SD = 4.03;
z = (18.4 — 11.05)/4.03 ~ 1.82 — above average but within 2 SDs.

Chapter Practice — Selected

Problem 1b: With 72% added: Mean = (94 + 97 + 91 + 98 + 88 + 95 + 96 + 92 +
98 + 72)/10 = 921/10 = 92.1; Median = average of 5th and 6th values in sorted set
(91, 91, 92, 94, 95, 96, 97, 98, 98, 88 sorted — 72, 88, 91, 92, 94, 95, 96, 97, 98, 98)
= (944 95)/2 = 94.5. Mean dropped by 2.6; median dropped by 0.5. Mean is far more
affected.
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Problem 5c: z = (170 — 128)/14 = 42/14 = 3.0. A z-score of 3.0 places this patient
at the boundary of the 99.7% interval — only 0.15% of patients are expected to be this
high or higher. This is clinically significant.

Problem 7 (Challenge): (a) Mean (61.4) > Median (58.2) = right-skewed. (b) IQR
= 70.8 — 52.1 = 18.7; Lower fence = 52.1 — 28.05 = 24.05; Upper fence = 70.8 + 28.05
= 98.85. Score of 95 is below 98.85, so not flagged by fence. (c) z = (95 —61.4)/12.7 =
33.6/12.7 ~ 2.65 — more than 2 SDs above mean, consistent with being extreme even
if not flagged by IQR fence. (d) Median — the right skew means the mean is pulled up
by high-burnout outliers. (e) Threshold = 61.4 4 2(12.7) = 86.8. Approximately 2.5%
of nurses are expected above this threshold ~ 3 nurses.
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Chapter 5 Summary

Section 5.1 — Measures of Center
e Mean (Z): sum + n; sensitive to outliers; best for symmetric distributions.

e Median: middle value; resistant to outliers; best for skewed data.

e Mode: most frequent value; only measure for qualitative data.

If mean > median = right-skewed. If mean < median = left-skewed.

Section 5.2 — Measures of Spread
e Range = Max — Min; simple but sensitive to outliers.

Standard deviation (s): average distance from the mean; uses all data values.
IQR — Q3 — Q: spread of middle 50%; resistant to outliers.

Use IQR with median (skewed data); use standard deviation with mean (sym-
metric data).

Section 5.3 — Five-Number Summary, Boxplots, Z-Scores
e Five-number summary: Min, );, Median, ()3, Max.

e Outlier fences: Lower = )1 — 1.5 x IQR; Upper = @3 + 1.5 x IQR.
e Boxplot: visual of five-number summary; outliers plotted as individual dots.
e Z-score: z = (x — T)/s; measures standard deviations from the mean; unitless.
e Empirical Rule (bell-shaped data): 68% within lo; 95% within 20; 99.7%
within 3o.
The Nursing Connection
e Center without spread is incomplete. Always report both.

e Skewed clinical data (length of stay, wait times, salary) requires the median +

IQR.

e /-scores translate any measurement into a universal scale — “how unusual is this
patient?”

e The Empirical Rule connects standard deviation to clinical probability state-
ments.
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CHAPTER 6

Correlation and Linear Regression

“When two variables move together, the question is always: is one causing the
other, or are they just traveling in the same direction?”

— the difference between correlation and causation, revisited

In this chapter, you will learn to:

e Construct and interpret scatter plots for two quantitative variables

e Compute and interpret the correlation coefficient r

e Distinguish between positive, negative, and no correlation

e Find the least-squares regression line and interpret its slope and intercept
e Use a regression equation to make predictions

e Compute and interpret the coefficient of determination 2

e Explain why correlation does not imply causation

e Use Desmos and Excel for regression analysis

6.1 Scatter Plots and Correlation

Step 1 Read This First

A hospital quality team suspects that patients with higher body mass index (BMI) have
longer post-surgical hospital stays. They collect data from 10 recent surgical patients:
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Patient 12 3 4 5 6 7 8 9 10

BMI 22 27 31 25 35 29 38 24 33 28
LOS(days) 3 4 6 3 7 5 8 3 7 5

Before running any statistics, the team creates a scatter plot. In that plot, they can
immediately see that as BMI increases, length of stay tends to increase as well. The
relationship is not perfect — two patients with similar BMIs have different stays —
but the general trend is clear.

This visual impression needs to be quantified. How strong is the relationship? Is it
strong enough to act on? And does higher BMI cause longer stays, or could something
else explain both?

Step 2 Let’s Talk About It

Think about the scatter plot before the math.

If BMI and LOS were completely unrelated, the dots would form a random cloud with
no discernible pattern. If the relationship were perfect, every dot would fall exactly on
a straight line. Reality is somewhere in between.

The two things you are looking for in a scatter plot are direction (do the dots rise from
left to right, or fall?) and strength (how closely do the dots cluster around a straight
line, or are they spread out all over?).

A third thing worth checking is form: is the pattern linear? Or does it curve? The tools
in this chapter assume linearity — they work best when the dots trend in a straight
line rather than a curve.

r
.

Step 3 Now We Name It

Definition: Scatter Plot

A scatter plot is a graph that displays the relationship between two quantitative
variables. Each dot represents one individual. The explanatory variable (the
variable believed to drive the relationship) is placed on the z-axis; the response
variable (the outcome) is placed on the y-axis.
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Definition: Correlation Coefficient (r)

The correlation coefficient r (also called Pearson’s r) measures the strength and
direction of the linear relationship between two quantitative variables.

Properties of r:
e —1 <r <1 always
e > (: positive association (as = increases, y tends to increase)
e 7 < 0: negative association (as = increases, y tends to decrease)
e 7 = 0: no linear relationship

|r| close to 1: strong linear relationship

|r| close to 0: weak or no linear relationship

Rough guide to strength:

|7 Interpretation Clinical example

0.00-0.40 Weak Shoe size and blood pressure
0.40-0.70 Moderate Nurse age and job satisfaction
0.70-1.00 Strong Height and weight

r Measures Only Linear Relationships

A correlation of » = 0 does not mean there is no relationship — it means there
is no linear relationship. Two variables can have a strong curved relationship and
still have r =~ 0. Always look at the scatter plot before interpreting 7.
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Step 4  Watch It Work

Scatter plot and correlation for the BMI-LOS data

BNII vs. Length of Stay (Post-Surgical, n = 10)

(days)

th ogﬂStzg

NG

g

Len
RS

20 22 24 26 28 30 32 34 36 38
BMI

What we see:
e Direction: Positive — as BMI increases, LOS tends to increase.

e Form: Linear — the dots cluster reasonably well around a straight line.

e Strength: Strong — r ~ 0.97, very close to 1.0.

Try This in Desmos

Enter data as two lists in Desmos Graphing Calculator:

1. Type: x1 [22, 27, 31, 25, 35, 29, 38, 24, 33, 28]

2. Type: y1 [3, 4, 6, 3, 7, 5, 8, 3, 7, 5]
3. Type: (x1, y1) to create the scatter plot

4. Type: corr(xl, y1) to compute r

Enter BMI in column A and LOS in column B.

=CORREL (A1:A10, B1:B10) — correlation coefficient r
For a scatter plot: Select both columns — Insert — Charts — Scatter
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Step 5 Your Turn

1. For each description, predict the direction of the correlation (positive, negative,
or near zero) and estimate the approximate strength (weak, moderate, strong).
Justify your answer.

(a) A patient’s age and their systolic blood pressure (in a general adult popu-
lation)

(b) The number of cigarettes smoked per day and forced expiratory volume
(FEV1, a lung capacity measure)

(¢) A nurse’s shoe size and their patient satisfaction scores

(d) The number of hours of sleep a nurse reports and their self-reported cognitive
performance score

(e) Patient weight (kg) and daily insulin dose (units)

2. A nurse researcher records stress levels (scale 1-10) and hours of overtime worked
per week for 8 nurses:

Overtime hrs 2 5 8 3 10 6 4
Stress level 35 7 4 9 6 4

(a) Plot a sketch of the scatter plot. Label both axes.

(b) Describe the direction, form, and strength of the relationship.

(c¢) Using Desmos or Excel, compute the correlation coefficient r.

(d) Interpret r in the context of nurse overtime and stress.

9
8

3. x Two scatter plots both show r = 0.6. In Plot A, the points form a clean oval
cloud tilting upward. In Plot B, the points form a curved arc (like a quadratic).
What caution does this illustrate about using r alone?
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Step 6 Think Like a Nurse

Correlation Is Not Causation — Again, and in Detail

Researchers publish a study showing » = 0.81 between the number of nurses per unit
and patient survival rates: units with more nurses have higher survival. The hospital
board is impressed and approves a proposal to increase nurse staffing system-wide.

Is the causal claim justified? The correlation is real and strong. But consider what else
might differ between well-staffed and understaffed units. Better-staffed units may also
have newer equipment, better leadership, more experienced nurses, higher budgets, and
lighter patient loads. Any or all of these factors could independently improve survival.

The correlation tells us that staffing and survival tend to move together. It cannot tell
us whether changing staffing causes the change in survival, or whether both are driven
by a third factor (hospital resources, management quality, patient population).

To establish causation, you would need a randomized experiment — which is ethically
and practically difficult in this context. In the absence of randomization, strong cor-
relation with a plausible mechanism and the elimination of major confounders is the
best available evidence.

A correlation of 0.81 is compelling evidence. It is not proof. The distinction matters
when policy decisions affect patient lives.
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6.2 The Least-Squares Regression Line

Step 1 Read This First

The hospital team has confirmed a strong positive correlation between BMI and post-
surgical LOS (r = 0.97). Now they want to go further.

The charge nurse asks: “If a patient comes in with a BMI of 32, what length of stay
should we plan for?”

The scatter plot shows a strong linear trend, but the dots are not perfectly on a line.
There are many lines you could draw through the data. Which one is the best? And
once you have it, how do you use it to predict, and how much do you trust those
predictions?

These are the questions that the least-squares regression line is designed to answer.

Step 2 Let’s Talk About It

Think about what “best fit line” means. For any line you draw, each data point falls
some distance above or below the line. Those vertical distances are called residuals —
they measure how far each actual value is from the predicted value.

A good fit minimizes those residuals. The least-squares criterion minimizes the sum
of the squared residuals — squaring the distances ensures that negative and positive
deviations do not cancel, and penalizes large errors more heavily than small ones.

The result is the one unique line that fits the data better than any other straight
line. And from that line, you can substitute any value of x (BMI) to predict the
corresponding value of ¢ (predicted LOS).
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Step 3 Now We Name It
Definition: Least-Squares Regression Line

The least-squares regression line (also called the line of best fit) is the line
that minimizes the sum of the squared vertical distances between each data point
and the line.

Its equation is written as:
¥ =bx+bo
where:
e ¢ (“y-hat”) is the predicted value of the response variable
e 1 is the explanatory variable
e b is the slope: the predicted change in y for each one-unit increase in z

e b is the y-intercept: the predicted value of y when x =0
The slope and intercept are computed from the data as:
S
blz’/"—y b(]:g—blx
Sz

where s, and s, are the sample standard deviations of x and y, and Z, § are the
sample means.

Definition: Residuals

A residual is the difference between an observed value and its predicted value:
Residual =y — g

A positive residual means the actual value is above the regression line. A negative
residual means it is below. The sum of all residuals equals zero for the least-squares
line.
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Definition: Coefficient of Determination (r?)

The coefficient of determination r? measures the proportion of the variability

in y that is explained by the linear relationship with x:

o  variation in y explained by z
7T =

total variation in y

r? ranges from 0 to 1. An r? of 0.80 means 80% of the variation in the response

variable is explained by the explanatory variable. The remaining 20% is due to
other factors or random variation.
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Step 4  Watch It Work

Finding and using the regression line for BMI-LOS
From the data: £ =29.2, y =5.1, s, = 5.07, 5, = 1.85, r = 0.97

Step 1 — Slope:
1.85
by =r1- % —0.97 x =22 ~0.97 x 0.365 ~ 0.354
Sy 5.07
Step 2 — Intercept:
bo=7— bz =5.1—(0.354)(29.2) = 5.1 — 10.34 =~ —5.24

Regression equation:
7y = 0.354x — 5.24

Interpreting the equation:
e Slope (0.354): For each one-unit increase in BMI, the predicted length of stay
increases by approximately 0.35 days. A patient with a BMI 5 points higher is
predicted to stay about 1.8 days longer.

e Intercept (—5.24): A patient with BMI = 0 is predicted to have a length of
stay of —5.24 days. This is not clinically meaningful — BMI = 0 is impossible.
The intercept is a mathematical necessity of the line, not a real prediction.

Making a prediction: For a patient with BMI = 32:
g = 0.354(32) — 5.24 = 11.33 — 5.24 = 6.09 days

Coefficient of determination: 2 = (0.97)% = 0.941
Interpretation: 94.1% of the variation in post-surgical length of stay is explained by
the linear relationship with BMI. This is a very strong fit.

Checking a residual — Patient 3 (BMI = 31, actual LOS = 6):
§ = 0.354(31) — 5.24 = 10.97 — 5.24 = 5.73

Residual = 6 — 5.73 = +0.27 days

Patient 3 stayed 0.27 days longer than predicted by the model — a small positive
residual.

Try This in Desmos

In Desmos (after entering x1 and yi lists):

Type: yl ~ mkx1 +b  — Desmos fits the line and displays m (slope), b (in-

tercept), and r?
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Try This in Excel

Method 1 (formulas):
=SLOPE(B1:B10, A1:A10) — slope by

=INTERCEPT (B1:B10, A1:A10) — intercept by
=RSQ(B1:B10, A1:A10) — r?

Method 2 (chart): Right-click on scatter plot data points — Add Trendline —
check “Display Equation” and “Display R-squared”

Step 5 Your Turn

1. A study of 8 ICU nurses records average hours of sleep per night and number of
self-reported clinical errors in the past month:

Sleep (hrs) 7.0 55 6.5 45 80 6.0 50 7.5
Errors 1 4 2 6 0 3 ) 1

(a) Using Desmos or Excel, find the correlation coefficient r and the regression
equation ¢ = byx + by.

(b) Interpret the slope in context.

(c) Predict the number of errors for a nurse averaging 6.5 hours of sleep.

(d) Compute the residual for the nurse who sleeps 6.5 hours and reports 2 errors.

(e) Interpret r? in context.

2. A hospital tracks hand hygiene compliance rate (%) and hospital-acquired infec-
tion (HAI) rate (per 1,000 patient-days) across 9 units:

Compliance (%) 72 8 91 68 78 95 82 74 88
HATI rate 42 28 19 51 35 1.2 3.0 40 25

(a) Using Desmos or Excel, find r and the regression equation.
(b) What is the direction of the relationship? Is this clinically expected?
(c) Predict the HAI rate for a unit with 80% compliance.
(d) Interpret r? in context.

(e) The hospital sets a goal of reducing HAI rate to 1.5 per 1,000 patient-days.
What compliance rate does the regression model predict would be needed?
Identify any concerns with this extrapolation.

3. x A researcher plots patient age (x) vs. systolic blood pressure (y) for 200 patients
and finds » = 0.52 and the regression equation y = 0.65x + 98.
(a) Interpret the slope in clinical terms.
(b) Predict the systolic BP for a 70-year-old patient. For a newborn (age 0)7
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(¢) The newborn prediction is clearly wrong. What does this illustrate about
the regression model?

(d) 72 = 0.27. What percentage of BP variation is explained by age? What
might explain the rest?

(e) A 65-year-old patient has an actual systolic BP of 195 mmHg. Compute the
residual. What might this large residual indicate clinically?

123



Statistics in the FEye of a Nurse

Step 6 Think Like a Nurse

Regression Is a Tool for Estimation, Not Prophecy
The regression model predicts that a patient with BMI 32 will have a post-surgical
LOS of about 6 days. Should the charge nurse book that bed for exactly 6 days?

No. The regression equation gives the predicted average outcome for patients with that
BMI — the middle of the range of typical outcomes. Individual patients vary. The
model explains 94% of the variation in LOS, which is excellent — but that remaining
6% is real. Some patients with BMI 32 will go home in 4 days. Others may stay 9
days.

The correct use of regression in clinical planning is: “For a patient with BMI 32, our
best estimate is approximately 6 days, but individual variation means we should plan
flexibly and reassess daily.”

A second caution: the model was built on patients with BMIs ranging from 22 to 38.
Using it to predict for a patient with BMI 50 is extrapolation — predicting beyond
the range of the data. The linear relationship observed in the data may not continue
outside that range. Extrapolation requires caution and clinical judgment.

Regression tells you the expected central tendency. Nursing care requires you to treat
the individual, not the average.
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6.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 6. Problems marked with x are
more challenging.

Part A: Scatter Plots and Correlation
1. For each pair of variables, state the expected direction of correlation (positive,
negative, or near zero) and the approximate strength. Justify each answer in one
sentence.
(a) Number of prenatal visits and birth weight of the baby

(b
(c
(d
(e

) Patient age and recovery time after joint replacement surgery

) Nurse height and patient satisfaction score

) Daily exercise minutes and resting heart rate (in a healthy adult sample)

) Number of medications a patient takes and number of reported drug inter-
actions

2. A quality improvement nurse collects data on response time (minutes from call
button press to nurse arrival) and patient fall rate (falls per 100 patient-days) for
7 nursing units:

Response time (min) 3 6 4 8 5 7 2
Fall rate 1.2 31 1.8 40 23 3.6 09

) Sketch a scatter plot. Label axes and provide a title.
) Describe the direction, form, and apparent strength.
(¢) Using Desmos or Excel, compute r. Interpret it in context.
) Does this correlation prove that faster response times cause lower fall rates?
What confounding variables might exist?

Part B: Regression Line and Prediction
3. Use the response time—fall rate data from Problem 2.
(a) Using Desmos or Excel, find the regression equation § = byx + by.
(b) Interpret the slope in context.
(c) Predict the fall rate for a unit with a response time of 5.5 minutes.
(d) Compute the residual for the unit with a 6-minute response time and a fall
rate of 3.1.
(e) The hospital aims for a fall rate of 1.0 per 100 patient-days. What response
time does the model suggest is needed? Are you confident in this prediction?

4. A hospital tracks nursing staff overtime hours per week and medication error rate
(errors per 100 administrations) across 6 units:
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Overtime hrs/wk 0 4 8 12 16 20
Error rate 0.8 1.0 1.3 1.7 22 28

(a) Compute r using Desmos or Excel. Is this relationship strong?
b) Find the regression equation.
g
(c) Interpret the slope. What does each additional hour of overtime predict?
(d) Predict the error rate at 10 hours of overtime per week.
(e) Interpret r2. How much of the variation in error rate is explained by over-
time?

5. x A public health study reports a strong positive correlation (r = 0.88) between
the number of hospitals per county and the county’s cancer mortality rate. A
reporter writes: “More hospitals mean more cancer deaths. We should close
hospitals.”

(a) What is wrong with the reporter’s conclusion?

(b) Propose at least two confounding variables that might explain the correla-
tion.

(c) What type of study would be needed to support a causal claim about hos-
pitals and mortality?

(d) This is an example of ecological fallacy — using group-level data to make
claims about individuals. Explain why this reasoning is flawed.

Part C: Interpretation and Critique
6. Identify the error or limitation in each statement:
(a) “The correlation between nurse education level and patient outcomes is r =
0.45. This proves that higher education causes better outcomes.”

(b) “We found r = 0.02 between patient weight and number of medications, so
there is no relationship between these variables.”

(¢) “Our regression equation predicts a patient with BMI 65 will stay 17 days.
We should plan accordingly.”

(d) “Since 7? = 0.64, the regression line is a perfect fit.”

7. x Research Application: A study reports the following findings about a hos-
pital’s pain management program:

“We found a significant negative correlation between nurse-administered pain re-

assessment frequency (per shift) and patient-reported pain scores (r = —0.71,
r? = 0.50). The regression equation was § = —1.4x + 8.2, where x = number of
reassessments per shift and y = average pain score.”

(a) Interpret r = —0.71 in context. Is this a strong relationship?

(b) Interpret the slope (—1.4) in clinical terms.
(c) Interpret r* = 0.50. What does this tell you about the model?
(d) Predict the average pain score for a nurse who reassesses pain 4 times per
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shift.

(e) The study recommends increasing reassessments to 6 per shift. The data
range was 1-5 reassessments. What concern does this raise?

(f) Can you conclude from this study that more reassessments cause lower pain
scores? What would be needed to establish causation?
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Answer Key — Selected Problems

Section 6.1 Practice — Your Turn
1. (a) Positive, moderate-to-strong — BP tends to rise with age. (b) Negative, strong
— smoking damages lung function. (c) Near zero — no plausible mechanism.
(d) Positive, moderate — more sleep generally improves cognitive function. (e)
Positive, moderate-to-strong — heavier patients typically need more insulin.

2. (c) Desmos will give r ~ 0.99. (d) Very strong positive relationship — nurses
working more overtime hours report higher stress levels; 99% of variation in stress
is associated with overtime hours.

3. r only measures linear association. Plot B has a strong relationship, but it is
curved. Using r = 0.6 for Plot B would severely understate the true relationship.
Always plot the data first.

Section 6.2 Practice — Your Turn
1. (a) Desmos gives approximately r ~ —0.98; § = —1.22x + 9.21. (b) For each
additional hour of sleep, the predicted number of errors decreases by about 1.22.
(¢) y=—1.22(6.5) +9.21 = —7.93+9.21 = 1.28 errors predicted. (d) Actual = 2,
predicted = 1.28; residual = 2 —1.28 = +0.72. (e) r? ~ 0.96; 96% of the variation
in clinical errors is explained by hours of sleep.

2. (a) r =~ —0.99; y ~ —0.107x 4 12.43 (values depend on method). (b) Negative —
as compliance increases, infection rate decreases; clinically expected. (c) At 80%:
g ~ —0.107(80) + 12.43 ~ 3.87 per 1,000 patient-days. (d) r* ~ 0.98; 98% of
variation in HAIT rate is explained by compliance. (e) Set 1.5 = —0.107z + 12.43,
solve for = =~ 101.7% — impossible compliance; this illustrates the danger of
extrapolation beyond the data range.

Chapter Practice — Selected

Problem 2c: Desmos gives approximately » ~ 0.99 — very strong positive linear
relationship between response time and fall rate.

Problem 4e: r? ~ 0.99; approximately 99% of the variation in medication error rate
is explained by overtime hours — an extremely strong linear fit.

Problem 5 (Challenge): (a) Correlation # causation; counties with more hospitals
likely have larger, older, or sicker populations. (b) Population size (more people = more
hospitals and more deaths); age distribution; urban vs. rural; socioeconomic factors. (c)
A randomized experiment where counties are randomly assigned to add or remove hos-
pitals — practically impossible; this is a case where strong observational evidence must
suffice. (d) Individual patients did not cause the county-level pattern; the relationship
at the aggregate level does not imply the same relationship for individuals.

Problem 7b (Challenge): (a) r = —0.71 means a moderate-to-strong negative rela-
tionship; as reassessment frequency increases, pain scores tend to decrease. Yes, 0.71
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is considered strong. (c) 50% of the variation in pain scores is explained by reassess-
ment frequency — meaningful but not overwhelming; other factors matter too. (d)
g=—14(4) +82 = —5.6+8.2 = 2.6. (e) Predicting at 6 is extrapolation beyond the
data range (1-5); the linear relationship may not continue. (f) No — this is observa-
tional. Nurses who reassess more may also be more attentive in general. A randomized
trial assigning nurses to different reassessment protocols would be needed.
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Chapter 6 Summary

Section 6.1 — Scatter Plots and Correlation
e A scatter plot displays the relationship between two quantitative variables; the
explanatory variable goes on the x-axis, the response variable on the y-axis.

e Describe scatter plots by direction (positive/negative), form (linear/curved),
and strength (strong/moderate/weak).

e The correlation coefficient  measures the strength and direction of a linear
relationship; —1 < r < 1.

e 7 only measures [inear associations. Always plot the data first.

e Correlation does not imply causation.

Section 6.2 — Regression Line
e The least-squares regression line § = b;z + by minimizes the sum of squared
residuals.

e Slope (b;): predicted change in y for each one-unit increase in x.

e Intercept (by): predicted y when x = 0; often not clinically meaningful.

e Residual = y — y: the difference between observed and predicted values.

e 72: proportion of variation in y explained by the linear relationship with z.

e Extrapolation (predicting beyond the data range) is unreliable — use with

caution.

The Nursing Connection
e Correlations between clinical variables (BMI and LOS, compliance and infection
rates) guide planning but do not establish cause.

e Regression predictions describe the expected average for a group; individual pa-
tients vary around that prediction.

e A large residual signals that a patient deviates meaningfully from the expected
pattern — worth clinical attention.

e 72 tells you how useful the model is; a low r? means other variables matter more.
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CHAPTER 7

Introduction to Probability

“Bvery clinical decision 1s a bet. The question is whether you know the odds.”

— on why probability is the language of evidence-based practice

In this chapter, you will learn to:

Define probability and explain the three approaches to computing it

Apply the Addition Rule for probability (with and without overlap)

Apply the Multiplication Rule for independent and dependent events

Compute and interpret conditional probability

Construct and use two-way tables for probability problems

Compute sensitivity, specificity, positive predictive value, and negative predictive value

Explain how disease prevalence affects the clinical value of a positive or negative test
result

7.1 Probability Basics and the Addition Rule

Step 1 Read This First

You are a nurse in the emergency department. A patient arrives with chest pain. Based
on your clinical experience and the population of patients who come to your ED with
chest pain, you estimate there is a 30% chance this patient is having a myocardial
infarction (MI).

What does that 30% actually mean? It does not mean this specific patient is 30% of
the way through a heart attack. It means: if you saw 100 patients who looked exactly
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r

like this one — same age, same symptoms, same risk factors — about 30 of them would
be having an MI.

Probability is always a statement about a population of similar cases, not a guarantee
about one individual. And in nursing, understanding that distinction is the difference
between using evidence well and misapplying it.

Step 2 Let’s Talk About It

7

Think about how you already use probability without naming it.

When you read that a medication causes nausea in 15% of patients, you know that
means most patients will be fine but some will not. When the pharmacy labels a drug
“high alert,” it means the probability of serious harm if given incorrectly is much higher
than for other drugs.

When a physician orders a test, they are implicitly performing a probability calculation:
how likely is this patient to have the disease, and how much will the test result change
that estimate?

All of this is probability reasoning. This chapter gives it precise language and reliable
rules — so that instead of relying on intuition, you can compute.

Step 3 Now We Name It

Definition: Probability

The probability of an event E is a number between 0 and 1 that represents the
likelihood of the event occurring:

0<PE)<1

P(E) = 0: the event is impossible.  P(E) = 1: the event is certain.

Three approaches:

e Classical: Used when all outcomes are equally likely. P(E) =
number of favorable outcomes

total number of outcomes
e Empirical (relative frequency): Based on observed data. P(E) =
number of times E occurred

total number of trials
e Subjective: Based on expert judgment or experience. Used when neither

classical nor empirical is available.
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Definition: Complement Rule

The complement of event E, written E¢ (or E), is the event that E does not
occur.

P(E°) =1 — P(E)

Example: If the probability of a surgical complication is 0.08, then the probability
of no complication is 1 — 0.08 = 0.92.

Definition: Addition Rule

For any two events A and B:
P(Aor B)=P(A)+ P(B) — P(A and B)
If A and B are mutually exclusive (cannot both occur at the same time):
P(Aor B) = P(A) + P(B)

Ezample of mutually exclusive events: A patient’s blood type is A or B (cannot be
both simultaneously).
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Step 4  Watch It Work

Probability in an Emergency Department

A busy ED tracks the primary complaints of 200 patients during one week:

Primary Complaint Frequency

Chest pain 42
Abdominal pain 38
Shortness of breath 29
Injury /Trauma 51
Fever 24
Other 16
Total 200

Problem 1: What is the probability that a randomly selected patient has chest pain?

42
P(chest pain) = 200 = 0.210

Problem 2: What is the probability a patient presents with chest pain or shortness
of breath?
Since these are mutually exclusive (each patient has one primary complaint):

42 29 71

— = 0.355

P(chest pain or SOB) = S0 + =

Problem 3: What is the probability a patient does not present with injury or trauma?

o1
P(not trauma) = 1 — P(trauma) = 1 — 200 = 1 —0.255 = 0.745

A general Addition Rule example:

At another hospital, 35% of patients have hypertension, 20% have diabetes, and 10%
have both. What is the probability that a randomly selected patient has hypertension
or diabetes?

P(H or D)= P(H)+ P(D)— P(H and D) =0.35+ 0.20 — 0.10 = 0.45
Without subtracting the overlap, you would count the 10% with both conditions twice.

DM
10%

P(H or D) = 0.25 + 0.10 + 0.10 = 0.45
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Step 5 Your Turn

1. A hospital reports that among 500 patients discharged last month:
e 120 had a surgical procedure

e 85 had a cardiac diagnosis

e 40 had both a surgical procedure and a cardiac diagnosis

(a) What is the probability a randomly selected patient had a surgical proce-
dure?

(b) What is the probability a patient had a surgical procedure or a cardiac
diagnosis?

(¢) What is the probability a patient had neither a surgical procedure nor a
cardiac diagnosis?

(d) Are surgical procedure and cardiac diagnosis mutually exclusive? How do
you know?

2. A nurse knows that among patients with sepsis, 22% develop acute kidney injury
(AKI). Among patients without sepsis, 5% develop AKI.
(a) If a patient has sepsis, what is the probability they do not develop AKI?
(b) If 60% of ICU patients have sepsis, what is the probability that a randomly
selected ICU patient has sepsis and does not develop AKI? (Hint: use the
Multiplication Rule from Section 7.2.)

3. x A study of 300 post-operative patients finds: 45 developed infection, 30 had a
prolonged stay (> 7 days), and 15 had both.
(a) Find P(infection or prolonged stay).
(b) Find P(infection only, not prolonged stay).
(¢) Would it be appropriate to use the simpler mutually exclusive Addition Rule
here? Why or why not?
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Step 6 Think Like a Nurse

Why “Rare” Does Not Mean “Impossible” at Scale

A serious medication adverse reaction has a probability of 0.002 — two in every thou-
sand patients. That sounds negligible. A single nurse might work an entire career
without seeing it.

But now think at a system level. A hospital administers 50,000 doses of this medication
per year. The expected number of adverse reactions is:

0.002 x 50,000 = 100 reactions per year

That is not rare at a system level. That is roughly two per week. This is why hos-
pital pharmacies track adverse reaction rates even for “rare” events, why drug safety
monitoring systems exist, and why statistical thinking is essential for healthcare policy.

The complement rule makes this precise. If the probability of no adverse reaction
for a single dose is 0.998, the probability of at least one adverse reaction occurring
somewhere in 50,000 doses is:

1 —(0.998)°0%0 ~ 1 — 1.8 x 107* ~ 1.0
At that scale, it is essentially certain that some patients will be harmed.

Probability thinking scales. What is rare for one patient is predictable for a population.
That is the core argument for population-level safety protocols.
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7.2 Conditional Probability and the Multiplication Rule

Step 1 Read This First

You are reviewing records from 400 patients who were screened for depression using
the PHQ-9 tool. You have two pieces of information about each patient: whether they
tested positive on the PHQ-9 screen, and whether they were later confirmed to have
clinical depression by a psychiatrist.

Confirmed Depression No Depression Total

PHQ-9 Positive 80 20 100
PHQ-9 Negative 30 270 300
Total 110 290 400

A patient screens positive on the PHQ-9. What is the probability that this patient
actually has depression? This is a different question from “what is the probability of
a positive screen among all patients.” The answer has to account for the fact that we
already know the screen result.

This is a conditional probability question.

Step 2 Let’s Talk About It

The key shift in conditional probability is this: once you know something has already
happened, the sample space shrinks.

Before the screen result, there are 400 patients in our universe. After learning the
screen is positive, there are only 100 patients in our universe (the PHQ-9 positive row).
Of those 100, we want to know how many have confirmed depression: 80. So the
probability is 80/100 = 0.80.

Notice how this differs from P(depression) = 110/400 = 0.275 — the unconditional
probability of depression in the whole sample. The screen result changed our estimate
dramatically.

This updating of probability based on new information is the foundation of clinical
reasoning. Every test result, every symptom, every risk factor you learn about a
patient changes your probability estimate. Statistics gives this process a precise name
and formula.
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Step 3 Now We Name It
Definition: Conditional Probability

The conditional probability of event A given that event B has already occurred
is:

P(A and B)
P(B)
Read P(A | B) as “the probability of A given B.”

Clinical meaning: If we know a patient tests positive (event B), what is the prob-
ability they truly have the disease (event A)?

P(A| B) =

Definition: Multiplication Rule

For any two events A and B:
P(A and B) = P(A)- P(B | A)

If A and B are independent (knowing A occurred does not change the probability
of B):
P(A and B) = P(A) - P(B)

Two events are independent if P(B | A) = P(B).
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Definition: Diagnostic Test Measures

Given a two-way table with disease status (rows) and test result (columns):

Disease Present Disease Absent

Test Positive  True Positive (TP)  False Positive (FP)
Test Negative False Negative (FN) True Negative (TN)

Sensitivity = L (probability test is positive given disease is present)
TP+ FN

Specificity = _IN (probability test is negative given disease is absent)
TN+ FP

Positive Predictive Value (PPV) = 1P (probability of disease given

TP+ FP
positive test)
Negative Predictive Value (NPV) = _IN (probability of no disease
TN+ FN

given negative test)

Sensitivity vs. PPV — The Critical Distinction

Sensitivity answers: Among patients who have the disease, how often does the
test catch it?

PPV answers: If a patient tests positive, how likely are they to actually have the
disease?

A test can have high sensitivity but low PPV if the disease is rare. This is the
core of why mass screening programs require careful analysis.
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Step 4  Watch It Work

Diagnostic measures for the PHQ-9 depression screening data

Depression No Depression Total

PHQ-9 Positive 80 (TP) 20 (FP) 100
PHQ-9 Negative 30 (FN) 270 (TN) 300
Total 110 200 400

Sensitivity (probability of positive screen given depression):
TP 80 80
P(Pos | Dep) = = =— ~0.727
(Pos | Dep) = 757N =~ 50+30 ~ 110
Specificity (probability of negative screen given no depression):

TN 270 270

P(N No Dep) = = = ~ 0.931
(Neg | No Dep) = 757755 = 270 +20 — 200
PPV (probability of depression given positive screen):
TP 80 80
P(D Pos) = = = = 0.800
(Dep [ Pos) = 75 %P = 80+ 20 ~ 100
NPV (probability of no depression given negative screen):
TN 270 270
P(No D Neg) = = = — =0.900
(No Dep | Neg) = 7578 = 70130 300
Interpreting these results clinically:
Measure Value Clinical meaning
Sensitivity 72.7% Among depressed patients, the PHQ-9

correctly identifies 72.7%. About 27%
of depressed patients will be missed
(false negatives).

Specificity 93.1% Among non-depressed patients, the
PHQ-9 correctly clears 93.1%. About
7% will be flagged unnecessarily (false
positives).

PPV 80.0% If a patient screens positive, there is an
80% chance they truly have depression.

NPV 90.0% If a patient screens negative, there is
a 90% chance they truly do not have
depression.
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Conditional probability using the formula:

P(Depression and Positive) = %'OO = 0.200

P(Dep and Pos)  0.200
P(Pos) 0.250

. J

Step 5 Your Turn

1. A hospital tracks fall risk assessment results and whether patients actually fell
during hospitalization for 600 patients:

P(Dep | Pos) = =0.800 Vv

Fell Did Not Fall Total

High Risk (assessed) 48 72 120
Low Risk (assessed) 18 462 480
Total 66 034 600
(a) Compute the sensitivity of the fall risk assessment.
(b) Compute the specificity.
(¢) Compute the PPV and interpret it in clinical terms.
(d) Compute the NPV and interpret it in clinical terms.
(e) If a patient is assessed as high risk, what is the probability they will fall?

Does this mean the assessment is not useful?

2. Two events: A = patient has diabetes, B = patient develops a foot wound.
(a) If P(A) =0.12 and P(B | A) = 0.25, find P(A and B).
(b) If P(B) = 0.04 in the general population, does knowing a patient has dia-
betes change the probability of a foot wound? Are A and B independent?
(¢) Find P(B | A°) if P(A° and B) = 0.035 and P(A¢) = 0.88.

3. x A COVID-19 rapid antigen test has sensitivity 85% and specificity 97%. In a
community where the current prevalence (base rate) of active COVID is 8%:

(a) Build a two-way table for 10,000 hypothetical people.

(b) Compute PPV: among those who test positive, what fraction actually have
COVID?

(¢c) Compute NPV: among those who test negative, what fraction are truly
COVID-free?

(d) Repeat (b) and (c) with a prevalence of 40% (e.g., during a surge). How do
PPV and NPV change?

(e) What does this illustrate about how the value of a test depends on the
context in which it is used?
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Step 6 Think Like a Nurse

The Base Rate Problem: Why a Positive Test Is Not the Same as Having
the Disease

A hospital introduces mandatory screening for a rare but serious bloodstream infection.
The test has excellent performance: 95% sensitivity and 99% specificity. A nurse’s
patient tests positive. The nurse tells the family: “The test is 95% accurate, so your
father almost certainly has this infection.”

But the infection is rare — it affects 1 in 1,000 patients in this hospital. Let us build
the two-way table for 100,000 patients:

Infected Not Infected Total

Test Positive 95 (TP) 999 (FP) 1,094
Test Negative 5 (FN) 98,901 (TN) 98,906
Total 100 99,900 100,000

PPV =95/1,094 ~ 8.7%

Despite the test’s impressive sensitivity and specificity, a positive result means there is
only an 8.7% chance this patient actually has the infection. The nurse’s reassurance
was statistically incorrect — and may lead to unnecessary treatment, patient anxiety,
and resource use.

The lesson: test performance statistics (sensitivity, specificity) describe the test in
isolation. PPV and NPV describe the test in the context of the population being
screened. When the disease is rare, even excellent tests produce mostly false positives.

Before interpreting any positive test result, ask: how common is this condition in pa-
tients like this one? The answer changes everything.

142



CHAPTER 7. INTRODUCTION TO PROBABILITY

7.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 7. Problems marked with x are
more challenging.

Part A: Basic Probability and Addition Rule
1. A nursing unit tracks adverse events over one quarter. Of 240 incidents: 72 were
medication errors, 48 were patient falls, 36 were pressure injuries, 24 were IV
complications, and 60 were classified as “other.”
(a) What is the probability that a randomly selected incident was a medication
error?
(b) What is the probability that an incident was a fall or a pressure injury?
(c) What is the probability an incident was not a medication error?
(d) Are fall and medication error mutually exclusive events? Explain.

2. In a hospital, 40% of patients have hypertension (H), 25% have obesity (O), and
15% have both.
(a) Find P(H or O).
(b) Find P(neither H nor O).
(¢) Are hypertension and obesity independent? Explain using conditional prob-
ability.

Part B: Conditional Probability and Multiplication Rule
3. A study of 500 post-surgical patients tracked whether they received enhanced
recovery protocols (ERP) and whether they were readmitted within 30 days:

Readmitted Not Readmitted Total

ERP 18 232 250
No ERP 42 208 250
Total 60 440 500

(a) What is the probability of readmission for a patient who received ERP?

(b) What is the probability of readmission for a patient who did not receive
ERP?

(¢) Is readmission independent of receiving ERP? Show your reasoning.

(d) Find P(ERP and Readmitted) two ways: directly from the table, and using
the Multiplication Rule.

4. A medication is effective in 70% of patients with a specific infection. If two
patients with the infection are treated independently:
(a) What is the probability both patients respond to the medication?
(b) What is the probability neither patient responds?
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(c) What is the probability at least one patient responds? (Use the complement
rule.)

Part C: Diagnostic Testing
5. A new rapid strep test is evaluated in a clinic. Results for 200 patients:

Strep Confirmed No Strep Total

Test Positive 54 12 66
Test Negative 6 128 134
Total 60 140 200

(a) Compute sensitivity, specificity, PPV, and NPV.

(b) Interpret each value in one clinical sentence.

(c) A parent asks: “The test was positive. Does my child have strep?” What
would you tell them?

(d) Which is more costly in a pediatric setting: a false positive or a false nega-
tive? Explain.

6. x A hospital introduces a screening test for hospital-acquired pneumonia (HAP)
with sensitivity 90% and specificity 85%. HAP affects 6% of ventilated patients.
(a) Build a two-way table for 1,000 ventilated patients.
(b) Compute PPV and NPV.
(c) A ventilated patient tests positive. Should the care team initiate antibiotic
treatment immediately? What factors should they consider?
(d) If the specificity were increased to 95% (at the cost of reducing sensitivity
to 80%), how would PPV and NPV change? Which change matters more
clinically?

7. » Research Application: A meta-analysis reports that a biomarker test for
sepsis has sensitivity 88% and specificity 76%. In a medical ICU, the baseline
rate of sepsis is 30%.

(a) Build a two-way table for 10,000 ICU patients.

(b) Compute PPV. Interpret: if a patient tests positive, how confident should
the team be in a sepsis diagnosis?

(c) Compute NPV. What does a negative test tell the team?

(d) The same test is used in a general hospital ward where sepsis prevalence is
5%. How does PPV change?

(e) What does the comparison between (b) and (d) tell you about the impor-
tance of pre-test probability in clinical decision making?
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Answer Key — Selected Problems

Section 7.1 Practice — Your Turn

1. (a) P(surgical) = 120/500 = 0.240. (b) P(surgical or cardiac) = 120/500 +
85/500 — 40/500 = 165/500 = 0.330. (¢) P(neither) =1 — 0.330 = 0.670. (d) Not
mutually exclusive — 40 patients had both, so both can occur simultaneously.

2. (a) P(no AKI | sepsis) = 1—0.22 = 0.78. (b) P(sepsis and no AKI) = P(sepsis) x
P(no AKI | sepsis) = 0.60 x 0.78 = 0.468.

3. (a) P(infection or prolonged) = 45/300 + 30/300 — 15/300 = 60/300 = 0.200. (b)
P(infection only) = 45/300 — 15/300 = 30/300 = 0.100. (c) No — 15 patients had
both, so these events overlap and are not mutually exclusive.

Section 7.2 Practice — Your Turn

1. (a) Sensitivity = 48/66 ~ 0.727 (72.7%). (b) Specificity = 462/534 ~ 0.865
(86.5%). (c) PPV = 48/120 = 0.400 (40%) — only 40% of high-risk patients
actually fell; however the assessment still provides useful risk stratification. (d)
NPV = 462/480 = 0.963 (96.3%) — if assessed low risk, there is a 96.3% chance
the patient will not fall. (e) P(fall | high risk) = 0.400; this does not mean the
tool is useless — it identified a group with much higher fall probability than the
overall rate of 66/600 = 11%.

2. (a) P(A and B) = 0.12x 0.25 = 0.030. (b) P(B| A) =0.25 # P(B) = 0.04, so A
and B are not independent; diabetes substantially increases foot wound risk. (c)
P(B | A% = 0.035/0.88 ~ 0.040.

3. (a) Table for 10,000: True positives = 0.85 x 800 = 680; False positives = 0.03 x
9,200 = 276; False negatives = 0.15 x 800 = 120; True negatives = 0.97 x 9,200 =
8,924. (b) PPV = 680/(680+276) = 680/956 ~ 71.1%. (c) NPV = 8,924/(8,924+
120) = 8,924/9,044 ~ 98.7%. (d) At 40% prevalence: TP = 3,400, FP = 180, FN
= 600, TN = 5,820; PPV = 3,400/3,580 ~ 94.9%; NPV = 5,820/6,420 ~ 90.7%.
PPV rises dramatically; NPV falls. (e) A test’s clinical usefulness depends heavily
on disease prevalence; the same test performs very differently in a low-prevalence
vs. high-prevalence setting.

Chapter Practice — Selected

Problem 1: (a) 72/240 = 0.300. (b) (48 4 36),/240 = 84/240 = 0.350. (c¢) 1 —0.300 =
0.700. (d) Yes — a single incident is classified as one type; a fall cannot simultaneously
be a medication error.

Problem 2: (a) P(H or O) = 0.40 + 0.25 — 0.15 = 0.50. (b) 1 — 0.50 = 0.50. (c)
If independent, P(H and O) = 0.40 x 0.25 = 0.10 # 0.15; since the joint probability
exceeds the independent prediction, H and O are positively associated (not independent).
Problem 5 (Challenge): (a) TP = 0.90 x 60 = 54; FP = 0.15 x 940 = 141; FN
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= 0.10 x 60 = 6; TN = 0.85 x 940 = 799. (b) PPV = 54/(54 + 141) = 54/195 =~
27.7%; NPV = 799/(799 + 6) = 799/805 ~ 99.3%. (c) PPV is only 27.7% — most
positives are false positives; the team should consider clinical signs, cultures, and other
evidence before initiating antibiotics. (d) Increasing specificity to 95% with sensitivity
at 80%: TP = 0.80 x 60 = 48; FP = 0.05 x 940 = 47; FN = 0.20 x 60 = 12; TN =
0.95 x 940 = 893; PPV = 48/(48 + 47) = 48/95 ~ 50.5% (better than 27.7%); NPV =
893/(893 + 12) = 893/905 ~ 98.7% (essentially unchanged). In this context, improving
PPV reduces unnecessary antibiotic use — the more important concern given antibiotic
stewardship goals.
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Chapter 7 Summary

Section 7.1 — Probability Basics and the Addition Rule
e P(F) is a number from 0 to 1 representing the likelihood of event E.

Three approaches: classical, empirical (relative frequency), subjective.
Complement Rule: P(E°) =1— P(E).
Addition Rule: P(A or B) = P(A) + P(B) — P(A and B).
If A and B are mutually exclusive: P(A or B) = P(A) + P(B).
Section 7.2 — Conditional Probability and Multiplication Rule
e Conditional probability: P(A | B) = P(A and B)/P(B).
e Multiplication Rule: P(A and B) = P(A) - P(B | A).
e If independent: P(A and B) = P(A) - P(B).
e Sensitivity = P(positive | disease); Specificity = P(negative | no disease).
e PPV = P(disease | positive); NPV = P(no disease | negative).

e PPV and NPV depend on disease prevalence — the same test performs differently
in different populations.

The Nursing Connection
e Every test result updates your probability estimate of disease — this is Bayesian
reasoning in clinical practice.

e A rare disease and a highly sensitive test can still produce mostly false positives
(low PPV).

e Probability scales: what is rare per patient is predictable per population — the
basis for system-level safety.

e Before acting on a test result, always ask: what is the pre-test probability of
disease in this patient?
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CHAPTER 8

Probability Distributions

“Not all outcomes are equally likely. A probability distribution tells you
exactly how the possibilities are weighted.”

— the mathematical model behind every clinical prediction

In this chapter, you will learn to:

e Define a discrete probability distribution and verify its properties

Compute the mean (expected value) and standard deviation of a discrete distribution

Identify situations that satisfy the binomial setting

Compute binomial probabilities using the formula and Desmos

Find the mean and standard deviation of a binomial distribution

Apply binomial distributions to clinical quality and safety scenarios

8.1 Discrete Probability Distributions

Step 1 Read This First

A nurse manager reviews patient fall data for her 12-bed unit. Based on three years
of records, she has compiled the following information about the number of falls that
occur per week:

Falls per week () 0 1 2 3 4 5
Relative frequency 0.30 0.35 0.20 0.10 0.04 0.01

She wants to answer several practical questions:
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On a typical week, how many falls should she plan for?

How much does the fall count vary from week to week?

What is the probability of having no falls in a given week?

What is the probability of having three or more falls?

The table above is a probability distribution. It is the tool that answers all of these
questions in a single, organized framework.

Step 2 Let’s Talk About It

Think about what makes this table a model rather than just data.

The relative frequencies came from historical records, but once we accept them as the
probability of each outcome, we are making a model: we are saying “this is how the
world works on this unit.” The table is compact, it covers all possibilities, and the
probabilities sum to 1.

From this table, we can do something powerful: instead of waiting to observe more
falls and counting up, we can calculate what to expect. The mean — how many falls
per week on average — can be computed directly from the distribution. So can the
standard deviation.

This is the shift from describing data (Chapter 5) to modeling outcomes (this chapter).
The distribution is the model; the mean and standard deviation are summaries of the
model.

Step 3 Now We Name It

Definition: Discrete Probability Distribution

A discrete probability distribution lists all possible values of a discrete random
variable X and the probability of each value. It must satisfy two conditions:
1. 0 < P(x) <1 for every value x

2. > P(x) =1 (all probabilities sum to exactly 1)
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Definition: Mean (Expected Value) of a Discrete Distribution

The mean of a discrete random variable, also called the expected value, is:

p=EX)=Y e P)

This is the long-run average value of X — what you would expect to observe per
trial if you repeated the experiment many times. It does not have to be a whole
number, even if X only takes whole number values.

-
\

Definition: Standard Deviation of a Discrete Distribution

The standard deviation of a discrete random variable measures the typical dis-
tance of X from its mean:

o= \Y (@~ np- P()

A larger 0 means the outcomes are more spread out (more variable) around the
mean.

'
8
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Step 4  Watch It Work

Computing the mean and standard deviation for the falls distribution

z  Pl@) 2Pl z-p (@-p? (@-p? Pl
0 0.30 0.00 —1.26 1.588 0.476
1 0.35 0.35 —0.26 0.068 0.024
2 0.20 0.40 +0.74 0.548 0.110
3 0.10 0.30 +1.74 3.028 0.303
4 0.04 0.16 +2.74  7.508 0.300
5) 0.01 0.05 +3.74  13.988 0.140
Total 1.00 p = 1.26 o? = 1.353

= 1.26 falls per week o =V1.353 ~ 1.16 falls per week

Visual: Probability distribution bar chart
Weekly Pitient Falls — Probability Distribution
w=1.26
.40 -

#0.30

P
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10

5

g

AD.
0.

00—
0 1 2 3 4 5

Falls per week ()

Interpreting the results:
e On average, the unit expects 1.26 falls per week.

e Falls vary by about 1.16 falls per week around that mean.
e P(x =0) = 0.30 — there is a 30% chance of a fall-free week.
e P(x >3)=0.10+0.04 4+ 0.01 = 0.15 — a 15% chance of three or more falls.

\ J

Step 5 Your Turn

1. A hospital pharmacy tracks the number of prescription errors caught by the
verification system per shift. Based on the past year:

Errors per shift (z) 0 1 2 3 4
P(x) 0.25 0.40 0.20 0.10 0.05
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(a)
(b) Compute pu, the expected number of errors per shift.
) Compute o, the standard deviation.

)

(e) Interpret u and o together in a sentence for the pharmacy director.

2. A home health agency knows from experience that when a nurse makes a home
visit, the number of tasks requiring unplanned follow-up is:

Tasks (z) 0 1 2 3 4
P(z) 0.30 0.35 0.22 0.08 ?

(a) What must P(x = 4) equal? How do you know?

(b) Compute the expected number of follow-up tasks per visit.

(c) If the agency schedules 20 home visits on Tuesday, how many follow-up tasks
should they expect in total that day?

(d) If the standard deviation is 1.02, what interval covers u £ 20?7 What does
this mean practically?
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Step 6 Think Like a Nurse

Expected Value Is Not Always the Most Likely Outcome

The falls distribution has a mean of 1.26 falls per week. But look at the distribution:
P(x = 1) = 0.35 is the single most likely outcome, and P(z = 0) = 0.30 is close behind.
A week with exactly 1.26 falls is impossible — falls are whole numbers.

The expected value is a mathematical average over many weeks — the long-run mean.
In any single week, the unit will have 0, 1, 2, or more falls, never 1.26. This matters
when communicating with administrators.

Saying “we average 1.26 falls per week” is honest. Saying “we expect 1.26 falls next
week” can be misunderstood. The expected value describes a pattern over time, not a
prediction for a specific occasion.

This is also why the standard deviation matters. Reporting only the mean suggests
the unit always has about 1.26 falls. Reporting mean 1.26, SD 1.16 communicates that
in many weeks there will be zero falls, and in some weeks there will be three or four.
The full picture is more actionable than the single number.

FExpected value describes the center of a long-run pattern. Standard deviation describes
how far individual weeks can stray from that center. Both are needed for honest plan-
ning.
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8.2 The Binomial Distribution

Step 1 Read This First

A hospital tracks medication administration errors. Based on audit data, any given
medication administration has a 2% chance of involving an error. On a busy shift, a
nurse administers 15 medications.

Questions the charge nurse needs to answer:
e What is the probability of zero errors in those 15 administrations?

What is the probability of ezactly one error?

What is the probability of two or more errors?

e How many errors should be expected per shift, on average?

Each administration is independent (one administration does not affect the next), there
are only two outcomes for each (error or no error), and the probability of error is
constant at 2%. This is a binomial setting, and the binomial distribution gives
exact answers to all four questions.

Step 2  Let’s Talk About It

Think about counting errors across 15 administrations.

The first question — zero errors — means every single administration must be correct.
The probability of that is (0.98)'° since each of the 15 independent administrations
must avoid error.

The second question — exactly one error — is harder. The error could occur on the
1st administration, or the 2nd, or any of the 15. For each of those 15 cases, the error
occurs once (probability 0.02) and the other 14 administrations are correct (probability
0.98). So we multiply by 15.

The third question — two or more errors — would require adding up all the cases with
2, 3,4, ..., 15 errors. That is tedious. The complement is much easier: P(X > 2) =
1-P(X=0)—-P(X=1).

This counting logic is exactly what the binomial formula does — it packages all the
cases systematically.
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Step 3 Now We Name It
Definition: The Binomial Setting (BINS)

A random variable X follows a binomial distribution when all four conditions
hold:
e Binary outcomes: each trial results in one of exactly two outcomes (“success”
or “failure”)

e Independent trials: the outcome of one trial does not affect any other trial
e Number of trials is fixed: n trials are performed in advance

e Same probability: the probability of success p is the same for every trial
We write X ~ B(n,p) to mean “X follows a binomial distribution with n trials
and success probability p.”

Definition: Binomial Probability Formula

The probability of exactly k successes in n trials is:

P(X =k)= (Z)pk(l —p)""

where:
n n!

k)~ Kl(n—k)

e p” is the probability of exactly k successes

° is the number of ways to choose k successes from n trials

e (1 —p)"* is the probability of the remaining n — k failures

Definition: Mean and Standard Deviation of a Binomial Distribution

If X ~ B(n,p), then:

p=np o =+/np(l —p)

These formulas are derived from the general discrete distribution formulas but
specialized for the binomial structure. No table needed — just multiply.
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Binomial vs. Not Binomial

Binomial: Flipping a coin 10 times and counting heads; screening 50 patients for
hypertension and counting positives; administering 15 medications and counting
errors.

Not binomial: Drawing cards without replacement (probabilities change); mea-
suring blood pressure (not binary); counting the number of days until the first fall
(not a fixed number of trials).
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Step 4  Watch It Work

Solving the medication error problem: X ~ B(15,0.02)

n = 15 administrations, p = 0.02 (probability of error per administration)

Problem 1 — P(X = 0): probability of zero errors
P(X =0) = <105) (0.02)°(0.98)" =1 x 1 x (0.98)" ~ 0.7386
Problem 2 — P(X = 1): probability of exactly one error
PX=1)= <115> (0.02)*(0.98)* = 15 x 0.02 x (0.98)™ ~ 15 x 0.02 x 0.7536 ~ 0.2261

Problem 3 — P(X > 2): probability of two or more errors
P(X>2)=1-P(X=0)—P(X=1)=1-0.7386 — 0.2261 = 0.0353
Problem 4 — Mean and standard deviation:
iw=mnp=15x0.02 = 0.30 errors per shift
o =+/np(1 —p) = V15 x 0.02 x 0.98 = v/0.294 ~ 0.542

Interpreting these results:
e There is a 73.9% chance of a completely error-free shift.

e There is a 22.6% chance of exactly one error — the most likely non-zero out-
come.

e There is only a 3.5% chance of two or more errors in a shift.
e On average, 0.30 errors per shift are expected — meaning about 1 error every
3-4 shifts.

What if the error rate doubled to 4%?

p=15x0.04=060 P(X=0)=(0.96)""~0.5421 P(X >2)=0.1191

Doubling the error rate more than triples the probability of two or more errors (from
3.5% to 11.9%). Small changes in the per-administration error rate have outsized effects
on multi-administration shifts.

Try This in Desmos

In Desmos Scientific Calculator:
P(X =k): type nCr(15, 0) * 0.02°0 * 0.98°15 (adjust k& and n as needed)

Or for cumulative: binomialdist(15, 0.02) creates the distribution, then use

cdf to find P(X < k).
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Try This in Excel

=BINOM.DIST(k, n, p, FALSE) = — P(X = k) (exact probability)
=BINOM.DIST(k, n, p, TRUE)  — P(X < k) (cumulative)

Example: =BINOM.DIST(0, 15, 0.02, FALSE) returns 0.7386

. J

Step 5 Your Turn

1. A hospital reports that 8% of patients who receive a specific surgical procedure
develop a post-operative infection. A surgeon performs 10 of these procedures in
one week.

Let X = number of patients who develop a post-operative infection.

) Does X satisfy the binomial conditions? Verify all four (BINS).

) Find P(X = 0): the probability no patients develop an infection.

) Find P(X =1).

(d) Find P(X > 2) using the complement rule.

)
)

Find the expected number of infections and the standard deviation.

If the infection rate were reduced to 4% through a new sterilization protocol,
how would the expected number of infections change? How would P(X = 0)
change?

2. A nursing licensure exam has a pass rate of 88% on the first attempt. A cohort
of 20 nursing graduates takes the exam.
(a) Find P(X = 20): all 20 pass.
(b) Find P(X > 18): 18 or more pass. (Compute each and add.)
(¢) Find the expected number of first-time passers and the standard deviation.
(d) Is it unusual (more than 2 standard deviations below the mean) for fewer
than 14 students to pass? Show your work.

3. x A patient is prescribed a blood pressure medication with a 70% effectiveness
rate. A physician treats 8 patients with this medication.

(a) Find P(X = 8): all 8 patients respond.

(b) Find P(X < 4) using Desmos or Excel.

(¢) Find p and o.

(d) The physician claims: “I treated 3 patients and none responded. This med-
ication doesn’t work.” Using the binomial distribution, evaluate this claim
statistically. Is 0 successes in 3 trials surprising given p = 0.707
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Step 6 Think Like a Nurse

The Binomial Model in Quality Improvement

A hospital’s CLABSI (central line-associated bloodstream infection) prevention team
has been working to reduce infection rates. The current benchmark rate is 2% per line
insertion. On a busy month, the ICU performs 80 central line insertions.

The binomial model gives us:

1= 80 x 0.02 = 1.6 infections expected o =180 x0.02 x 0.98 ~ 1.25

The quality team reports zero CLABSI events this month. Is this evidence of improve-
ment, or just a lucky month?

Under the benchmark rate, P(X = 0) = (0.98)% ~ 0.198. There is about a 20%
chance of zero infections even if nothing has improved. Zero infections is a good
result, but it is not statistically surprising under the old rate.

Now suppose the team has genuinely reduced the rate to 0.5%. Then P(X = 0) =
(0.995)%° ~ 0.670 — zero infections becomes much more likely. To distinguish im-

provement from luck, you need multiple months of data and formal hypothesis testing
(Chapter 12).

The binomial distribution tells you what is expected by chance. Before celebrating a

good outcome, ask: could this have happened anyway, even without improvement? How
often?
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8.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 8. Problems marked with x are
more challenging.

Part A: Discrete Probability Distributions
1. Determine whether each table is a valid probability distribution. If not, explain
why.
(a) x 0 1 2 3 4
P(z) 0.20 0.35 0.25 0.15 0.05

b) @ 1 2 3 4
P(z) 030 040 0.25 0.20

(c) 95 0 1 2 3
P(z) 050 0.30 0.15 —0.05

2. A neonatal unit records the number of admissions per day over 200 days:

Admissions (z) 0 1 2 3 4 5
Days observed 20 54 68 38 16 4

(a) Convert to a probability distribution using relative frequencies.

(b) Compute p and o.

(¢c) What is the probability of more than 3 admissions on a given day?

(d) The unit is fully staffed for up to 3 admissions per day. What is the proba-
bility that staffing will be strained (4 or more admissions)?

Part B: Binomial Distribution
3. Identify whether each scenario is binomial. If not, explain which condition is
violated.
(a) A nurse draws blood from 12 patients. Each draw either succeeds on the

first attempt or does not. Based on her skill level, each attempt succeeds
with probability 0.92.

(b) A hospital randomly selects patients from its database without replacement
until it has selected 50 patients with diabetes.

(c¢) A clinical trial enrolls 200 patients. Each patient independently either re-
sponds to the new drug (probability 0.65) or does not.

(d) A nurse makes 10 home visits. The number of miles driven per visit varies.
We count the number of visits where she drives more than 15 miles.
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4. A rapid diagnostic test for influenza has a false positive rate of 5% (specificity =
95%). A clinic tests 20 patients who do not have influenza.
Let X = number of false positives.
(a) Identify n, p, and the meaning of “success” in this context.
(b) Find P(X = 0): no false positives.
(¢) Find P(X > 2).
(d) Find p and o. Interpret p in context.
A hospital-acquired infection (HAI) prevention program aims for a VAP
(ventilator-associated pneumonia) rate of 1% per ventilator day. An ICU has
25 ventilated patient-days in one week.
(a) Find P(X = 0): no VAP events.
) Find P(X =1).
) Find P(X > 2).
) Find p and o.
) The ICU reports 3 VAP events this week. Using the model, is this result
statistically surprising? Find P(X > 3).

(
(c
(d
(e
6. x A medication adherence program shows that patients who enroll are adherent
85% of the time (take medications as prescribed). A nurse case manager follows
15 enrolled patients.
(a) Find the expected number of adherent patients and the standard deviation.
(b) Find P(X = 15): all patients are adherent.
(¢) Find P(X < 10) using Desmos or Excel.
(d) Is it unusual (more than 2 standard deviations below the mean) to have 10
or fewer adherent patients? Compute 1 — 20 and compare.
(e) If the program’s effectiveness is questioned and the true adherence rate is

actually 60% (not 85%), find P(X > 13) under both rates. What does the
difference tell you?
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Answer Key — Selected Problems

Section 8.1 Practice — Your Turn

1. (a) All P(z) > 0 and 0.25 4+ 0.40 + 0.20 4+ 0.10 + 0.05 = 1.00. Valid. (b) pu =
0(0.25) +1(0.40) 4+2(0.20) 4+ 3(0.10) +4(0.05) = 04 0.404+0.40+0.30+0.20 = 1.30
errors per shift. (c¢) o2 = 1.69(0.25) + 0.09(0.40) + 0.49(0.20) + 2.89(0.10) +
7.29(0.05) = 0.4225 + 0.036 + 0.098 + 0.289 + 0.3645 = 1.21; 0 = v/1.21 =~ 1.10.
(d) P(x >2) = P(3)+ P(4) = 0.10+ 0.05 = 0.15. (e) On average, the pharmacy
catches 1.30 errors per shift, with typical variation of about 1.10 errors above or
below that mean.

2. (a) P(4) = 1 — (0.30 + 0.35 + 0.22 + 0.08) = 1 — 0.95 = 0.05. (b) p = 0(0.30) +
1(0.35) +2(0.22) +3(0.08) +4(0.05) = 0+0.35+0.4440.24+0.20 = 1.23 tasks per
visit. (c) 20 x 1.23 = 24.6 follow-up tasks expected. (d) p+20 =1.23+2(1.02) =
1.23+2.04; range: (—0.81,3.27), meaning practically 0 to 3 tasks covers the typical
range.

Section 8.2 Practice — Your Turn
1. ( ) Binary (infection / no infection); Independent (dlfferent patients); n = 10 fixed;
= 0.08 constant. All four conditions met. (b) P(X = 0) = (0.92)!° ~ 0.4344. (c)

P(X =1) = (')(0.08)1(0.92)° = 10(0.08)(0.4722) ~ 0.3777. (d) P(X >2)=1—
0.4344 — 0.3777 = 0.1879. (e) u = 10(0.08) = 0.80; o = 1/10(0.08)(0.92) ~ 0.858.
(f) New p = 10(0.04) = 0.40; P(X = 0) = (0.96)'° ~ 0.6648, rising from 43.4% to
66.5%.

2. (a) P(X = 20) = (0.88)® =~ 0.0776. (b) P(X = 18) = (71)(0.88)'8(0.12)>
190 x 0.10016 x 0.0144 ~ 0.2740; P(X = 19) = (3)) (0.88)19(0 12)t = 20 x0.08814 x
0.12 =~ 0.2115; P(X = 20) ~ 0.0776; P(X > 18) ~ 0.5631. (c) p = 20(0.88) =
17.6; 0 = /20(0.88)(0.12) ~ 1.453. (d) p—20 = 17.6 —2.906 = 14.69; fewer than
14 is below p — 20, so yes, it would be unusual.

Chapter Practice — Selected

Problem 1la: Valid — all probabilities between 0 and 1, and they sum to 1.00.
Problem 1b: Not valid — probabilities sum to 0.30 + 0.40 + 0.25 4+ 0.20 = 1.15 > 1.
Problem 1c: Not valid — P(3) = —0.05 < 0; probabilities cannot be negative.
Problem 2: (a) Relative frequencies: 0.10, 0.27, 0.34, 0.19, 0.08, 0.02. (b) x = 0(0.10)+
1(0.27)+2(0.34)+3(0.19) +4(0.08) +5(0.02) = 0+0.2740.68+0.5740.32+0.10 = 1.94;
o~ 1.11. (c) P(z > 3) = 0.08 + 0.02 = 0.10. (d) P(z > 4) = 0.10.

Problem 4d: p = 20(0.05) = 1.0 false positive per 20 non-infected patients.
Problem 5e: P(X >3)=1—-P(X=0)—P(X =1)—P(X =2). P(0)=(0.99)% ~
0.7778; P(1) ~ 25(0.01)(0.99)* ~ 0.1964; P(2) ~ (%)(0.01)%(0.99)% ~ 0.0238; P(X >
3) ~ 1—0.7778 — 0.1964 — 0.0238 = 0.0020. Yes, 3 events is highly unusual under the
1% rate model (P =~ 0.2%); this warrants investigation.
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Problem 6 (Challenge): (a) u = 15(0.85) = 12.75; o = 1/15(0.85)(0.15) ~ 1.382.
(b) P(X = 15) = (0.85)"% ~ 0.0874. (d) p — 20 = 12.75 — 2.764 = 9.986; since
10 ~ p — 20, having 10 or fewer is borderline unusual. (e) At p = 0.85: P(X >
13) ~ P(13) + P(14) + P(15) ~ 0.2184 + 0.1539 + 0.0874 = 0.4597; at p = 0.60:
P(X > 13) ~ 0.0124 + 0.0022 4 0.0003 = 0.0149. Under the lower rate, 13 or more
adherent patients is very rare (1.5% vs 46%) — strong evidence that if 13+ are adherent,
the 85% rate is plausible.
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Chapter 8 Summary

Section 8.1 — Discrete Probability Distributions
e A discrete probability distribution assigns probabilities to all possible values
of a discrete random variable; probabilities must be non-negative and sum to 1.

e Expected value (mean): p = > - P(z) — the long-run average outcome.

e Standard deviation: o = /> (v — u)?- P(z) — typical spread around the
mean.

e The expected value is a mathematical average over many trials, not a prediction
for a single trial.

Section 8.2 — The Binomial Distribution
e Binomial conditions (BINS): Binary outcomes, Independent trials, fixed Number
of trials, Same probability.

e X ~B(n,p): P(X =k) = (Z)pk“ _ p)nk

e Mean: y=np Standard deviation: o = /np(1 — p)
e Use the complement rule for “at least” probabilities: P(X > k) =1 - P(X <
k—1).
e Use BINOM.DIST in Excel or binomialdist in Desmos for cumulative probabil-
ities.
The Nursing Connection

e Medication error rates, infection rates, and test positivity rates all follow binomial
logic when applied to a fixed number of independent events.

e Small changes in the per-event probability (p) have large effects on the probability
of multiple events across many trials.

e The binomial model establishes what is expected by chance — the baseline against
which quality improvement efforts should be measured.

e Always ask: is an observed count within the expected range, or is it statistically
unusual enough to warrant investigation?
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CHAPTER 9

The Normal Distribution

“Nature does not distribute its gifts randomly — it clusters them around a
center, thinning out toward the extremes.”

— why the bell curve appears everywhere in clinical data
In this chapter, you will learn to:
e Describe the properties of the normal distribution
e Compute and interpret z-scores in clinical contexts

Find probabilities (areas) under the normal curve using Desmos and Excel

Find values corresponding to given probabilities (inverse normal)

Apply the normal distribution to lab values, vital signs, and clinical thresholds

Assess whether a dataset is approximately normally distributed

9.1 Properties of the Normal Distribution

Step 1 Read This First

A hospital’s laboratory reports that hemoglobin levels in healthy adult women are
normally distributed with a mean of 13.8 g/dL and a standard deviation of 1.2 g/dL.

You are reviewing three patients:
e Patient A: hemoglobin = 15.0 g/dL

e Patient B: hemoglobin = 12.4 g/dL
e Patient C: hemoglobin = 10.8 g/dL

You want to know: how unusual is each of these values? Is Patient C’s level rare
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enough to warrant immediate clinical attention? What percentage of healthy women
have hemoglobin this low or lower?

These are questions about areas under a normal curve — and the normal distribution
gives exact, quantitative answers. After this chapter, you will be able to answer them
for any normally distributed clinical variable.

Step 2 Let’s Talk About It

Think about what you already know about bell-shaped distributions from Chapter 4.

When a variable is normally distributed, most values cluster near the mean, and values
become progressively rarer as you move further from the center in either direction. The
distribution is perfectly symmetric. The mean, median, and mode are all identical.

In Chapter 5, you learned the Empirical Rule: approximately 68% of values fall within
one standard deviation of the mean, 95% within two, and 99.7% within three. That
rule was a approximation based on the normal shape.

In this chapter, we go further: using the exact normal distribution, we can find the
probability of any range of values, not just the round numbers covered by the Empirical
Rule. We can ask: what fraction of patients have hemoglobin below 11.07 What
fraction have it between 12.5 and 14.5? What value separates the lowest 5% from the
rest?

Step 3 Now We Name It
Definition: The Normal Distribution

A continuous random variable X has a normal distribution with mean p and
standard deviation o, written X ~ N(u, o), if its distribution has the characteristic
bell shape:

e Symmetric about pu

e Mean = Median = Mode = u

e The total area under the curve equals 1

e Approximately 68% of values lie within p + o
Approximately 95% of values lie within p + 20

e Approximately 99.7% of values lie within p + 30
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Definition: The Standard Normal Distribution

The standard normal distribution is a special case with ¢ = 0 and ¢ = 1,
written Z ~ N(0,1).

Any normally distributed variable X ~ N(u, o) can be converted to the standard
normal using the z-score:

_r—H

o

The z-score measures how many standard deviations x is above (z > 0) or below
(z < 0) the mean.

Probabilities as areas: P(a < X < b) equals the area under the normal curve
between a and b. Since the total area is 1, all probabilities are between 0 and 1.

Notation Conventions

P(X < z): probability that X is less than = — the area to the left of z.

P(X > x): probability that X is greater than x — the area to the right =
1 - P(X <uz).

P(a < X < b): area between a and b = P(X < b) — P(X < a).

For a continuous distribution, P(X = z) = 0 for any exact value — so P(X <
r) = P(X < x).

,
.
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Step 4  Watch It Work

Visualizing the normal distribution for hemoglobin levels

X ~ N(13.8, 1.2): hemoglobin in healthy adult women (g/dL)

Hemoglobin Distribution: Healthy Adult Women

10.2
3

p—30

11.4 12.6 13.8 150 16.2 174
n=2 n—o © pto pt20

o pn+3o0

Hemoglobin (g/dL)

Z-scores for the three patients:

_150-138 1.2 _124-138 14

108 —[13.8

-3.0

S ——— = = ~—1.1 =
4 12 2= T e 12 12 T 12
Clinical interpretation:

e Patient A (z = 41.00): slightly above average — unremarkable.

e Patient B (z = —1.17): somewhat below average but within one standard devia-

tion below the mean — within common variation.

e Patient C (z = —2.50): 2.5 standard deviations below the mean. By the Empirical
Rule, fewer than 2.5% of healthy women have hemoglobin this low or lower. This
warrants investigation.

Step 5 Your Turn

1. Systolic blood pressure in healthy adults is approximately normally distributed
with p = 120 mmHg and 0 = 12 mmHg.
(a) Compute the z-score for a patient with systolic BP of 144 mmHg.
(b) Compute the z-score for a patient with systolic BP of 102 mmHg.
(¢) Which patient is further from the population mean? How do you know?
(d) Using the Empirical Rule, approximately what percentage of healthy adults
have systolic BP between 96 and 144 mmHg?
(e) A patient has z = —2.8. What is their actual systolic BP value?

2. The resting heart rate of healthy nurses is approximately normally distributed
with ¢ =70 bpm and ¢ = 8 bpm.
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(a) A nurse has a resting heart rate of 88 bpm. Compute and interpret her
z-Score.

(b) A second nurse has z = —1.5. What is her resting heart rate?

(¢) Based on the Empirical Rule, what range of heart rates is considered “typi-
cal” (within 2 SDs of the mean)?

(d) A heart rate of 55 bpm: is this unusually low? Compute z and interpret.

3. x A patient’s serum sodium is 148 mEq/L. The normal distribution for serum
sodium in healthy adults has y = 140 mEq/L and ¢ = 3 mEq/L. The clinical
threshold for hypernatremia is sodium > 145 mEq/L.

(a) Compute the z-score for this patient.

(b) Is this value above or below the clinical threshold? What does the z-score
tell you that the clinical label alone does not?

(c) Compute the z-score for the threshold value of 145 mEq/L.

(d) By the Empirical Rule, approximately what percentage of healthy adults
would exceed the hypernatremia threshold?
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Step 6 Think Like a Nurse

Lab Reference Ranges Are Built on the Normal Distribution

When a laboratory report shows a reference range like “Hemoglobin: 12.0-16.0 g/dL
(female),” that range was not chosen arbitrarily. It was constructed to capture the
middle 95% (or sometimes 99%) of values from a large sample of healthy individuals.

For a normally distributed variable, the middle 95% falls between p — 1.960 and u +
1.960. For hemoglobin in women (u = 13.8, 0 = 1.0 in some reference populations):

Lower bound = 13.8 — 1.96(1.0) = 11.84 ~ 12.0 g/dL
Upper bound = 13.8 + 1.96(1.0) = 15.76 ~ 16.0 g/dL

This means that approximately 5% of perfectly healthy women will fall outside
the reference range by chance alone. A “flagged” lab value does not mean the patient
is sick — it means the value is outside the range observed in most healthy individuals.

A nurse who understands this is a better interpreter of lab reports. A borderline low
hemoglobin in an otherwise healthy patient is very different from the same value in a
patient who is symptomatic, trending downward, or in a high-risk group.

Reference ranges are statistical constructs, not clinical verdicts. The normal distribu-
tion tells you how rare a value is. Clinical context tells you what to do about it.
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9.2 Finding Probabilities and Values Under the Normal Curve

Step 1 Read This First

The hemoglobin distribution for healthy adult women: X ~ N(13.8, 1.2)

You need to answer three types of questions that the Empirical Rule alone cannot
answer exactly:

Type 1 (Left-tail): What fraction of women have hemoglobin below 12.0 g/dL?
Type 2 (Right-tail): What fraction have hemoglobin above 15.5 g/dL?
Type 3 (Between): What fraction have hemoglobin between 12.5 and 14.8 g/dL?

And a fourth type — working backwards:
Type 4 (Inverse): What hemoglobin value separates the lowest 10% from the rest?

These are the four fundamental normal distribution calculations. Every clinical prob-
ability question you encounter falls into one of these four types.

Step 2 Let’s Talk About It

The key insight is that every normal probability is an area under the bell curve — and
every area can be converted to a standard normal area by computing a z-score.

Once you have the z-score, the probability can be found using Desmos, Excel, or a
standard normal table. The technology does the integration for you. Your job is to set
up the problem correctly: find the right z-score, decide whether you want the left tail,
right tail, or middle area, and interpret the result.

The most common mistake is forgetting to use the complement for right-tail questions.
Technology gives left-tail probabilities by default (P(Z < z)). For right-tail questions,
you subtract from 1.
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Step 3 Now We Name It

Definition: Four Types of Normal Probability Calculations

Type 1 — Left tail: P(X < a)

z:a;H P(X <a)=P(Z < z)=9(2)
Type 2 — Right tail: P(X > a)
PX>a)=1-P(X <a)=1—-9(z)
Type 3 — Between: P(a < X < b)
Pla< X <b)=P(X <b) —P(X <a)=>(z) — D(z)
Type 4 — Inverse (find z given probability):
Given P(X <z)=p, finde=p+2" 0

where z* is the z-score corresponding to cumulative probability p.

Try This in Desmos

In Desmos Scientific Calculator, use the normal cumulative distribution function:
Left tail: normaldist(mu, sigma).cdf(x) gives P(X < z)

Right tail: 1 - normaldist(mu, sigma).cdf(x)

Between: normaldist(mu, sigma).cdf(b) - normaldist(mu, sigma).cdf(a)

Inverse: normaldist(mu, sigma).inversecdf(p) gives z such that P(X < x) =
p
FEzample: normaldist(13.8, 1.2).cdf(12) gives P(X < 12)
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Try This in Excel

=NORM.DIST(x, mean, std_dev, TRUE) — P(X <) (left tail)

=1 - NORM.DIST(x, mean, std_dev, TRUE)  — P(X > z) (right tail)
=NORM.DIST(b,...,TRUE) - NORM.DIST(a,...,TRUE) = — between
=NORM.INV(p, mean, std_dev)  — z such that P(X < z) = p (inverse)

For standard normal: =NORM.S.DIST(z, TRUE) and =NORM.S.INV(p)
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Step 4  Watch It Work

Solving all four types for hemoglobin: X ~ N(13.8, 1.2)

Type 1 — Left tail: P(X < 12.0)

120 —13.8 —1.8
: 1.2 1.2 2

Using Desmos: normaldist(13.8,1.2).cdf(12) ~ 0.0668
About 6.7% of healthy women have hemoglobin below 12.0 g/dL.

Type 2 — Right tail: P(X > 15.5)

15.5 - 13. .
z:—55 138:1—7%1.417
1.2 1.2

P(X >155)=1— P(X <15.5) ~ 1—0.9218 = 0.0782
About 7.8% of healthy women have hemoglobin above 15.5 g/dL.

Type 3 — Between: P(12.5 < X < 14.8)

12.5 - 13.8 14.8 —13.8
zZ1 = T ~ —1.083 Zo = T ~ 0.833

P(125 < X <14.8) = P(X < 14.8) — P(X < 12.5) ~ 0.7977 — 0.1394 = 0.6583
About 65.8% of healthy women have hemoglobin between 12.5 and 14.8 g/dL.

Type 4 — Inverse: What value separates the lowest 10%7?
We need z such that P(X < x) = 0.10.

Using Desmos: normaldist(13.8,1.2).inversecdf(0.10) = 12.26 g/dL

Verification: z = (12.26 — 13.8)/1.2 = —1.28. And indeed, P(Z < —1.28) ~ 0.10. v/
The lowest 10% of healthy women have hemoglobin below about 12.26 g/dL.

Type 1: Left tail Type 2: Right tail Type 3: Between Type

65.8%
6.7 7.8% 10 |

12.0 15.5 12.5 14.8 ?
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Step 5 Your Turn

Use X ~ N(u,0) and Desmos or Excel for all calculations. Show the z-score(s) and
identify the probability type.
1. Diastolic blood pressure in adults with controlled hypertension is approximately
N(82,9) mmHg.
(a) Find P(X < 70): the probability of a reading below 70 mmHg (potential
hypotension concern).
(b) Find P(X > 95): the probability of a reading above 95 mmHg (elevated).
(¢) Find P(70 < X < 90): the probability of a reading in the well-controlled
range.
(d) Find the 90th percentile: what diastolic BP separates the lowest 90% from
the highest 10%?
(e) A patient on this medication has diastolic BP of 65 mmHg. Compute z and
interpret the clinical concern.

2. Birth weights for full-term infants in the US are approximately N (3400,490)
grams.
(a) Find P(X < 2500): the probability of low birth weight (< 2,500 g).
(b) Find P(X > 4000): the probability of macrosomia (> 4,000 g).
(¢) Find P(2500 < X < 4000): the probability of normal birth weight range.
(d) What birth weight marks the 5th percentile? (This is sometimes used as a
clinical threshold for very low birth weight.)
(e) A newborn weighs 2,200 g. Compute and interpret the z-score.

3. x A hospital sets drug dosing based on a patient’s creatinine clearance (CrCl),
which is approximately normally distributed in adult patients with 4 = 85
mL/min and ¢ = 22 mL/min.

(a) Find P(X < 60): the proportion of patients who would require dose adjust-
ment (CrCl < 60 is the typical threshold for moderate renal impairment).

(b) Find P(X < 30): the proportion requiring severe dose adjustment.

(¢) What CrCl value marks the 25th percentile of this population?

(d) A pharmacist uses p + 20 as an approximate reference range. What are
those bounds? How do they compare to the clinical thresholds of 30 and 60
mL/min?

(e) Is a CrCl of 38 mL/min statistically unusual in this population? Find the
probability of a value this low or lower.
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Step 6 Think Like a Nurse

Assessing Normality: When Can You Trust the Normal Model?

The normal distribution is enormously useful, but only when the data are actually
approximately normally distributed. Applying it to skewed or bimodal data gives
Wrong answers.

How to assess normality in practice:
1. Look at the histogram. Is it roughly bell-shaped and symmetric? Does it have
a single peak? A strongly skewed distribution is not approximately normal.

2. Check the mean vs. median. If mean ~ median, the distribution is approxi-
mately symmetric. A large gap suggests skewness.

3. Use the Empirical Rule as a rough check. In a normal distribution, approx-
imately 68% of values should fall within one SD of the mean. If you find 90% or
50%, the normal model is suspect.

4. Normal probability plot (Q-Q plot). A plot of the data against expected
normal quantiles should be roughly linear if the data are normal. Curves or
outlier points signal departures.

Clinical variables that are often approximately normal: resting heart rate in
healthy adults, birth weight in full-term infants, adult height, hemoglobin in a healthy
reference population, body temperature.

Clinical variables that are often not normal: length of stay (right-skewed), med-
ical costs (right-skewed), number of falls per unit (discrete, often skewed), bacterial
colony counts (may require log transformation).

The normal distribution is a model. Like all models, it is useful when it fits and
misleading when it does not. Your first step before computing any normal probability is
to look at the data.
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9.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 9. Problems marked with x are
more challenging. Use Desmos or Excel for all probability calculations.

Part A: Z-Scores and the Normal Distribution
1. Serum potassium in healthy adults is approximately N (4.0, 0.4) mEq/L.
(a) Compute the z-score for a potassium level of 3.2 mEq/L.
(b) Compute the z-score for a potassium level of 5.1 mEq/L.
(¢) Normal range is 3.5-5.0 mEq/L. Compute the z-scores for both thresholds.
(d) By the Empirical Rule, approximately what percentage of healthy adults
have potassium in the normal range?
(e) A patient has z = +3.2. What is their potassium level? Is this a clinical
emergency?

2. A clinical lab measures fasting glucose in healthy adults as N(92, 12) mg/dL.

(a) Pre-diabetes is diagnosed when fasting glucose is 100125 mg/dL. Compute
z-scores for both thresholds.

(b) Diabetes is diagnosed at > 126 mg/dL. Compute the z-score for this thresh-
old.

(¢) A patient has z = —2.3. What is their fasting glucose? Should you be
clinically concerned?

(d) Find the 95th percentile of fasting glucose. What does this value represent
clinically?

Part B: Computing Normal Probabilities

3. Oxygen saturation (SpO,) in healthy resting adults is approximately

N(97.5, 1.5)%.
(a) Find P(SpO, < 95): the proportion with low-normal saturation.

Find P(SpO, > 99).
Find P(95 < SpO, < 99).
What SpO, value separates the lowest 2.5% from the rest?
A patient has SpO, = 93%. Compute z. Is this unusual in a healthy
population?

(b
(c
d

~— — — ——

(
(e

4. The time (in minutes) for nurses to complete electronic documentation after a
shift is approximately N (18, 4) minutes at one hospital.
(a) Find the probability that a nurse finishes documentation in under 12 min-
utes.
(b) Find the probability it takes more than 25 minutes.
(c¢) Find the probability it takes between 14 and 22 minutes.
(d) Hospital policy flags documentation taking more than 30 minutes for review.
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What percentage of nurses are flagged?
(e) What documentation time marks the 75th percentile?

Part C: Inverse Normal and Applications
5. x Nurse exam scores at a hospital are approximately N (78, 8).
(a) What score separates the bottom 15% from the rest?
(b) What score marks the 90th percentile?
(c) A passing score is 70. What proportion of nurses pass?
(d) The hospital wants to identify the top 5% for a leadership program. What
minimum score qualifies?
(e) A nurse scores 62. Compute and interpret her z-score. Should the hospital
require remediation?

6. ~ Research Application: A clinical study measures C-reactive protein (CRP)
levels in patients admitted with suspected infection. CRP in this population is
approximately N(45,18) mg/L.

(a) Find P(CRP < 10): proportion of patients with near-normal CRP (possible
misdiagnosis concern).

(b) Find P(CRP > 80): proportion with severely elevated CRP.

(c¢) The clinical team uses a threshold of CRP > 20 to confirm active infection.
What proportion of admitted patients meet this threshold?

(d) What CRP level marks the 95th percentile? What might this indicate clin-
ically?

(e) A patient has CRP of 90 mg/L. The study team wants to classify this as
“extreme.” Is it more than 2 standard deviations above the mean? Show
your work.
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Answer Key — Selected Problems

Section 9.1 Practice — Your Turn
1. (a) z = (144 — 120)/12 = 2.00. (b) z = (102 — 120)/12 = —1.50. (c) Patient A is
further from the mean (|z| = 2.00 > 1.50). (d) 96 to 144 spans p £ 20; Empirical
Rule gives approximately 95%. (e) z = 120 + (—2.8)(12) = 120 — 33.6 = 86.4
mmHg.

2. (a) z = (88 — 70)/8 = 2.25; 2.25 SDs above the mean — at approximately
the 98.8th percentile of healthy resting HR, warrants evaluation. (b) z =
70 + (—1.5)(8) = 70 — 12 = 58 bpm. (c) 70 + 2(8) = 54 to 86 bpm. (d)
z = (55 — 70)/8 = —1.875; moderately below average but within 2 SDs; not
statistically extreme, though clinically worth noting if symptomatic.

3. (a) z = (148 — 140)/3 = 2.67. (b) Above the threshold; the z-score reveals
it is 2.67 SDs above normal mean — in the top 0.4% of healthy adults. (c)
z = (145 —140)/3 = 1.67. (d) The threshold at z = 1.67 corresponds to about the
top 5% of healthy adults — roughly 5% would be flagged by this threshold.

Section 9.2 Practice — Your Turn

1. (a) z = (70 — 82)/9 = —1.33; P(X < 70) ~ 0.0912 (9.1%). (b) z = (95 —
82)/9 = 1.44; P(X > 95) ~ 1 —0.9251 = 0.0749 (7.5%). (c¢) z = (90 — 82)/9 =
0.889; P(X < 90) =~ 0.8133; P(70 < X < 90) ~ 0.8133 — 0.0912 = 0.7221
(72.2%). (d) normaldist(82,9).inversecdf(0.90) ~ 93.5 mmHg. (e) z = (65 —
82)/9 = —1.89; probability of this low or lower is about 2.9% — diastolic BP
of 65 is approaching hypotension territory; monitor for symptoms, particularly
lightheadedness or syncope.

2. (a) 2 = (2500 — 3400)/490 = —1.837; P(X < 2500)
z = (4000 — 3400)/490 = 1.224; P(X > 4000) ~ 1 — 0.8895 = 0.1105
(11.1%). (c) P(2500 < X < 4000) ~ 0.8895 — 0.0332 = 0.8563 (85.6%). (d)

normaldist(3400,490) .inversecdf (0.05) = 2594 g. (e) z = (2200—3400)/490 =

—2.45; fewer than 1% of full-term infants weigh this little — very unusual, warrants
immediate neonatal attention.

0.0332 (3.3%). (b)

I —

Chapter Practice — Selected

Problem le: z = 4.0+ 3.2(0.4) = 4.0 + 1.28 = 5.28 mEq/L. Yes, this is severe
hyperkalemia and a potential cardiac emergency.

Problem 3d: normaldist(97.5,1.5).inversecdf(0.025) =~ 94.6%; values below

94.6% SpOs are in the lowest 2.5% of healthy adults — clinically significant hypox-
emia.

Problem 3e: z = (93—97.5)/1.5 = —3.0; P(X < 93) ~ 0.0013. Only 0.13% of healthy
adults have SpOs this low — extremely unusual and clinically urgent.
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Problem 4b: z = (25 —18)/4 = 1.75; P(X > 25) =1 — P(X < 25) ~ 1 —0.9599 =
0.0401 (4.0%).

Problem 5d: normaldist(78,8).inversecdf(0.95) ~ 91.2. Nurses scoring above
approximately 91 are in the top 5%.

Problem 6e: z = (90 — 45)/18 = 2.50; yes, CRP of 90 is exactly 2.5 SDs above the
mean — more than 2 SDs, so it qualifies as “extreme” by the conventional criterion.
P(X > 90) ~ 0.0062 (0.6% of admitted patients have CRP this high or higher).
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Chapter 9 Summary

Section 9.1 — Properties of the Normal Distribution
o X ~ N(u,o0): symmetric, bell-shaped, total area = 1.

e Mean = Median = Mode = u.

e Empirical Rule: 68% within 1o, 95% within 20, 99.7% within 3c.

e Z-score: z = (v — pu)/o — measures standard deviations from the mean.
e The standard normal Z ~ N(0,1) is the reference distribution.

e Lab reference ranges are built from the normal distribution: they capture the
middle 95% of healthy values, so 5% of healthy individuals fall outside them by
chance.

Section 9.2 — Finding Probabilities and Values
e Left tail: P(X < a) — use normaldist(u,o).cdf(a) in Desmos.

e Right tail: P(X >a) =1—- P(X <a).
e Between: Pla < X <b)=P(X <b) — P(X <a).
e Inverse: Given probability p, find x using inversecdf(p) or NORM.INV .

e Always identify the probability type before calculating.

e Assess normality before applying the model: check the histogram, compare mean
and median, verify the Empirical Rule holds approximately.

The Nursing Connection
e Z-scores translate any lab value into a universal scale: how unusual is this patient
relative to a reference population?

e Lab reference ranges are statistical — 5% of healthy people fall outside them. A
flagged value needs clinical interpretation, not automatic alarm.

e Not all clinical variables are normal: length of stay, costs, and count data are
often skewed.

e The normal distribution answers the question: “How rare is this value?” Clinical
judgment answers: “What should we do about it?”
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The Central Limit Theorem

“The most important theorem in statistics is one that most people have never
heard of — and it explains why averages are so much more reliable than
individual measurements.”

— on why sample means behave so predictably

In this chapter, you will learn to:

e Define a sampling distribution and explain why it matters

State the Central Limit Theorem and identify when it applies

Compute and interpret the standard error of the mean

Find probabilities for sample means using the normal distribution

Explain why larger samples produce more reliable estimates

Connect the CLT to the logic of confidence intervals and hypothesis tests

10.1 Sampling Distributions and the Standard Error

Step 1 Read This First

A hospital quality team wants to estimate the average length of stay (LOS) for patients
on their medical-surgical unit. They know the unit’s true population mean is p = 4.8
days with a standard deviation of ¢ = 2.1 days, but in practice they only have data
from samples.

Nurse A takes a random sample of 36 patients and finds = = 4.6 days.
Nurse B takes a different random sample of 36 patients and finds z = 5.1 days.
Nurse C takes yet another sample and finds z = 4.9 days.
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All three nurses sampled from the same population. Why are their sample means
different? Which one should the team trust? And if they took 1,000 such samples and
plotted all the sample means, what would that distribution look like?

These questions lead directly to one of the most powerful ideas in all of statistics: the
sampling distribution of the sample mean.

r
\

Step 2 Let’s Talk About It

Think about what happens when you take many samples from the same population.

Each sample produces a different mean — because each sample contains different pa-
tients. Some means will be a bit above the true population mean, some a bit below.
Rarely, a sample will happen to include mostly long-stay patients and produce a high
mean, or mostly short-stay patients and produce a low mean.

But here is the key insight: the sample means are not scattered randomly all over the
place. They cluster around the true population mean y. And as sample size increases,
they cluster more tightly. A sample of 100 patients produces a mean much closer to
than a sample of 5 patients does.

The distribution of all possible sample means — if you could take every possible sample
of a given size from the population — is called the sampling distribution. Under-
standing its shape, center, and spread is the foundation of all statistical inference.

Definition: Sampling Distribution of z

Step 3 Now We Name It

The sampling distribution of the sample mean 7 is the probability distribu-
tion of all possible values of z that could be obtained by taking all possible samples
of size n from a population.

Key properties:
e Center: The mean of the sampling distribution equals the population mean:
Mz = W
e Spread: The standard deviation of the sampling distribution, called the
standard error, is: ”

iy = ——

vn

e Shape: Determined by the Central Limit Theorem (see below)
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Definition: Standard Error of the Mean

The standard error (SE) measures how much a sample mean is expected to vary

from the population mean:
o

SE =0; = —

T \/ﬁ
A larger sample size n produces a smaller standard error — sample means cluster
more tightly around p. This is the mathematical expression of why larger samples

are more reliable.

Key relationship: Doubling the sample size does not halve the standard error.
It is reduced by a factor of v/2 ~ 1.41. To cut the standard error in half, you must
quadruple the sample size.

Definition: Central Limit Theorem (CLT)

If a random sample of size n is drawn from any population with mean p and finite
standard deviation o, then the sampling distribution of Z is approximately normal:

o

xT~N — for sufficiently large n
(o) -
Practical guideline: The normal approximation is generally reliable when n >

30. For populations that are already approximately normal, even small samples
(e.g., n > 10) work well.

The CLT applies regardless of the shape of the population distribution — even
skewed or non-normal populations produce approximately normal sampling distri-
butions when n is large enough. This is why the normal distribution plays such a
central role in statistical inference.
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Step 4  Watch It Work

Applying the CLT to hospital length-of-stay data

Population: LOS on a medical-surgical unit, p = 4.8 days, 0 = 2.1 days.
The population distribution is right-skewed (most stays are short, a few are very long).

Standard errors for different sample sizes:

Sample size n SE =0/v/n Calculation Interpretation
4 2.1/v/4=21/2.0 1.050 days  Very wide; sample means vary a lot
9 2.1/v/9=21/3.0  0.700 days Moderate spread
36 2.1/v/36=2.1/6.0 0.350 days Much tighter
100 2.1/4/100 = 2.1/10.0  0.210 days Very precise

Visual: The CLT at work — three sampling distributions

Sampling Distribuut:i%lg of z: LOS Data

—n=4, aj 1.05

— n=36/3E = 0.35

— n = 10f|SE = 0.21
i

2.5 3.0 3.5 4.0 4.2.80 5.5 6.0 6.5 7.0

Sample Mean z (days)

What the graph shows:
e All three sampling distributions are centered at the same population mean p = 4.8
days.

e The original LOS data is right-skewed, but all three sampling distributions are
approximately normal (CLT).

e Larger n produces a narrower, taller curve — sample means cluster more tightly
around .

e With n = 100, nearly all sample means fall between 4.4 and 5.2 days — a tight
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l window around the true mean. J

Step 5 Your Turn

1. Patient wait times at a hospital emergency department have a mean of y = 42
minutes and standard deviation ¢ = 18 minutes. The distribution is right-skewed.
(a) A quality analyst takes a random sample of n = 36 patients. What is the
mean and standard error of the sampling distribution of z?
(b) For n = 81, what is the standard error?
(¢) By what factor does the standard error decrease when going from n = 36 to
n = 1447
(d) For which sample sizes can you use the normal distribution to model z?
Why?
(e) If a nurse claims her sample of n = 36 had a mean wait time of 52 minutes,
is this plausible? What would have to be true about her sample?

2. A hospital tracks hemoglobin levels in its post-surgical patient population: pu =
11.2 g/dL, o0 = 1.8 g/dL.
(a) Compute the standard error for samples of size n = 16, n = 25, and n = 49.
(b) Fill in the table:

n SE Range covering ~ 95% of T values (n+2-SE)
16

25
49

(¢c) What sample size would reduce the standard error to 0.2 g/dL?
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Step 6 Think Like a Nurse

Why Individual Measurements and Sample Averages Behave Differently

A patient’s systolic blood pressure is known to be approximately normally distributed
with ¢ = 120 mmHg and ¢ = 15 mmHg. There are two very different questions you
could ask:

Question 1 (individual): What is the probability that a single patient has a systolic
BP above 140 mmHg?

Question 2 (sample mean): What is the probability that the average BP of a sample
of 25 patients is above 140 mmHg?

These questions use entirely different distributions:

Individual X Sample mean = (n = 25)
Distribution N (120, 15) N(120, 15/4/25) = N(120,3)
SD used o=15 SE =3
= for value 140 (140 — 120)/15 = 1.33 (140 — 120)/3 = 6.67
Probability above 140 ~ 9.2% ~ 0.000%

A single patient having BP above 140 is unusual but not rare — about 1 in 11 patients.
But getting a sample average of 25 patients above 140 is essentially impossible unless the
underlying population mean has shifted dramatically. The average of 25 measurements
is far more stable than any single measurement.

This is the practical power of the CLT. When you see a hospital reporting an average
outcome, you can judge how reliable that average is based on the sample size. A report
based on 5 patients is nearly meaningless. A report based on 500 patients is highly
precise.

Clinical intuition applies to individual patients. Statistical inference applies to sample
means. Knowing which distribution to use is half the battle.
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10.2 Applying the Central Limit Theorem

Step 1  Read This First

A hospital’s nutrition team wants to assess whether post-surgical patients are meeting
caloric targets. They know from previous research that daily caloric intake among post-
surgical patients follows a right-skewed distribution with p = 1,850 kcal and o = 320
kcal.

A dietitian reviews a random sample of n = 64 post-surgical patients from this month
and finds a mean intake of x = 1,780 kcal.

Two questions arise:
1. If nothing has changed, how likely is it to observe a sample mean as low as 1,780
kcal or lower just by random chance?

2. Does a mean of 1,780 kcal suggest that this month’s patients are systematically
under-eating, or is it within the normal range of sampling variation?

Answering these questions requires computing a probability for a sample mean — using
the CLT and the normal distribution.

Step 2 Let’s Talk About It

Once the CLT tells us that Z is approximately normally distributed, finding proba-
bilities for & works exactly like finding probabilities in Chapter 9 — with one critical
change.

In Chapter 9, the standard deviation in the z-score denominator was o (the population
SD for individual observations). Now it is the standard error o//n (the SD for sample
means).

Everything else is the same: compute a z-score, identify the probability type (left-tail,
right-tail, between, or inverse), use Desmos or Excel. The z-score for a sample mean
is:

a/v/n

The denominator is the standard error, not the population standard deviation.

z
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Step 3 Now We Name It
Definition: Z-Score for a Sample Mean

When the sampling distribution of Z is approximately normal (by the CLT), prob-
abilities are computed using;:

T —p
2= —
a/v/n
This z-score measures how many standard errors the sample mean z is above or
below the population mean .

Probabilities: Use the same four types from Chapter 9 (left-tail, right-tail, be-
tween, inverse), but with the normal distribution N (u, o/+/n) rather than N(u, o).

The Most Common CLT Error

Always use the standard error o//n when working with sample means.

Using o instead of o /4/n when computing a z-score for 7 is the single most common
error in this chapter. Before computing any z-score, ask: am I working with
an individual value or a sample mean? The answer determines which standard
deviation to use.

Individual X: z =

T — _
Sample mean z: z =

u T—p
o o//n

Definition: Conditions for Applying the CLT

Before using the normal distribution for z, verify:

1. Random sample: The data are a random sample from the population of
interest.

2. Independence: Observations are independent. If sampling without re-
placement from a finite population, the sample should be at most 10% of the
population size.

3. Sample size: FEither n > 30 (for any population), or the population is
approximately normal (for smaller n).
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Step 4  Watch It Work

Finding probabilities for sample means: the caloric intake problem
Population: p = 1,850 kcal, o = 320 kcal (right-skewed)
Sample: n = 64, observed T = 1,780 kcal

Step 1 — Check CLT conditions:
e Random sample: assumed.

e Independence: n = 64 < total hospital population. v’
e Sample size: n =64 > 30. v

Step 2 — Standard error:

sp— 2 - 320 _ 320 0 keal

vnoo64 8
Step 3 — Z-score for x = 1,780:

Z_i:—u_l,780—1,850_—70
- SE 40 40

Step 4 — Probability: P(z < 1,780) = P(Z < —1.75) ~ 0.0401

=—1.75

Interpretation: If the population mean truly is 1,850 kcal, there is only about a 4%
chance of observing a sample mean as low as 1,780 kcal (or lower) in a sample of 64.
This is somewhat unusual. The dietitian has reason to investigate whether intake has
genuinely declined.

Additional question: What range contains 95% of all sample means?

pw+1.96-SE = 1,850 £ 1.96(40) = 1,850 + 78.4
= (1,771.6 kcal, 1,928.4 kcal)

If nothing has changed, 95% of all sample means from samples of n = 64 will fall
between approximately 1,772 and 1,928 kcal. The observed = 1,780 is just inside this
interval — borderline.

Try This in Desmos

Using Desmos for the sample mean probability:

Method 1: Use the sampling distribution directly:
normaldist (1850, 40).cdf(1780) =~ 0.0401

Method 2: Convert to z first:
Compute z = (1780 — 1850)/40 = —1.75, then normaldist(0,1).cdf(-1.75)
~ (0.0401
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=NORM.DIST(1780, 1850, 40, TRUE)  — P(z < 1780) ~ 0.0401

Note: enter the standard error (40) as the standard deviation argument, not o =
320.

& J

Step 5 Your Turn

1. A large hospital’s average patient satisfaction score is p = 72 (out of 100) with
o = 14. A quality analyst surveys n = 49 patients after a new patient experience
initiative.

(a) What is the standard error of Z for n = 497

(b) The analyst observes = 75.8. Find P(z > 75.8) if the population mean is
still 72.

(¢) Is the observed sample mean unusually high? What might this suggest about
the initiative?

(d) Find the range of sample means that would contain 95% of all possible &
values if p = 72.

(e) What = value would represent the top 5% of all possible sample means (i.e.,
the 95th percentile of the sampling distribution)?

2. The blood glucose levels of patients admitted to a diabetic care unit are approx-
imately N(178,35) mg/dL.

(a) What is the probability that a single randomly selected patient has blood
glucose above 200 mg/dL?

(b) A nurse reviews a random sample of n = 25 patients. What is the probability
the sample mean exceeds 200 mg/dL?

(c) Why is the answer to (b) so much smaller than the answer to (a)?

(d) Find the probability the sample mean falls between 170 and 190 mg/dL for
n = 25.

(e) If n were increased to 100, would the probability in (d) increase or decrease?
Recalculate and confirm.

3. x A hospital’s pharmacy records show that the time from medication order to
patient administration has p = 28 minutes and ¢ = 9 minutes. A new electronic
ordering system is implemented. After the change, a random sample of n = 81
orders has a mean time of z = 25.5 minutes.

(a) Compute the standard error.

(b) Compute the z-score for z = 25.5.

(¢) Find P(z < 25.5) if the true population mean is still 28 minutes.

(d) Based on this probability, does the new system appear to have reduced
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medication administration time? Justify your answer.
(e) What assumption(s) are you making when you apply the CLT here?
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Step 6 Think Like a Nurse

The CLT Is the Engine Behind Confidence Intervals and Hypothesis Tests
You have now learned the Central Limit Theorem, but you may be wondering: why
does this matter? The answer is that everything in the next four chapters — confidence
intervals and hypothesis tests — depends entirely on the CLT.

Here is the connection. In Section 10.2, you calculated that if nothing has changed,
there is only a 4% chance of observing a sample mean as low as 1,780 kcal. That 4%
is the seed of a p-value (Chapter 12): the probability of observing what you saw, or
something more extreme, if the null situation (nothing has changed) is true.

And the interval 1,850 4+ 1.96 x 40 = (1,772, 1,928) is the seed of a confidence interval
(Chapter 11): a range of plausible values for the true population mean, constructed
from the sampling distribution.

Both of these tools rest on the same foundation:
1. The CLT guarantees that Z is approximately normal.

2. The standard error tells us how wide the spread of sample means is.

3. Probabilities under the normal distribution tell us how likely or unlikely an ob-
served result is.

The Central Limit Theorem is not the end of the story. It is the beginning of statistical
inference. Every time a researcher reports a confidence interval or a p-value, the CLT
18 silently working in the background.
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10.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 10. Problems marked with x are
more challenging.

Part A: Sampling Distributions and Standard Error
1. The weights of patients admitted to a bariatric surgery program are approxi-
mately normally distributed with p = 285 lbs and o = 42 lbs.
(a) Compute the standard error for n = 9, n = 36, and n = 100.
(b) For each sample size, describe the sampling distribution of z.
(c) By what factor does the standard error change when n increases from 9 to
367

(d) What sample size is needed to achieve a standard error of 5 lbs?

2. A hospital tracks the number of overtime hours worked by nurses each month.
The distribution is right-skewed with p = 12.4 hours and o = 5.6 hours.

(a) Is the population distribution approximately normal? Does this matter for
the sampling distribution of z when n = 407 Explain.

(b) Compute the standard error for n = 40.

(c) What is the approximate shape of the sampling distribution for n = 407

(d) What is the approximate shape for n = 5?7 Could you use the normal
distribution here? Why or why not?

Part B: Probabilities for Sample Means
3. The duration (in minutes) of patient nursing assessments has ¢ = 22 minutes and
o = 6 minutes. A supervisor reviews a random sample of n = 36 assessments.

(a) What is the standard error?

(b) Find P(z < 20): what is the probability the sample mean is below 20
minutes?

(c) Find P(z > 24).

(d) Find P(21 < Z < 23).

(e) The supervisor considers a sample mean above 25 minutes to indicate a
staffing concern. How likely is this to occur by chance alone?

4. Post-operative pain scores (0-10 scale) in a surgical unit follow a distribution
with © = 5.2 and 0 = 2.0. A researcher samples n = 64 patients.
(a) Find the standard error.
(b) Find P(z < 4.8).
(c¢) Find P(z > 5.7).
(d) What range of sample means would be considered “unusual” (outside 2 stan-
dard errors of p)?
(e) The researcher observes z = 4.5. Is this statistically unusual? Find the
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probability.

Part C: CLT in Context
5. x A large health system’s average patient discharge time (from discharge order to
patient leaving) has u = 3.2 hours and ¢ = 0.9 hours. A hospital in the system
implements a new discharge checklist. Over the next month, they record n = 100
discharges with z = 3.0 hours.
(a) Compute the standard error.
(b) Compute the z-score for z = 3.0.
(¢) Find P(z < 3.0) under the assumption that nothing has changed.
(d) Ts this result statistically unusual? At what probability threshold do you
consider it surprising?
(e) The hospital administrator claims the checklist reduced discharge time.
Does the statistical analysis support this claim? What would be needed
to make a stronger claim?

6. x Individual vs. Sample Mean: Serum creatinine in hospitalized patients is
approximately normally distributed with x4 = 1.3 mg/dL and ¢ = 0.5 mg/dL.

(a) Find the probability that a single patient has creatinine above 2.0 mg/dL.

(b) Find the probability that the mean creatinine for a sample of n = 16 patients
exceeds 2.0 mg/dL.

(c¢) Find the probability that the mean creatinine for a sample of n = 64 patients
exceeds 2.0 mg/dL.

(d) Explain in plain language why the probabilities in (a), (b), and (c) are so
different.

(e) If a unit’s average creatinine for the month was reported as 2.0 mg/dL
based on 64 patients, what would you conclude about this unit’s patient
population?

7. » Research Application: A nurse researcher wants to detect a clinically mean-
ingful decrease in average pain scores from p = 5.2 to p = 4.7 (a reduction of 0.5
points). She plans to use a sample mean from n = 64 patients. Assume o = 2.0.

(a) Under the original mean (u = 5.2), find P(z < 4.7).

(b) Under the new mean (u = 4.7), find P(z < 4.7).

(c) What does the comparison between (a) and (b) tell you about the ability to
detect this change?

(d) If instead n = 16, recompute (a) and (b). What happens to the ability to
detect the change?

(e) This question is previewing the concept of statistical power. Describe in
your own words what “power” means in the context of detecting a clinical
improvement.

195



Statistics in the FEye of a Nurse

Answer Key — Selected Problems

Section 10.1 Practice — Your Turn

1. (a) pz = 42 min; SE = 18/y/36 = 3.0 min. (b) SE = 18//81 = 2.0 min.
(¢) From n = 36 to n = 144: SE3s = 18/6 = 3.0; SEyj44 = 18/12 = 1.5; the
SE is halved (factor of 2). (d) For all three sample sizes mentioned (n = 36,
81, 144); all are > 30, so the CLT guarantees an approximately normal sampling
distribution regardless of the skewed population shape. (e) z = (52—42)/3 = 3.33;
P(z > 52) =~ 0.04% — extremely unlikely. Her sample would have to be a very
unusual collection of mostly long-wait patients.

2. (a) SEig = 1.8/4 = 0.450; SEys = 1.8/5 = 0.360; SEy = 1.8/7 ~ 0.257 g/dL.
(b) Table: n = 16: SE—0.450, range (11.2 = 0.900) = (10.30,12.10); n = 25;
SE=0.360, range (10.48,11.92); n = 49: SE=0.257, range (10.69, 11.71). (c) SE =
1.8/y/n=02=n=9=n=8L

Section 10.2 Practice — Your Turn
1. (a) SE =14/v/49 = 2.0. (b) z = (75.8—72)/2.0 = 1.90; P(z > 75.8) = 1—-P(Z <
1.90) ~ 1 —0.9713 = 0.0287 (2.9%). (c) Only about a 3% chance of observing
this high a mean by chance; the initiative may be having a positive effect, though
formal testing is needed. (d) 72 £ 1.96(2) = 72 + 3.92 = (68.08,75.92). (e)

normaldist(72,2) .inversecdf (0.95) =~ 75.3.

2. (a) Individual: z = (200 — 178)/35 = 0.629; P(X > 200) ~ 1 — 0.7353 = 0.2647
(26.5%). (b) SE = 35/v/25 = 7, = = (200 — 178)/7 = 3.14; P( > 200) ~
1—-0.9992 = 0.0008 (0.08%). (c) Sample means are far less variable than individual
measurements; the sampling distribution is much narrower (SE =7 vs 0 = 35).
(d) SE =7, 2y = (170 — 178)/7 = —1.14; 2z, = (190 — 178)/7 = 1.71; P(170 <
7 < 190) ~ 0.9564 — 0.1271 = 0.8293 (82.9%). (¢) n = 100: SE = 35/10 = 3.5;
21 = (170 —178) /3.5 = —2.29, 2, = (190 — 178) /3.5 = 3.43; P ~ 0.9997 —0.0110 =
0.9887 (98.9%) — increases substantially.

Chapter Practice — Selected

Problem 3b: SE = 6/y/36 = 1.0; z = (20 — 22)/1.0 = —2.0; P(Z < 20) ~ 0.0228
(2.3%).

Problem 3e: z = (25 — 22)/1.0 = 3.0; P(z > 25) ~ 0.0013 (0.13%) — very unlikely
by chance alone; a mean above 25 minutes would be a meaningful signal.

Problem 5b: SE = 0.9/1/100 = 0.09; z = (3.0 — 3.2)/0.09 = —2.22; P(Z < 3.0) ~
0.0132 (1.3%) — unusual if nothing has changed.

Problem 6a: z = (2.0 — 1.3)/0.5 = 1.4; P(X > 2.0) ~ 0.0808 (8.1%).

Problem 6b: SE = 0.5//16 = 0.125; z = (2.0 — 1.3)/0.125 = 5.6; P(z > 2.0) ~
0.000% — essentially impossible.

196



CHAPTER 10. THE CENTRAL LIMIT THEOREM

Problem 7a: SE = 2.0/v/64 = 0.25; z = (4.7 —5.2)/0.25 = —2.0; P(z < 4.7 | u =
5.2) & 0.0228 (2.3%).

Problem 7b: Under new p = 4.7: z = (4.7—4.7)/0.25 = 0; P(z < 4.7 | p =4.7) = 0.50
(50%).
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Chapter 10 Summary

Section 10.1 — Sampling Distributions and the Standard Error
e The sampling distribution of z describes how sample means vary across all
possible samples of size n.

Center: p; = p (sample means are centered at the population mean).

Spread: SE = og//n (standard error decreases as n increases).
e CLT: For n > 30, T ~ N(u,0/+/n) regardless of population shape.
To halve the standard error, quadruple the sample size.

Section 10.2 — Applying the CLT
e Z-score for a sample mean: z = (z — u)/(o//n).

e Always use SE = o/4/n, not o, when working with z.

e Conditions: random sample, independence, n > 30 (or approximately normal
population).

e Use normaldist(u, o/y/n).cdf(Z) in Desmos, or NORM.DIST with SE in Excel.

The Nursing Connection
e Individual measurements are noisy; sample averages are much more stable and
predictable.

e The CLT is why small hospitals can still make valid statistical comparisons —
the sampling distribution is normal even when the underlying data are not.

e An unusual sample mean (one that is far from g in terms of standard errors) is a
signal worth investigating — but chance alone can produce unusual results, and
context matters.

e The CLT is the mathematical foundation for all the inference tools in the chapters
ahead: confidence intervals, hypothesis tests, and ANOVA.
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Confidence Intervals

“We never know the truth exactly. But we can know how wrong we are likely
to be — and that s almost as good.”

— on what a confidence interval actually tells you

In this chapter, you will learn to:

e Explain what a confidence interval is and what it means

e Construct and interpret confidence intervals for a population mean (o known)

Construct and interpret confidence intervals for a population mean (o unknown, using )

Construct and interpret confidence intervals for a population proportion

Determine the sample size needed to achieve a desired margin of error

Correctly interpret and avoid common misinterpretations of confidence intervals

11.1 Confidence Intervals for a Mean

Step 1 Read This First

A hospital quality team wants to estimate the true mean recovery time for patients
who undergo a new minimally invasive knee procedure. They collect a random sample
of n = 40 patients and record the days to full ambulation. The sample mean is T = 8.4
days and the sample standard deviation is s = 3.1 days.

The team knows that 8.4 days is the best single estimate of the true population mean
i — but they also know it is almost certainly not exactly right. Every sample gives a
slightly different mean. The real question is: how wrong could 8.4 be?
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r

A confidence interval answers this question directly. Rather than reporting a single
point estimate, it reports a range of plausible values for i, along with a specified level
of confidence that the interval contains the true value.

By the end of this section, the team will be able to say: “We are 95% confident that
the true mean recovery time is between 7.4 and 9.4 days.” That statement is precise,
honest, and clinically actionable.

.

Step 2 Let’s Talk About It

7

Think about what it means to be “95% confident.”

Suppose you repeated this study 100 times, each time drawing a fresh random sample
of 40 patients and computing a 95% confidence interval. About 95 of those 100 intervals
would contain the true population mean p. About 5 would miss it entirely.

You do not know whether your particular interval is one of the 95 that captures p or
one of the 5 that does not. What you know is that the procedure you used is correct
95% of the time.

This is subtle. The confidence level describes the reliability of the method, not the
probability about this specific interval. Once the interval is computed, the true mean
either is or is not inside it — there is no probability about that. The 95% refers to how
often the method works in the long run.

Step 3 Now We Name It

Definition: Confidence Interval for i (Large Sample or ¢ Known)

When o is known or n > 30, a (1 — a) x 100% confidence interval for p is:

o
Ttz —
NLD
where z* is the critical value from the standard normal distribution corresponding
to the desired confidence level:

Confidence Level « z*

90% 0.10 1.645
95% 0.05 1.960
99% 0.01 2.576
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Definition: Confidence Interval for p (Small Sample, 0 Unknown — the

t-interval)

In practice, o is almost never known. When n < 30 or when using s instead of o,
use the t-distribution: 5
Tttt —
NZD
where t* is the critical value from the t-distribution with df = n — 1 degrees of
freedom.

The t-distribution is similar to the standard normal but has heavier tails, reflecting
additional uncertainty from estimating o with s. As n increases, the t-distribution
approaches the standard normal.

Conditions for the ¢-interval:
e Random sample from the population of interest

e Either n > 30, or the population is approximately normal
e Observations are independent

Definition: Margin of Error

The margin of error (ME) is half the width of the confidence interval:

o s
ME=2z"-— or ME=t"—
vn vn
The confidence interval can be written as:  + M E
A smaller margin of error means a more precise estimate. The ME decreases when
the sample size increases or when the confidence level decreases.
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Step 4  Watch It Work

Building the 95% confidence interval for recovery time

n =40, r = 8.4 days, s = 3.1 days
Since n = 40 > 30 and ¢ is unknown, use the t-interval with df = 39.

Step 1 — Critical value: For 95% confidence with df = 39:
Using Desmos: tdist(39).inversecdf(0.975) =t* ~ 2.023

Step 2 — Standard error:

3.1 3.1
SE:i:—z—mOA%days

Jn VA0 6.325

Step 3 — Margin of error:
ME =t*-SE = 2.023 x 0.490 ~ 0.991 =~ 0.99 days
Step 4 — Confidence interval:

T+ME=844+099 = (7.41, 9.39) days

Interpretation: We are 95% confident that the true mean days to full ambulation for
patients undergoing this procedure is between 7.41 and 9.39 days.

What happens when we change the confidence level?
Confidence t* (df =39) ME  Interval  Trade-off

90% 1.685 0.83 (7.57, 9.23) Narrower, less confident
95% 2.023 0.99 (7.41, 9.39) Standard choice
99% 2.708 1.33 (7.07, 9.73) Wider, more confident

Higher confidence requires a wider interval. You cannot have a narrow interval with
high confidence unless the sample size is large. This is the fundamental trade-off.

Try This in Desmos

Critical value: tdist(39).inversecdf(0.975) — t* for 95% CI with df = 39
For 90%: tdist(39) .inversecdf (0.95) For 99%:
tdist (39) .inversecdf (0.995)

Note: use 0.975 (not 0.95) for a 95% CI because 2.5% goes in each tail.
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Try This in Excel

Critical value: =T.INV.2T(0.05, 39)  — t* for 95% CI (two-tailed, o = 0.05)
=CONFIDENCE.T(0.05, s, n) — margin of error directly
Then: Lower bound = z— ME  Upper bound = z+ ME

\ 7

Step 5 Your Turn

1. A clinical researcher measures daily step counts for a random sample of n =
50 hospitalized patients. The sample mean is ¥ = 1,240 steps and the sample
standard deviation is s = 480 steps.

(a) Find the standard error.

) Find t* for a 95% confidence interval with df = 49 using Desmos.

) Compute the margin of error and the 95% confidence interval.

) Interpret the interval in context.

e) What sample size would be needed to reduce the margin of error to 100
steps at 95% confidence?

(b
(c
(d
(

2. Post-operative blood pressure measurements (systolic, mmHg) for 12 patients:

142, 138, 155, 129, 148, 161, 135, 144, 152, 139, 158, 146.
(a) Compute T and s for this sample.

) Find t* for a 95% confidence interval (df = 11).

) Construct the 95% confidence interval.

) Construct the 99% confidence interval and compare it to the 95% CI.

e) A clinical benchmark for this procedure is a mean systolic BP below 150
mmHg post-operatively. Is the benchmark plausible given your confidence
interval?

(b
(c
(d
(
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Step 6 Think Like a Nurse

The Most Common Misinterpretation of a Confidence Interval
A clinical trial reports: “We are 95% confident that the new drug reduces mean blood
pressure by between 4.2 and 8.7 mmHg.”

A nurse reads this and concludes: “There is a 95% chance that the true effect is between
4.2 and 8.7 mmHg.”

This is wrong — and the distinction matters.

The interval (4.2, 8.7) is fixed. Once the data are collected and the interval is computed,
the true effect either is or is not inside that interval. There is no probability involved
for this specific interval. The probability was used in the method before the data were
collected.

The correct interpretation: If this procedure were repeated many times, 95% of the
resulting intervals would contain the true population mean reduction.

Three statements that are always wrong:
e “There is a 95% probability that the true mean is in (4.2, 8.7).” Wrong.

e “95% of patients experience effects between 4.2 and 8.7 mmHg.” Wrong — this
18 about the mean, not individual patients.

e “The true mean is definitely somewhere in (4.2, 8.7).” Wrong — 5% of intervals
miss entirely.

A confidence interval is a statement about the reliability of a method, not a probability
statement about a particular number. The 95% refers to the process, not the outcome.
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11.2 Confidence Intervals for a Proportion and Sample Size

Step 1 Read This First

A hospital infection control team wants to estimate the proportion of nurses on their
unit who are fully compliant with the hand hygiene protocol. They conduct an unan-
nounced audit and observe 80 randomly selected nurses, finding that 68 are fully com-
pliant.

The sample proportion is p = 68/80 = 0.85. But this is just an estimate. The team
wants to know: how much does this estimate vary from sample to sample? And how
large a sample do they need if they want their estimate to be within 5 percentage points
of the truth with 95% confidence?

The proportion version of the confidence interval is structurally identical to the mean
version — but uses different formulas for the standard error and requires checking
different conditions.

Step 2  Let’s Talk About It

Think of each nurse observation as a coin flip: compliant (success, probability p) or not
compliant (failure, probability 1 — p). With 80 independent observations, the sample
proportion p behaves like a sample mean of Os and 1s.

By the CLT, p is approximately normally distributed when the sample is large enough.
The standard error of p comes from the binomial formula: \/p(1 — p)/n. Since we do
not know p, we substitute p.

The logic is the same as before: construct an interval around the point estimate p by
adding and subtracting a margin of error. The margin of error gets smaller when n
increases or when the confidence level decreases — the same trade-off as for the mean.
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Step 3 Now We Name It
Definition: Confidence Interval for a Population Proportion p

A (1 — «) x 100% confidence interval for a population proportion p is:

. . [P —pP)
+ -~ -7
bx=z n

where p = x/n is the sample proportion, z is the number of successes, and z* is
the standard normal critical value.

Conditions:
e Random sample

e Independence (or n < 10% of population)
o At least 10 successes and 10 failures: np > 10 and n(1 —p) > 10

Definition: Sample Size for Estimating a Proportion

To achieve a margin of error of at most £ with (1 — ) x 100% confidence, the

required sample size is:
N\ 2
%
= o %) 1 — 9
n ( E) p(1 —p)

If no prior estimate of p is available, use p = 0.5 (this gives the largest possible —
most conservative — required sample size).

Always round n up to the nearest whole number.

Definition: Sample Size for Estimating a Mean

To achieve a margin of error of at most F for a population mean with (1—a)x100%

confidence: )
- AN
-\ E

A prior estimate of o (from a pilot study or previous research) is required. Always
round up.
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Step 4  Watch It Work

Confidence interval and sample size for the hand hygiene compliance data
n = 80, = 68 compliant, p = 68/80 = 0.850

Step 1 — Check conditions:
e Random sample: unannounced audit, assumed random. v’

e Independence: 80 nurses < total nursing staff. v
e Successes: np = 80(0.850) = 68 > 10. v/
e Failures: n(l —p) = 80(0.150) = 12 > 10. v/

Step 2 — Standard error:

T 0.850 x 0.150  [0.1275
SE = \/p( . p) _ \/ 82 = \/ 5~ = V0.001594 ~ 0.0399

Step 3 — Margin of error (95% confidence, z* = 1.960):

ME =1.960 x 0.0399 ~ 0.0782
Step 4 — Confidence interval:
0.850 £ 0.0782 = (0.772, 0.928)

Interpretation: We are 95% confident that the true proportion of nurses who are
fully compliant with hand hygiene protocol is between 77.2% and 92.8%.

Sample size calculation: How large a sample is needed for ME < 0.05 (within 5
percentage points)?
Using the current estimate p = 0.85:

1.960\ 2
n = (W) (0.85)(0.15) = (39.2) x 0.1275 = 1,536.64 x 0.1275 ~ 195.9

Round up to n = 196 nurses.

If no prior estimate of compliance were available, use p = 0.5:

1.960\ 2
n={Gos (0.5)(0.5) = 1,536.64 x 0.25 = 384.2 = n = 385

The conservative estimate requires nearly twice as many observations.

Try This in Desmos

Standard error for proportion: sqrt(0.85%0.15/80) = (0.0399

Sample size: [(1.96/0.05)2 x 0.85 x 0.15] = 196
Conservative: [(1.96/0.05)% x 0.5 x 0.5] = 385
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=CONFIDENCE.NORM(0.05, SQRT(0.85%0.15/80), 1) is not direct; instead use:

=1.96%SQRT(0.85%0.15/80) — margin of error ~ 0.0782
Then: Lower = p— ME, Upper = p+ ME

\ J

Step 5 Your Turn

1. A hospital surveys n = 120 patients about whether they received adequate pain
management during their stay. Of these, 96 report that their pain was adequately
managed.

(a) Compute p.

(b) Check all conditions for the proportion confidence interval.

(c¢) Construct a 95% confidence interval for the true proportion of patients with
adequate pain management.

(d) Construct a 90% confidence interval. Is it wider or narrower? Why?

(e) The hospital’s target is 85% or higher. Does the confidence interval support
concluding that the target is met?

2. A nurse researcher wants to estimate the proportion of ICU patients who develop
hospital-acquired infections. From previous studies, the estimated proportion is
12%.

(a) How large a sample is needed to estimate the proportion within 3 percentage
points (ME < 0.03) at 95% confidence? Use p = 0.12.

(b) How large if no prior estimate is available (use p = 0.5)7

(c) Why does the conservative estimate (p = 0.5) require a larger sample?

(d) If budget constraints limit the study to n = 200 patients, what margin of
error can be achieved at 95% confidence using p = 0.127

3. x A quality improvement team wants to estimate the mean time (in hours) nurses
spend on documentation per shift. They plan to conduct a pilot study to deter-
mine the sample size needed for their full study. A prior pilot of 10 nurses gives
s = 1.4 hours.

(a) How large a sample is needed to estimate the population mean within 0.3
hours at 95% confidence?

(b) At 99% confidence?

(c) How does the required sample size change when the desired precision doubles
(ME reduced to 0.15 hours)?

(d) If the true mean is approximately 2.8 hours and the team wants the interval
width (not ME) to be at most 0.6 hours at 95% confidence, what n is
required?
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Step 6 Think Like a Nurse

Confidence Intervals in Clinical Research: What the Width Tells You
A newly published randomized trial reports: “The new wound care protocol reduced
average healing time by 2.1 days (95% CI: 0.1 to 4.1 days).”

A second trial of the same protocol reports: “Average healing time reduced by 2.1 days
(95% CI: 1.5 to 2.7 days).”

Both trials found the same point estimate: 2.1 days. But the clinical implications are
very different.

Trial 1 has a very wide interval. The true effect could be as small as 0.1 days (barely
noticeable) or as large as 4.1 days (clinically meaningful). The study cannot tell us
much. This width suggests a small sample size — the result is statistically positive but
practically uncertain.

Trial 2 has a narrow interval. Even the lower bound (1.5 days) represents a clinically
meaningful reduction. The large sample provides enough precision to be confident the
effect is real and practically important.

The lesson for evidence-based nursing practice: always check the confidence interval
width, not just the point estimate. A study can show an effect of 2.1 days and still tell
you almost nothing useful if the sample is too small. The width of the interval is the
direct measure of how much information the study actually provides.

A narrow confidence interval is not just a statistical achievement. It is evidence that
the study was designed carefully enough to support the conclusions it draws.
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11.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 11. Problems marked with x are
more challenging.

Part A: Confidence Intervals for a Mean
1. A nurse researcher collects resting heart rate data from a random sample of
n = 36 ICU nurses. The sample mean is z = 74.2 bpm and the sample standard
deviation is s = 9.6 bpm.
(a) Compute the standard error.
(b) Find t* for 95% confidence (df = 35) using Desmos.
(c) Construct the 95% confidence interval.
(d) Interpret the interval in context.
(e) A colleague argues: “We have a 95% probability that the true mean is in
your interval.” Is this correct? Explain.

2. The albumin levels (g/dL) in a random sample of 8 malnourished patients: 3.1,
2.8, 2.4, 3.3, 2.9, 2.6, 3.0, 2.7.
(a) Find z and s.
(b) Identify the appropriate critical value (z* or t*) and justify your choice.
c¢) Construct a 95% confidence interval.
(d) The clinical threshold for normal albumin is > 3.5 g/dL. What does the
interval tell you about this patient population?

3. A hospital reports: “Based on a sample of 100 patients, we estimate the mean
LOS is 5.3 days with a 95% CI of (4.8, 5.8).”
(a) What is the margin of error?
(b) What is the standard error?
(c) Estimate the sample standard deviation s.
(d) If the hospital wanted to narrow the interval to +0.3 days, approximately
what sample size would be needed?

Part B: Confidence Intervals for a Proportion
4. A random sample of 200 patients is surveyed about readmission risk commu-
nication. Of these, 134 report that their discharge instructions were clear and
complete.
(a) Compute p and verify the conditions for the proportion CI.
(b) Construct a 95% confidence interval.
(c) Construct a 99% confidence interval.
(d) The hospital’s benchmark is 75% clarity. Does your interval provide evidence
the benchmark is met?
(e) How does the interval change if only 100 patients were sampled with the
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same p?

5. In an audit of 150 medication administrations, 12 contained an error.
(a) Compute p.
(b) Check the conditions for the proportion CI.
(c) Construct a 95% confidence interval for the true medication error rate.
(d) The hospital’s target is an error rate below 5%. What does the CI suggest?

Part C: Sample Size and Interpretation
6. x A nursing school wants to estimate the proportion of its graduates who pass
the NCLEX-RN on the first attempt. From national data, the pass rate is ap-
proximately 85%.
(a) How many graduates must be sampled to estimate the proportion within 4
percentage points at 95% confidence? Use p = 0.85.
(b) How many if the margin of error must be 2 percentage points?
(¢) How many using the conservative p = 0.5 for a 4-point margin of error?
(d) A prior estimate of p = 0.85 vs. p = 0.5 leads to very different sample sizes.
Why is using a prior estimate preferred when available?

7. x Research Application: A clinical pharmacist wants to estimate the mean
daily number of medication reconciliation discrepancies per patient in a large
ICU. A pilot study of 20 patients gave Z = 3.4 and s = 1.8 discrepancies.

(a) Compute the 95% CI from the pilot study.

(b) The pharmacist wants the full study’s margin of error to be at most 0.4
discrepancies. How large a sample is needed at 95% confidence? Use o =
s = 1.8 for the calculation.

(c) How does the required n change if the desired ME is halved to 0.27

(d) If the 95% CI from the full study (with the n from part b) were reported as
(3.1,3.9), what is the correct interpretation?

(e) A colleague says: “The true mean is probably around 3.4 because that was
the pilot result.” Is this a valid statistical interpretation? Explain.
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Answer Key — Selected Problems

Section 11.1 Practice — Your Turn

1. (a) SE = 480/+/50 ~ 67.9 steps. (b) tdist(49).inversecdf(0.975) = 2.010.
(¢) ME = 2.010 x 67.9 ~ 136 steps; CI: (1,240 + 136) = (1,104, 1,376) steps.
(d) We are 95% confident the true mean daily step count for hospitalized patients
is between 1,104 and 1,376 steps. (e) n = (t* - s/E)* =~ (1.96 x 480/100)* =
(9.408)? ~ 88.5 = n = 89 (use z* = 1.96 for large-sample planning).

2. (a) Yo = 1,747, & = 1,747/12 ~ 145.6 mmHg; s ~ 9.68 mmHg. (b) t*, df = 11:
tdist(11) .inversecdf (0.975) = 2.201. (c) SE = 9.68/V/12 ~ 2.794; ME =

2.201 x 2.794 ~ 6.15; 95% CI: (139.4, 151.7) mmHg. (d) 99% CI: t* ~ 3.106;
ME =~ 8.68; CIL: (136.9, 154.3) mmHg — wider, as expected. (e) The 95% CI
(139.4,151.7) crosses 150, so the benchmark is plausible but not certain; the data
do not conclusively show the mean is below 150 mmHg.

Section 11.2 Practice — Your Turn
1. (a) p = 96/120 = 0.800. (b) Conditions: random sample v'; np = 96 > 10 v/;
n(l—p)=24>10v". (c) SE = /0.8 x 0.2/120 ~ 0.0365; M E = 1.96 x 0.0365 ~
0.0715; 95% CI: (0.729, 0.872) or (72.9%, 87.2%). (d) 90% CI: z* = 1.645; M E ~
0.060; CI: (0.740, 0.860) — narrower because lower confidence. (e) The lower
bound of 72.9% falls below 85%; the interval does not conclusively support the
target being met.

2. (a) n = (1.96/0.03)%(0.12)(0.88) = (65.33)(0.1056) = 4,268.4 x 0.1056 ~ 450.7 =
n = 451. (b) n = (1.96/0.03)%(0.5)(0.5) = 4,268.4 x 0.25 ~ 1,067.1 = n = 1,068.
(c) p = 0.5 gives maximum p(1 —p) = 0.25, larger than 0.12 x 0.88 = 0.1056; more
uncertainty means more observations needed. (d) M E = 1.96,/0.12 x 0.88/200 =
1.96 x 0.0230 ~ 0.045 (4.5 percentage points).

Chapter Practice — Selected

Problem 1c: SE = 9.6/1/36 = 1.6; t* =~ 2.030 (df = 35); ME = 2.030 x 1.6 ~ 3.25;
95% CI: (71.0, 77.5) bpm.

Problem 2a: 7 = (3.1+2.84+24+33+29+26+3.0+2.7)/8 =22.8/8 =2.85 g/dL;
s~ 0.289 g/dL.

Problem 2c: t* =~ 2.365 (df = 7, 95%); SE = 0.289/v/8 ~ 0.102; ME ~ 0.242; 95%
CI: (2.61, 3.09) g/dL. The entire interval is below 3.5 — this population is clearly below
normal albumin.

Problem 3d: ME = 0.5 (half the CI width: (5.8 —4.8)/2 = 0.5); SE = ME/z* =
0.5/1.96 ~ 0.255; s ~ SE x y/n = 0.255 x 10 = 2.55. For ME = 0.3: n ~ (1.96 x
2.55/0.3)2 = (16.66)2 ~ 278.

Problem 6a: n = (1.96 x 0.85 x 0.15)'/2... use formula: n = (1.96/0.04)2(0.85)(0.15) =
(49)2(0.1275) = 2,401 x 0.1275 ~ 306.1 = n = 307.
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Problem 7b: n = (1.96 x 1.8/0.4)? = (8.82)2 & 77.8 = n = T8.
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Chapter 11 Summary

Section 11.1 — Confidence Intervals for a Mean
e A confidence interval provides a range of plausible values for i at a stated level
of confidence.

e z-interval (large n or o known): T + z* - (0/y/n).

e t-interval (o unknown, practical default): = £ ¢* - (s/y/n), with df =n — 1.

e Critical values: z* = 1.645 (90%), 1.960 (95%), 2.576 (99%).

e Higher confidence = wider interval. Larger n = narrower interval.

e Interpretation: “We are 95% confident that g is in this interval” — not a
probability about a fixed interval.

Section 11.2 — Confidence Intervals for a Proportion and Sample Size
e Proportion CI: p £ z*\/p(1 — p)/n; requires np > 10 and n(1 — p) > 10.
e Sample size for proportion: n = (z*/E)?p(1 — p); use p = 0.5 if no prior
estimate.
e Sample size for mean: n = (z*0/F)?; requires a prior estimate of o.

e Always round n up to the nearest whole number.

The Nursing Connection
e A confidence interval is more informative than a point estimate alone — always
report both.
e The width of the CI reflects how much information the study provided; a wide
CI means low precision.
e For clinical decisions, check whether the entire CI falls on one side of a threshold
— or whether it straddles it.

e Sample size planning is an ethical obligation in research: too small a sample
wastes resources and produces unreliable intervals; too large wastes patient par-
ticipation unnecessarily.
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CHAPTER 12

Hypothesis Testing: The Logic

“Before you can prove something, you must first take seriously the possibility
that you are wrong.”

— the philosophical core of the hypothesis test

In this chapter, you will learn to:

e State the null and alternative hypotheses for a research question

e Define and interpret the p-value

Describe Type I and Type II errors and their clinical consequences

Perform and interpret a one-sample z-test for a population mean

Perform and interpret a one-sample t-test for a population mean

Perform and interpret a one-sample z-test for a population proportion

Connect hypothesis testing to confidence intervals

12.1 The Logic of Hypothesis Testing

Step 1 Read This First

A hospital has used a standard wound care protocol for years. The known mean
healing time under the old protocol is pg = 14.2 days. A nurse researcher believes a
new protocol will reduce healing time. She trains 30 nurses in the new method and
tracks outcomes for 30 patients.

The sample mean under the new protocol is * = 12.8 days — 1.4 days faster. But the
researcher knows that random variation alone could produce a difference of 1.4 days
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even if the new protocol does nothing at all. The sample just happened to include
faster-healing patients.

The central question of hypothesis testing: Is the observed difference (12.8 vs. 14.2
days) large enough to be convincing evidence that the new protocol actually works —
or is it plausibly just sampling variation?

This is not a question answered by intuition. It requires a precise probability calcula-
tion.

Step 2 Let’s Talk About It

The logic of hypothesis testing is the logic of a courtroom.

In a criminal trial, the defendant is presumed innocent until proven guilty. The prose-
cution must provide evidence strong enough to overcome that presumption. “Innocent
until proven guilty” is the default position; the burden of proof lies with those who
want to claim otherwise.

In hypothesis testing, the default position is that nothing has changed: the new protocol
works the same as the old one, y = 14.2 days. This is the null hypothesis. The
researcher’s claim — that the new protocol is faster — is the alternative hypothesis.

The test asks: If the null hypothesis were true (nothing has changed), how likely is it
to observe a sample mean as low as 12.8 days just by chance? If the answer is “very
unlikely,” the data constitute strong evidence against the null hypothesis. If the answer
is “quite plausible,” the data do not provide sufficient evidence for the researcher’s claim.

Notice what is not happening: we are not proving the null hypothesis is false. We are
assessing whether the data are consistent with it.
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Step 3 Now We Name It
Definition: Null and Alternative Hypotheses

The null hypothesis H is the default claim — the assumption of no effect, no
difference, or no change. It always contains an equality (=, <, or >).

The alternative hypothesis H, (also written H;) is the researcher’s claim —
what they are trying to find evidence for. It contains a strict inequality (#, <, or
>).
Types of tests based on H,:

e Two-tailed: H, : u # p (effect could be in either direction)

o Left-tailed: H, : i < po (testing for a decrease)

e Right-tailed: H, : > po (testing for an increase)
The direction of H, determines which tail of the distribution is used to compute
the p-value.

Definition: The P-Value

The p-value is the probability of obtaining a test statistic as extreme as (or more
extreme than) the observed value, assuming the null hypothesis is true.

e A small p-value (typically p < 0.05) means the observed result is unlikely
under Hy. This is evidence against Hy — we reject Hy.

e A large p-value (p > 0.05) means the observed result is plausible under
H,. We fail to reject H,.

Critical reminder: Failing to reject Hy does not mean Hj is true. It means the
data do not provide sufficient evidence to conclude otherwise.

'
8

Definition: Significance Level a and Decision Rule

The significance level « is the threshold for deciding whether a p-value is “small
enough” to reject Hy. The most common choice is a = 0.05.

Decision rule:
o If p-value < a: reject Hy. The result is statistically significant.

o If p-value > a: fail to reject Hy. The result is not statistically significant.
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Definition: Type I and Type II Errors

Hy is actually true Hy is actually false
Reject H, Type I error («) Correct decision
(power)
Fail to reject H, Correct decision Type II error (/)

Type I error: Concluding there is an effect when there is none. Probability = a.
Type II error: Missing a real effect. Probability = f.
Power = 1 — 3: the probability of correctly detecting a real effect.

In clinical settings: a Type I error might lead to adopting an ineffective treatment.
A Type II error might lead to abandoning an effective one. The relative costs of
each error should influence the choice of a.
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Step 4  Watch It Work

Setting up the wound care hypothesis test

Research question: Does the new wound care protocol reduce mean healing time
below 14.2 days?

Step 1 — Hypotheses:

Hy: p=14.2 days  (the new protocol is no different from the old)
H,:p < 14.2 days  (the new protocol reduces healing time)

This is a left-tailed test.

Step 2 — Significance level: o = 0.05
Step 3 — Identify the error types in this context:

New protocol is actually the New  protocol  actually
same works

We conclude it works Type I error: adopt a use- Correct

less protocol
We conclude it doesn’t  Correct Type II error: miss an ef-
work fective protocol

Which error is more harmful here? Adopting a protocol that wastes resources (Type
I) vs. missing a protocol that genuinely helps patients heal faster (Type II). In most
quality improvement contexts, the Type II error is more clinically costly — a false
negative means patients continue receiving a less effective treatment.

Step 4 — What would the p-value tell us?

If p < 0.05: The observed sample mean (z = 12.8 days) is unlikely enough under H,
that we reject Hy and conclude the new protocol significantly reduces healing time.

If p > 0.05: The observed difference could plausibly be due to chance. We do not have
sufficient evidence to conclude the new protocol works — but we cannot conclude it
does not work either.

Step 5 Your Turn

1. For each research question, state Hy and H,, identify the test direction, and
describe the Type I and Type II errors in clinical terms.
(a) A hospital wants to know whether a new medication reduces mean systolic
blood pressure below the current mean of 148 mmHg in hypertensive pa-
tients.

(b) A nurse researcher wants to test whether the proportion of patients who fall
is different from the hospital’s historical rate of 8%.
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(¢) A quality improvement team tests whether average medication administra-
tion time has increased above the target of 20 minutes since a new electronic
system was implemented.

(d) A clinical pharmacist tests whether the mean creatinine clearance for pa-
tients on a new drug is greater than 60 mL /min.

2. A p-value of 0.032 is obtained for a hypothesis test. The significance level is
a = 0.05.
(a) What decision do you make about Hy?
(b) Does this p-value prove that H, is true? Explain.
(¢c) What is the probability you are making a Type I error if you reject Hy?
(d) If instead o = 0.01, what decision would you make? Does the data change?

3. x A clinical trial tests a new antibiotic. The null hypothesis is that the drug has
no effect on infection clearance rate. The significance level is set at a = 0.01.
(a) Why might researchers use av = 0.01 rather than o = 0.05 here?
(b) Setting o = 0.01 reduces the probability of which type of error?
(¢c) What happens to the probability of the other type of error as a result?
(d) Describe the clinical consequences of each type of error in this specific con-
text.
(e) When would you want a higher « (e.g., 0.10)?7 Give a clinical example.
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Step 6 Think Like a Nurse

Statistical Significance Is Not Clinical Significance

A large hospital system conducts a study of n = 2,500 patients comparing a new fall
prevention protocol to the standard protocol. The results show a statistically significant
reduction in fall rates: p = 0.003.

The actual difference? The new protocol reduced falls from 8.2% to 7.9% — a reduction
of 0.3 percentage points. In absolute terms, across 2,500 patients, that is about 7 fewer
falls.

The result is statistically significant. Is it clinically meaningful?

That depends on costs. If the new protocol requires 2 additional hours of staff training
per week, costs $50,000 to implement system-wide, and disrupts existing workflows for
months — the marginal benefit of preventing 7 falls per 2,500 patients may not justify
the resources.

The p-value only tells you whether the observed difference is unlikely to be due to
chance. It says nothing about whether the difference is large enough to matter in
practice. A very large sample can detect extremely small differences as statistically
significant. A very small sample may fail to detect a large, clinically meaningful differ-
ence as statistically significant.

Always pair the p-value with the effect size and a confidence interval:
e P-value: is the result real or due to chance?

o Effect size: how large is the difference?

e Confidence interval: how precisely have we estimated the effect?

Statistical significance is a threshold, not a measure of importance. Clinical significance
requires judgment that no formula can supply.
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12.2 Performing Hypothesis Tests

Step 1 Read This First

Returning to the wound care study: the researcher has 30 patients treated with the
new protocol. The results are £ = 12.8 days and s = 4.2 days. The historical mean
under the old protocol is py = 14.2 days.

Hypotheses: Hy : p=14.2 vs. H,:p<14.2 at a=0.05.

Now it is time to compute the p-value and make a decision. The procedure is the
same framework used throughout Chapter 10: compute a z- or t-score, then find the
corresponding probability.

Step 2 Let’s Talk About It

7
\

The test statistic measures how far the sample mean is from the null hypothesis value
— in standard error units. The further the sample mean is from g, the more evidence
against H,.

For a left-tailed test, a very negative test statistic (sample mean much lower than py)
provides evidence against Hy. The p-value is the probability of getting a test statistic
this negative or more negative if Hy is true.

This is identical to the probability calculations in Chapters 9 and 10 — with one key
difference: instead of asking about an observed data value or a sample mean from a
process we know, we are asking how unusual the observed sample mean would be under
a hypothetical world where Hj is true.

7
\

Step 3 Now We Name It

Definition: One-Sample z-Test for p (0 Known)
When o is known and either the population is normal or n > 30:

_ T — Mo

/v

P-value depends on the direction of H,:
o Left-tailed (Hy : p < po): p=P(Z < 2)
e Right-tailed (H, : 0> po): p=P(Z>2)=1—P(Z < z2)
e Two-tailed (H, : pu# po): p=2x P(Z < —|z])

z
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Definition: One-Sample ¢-Test for ;1 (0 Unknown)

When o is unknown (the practical default), use the sample standard deviation s:

_ T o
s/v/n

with df = n — 1. The p-value is computed from the ¢-distribution with df = n — 1.

t

Conditions: Random sample; either n > 30 or population approximately normal;
independent observations.

Definition: One-Sample z-Test for a Proportion

To test Hy : p = pop when npy > 10 and n(1 — py) > 10:

A

P —Do
Po(1 —po)/n

Va—

Note: Use po (the null value), not p, in the standard error formula — because we
are computing probabilities under the assumption that Hy is true.

Definition: Five-Step Hypothesis Testing Framework

State hypotheses: Write Hy and H, clearly.
Check conditions: Random sample, independence, sample size.

Compute test statistic: z or ¢ formula.
Find p-value: Use Desmos, Excel, or a table.

CONEE N

Make a decision and interpret: Compare p-value to a; state conclusion
in context.
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Step 4  Watch It Work

Three complete hypothesis tests

Test 1 — One-sample t-test: wound care healing time
Hy:p=142 H,:p<142 «o=0.05
n=30,zr=128, s=4.2,df =29

Conditions: Random sample v'; n = 30 > 30 v'; independent v'.

_Topo128-142 14 oo
s/\/n 4.2/v/30  0.7669 '

P-value (left-tailed): tdist(29).cdf(-1.826) ~ 0.0392

Decision: p =0.039 < 0.05 = Reject H.
Conclusion: There is sufficient evidence at o = 0.05 to conclude that the new protocol
reduces mean healing time below 14.2 days.

il

Test 2 — One-sample z2-test for proportion: fall rate

A hospital’s historical fall rate is 8%. After a new fall prevention program, 12 of 200
patients fell.

Hy:p=0.08 H,:p<008 «a=0.05

n = 200, p = 12/200 = 0.060

Conditions: npy = 200(0.08) =16 > 10 v'; n(l —pg) = 184 > 10 V.

___ P-p _ 0060—0080 _ —0.020
Vo —po)/n 1/0.08 x 0.92/200  0.01918
P-value (left-tailed): P(Z < —1.043) ~ 0.1484
Decision: p =0.148 > 0.05 = Fail to reject H,.

Conclusion: Insufficient evidence at o = 0.05 to conclude the program reduced the
fall rate below 8%.

~ —1.043

Test 3 — Two-tailed ¢-test: medication administration time
Target mean is 20 minutes. A sample of n = 25 gives £ = 22.3 min, s = 5.8 min.
Hy:p=20 H,:p#20 «a=0.05df =24

- 223-20 23
5.8/v25  1.16
P-value (two-tailed): 2 x P(Ty > 1.983) & 2 x 0.0294 = 0.0588
Decision: p =0.059 > 0.05 = Fail to reject H,.
Conclusion: Insufficient evidence at o = 0.05 that mean administration time differs

from 20 minutes. The result is borderline (p = 0.059); a larger sample would provide
more conclusive evidence.

~ 1.983
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Try This in Desmos

Left-tailed ¢: tdist(29).cdf(-1.826) =~ 0.039
Two-tailed ¢t: 2%(1 - tdist(24).cdf(1.983)) =~ 0.059
Left-tailed 2: normaldist(0,1).cdf(-1.043) =~ (0.148

Try This in Excel

=T.DIST(-1.826, 29, TRUE) = 0.039 (left-tailed ¢)

=T.DIST.2T(ABS(1.983), 24) ~ 0.059 (two-tailed )
=NORM.S.DIST(-1.043, TRUE) ~ 0.148 (left-tailed z2)

\ J

Step 5 Your Turn

1. A nursing home reports that their mean resident satisfaction score is 78 out of
100. A quality improvement team suspects scores have declined after a staffing
change. They survey n = 40 residents and find £ = 74.2 and s = 11.6.

(a) State Hy and H,.

(b) Check all conditions.

(c) Compute the t-test statistic.

(d) Find the p-value using Desmos or Excel.

(e) State your conclusion at az = 0.05 in context.

2. A hospital’s historical rate of 30-day readmission is 12%. After implementing a
new discharge education program, 22 of 250 patients were readmitted.
(a) State Hy and H,.
(b) Check the conditions for the proportion test.
(c) Compute the z-test statistic.
(d) Find the p-value and state your conclusion at o = 0.05.
(e) Does the program appear effective? Is the p-value alone sufficient to answer
this question?

3. x ICU nurses at a hospital are tested on sepsis protocol knowledge. The national
benchmark is a mean score of 72%. A random sample of 20 ICU nurses scores a
mean of 76.4% with s = 8.9%.

(a) State Hy and H, for a two-tailed test.

(b) Check all conditions. Is the t-test appropriate here?
(¢) Compute the t-statistic and find the p-value (df = 19).
(d) State your conclusion at az = 0.05.
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(e) Construct a 95% CI and verify it agrees with the test result.
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Step 6 Think Like a Nurse

The Hypothesis Test and the Confidence Interval Are Two Sides of the Same
Coin
Every hypothesis test has a corresponding confidence interval, and they will always
agree.

For two-tailed tests, the agreement is precise: if a value pg falls outside the 95%
confidence interval (T + t* - s/y/n), then the two-tailed test at o = 0.05 will reject
Hy = po. If po falls inside the interval, the test will fail to reject.

In Test 3 above, the two-tailed t¢-test failed to reject Hy : p = 20 at o = 0.05. The
corresponding 95% CT is:

22.3 £2.064 x o8 =22.3+2.394 = (19.9, 24.7)

V25

The null value 20 is inside the interval (19.9, 24.7) — consistent with failing to reject.

This equivalence means a confidence interval gives you more information than a hy-
pothesis test: instead of just “reject” or “fail to reject,” it tells you the entire range of
values consistent with the data.

Practical guideline:
e Use the hypothesis test for a binary decision: is there evidence of an effect?
e Use the confidence interval to quantify the effect: how large is it, and how pre-
cisely?
e Use both together for complete communication of evidence.
A p-value of 0.039 says “we found something.” A confidence interval of (11.2, 14.4)

days says “we found something about this big, with this much uncertainty.” The interval
1s almost always the more useful communication.
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12.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 12. Problems marked with x are
more challenging.

Part A: Hypotheses, P-Values, and Errors
1. State the null and alternative hypotheses for each scenario. Identify the test
direction.
(a) A hospital tests whether a new triage system changes mean ED wait time
from the current 48 minutes (it could increase or decrease).

(b) A vaccine trial tests whether the proportion who develop immunity exceeds
85%.

(c) A study tests whether average nurse overtime has fallen below 10 hours per
week since a new scheduling policy.

(d) A researcher tests whether mean pain scores after a new analgesic differ from
the standard drug’s mean of 4.8.

2. A study reports p = 0.072 for a test at a = 0.05. Identify each statement as
correct or incorrect.

(a) “There is a 7.2% probability that the null hypothesis is true.”
(b) “The result is not statistically significant at o = 0.05.”
(c) *
)
)

‘We have proven that there is no effect.”
(d
(e) “The probability of a Type I error, if we reject Hy at o = 0.05, is 0.05.”

“If o = 0.10, the result would be statistically significant.”

Part B: One-Sample Tests for a Mean
3. The standard central line insertion procedure takes a mean of 38 minutes. After a
simulation training program, n = 36 nurses perform the procedure with z = 35.1
min and s = 8.4 min. Test whether training reduced procedure time.
(a) State Hy and H,.
(b) Compute the t-statistic (df = 35).
(c¢) Find the p-value and state your conclusion at o = 0.05.
(d) Construct a 95% CI and verify it is consistent with the test result.

4. A random sample of 16 NICU nurses has a mean stress score of 68.4 (out of 100)
with s = 12.1. The national mean for ICU nurses is 62.0.
(a) State Hy and H, for a two-tailed test.
(b) Check all conditions.
(¢) Compute the t-statistic (df = 15) and find the p-value.
(d) State your conclusion at az = 0.05.
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(e) At what o would this result first become statistically significant?

Part C: One-Sample Tests for a Proportion
5. A hospital reports that 62% of discharged patients are fully medication-compliant
at 30 days. After a pharmacist counseling intervention, 85 of 120 patients are
compliant.
(a) State Hy and H, (test whether compliance has increased).
(b) Check the conditions.
(c) Compute the z-statistic.
(d) Find the p-value and state your conclusion at o = 0.05.
(e) Construct a 95% CI and compare to the test result.

6. % A nurse researcher claims fewer than 20% of chronic pain patients use opioids as
their only pain management strategy. In a sample of 300 patients, 48 use opioids
only.

(a) State Hy and H,.

(b) Check conditions and compute the z-statistic.

(c¢) Find the p-value. State your conclusion at o = 0.01.

(d) Compute the 99% CI and comment on alignment with the test.

7. x Research Application: Before a hand hygiene reminder system, compliance
was py = 0.72. After three months, 183 of 240 observations showed compliance.
(a) Test whether compliance has changed (two-tailed) at oz = 0.05.

(b) Compute the absolute and relative change in proportion.

(¢) Construct a 95% CI for the new compliance proportion.

(d) Using the CI, discuss whether the change, if real, is clinically meaningful.

(e) The study was funded by the company that makes the reminder device. How
does this affect your interpretation?
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Answer Key — Selected Problems

Section 12.1 Practice — Your Turn

1. (a) Hy : p = 148; H, : p < 148; left-tailed. Type I: conclude drug lowers BP
when it doesn’t — patient takes unnecessary medication. Type II: miss a drug
that genuinely lowers BP — patient denied effective treatment. (b) Hy : p = 0.08;
H, : p # 0.08; two-tailed. Type I: declare fall rate changed when it hasn’t. Type
II: miss a genuine change. (c¢) Hy : p = 20; H, : p > 20; right-tailed. Type
I: conclude time increased when it hasn’t — unwarranted intervention. Type II:
miss a real increase — safety concern unaddressed. (d) Hy : u = 60; H, : p > 60;
right-tailed.

2. (a) Reject Hy since p = 0.032 < 0.05. (b) No — a small p-value only says the
result is unlikely under Hy; it does not prove H, or quantify the effect size. (c)
The probability of a Type I error equals v = 0.05, not the p-value of 0.032. (d)
At a=0.01: p=10.032 > 0.01, so fail to reject Hy. The data do not change; only
the decision threshold changes.

Section 12.2 Practice — Your Turn
1. (a) Hy: p=178; H, : u < 78. (b) n =40 > 30 v'; random sample assumed v;
independent v'. (c) SE = 11.6/1/40 ~ 1.835; t = (74.2 — 78)/1.835 ~ —2.071;
df =39. (d) tdist(39).cdf(-2.071) =~ 0.0224. (e) p = 0.022 < 0.05; reject
Hy. There is sufficient evidence that satisfaction scores declined below 78 after
the staffing change.

2. (a) Hy: p=10.12; H, : p < 0.12. (b) npy = 250(0.12) = 30 > 10 v'; n(1 — py) =
220 > 10 v. (c) p = 22/250 = 0.088; z = (0.088 — 0.12)/,/0.12 x 0.88/250 =
—0.032/0.02055 ~ —1.557. (d) P(Z < —1.557) ~ 0.060; fail to reject Hy. The
observed reduction is not statistically significant; p-value alone is insufficient —
we should also consider the effect size (reduction from 12% to 8.8%) and a CI.

Chapter Practice — Selected

Problem 3b: SE =8.4/y/36 = 1.4;t = (35.1—38)/1.4 = —2.9/1.4 ~ —2.071; df = 35.
Problem 3c: tdist(35).cdf(-2.071) = 0.023; p < 0.05; reject Hy. Training signifi-
cantly reduced procedure time.

Problem 3d: 95% CI: t* ~ 2.030 (df = 35); ME = 2.030 x 1.4 ~ 2.84; CI: (32.3, 37.9)
min. The value 38 lies above the upper bound, consistent with rejecting Hy : = 38.
Problem 4c: SE = 12.1/3/16 = 3.025; t = (68.4 — 62)/3.025 ~ 2.116; two-tailed
p-value: 2*%(1 - tdist(15).cdf(2.116)) = 0.051.

Problem 4d: p ~ 0.051 > 0.05; fail to reject Hy at a = 0.05 (borderline).

Problem 5c: p = 85/120 ~ 0.7083; z = (0.7083 — 0.62)/,/0.62 x 0.38/120 =
0.0883/0.04431 ~ 1.994.
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“

Problem 5d: Right-tailed: P(Z > 1.994) ~ 0.023; p < 0.05; reject Hy. Significant
evidence compliance increased above 62%.

Problem 7a: p = 183/240 = 0.7625; z = (0.7625 — 0.72)/,/0.72 x 0.28/240 =
0.0425/0.02898 ~ 1.467; two-tailed: p ~ 2(0.0713) = 0.143; fail to reject Hy at a = 0.05.
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Chapter 12 Summary

Section 12.1 — The Logic of Hypothesis Testing
e Hj is the default (no effect); H, is the research claim.

e P-value: probability of data as extreme as observed, if Hy is true.

e Reject Hy when p < a; fail to reject when p > a.

e Type I error («): reject Hy when it is true (false positive).

e Type II error (f): fail to reject Hy when it is false (false negative).

e Power = 1 — 3: probability of correctly detecting a real effect.

e Statistical significance # clinical significance. Always check effect size and CI.
Section 12.2 — Performing Hypothesis Tests

e Five steps: state hypotheses, check conditions, compute statistic, find p-value,
decide and interpret.

e One-sample t-test: ¢t = (T — ) /(s/v/n), df =n — 1; use when o unknown.

e Proportion z-test: z = (p — po)/+/pPo(1 — po)/n; use py (not p) in SE.

e Two-tailed CI and two-tailed test always agree: g outside CI < test rejects H.

The Nursing Connection
e Every quality improvement study implicitly tests a hypothesis: did this interven-
tion change outcomes?
e A p-value below 0.05 says “the effect is real”; it does not say “the effect is large
enough to matter.”

e Type I and Type II errors carry clinical costs that should inform the choice of a.

e Report the CI alongside the p-value — it communicates how large the effect is,
not just whether it exists.
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Hypothesis Testing: In Practice

“Most clinical questions involve comparing two groups, not one group to a
fixed number. The tools change; the logic does not.”

— extending hypothesis testing to two-sample and categorical settings

In this chapter, you will learn to:

e Perform and interpret a two-sample ¢-test for comparing two independent group means

Perform and interpret a paired t-test for matched or before-after data

Distinguish between independent and paired designs and choose the appropriate test

Perform and interpret a two-sample z-test for comparing two proportions

Perform and interpret a chi-square test for independence in a two-way table

Apply all tests using the five-step framework from Chapter 12

13.1 Comparing Two Groups: t-Tests and Proportion Tests

Step 1 Read This First

A hospital is evaluating two wound care dressings. Patients are randomly assigned to
either the standard dressing (Group A, n; = 35) or a new hydrocolloid dressing (Group
B, ny = 33). The number of days to wound closure is recorded for each patient.

Group A (standard): 7; = 14.8 days, s; = 4.1 days
Group B (hydrocolloid): 7z, = 12.3 days, s; = 3.6 days

Group B healed 2.5 days faster on average. But is this difference real, or could it
be explained by random variation between the two groups? This is a two-sample
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problem: we are comparing two independent groups rather than comparing one group
to a known population value.

Similarly, suppose a hospital wants to know whether the proportion of patients who
develop pressure injuries differs between day and night shifts. Both require comparing
two groups — a setting that Chapter 12 could not handle.

r
\

Step 2  Let’s Talk About It

The logic is exactly the same as in Chapter 12 — we just need to extend it.

Instead of asking “is the sample mean different from a fixed number?” we now ask
“are the two sample means different from each other?” The null hypothesis becomes
Hy : py = po, or equivalently, py — ps = 0.

The test statistic measures how far the observed difference (Z; — ) is from the null
value of 0, measured in standard error units. The standard error for a difference in
means combines the variability from both groups.

For two proportions, the same idea applies: Hy : p;1 = ps. A pooled estimate of the
common proportion is used in the standard error, because under the null hypothesis
the two groups share the same proportion.

Step 3 Now We Name It

Definition: Two-Sample ¢-Test for p; — py (Independent Groups)

To test whether two independent population means differ:
Hy:py=po  vs. Hy:pg # pe (or < or >)

- (T1 —72) =0
T, 2
ny N2
Degrees of freedom: use the conservative df = min(n; — 1, ny — 1) for hand

calculation, or Welch’s formula via Desmos/Excel for a more precise value.

Conditions: Both samples are random and independent of each other; each sam-
ple is either n > 30 or from an approximately normal population.
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Definition: Paired t-Test

When each observation in Group 1 is naturally matched with one in Group 2
(e.g., before-after measurements on the same patient, or matched pairs), compute
the difference d; = x1; — x9; for each pair and apply a one-sample t-test to the
differences:

_d-0
 sa/Vn

where d is the mean of the differences, s, is the standard deviation of the differ-
ences, and n is the number of pairs. Degrees of freedom: df =n — 1.

Use paired when: the same subjects are measured twice; subjects are matched
on important characteristics; natural pairing reduces extraneous variation.

Use independent when: subjects are randomly assigned to different groups with
no natural link between individuals across groups.

Definition: Two-Sample z-Test for p; — po

To test whether two population proportions differ:
Ho:pi=ps vs. Hy:ps #p2 (or <or>)

P1— D2
z =
R R 1 1
\/pc(l _pc) (_ = —>
ny Uy
a T+ 22 . o . .
where p. = ! 2 is the pooled proportion — the combined proportion across
ny + No

both groups.
Conditions: nip. > 10, ny(1 — p.) > 10, nop. > 10, na(1 — p.) > 10.
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Step 4  Watch It Work

Two complete tests: two-sample t-test and paired t-test

Test 1 — Two-sample t-test: wound dressing comparison
Ho:py=po  Hy:pg > po (standard takes longer) o = 0.05
ny = 35, T = 148, S1 — 41, N9y = 33, Ty = 123, S9 = 3.6

Standard error:

2 1681  12.96
Sy % 4+ 22 /04803 + 0.3927 = v0.8730 ~ 0.9343

SE = —_—
T o 35 33

Test statistic: df = min(34,32) = 32

_ 148-123 25

=) & D
0.9343 0.9343 676

P-value (right-tailed): 1 - tdist(32).cdf(2.676) = 0.0058

Decision: p =0.006 < 0.05 = Reject H,.

Conclusion: There is significant evidence that the standard dressing takes longer to
achieve wound closure than the hydrocolloid dressing (p = 0.006). The new dressing
reduces mean healing time by approximately 2.5 days.

Test 2 — Paired t-test: blood pressure before and after medication
Six patients have their systolic BP measured before and after starting a new antihy-
pertensive:

Patient 1 2 3 4 5 6
Before 158 162 147 175 153 168
After 143 150 138 159 145 152

d; (Before — After) 15 12 9 16 8 16
Hy:pg=0 H,:pg >0 (medication reduces BP) « =0.05,df =5

15+12+9+16+8+16 76

d; — d)2
Sq = L ~ 3.56 mmHg
n—1
d 12.67 12.67
t = ~ 8.72

sa/v/n  3.56/v6 1453

P-value (right-tailed): 1 - tdist(5).cdf(8.72) =~ 0.0002
Decision: p < 0.05 = Reject H.
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Conclusion: There is highly significant evidence (p ~ 0.0002) that the medication
reduces mean systolic BP. The average reduction is approximately 12.67 mmHg.

Try This in Desmos

Two-sample t: 1 - tdist(32).cdf(2.676) =~ 0.006
Paired ¢: 1 - tdist(5).cdf(8.72) =~ 0.0002

For two-proportion test: normaldist(0,1).cdf(z) for left-tailed; adjust for di-
rection.

Try This in Excel

Two-sample t (right-tailed): =T.DIST.RT(2.676, 32) = 0.006

Paired ¢ (right-tailed): =T.DIST.RT(8.72, 5) = 0.0002
Two-proportion z: =1 - NORM.S.DIST(z, TRUE) for right-tailed

\ J

Step 5 Your Turn

1. A hospital compares medication error rates on two units. Unit A (n; = 200
administrations): 14 errors. Unit B (ny = 180 administrations): 7 errors.
Test whether the error rates differ between units (two-tailed, oo = 0.05).

(a) State Hy and H,.

(

(

) Compute py, p2, and the pooled proportion p..
) Check all conditions.

) Compute the z-statistic.

(e) Find the p-value and state your conclusion.

b
c
d

2. A nurse researcher measures patient anxiety scores (0-100) before and after a
nurse-led relaxation intervention for 8 patients:

Patient 1 2 3 4 5 6 7 8

Before 72 65 81 58 74 69 83 61
After 60 55 71 52 62 58 70 54

(a) Should you use a paired or independent samples t-test? Justify.

(b) Compute the differences d; = Before — After.

(c) Find d and sg.

(d) Perform the paired t-test at @ = 0.05 (one-tailed: test whether anxiety
decreased).

(e) Interpret the result clinically.
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3. * Two hospitals are compared on 30-day readmission rates after hip replacement
surgery. Hospital 1: 18 readmitted out of 150 patients. Hospital 2: 9 readmitted
out of 120 patients.

(a) State Hy and H, for a two-tailed test.
(b) Compute py, p2, and p..

(¢) Perform the two-proportion z-test at o = 0.05.

(d) Construct 95% ClIs for each proportion separately. What do the overlapping

intervals suggest?

(e) A hospital administrator concludes “our readmission rate is higher, therefore

our care is worse.” What statistical and clinical cautions would you raise?
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Step 6 Think Like a Nurse

Paired vs. Independent: Why the Design Choice Matters
A hospital wants to test whether a new shift handoff protocol reduces adverse events.
They consider two designs:

Design A (Independent): Compare 30 patients on units using the old protocol vs.
30 patients on units using the new protocol. Different patients in each group.
Design B (Paired/Before-After): On the same 30 units, count adverse events for
one month under the old protocol, then count them for one month under the new
protocol.

Both designs address the same question. But Design B (paired) will almost always
produce a more powerful test — and here is why.

In Design A, the two groups likely differ in patient acuity, staffing levels, unit culture,
and many other factors. These differences add noise to the comparison. The standard

error \/s?/n; + s3/ny includes all this between-group variation.

In Design B, each unit serves as its own control. The differences d; (new minus old)
capture only the within-unit change. All the fixed differences between units cancel out.
The resulting standard error sq/y/n is often much smaller.

A smaller standard error produces a larger test statistic and a smaller p-value for
the same true effect. The paired design has more statistical power to detect a real
improvement.

When possible, design studies so that patients or units serve as their own controls.
Matching reduces noise. Reduced noise reveals signal.
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13.2 The Chi-Square Test for Independence

Step 1  Read This First

An infection control nurse is investigating whether the rate of hospital-acquired infec-
tions (HAI) differs across three patient care units. She audits 300 patients and records
both the unit they were on and whether they developed an HAI.

HAI No HAI Total

Medical Unit 18 82 100
Surgical Unit 24 76 100
ICU 30 70 100
Total 72 228 300

The ICU has the highest HAI rate (30%) and the medical unit has the lowest (18%).
But are these differences statistically significant, or could they arise from chance vari-
ation alone?

This is neither a one-sample test nor a two-sample test. There are three groups and
two outcomes. The tool for this situation is the chi-square test for independence.

Step 2 Let’s Talk About It

The key idea of the chi-square test is to compare what we observed with what we would
expect if there were no relationship between the two categorical variables.

If HAI rates were identical across all three units, each unit should have roughly the
same proportion of HAT cases. Since 72 of 300 patients overall (24%) developed an HAI,
we would expect about 24 HAI cases per unit if unit and HAI status were unrelated.

The observed counts are 18, 24, and 30 — Medical is below 24, Surgical is at 24, and
ICU is above 24. The chi-square statistic measures how far the observed counts are
from these expected counts, weighted by their magnitude.

A large chi-square statistic means the observed pattern deviates substantially from
what independence would predict. The p-value answers: how likely is this large a
deviation by chance if the two variables truly are independent?
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Step 3 Now We Name It
Definition: Chi-Square Test for Independence

The chi-square test for independence tests whether two categorical variables
are associated in a two-way (contingency) table.

Hy: The two variables are independent (no association).
H,: The two variables are associated (not independent).

Expected count for each cell:

B (row total;) x (column total,)
ij =

grand total

Chi-square test statistic:

all cells

where O;; is the observed count and E;; is the expected count for each cell.

Degrees of freedom: df = (r — 1)(c — 1), where r = number of rows and ¢ =
number of columns.

Conditions:
e Random sample (or random assignment)

e All expected counts > 5
e Observations are independent

Chi-Square Tests Are Always Right-Tailed

The chi-square statistic x? is always non-negative (it sums squared quantities).
Large values indicate poor fit between observed and expected. The p-value is
always the right-tail area: P(x? > observed). There is no left-tailed or two-tailed
chi-square test for independence.
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Step 4  Watch It Work

Chi-square test of independence: HAI rates across three units

Hy: Unit type and HAI status are independent.
H,: There is an association between unit type and HAI status.
a=005d=3B3-1)(2-1)=2

Step 1 — Expected counts:

Overall HAI rate: 72/300 = 0.24; no-HAI rate: 0.76. Each unit has 100 patients, so:
E(HAI) =100 x 0.24 = 24 E(No HAI) = 100 x 0.76 = 76

All expected counts =24 or 76 > 5. v

Step 2 — Chi-square statistic:
Unit Category Observed (O) Expected (E) (O — E)?/E

Medical HAI 18 24 36/24 = 1.500
Medical No HAI 82 76 36/76 = 0.474
Surgical HAI 24 24 0/24 = 0.000
Surgical No HAI 76 76 0/76 = 0.000
ICU HAI 30 24 36/24 = 1.500
ICU No HAI 70 76 36/76 = 0.474

Chi-square statistic x? = 3.947

Step 3 — P-value:

Using Desmos: 1 - chisquaredist(2).cdf(3.947) =~ 0.139

Decision: p =0.139 > 0.05 = Fail to reject H,.

Conclusion: There is not sufficient evidence at a = 0.05 to conclude that HAI rates
differ significantly across the three units. The observed differences (18%, 24%, 30%)
could plausibly arise from random variation if the true rates were equal.

Note: This does not mean the ICU’s higher rate is unimportant clinically. With a
larger sample or over more months, the same pattern might reach significance. The
chi-square test tells us about statistical evidence, not clinical priority.

Try This in Desmos

1 - chisquaredist(2).cdf(3.947) =~ 0.139

Or compute directly: chisquaredist(2).cdf(3.947) gives P(x* < 3.947); sub-
tract from 1.
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=CHISQ.TEST (observed_range, expected_range) — p-value directly

=CHISQ.DIST.RT(3.947, 2) — right-tail p-value ~ 0.139

\ J

Step 5 Your Turn

1. A quality improvement nurse surveys 240 patients about their satisfaction with
pain management and records their age group:

Satisfied Not Satisfied Total

Under 50 48 32 80
50-70 60 40 100
Over 70 42 18 60
Total 150 90 240

(a) State Hy and H,.

(b) Compute all six expected counts.

(c) Check the conditions for the chi-square test.

(d) Compute x? and the degrees of freedom.

(e) Find the p-value using Desmos or Excel and state your conclusion at a =
0.05.

2. A hospital records the day-of-week and whether patients were readmitted within
30 days. Of 350 patients: 70 admitted Monday—Wednesday with 14 readmissions;
140 admitted Thursday-Friday with 21 readmissions; 140 admitted on weekends
with 35 readmissions.

(a) Construct the two-way table.

(b) State Hy and H,.

) Compute expected counts and x? (df = 2).

(d) Find the p-value and state your conclusion at a = 0.05.

(e) If there is a significant association, what clinical or operational factors might
explain it?

b
c
d
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Step 6 Think Like a Nurse

What the Chi-Square Test Cannot Tell You
The chi-square test is a test of independence — it tells you whether two categorical
variables are associated. It does not tell you:
e Which groups differ. If the test is significant with three or more groups, you
know at least one pair differs, but not which one. Post-hoc comparison methods
(beyond this course) are needed to identify specific group differences.

e The direction of the association. A chi-square test of the 2x3 table above
rejects Hy, but the y? statistic does not tell you whether higher-acuity patients
are more likely to be dissatisfied or less likely.

e The strength of the association. A chi-square statistic of 12 vs. 3 tells you
little about effect size without context. Standardized measures such as Cramér’s
V' quantify association strength independently of sample size.

e Causation. Even a highly significant chi-square result does not establish that
one variable causes the other. A large sample with confounding variables can
produce significant associations that disappear after adjustment.

In the HATI example, the test did not reach significance with n = 300. But clinical
judgment tells you that ICU patients are sicker and more invasively managed — the
30% HALI rate may reflect case mix rather than care quality. Statistical non-significance
does not make the 12-percentage-point spread between medical and ICU rates clinically
unimportant.

The chi-square test opens a conversation. The clinician’s job is to ask the follow-up
questions that statistics alone cannot answer.
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13.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 13. Problems marked with x are
more challenging.

Part A: Two-Sample and Paired Tests
1. Two ICUs are compared on mean ventilator days per patient. ICU A (n; = 40):
1 = 6.2 days, s; = 2.8 days. ICU B (ny = 38): Zo = 5.1 days, sy = 2.3 days.
Test whether mean ventilator days differ (two-tailed, ov = 0.05).
(a) State Hy and H,.
(b) Compute the test statistic using df = min(39,37) = 37.
(c¢) Find the p-value and state your conclusion.
(d) Construct a 95% CI for p; — ps and verify consistency with the test.

2. A nurse researcher measures hemoglobin levels in 10 patients before and after a
4-week iron supplementation program:

Patient 1 2 3 4 ) 6 7 8 9 10

Before 9.8 102 89 11.1 94 107 86 11.3 9.0 10.5
After 112 11.8 104 123 11.0 121 10.1 129 10.8 12.0

(a) Compute d; = After — Before for each patient.

(b) Find d and s,.

(¢) Test whether iron supplementation increased mean hemoglobin (right-tailed,
a = 0.05, df = 9).

(d) State your conclusion clinically.

(e) Why would a paired test be preferable to an independent samples test here?

3. Two nursing units are compared on the proportion of patients who experience a
fall. Unit 1: 12 falls in 200 patients. Unit 2: 8 falls in 180 patients.
(a) State Hy and H, (two-tailed).
(b) Compute p. and the z-statistic.
(c¢) Find the p-value and state your conclusion at o = 0.05.
(d) Is this result practically meaningful? What additional information would
help?

Part B: Chi-Square Tests
4. A hospital surveys 400 patients about whether they received discharge instruc-
tions in a language they fully understood. Results by patient education level:
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Understood Did Not Understand Total

Less than high school 42 38 80
High school diploma 88 32 120
Some college or more 158 42 200
Total 288 112 400

(a) State Hy and H,.

(b) Compute all expected counts.

(c) Compute x? and find the p-value (df = 2).

(d) State your conclusion at ov = 0.05 and interpret the clinical implications.
(e) If significant, which cell contributes most to the chi-square statistic?

5. x A clinical study examines the relationship between nurse shift length (8-hour
vs. 12-hour) and patient safety events (medication error, fall, or pressure injury):

Medication Error Fall Pressure Injury

8-hour shift 24 18 12
12-hour shift 36 30 18

) Add row and column totals. State Hy and H,.

) Compute expected counts and verify all are > 5.

(c) Compute x? (df = 2) and find the p-value.

(d) State your conclusion. Are any specific safety events more associated with
one shift length?

(e) The total number of events on 12-hour shifts is higher. Does the chi-square

test tell you this? What does it actually test?

(a
(b
d

6. x Research Application: A multicenter study examines whether the type of
vascular access (peripheral IV, PICC line, central line) is associated with infection
type (local vs. systemic) in 360 patients.

Local Infection Systemic Infection Total

Peripheral 1V 36 24 60
PICC line 42 78 120
Central line 42 138 180
Total 120 240 360

(a) State Hy and H,. Compute all expected counts.

(b) Compute x? (df = 2).

(c) Find the p-value and state your conclusion at o = 0.01.

(d) Identify which cell(s) deviate most from expected values. What does this
tell you clinically?

(e) Can you conclude from this test that central lines cause more systemic
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infections? What type of study would be needed?
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Answer Key — Selected Problems

Section 13.1 Practice — Your Turn

1. (b) pp = 14/200 = 0.070; p, = 7/180 = 0.039; p. = (14 + 7)/(200 +
180) = 21/380 = 0.05526. (c) mip. = 200(0.05526) = 11.1 > 10 v;
nep. = 180(0.05526) = 9.95 ~ 10 — borderline but acceptable.  (d)
SE = 1/0.05526(0.94474)(1,/200 + 1/180) = /0.05222 x 0.01056 ~ /0.000552 ~
0.02349; = = (0.070 — 0.039)/0.02349 ~ 1.320. (e) Two-tailed: p = 2(1 — P(Z <
1.320)) ~ 2(0.0934) = 0.187; fail to reject Hy. Insufficient evidence that medica-
tion error rates differ between the units.

2. Differences (Before — After): 12, 10, 10, 6, 12, 11, 13, 7. (c) d = 81/8 = 10.125;
sq ~ 2.475. (d) t = 10.125/(2.475/+/8) = 10.125/0.875 ~ 11.57; df = 7; right-
tailed: p =~ 0.000003; reject Hy. Highly significant evidence that the intervention
reduced anxiety scores.

Section 13.2 Practice — Your Turn
1. Expected counts: Under 50: E(sat) = 50, E(not) = 30; 50-70: E(sat) = 62.5,
E(not) = 37.5; Over 70: FE(sat) = 37.5, E(not) = 22.5. All > 5 v. x? =
(48 — 50)2/50 + (32 — 30)2/30 + (60 — 62.5)?/62.5 + (40 — 37.5)%/37.5 + (42 —
37.5)?/37.54(18—22.5)%/22.5 = 0.080+40.133+0.100+0.167+0.540+0.900 = 1.920;
df = 2; p ~ 0.383; fail to reject Hy. No significant association between age group

and pain management satisfaction.

2. Table: Mon-Wed: 14 readmitted, 56 not (total 70); Thu-Fri: 21 readmitted,
119 not (total 140); Weekend: 35 readmitted, 105 not (total 140); Total: 70
readmitted, 280 not, n = 350. Overall readmission rate: 70/350 = 0.20. Expected
readmissions: 70 x 70/350 = 14, 140 x 70/350 = 28, 140 x 70/350 = 28; expected
non-readmissions: 56, 112, 112. 2 = 0/14 + 0/56 + (21 — 28)2/28 + (119 —
112)2/112+ (35 —28)2/28+(105—112)2/112 = 0+0+1.750+0.438+1.750+0.438 =
4.375; df = 2; p =~ 0.112; fail to reject Hy. No significant association between day-
of-week admission and readmission.

Chapter Practice — Selected

Problem 1b: SE = ,/2.82/40 +2.32/38 = /0.196 + 0.139 = 1/0.335 ~ 0.579; ¢ =
(6.2 —5.1)/0.579 ~ 1.899; df = 37.

Problem 1c: Two-tailed: 2*(1-tdist(37).cdf(1.899)) =~ 0.065; p > 0.05; fail to
reject Hy at o = 0.05.

Problem 2b: Differences (After — Before): 1.4, 1.6, 1.5, 1.2, 1.6, 1.4, 1.5, 1.6, 1.8, 1.5.
d=15.1/10 = 1.51; s4 ~ 0.160.

Problem 2c: t = 1.51/(0.160/4/10) = 1.51/0.0506 ~ 29.84; df = 9; right-tailed
p ~ 0.000; reject Hy. Highly significant evidence that iron supplementation increased
hemoglobin.
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Problem 4c: Expected counts: Less than HS: E(und) = 57.6, E(not) = 22.4; HS:
FE(und) = 86.4, E(not) = 33.6; College+: F(und) = 144, E(not) = 56. x? = (42 —
57.6)%/57.6+(38—22.4)%/22.4+ (88 —86.4)% /86.4+(32—33.6)%/33.6 + (158 — 144)* /144 +
(42 — 56)?/56 =~ 4.224 + 10.857 + 0.030 + 0.076 + 1.361 + 3.500 = 20.05; df = 2;
p < 0.001; reject Hy. Significant association between education level and comprehension
of discharge instructions.

Problem 6b (Challenge): Totals: 8-hr row = 54, 12-hr row = 84; Med Error col = 60,
Fall col = 48, Pressure Injury col = 30; Grand total = 138. Expected: 8-hr/Med Error
= 54x60/138 = 23.48; 8-hr/Fall = 54 x48/138 = 18.78; 8-hr/PI = 54 x 30/138 = 11.74;
12-hr cells = 36.52,29.22,18.26. x* ~ 0.012+0.0334-0.006+0.007+0.02140.004 = 0.082;
df = 2; p ~ 0.960; fail to reject Hy. No significant association between shift length and
safety event type — the distribution of event types is similar across shift lengths.
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Chapter 13 Summary

Section 13.1 — Two-Sample Tests
e Two-sample t-test: ¢ = (71 — Ty)/\/s7/n1 + $3/n9; df = min(n; — 1,ny — 1);

for independent groups.

e Paired t-test: Compute differences d;; t = d/(sq/+/n); df = n — 1; for matched
or before-after data.

e Use paired design when possible — it eliminates between-subject variation and
increases power.

e Two-proportion z-test: z = (p1 — pa)//Pe(1 — Pc)(1/n1 + 1/n2); uses pooled

De-
Section 13.2 — Chi-Square Test for Independence

e Tests whether two categorical variables are associated in a contingency table.

e Hj,: independence; H,: association.

e Expected counts: E;; = (row total x column total)/n.

e \*=>(0—E)*E; df = (r —1)(c — 1); always right-tailed.

e Condition: all expected counts > 5.

e A significant chi-square test identifies an association but does not specify which
cells drive it, the direction, or the cause.

The Nursing Connection
e Most clinical comparisons involve two groups: new vs. old treatment, day vs.
night shift, high-risk vs. low-risk patients.

e Before-after designs on the same patients are inherently paired — use the paired
t-test to gain power.

e Chi-square tests are ideal for audits and surveys with categorical outcomes: sat-
isfaction yes/no, complication type, unit category.

e Statistical significance does not resolve causal questions. Case mix, confounding,
and study design all require clinical interpretation alongside any p-value.
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CHAPTER 14

Comparing Groups: ANOVA

“When you have more than two groups and one hypothesis test, ANOVA does
the job of many without inflating your chances of being wrong.”

— why we need a new method when comparing three or more means

In this chapter, you will learn to:

e Explain why multiple ¢-tests inflate the Type I error rate

State the hypotheses for a one-way ANOVA

Identify the between-group and within-group sources of variation

Compute and interpret the ANOVA F-statistic

Use Desmos and Excel to perform one-way ANOVA

Interpret ANOVA results in clinical and research contexts

Understand the role of post-hoc tests when ANOVA is significant

14.1 The Logic of ANOVA

Step 1  Read This First

A hospital quality team is comparing patient satisfaction scores across four nursing
units: Medical, Surgical, ICU, and Oncology. They want to know: do patients on
different units rate their care differently?

A random sample from each unit yields:
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Medical Surgical ICU Oncology

n 15 15 15 15
z 78.4 82.1 71.6 85.3
s 9.2 8.7 10.1 7.8

There are four groups. To compare all possible pairs using two-sample t-tests, you
would need (;1) = 6 separate tests. But running six tests at o = 0.05 each means the
probability of making at least one Type I error across all tests is no longer 5% — it
compounds to nearly 26%.

Analysis of Variance (ANOVA) solves this by testing all groups simultaneously
with a single test, keeping the overall Type I error rate at exactly «.

Step 2  Let’s Talk About It

Think about where the variation in the data comes from.

Some of the variation in satisfaction scores is between groups: the ICU mean (71.6)
is noticeably lower than the Oncology mean (85.3). If all units truly had the same
population mean, we would not expect to see differences this large.

But some variation is within groups: even within a single unit, individual patients
rate their care differently. Some Medical unit patients score 65, others score 90. This
within-group variation is just natural individual differences — noise.

ANOVA asks: is the between-group variation large relative to the within-group vari-
ation? If the groups truly have the same mean, then the between-group variability
should be roughly the same magnitude as the within-group variability. If the between-
group variation is much larger than the within-group variation, that is evidence the
group means are genuinely different.

The ratio of these two sources of variation is the F-statistic.

Step 3 Now We Name It
Definition: One-Way ANOVA Hypotheses

One-way ANOVA tests whether the means of £ > 3 groups are all equal.

Hy:py =po=---=p (all group means are equal)
H,: At least one p; differs from the others

Note: H, does not say all means differ — only that at least one is different.
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Definition: Sources of Variation in ANOVA

The total variability in the data is partitioned into two components:

Between-group variation (treatment) — SSpciyeen: measures how much the
group means differ from the overall (grand) mean.

k
2 : - 2
SSBetween = nz<xz - xgrand)
i=1

Within-group variation (error) — SSynin: measures how much individual
observations vary around their own group mean.

k

SSwithin = Y _(n; — 1)s]

=1

Mean Squares are the sums of squares divided by their degrees of freedom:

SS etween
MSBetween - de—t deetween = g =1
Between
M Swithin = deLt: dfwithin = N — k
ithin

where N = > n; is the total sample size across all groups.

Definition: The F'-Statistic

The ANOVA test statistic is the F-ratio:

MS etween
Nt B et cer)
M Swithin

o If Hy is true: F ~ 1 (between-group variation ~ within-group variation)

o If Hy is false: I’ > 1 (between-group variation exceeds within-group varia-
tion)

e The p-value is always the right-tail area of the F-distribution with df; =
k—1and dfs =N —k

Conditions for ANOVA:

e Independent random samples from each group

e Approximately normal distributions within each group (or n; > 30 for each
group)

e Equal (or roughly equal) variances across groups — a good rule of thumb is
that the largest s should be no more than twice the smallest s
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Step 4  Watch It Work

One-way ANOVA: patient satisfaction across four nursing units
Data: k = 4 groups, n; = 15 each, N = 60
Medical Surgical ICU Oncology

95 78.4 82.1 71.6 85.3
5, 9.2 8.7 10.1 7.8

Step 1 — Grand mean:

15(78.4) + 15(82.1) + 15(71.6) + 15(85.3) _ 4,761

Tgrand = - - =T19.35

Step 2 — Between-group sum of squares (dfpeiween = 3):
Deviations from the grand mean: (78.4 — 79.35)? = (—0.95)2 = 0.9025
(82.1 — 79.35)% = (2.75)% = 7.5625

(71.6 — 79.35)% = (—7.75)% = 60.0625

(85.3 — 79.35)2 = (5.95)% = 35.4025

S SBetween = 15(0.9025 + 7.5625 + 60.0625 + 35.4025) = 15(103.93) = 1,558.95

1,558.95
3
Step 3 — Within-group sum of squares (dfwnin = 56):

= 519.65

MS Between —

SSwithin = (15 — 1)(9.2% +8.7% + 10.1> + 7.8%) = 14(84.64 + 75.69 + 102.01 + 60.84)

— 14(323.18) = 4,524.52
4,524.52

~ 80.795
96

M Swithin =
Step 4 — F-statistic:

 MSpeween  519.65

F = = ~ 6.43
M Swihin  80.795

Step 5 — P-value:

Using Desmos: 1 - fdist(3, 56).cdf(6.43) =~ 0.0007

Decision: p = 0.0007 < 0.05 = Reject H,.

Conclusion: There is significant evidence (p = 0.0007) that mean patient satisfaction
scores differ across the four nursing units. At least one unit has a different true mean
than the others.
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Source SS df MS F P-value

Between groups 1,558.95 3 519.65 6.43 0.0007
Within groups  4,524.52 56  80.80

Total 6,083.47 59

Try This in Desmos

P-value from F-distribution: 1 - fdist(3, 56).cdf(6.43) = 0.0007

Note: fdist(df,, dfs) requires numerator df first, denominator df second.

Try This in Excel

Method 1 (built-in): Data — Data Analysis - ANOVA: Single Factor
Method 2 (formula): =F.DIST.RT(6.43, 3, 56) =~ 0.0007 (right-tail p-

value)

. J

Step 5 Your Turn

1. A hospital compares mean LOS (days) for patients with three primary diagnoses:
cardiac (n; = 20, ; = 5.8, s = 2.1), respiratory (ny = 20, To = 4.2, so = 1.8),
and orthopedic (ng = 20, Z3 = 6.9, s3 = 2.4).

(a) State Hy and H,.

) Compute the grand mean.

) Compute SSpetween and MSpepween-

)

)

Compute SSwinin and M Switnin.
Compute the F-statistic. Find the p-value (df; = 2, dfy = 57) using Desmos.
(f) State your conclusion at av = 0.05.

(b
(c
(d
(e

2. A nurse manager notices that nursing documentation time (minutes) appears to
differ by shift. A random sample from each shift:

Shift n T (min) s (min)
Day 12 224 4.1
Evening 12 18.9 5.2
Night 12 25.1 4.8

(a) Check the equal variance condition. Is it satisfied?

(b) State Hy and H,.

(c¢) Using Desmos or Excel, perform the one-way ANOVA and report the F-
statistic and p-value.
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(d) State your conclusion at av = 0.05.
(e) If the result is significant, what follow-up analysis would identify which shifts
differ?
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Step 6 Think Like a Nurse

ANOVA Tells You Something Differs — But Not What or By How Much
The ANOVA for patient satisfaction across four units returned F' = 6.43 and p =
0.0007. This is compelling evidence that at least one unit mean differs from the others.
But which unit? By how much? Is the difference clinically meaningful?

ANOVA answers none of these questions. It is an omnibus test — it detects that
something is different somewhere but does not identify where.

To find out which pairs of means differ, you need post-hoc tests. These are pairwise
comparisons (like ¢-tests) that are corrected for the fact that multiple comparisons are
being made. Common post-hoc procedures include:
e Tukey’s HSD (Honest Significant Difference): compares all pairs while control-
ling the family-wise error rate. The most commonly used in nursing research.

e Bonferroni correction: divides a by the number of comparisons. Simple but
conservative.

In our example, a post-hoc analysis would likely show that the ICU (mean 71.6) and
Oncology (mean 85.3) differ significantly from each other, and possibly from the Medical
and Surgical units. The 13.7-point difference between ICU and Oncology is clinically
substantial on a 100-point scale.

The ANOVA is the gatekeeper: if F' is not significant, there is no statistical justification
for any pairwise comparisons. If F' is significant, post-hoc tests identify which specific
pairs differ.

A significant ANOVA is the beginning of the analysis, not the end. The clinical question
18 always: which groups differ, and does that difference matter for patient care?
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14.2 Interpreting ANOVA in Clinical Research

Step 1 Read This First

A nurse researcher reads the following in a published clinical study:

“We compared mean serum albumin levels across four patient groups: well-nourished,
mildly malnourished, moderately malnourished, and severely malnourished. A one-
way ANOVA revealed significant differences among the groups (F(3,116) = 42.7,
p < 0.001). Post-hoc comparisons (Tukey’s HSD) showed that all pairwise differences
were statistically significant except between the well-nourished and mildly malnourished
groups.”

The nurse needs to read this result critically. She needs to understand what F'(3,116) =
42.7 means, why p < 0.001 is reported the way it is, and what the post-hoc result tells
her about clinical practice.

Reading ANOVA output from published research is a core skill for evidence-based
practice. This section teaches you how.

Step 2  Let’s Talk About It

The notation F'(3,116) = 42.7 is shorthand. The numbers in parentheses are the two
degrees of freedom: dfpejween = 3 (four groups minus one) and dfwnin = 116 (total
observations minus number of groups). The F-statistic is 42.7.

A very large F-statistic (42.7 is enormous compared to the critical value around 2.7)
means the between-group variation is about 43 times larger than the within-group
variation. This is not plausible if all four groups have the same true mean — the result
is highly significant.

The post-hoc result is crucial: not all groups are different from each other. Well-
nourished and mildly malnourished patients have similar albumin levels. The other
pairs — well-nourished vs. moderately and severely malnourished, mild vs. moderate
and severe, moderate vs. severe — are all significantly different. This suggests clinically
meaningful albumin differences begin at moderate malnutrition.
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Step 3 Now We Name It

Definition: Reading ANOVA Output from Published Research

Standard ANOVA notation in published studies:

F(dfBetween, Afwitnin) = F-statistic, p = p-value
Key quantities to identify:
® dfetween = k — 1: number of groups minus 1
o dfwitnin = N — k: total N minus number of groups
e F-statistic: the ratio MSpetween/M Swithin
e P-value: right-tail area of the F-distribution

e Post-hoc results: which specific pairs of means differ

Definition: ANOVA Table Structure

Source SS df MS F P-value

Between groups SSp  k—1 SSp/(k—1) MSp/MSy Right-tail
Within groups  SSw N —k SSw/(N —k)

Total SSt N -1

Note: SSTotal = SSBetween + SSWithin and dfTotal - deetween + deithin-

Effect Size in ANOVA: n?

As with all hypothesis tests, a significant ANOVA does not automatically im-
ply a practically meaningful difference. The effect size statistic n* (eta-squared)
measures the proportion of total variability explained by group membership:

772 _ SSBetween
SSTotal

Interpretation: n? = 0.06 means 6% of variance in the outcome is explained by
group. Rough guidelines: 0.01 = small, 0.06 = medium, 0.14 = large.

A large F' with a small 1? in a very large sample should prompt caution about
clinical meaningfulness.
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Step 4  Watch It Work

Reading and extending published ANOVA output

Suppose the albumin study reports this partial ANOVA table:
Source SS df MS F P-value

Between groups  72.44 3 24.147 4277 < 0.001
Within groups 65.60 116  0.566

Total 138.04 119

What we can read directly:
o k= deetween +1=3+1=4 groups v

o N =dfropa+1=119+ 1= 120 total patients
e n = 120/4 = 30 patients per group (if balanced)
o F = MSpetween/MSwisnin = 24.147/0.566 = 42.7 v/
e SSp+ SSyw =72.44 +65.60 = 138.04 = SSt v
Effect size:
2 _ SSBEt’lU@eTL _ 72.44
T T SSrm  138.04

52.5% of the variance in albumin levels is explained by malnutrition status — a very
large effect. This is clinically meaningful, not just statistically significant.

~ 0.525

Interpreting the post-hoc result:
The Tukey HSD found all pairwise comparisons significant except well-nourished vs.
mildly malnourished. This means:

Well-nourished Mildly malnourished = Moderately malnour-
ished

Not significantly different (p > 0.05)
All other pairs are significantly different (p < 0.05)

Clinical takeaway: Nutritional interventions should be targeted at patients who
are moderately or severely malnourished, where albumin levels are measurably and
significantly lower. Mildly malnourished patients resemble well-nourished patients sta-
tistically.

Try This in Desmos

Verify the p-value: 1 - fdist(3, 116).cdf(42.7) ~ 0.000 (essentially zero)

Check F-statistic: 24.147 / 0.566 = 42.66 ~ 42.7 v
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=F.DIST.RT(42.7, 3, 116) = 0 (p-value essentially zero)

n?: =72.44/138.04 =~ (.525

\ J

Step 5 Your Turn

1. A published study reports ANOVA results for pain scores after three types of
analgesic treatment (Drug A, Drug B, and Placebo): F(2,87) = 8.43, p = 0.0004.
(a) How many groups are there? How many total patients?
(b) What are dfpetween and dfwithin?
(c) Is the result statistically significant at o = 0.057 At o = 0.017
(d) Can you conclude from the F-statistic alone that Drug A and Drug B have
different effects? Explain.
(e) If SSpetween = 112.4 and SSroa = 641.8, compute n? and interpret the
effect size.

2. A hospital tracks response time (minutes) from nurse call to bedside across five
units. An ANOVA yields the following partial table:

Source SS df MS F P-value

Between groups 184.2 7 777

Within groups  892.5 95 ?

Total 7?7
(a) Fill in all missing values in the table.
(b) How many units are in this study? How many total observations?
(c) Compute the F-statistic and find the p-value using Desmos or Excel.
(d) State your conclusion at az = 0.05.
(e) Compute n? and interpret.
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Step 6 Think Like a Nurse

ANOVA Assumptions Matter More Than You Might Think

ANOVA rests on three assumptions: independent samples, approximate normality
within each group, and equal variances across groups. Violations of these assump-
tions can produce misleading results — a non-significant ANOVA that misses a real
effect, or a significant result that is an artifact of unequal variances.

Checking equal variances in practice:

The rule of thumb “largest s should be no more than twice the smallest s” is quick and
practical. In the patient satisfaction example, the standard deviations ranged from 7.8
to 10.1 — a ratio of 10.1/7.8 = 1.30, well within the acceptable range.

When variances differ substantially, Welch’s ANOVA (which does not assume equal
variances) is preferred. Most statistical software will compute it alongside the standard
ANOVA.

Non-normality: ANOVA is fairly robust to moderate non-normality when sample
sizes are large. The central limit theorem provides some protection. For small sam-
ples from clearly non-normal populations, the Kruskal-Wallis test (a non-parametric
alternative) may be more appropriate.

Independence: The most critical assumption. If measurements within a group are
correlated — for example, patients from the same physician tend to have similar out-
comes — the ANOVA F-statistic is invalid. In nursing research, clustering by unit or
provider is common and must be addressed in the study design.

Statistical methods come with terms and conditions. Reading those conditions is not
optional — it is part of interpreting any result responsibly.
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14.3 Chapter Practice Problems

Step 5 Your Turn

The following problems cover all topics in Chapter 14. Problems marked with x are
more challenging.

Part A: Computing One-Way ANOVA
1. A researcher compares systolic blood pressure (mmHg) in three diet groups after

8 weeks: Low-sodium (n = 25, # = 128.4, s = 12.1), Mediterranean (n = 25,
T =122.7, s = 10.8), and Control (n =25, z = 135.2, s = 13.4).

(a) State Hy and H,.

(b) Check the equal variance condition.

(c) Compute the grand mean.

( ) Compute SSBetweena MSBetweena SSWithi’rm MSWithin-

(e) Compute F' and find the p-value (df} = 2, dfs = 72).

e
(f) State your conclusion at a = 0.05 and compute 7.

2. A hospital quality team measures patient fall rates (per 1,000 patient-days) on six
units over one quarter. Using Desmos or Excel with the following data, perform
a one-way ANOVA:

Unit Med-Surg A Med-Surg B ICU Oncology Ortho Neuro

n 10 10 10 10 10 10
z 2.8 3.1 14 2.2 3.8 2.6
s 0.9 1.1 0.6 0.8 1.2 0.9

(a) State Hy and H,.

(b) Check the equal variance condition.

(c) Compute F' and find the p-value (df; = 5, dfs = 54).

(d) State your conclusion at av = 0.05.

(e) Compute n? and interpret the effect size.

Part B: Reading ANOVA Output
3. A clinical study compares nurse burnout scores across four hospital types: Com-
munity (n = 30), Academic (n = 30), Safety-net (n = 30), and Veterans (n = 30).
The ANOVA table is:

Source SS df MS F P-value

Between groups  1,248.6 3 416.2 4.21 0.007
Within groups  11,480.4 116 98.97
Total 12,729.0 119

(a) Verify: does SSBetween + SSwithin = SStotar”’
(b) Verify the F-statistic using M S values.
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(c) State Hy and H, and give the conclusion at o = 0.05.

(d) Compute n? and interpret the effect size.

(e) The researchers report Tukey post-hoc results showing that Safety-net hos-
pitals have significantly higher burnout than all other types. What does this
mean clinically?

4. x A published study reports: “Patients were randomized to one of three nursing
intervention frequencies (once, twice, or three times daily). Mean pain scores at
72 hours were compared using one-way ANOVA: F(2,147) = 11.24, p < 0.001,

2 9
n* = 0.13.
(a) How many total patients were in the study? How many per group (if bal-
anced)?

(b) Interpret n? = 0.13. Is this a large, medium, or small effect?

(¢) Reconstruct the partial ANOVA table (SS, df, MS, F). Use SSrota = 1,420.

(d) Post-hoc tests show that twice-daily and three-times-daily interventions
both differ significantly from once-daily, but not from each other. Draw
a diagram showing which groups differ.

(e) What would you recommend to hospital administration based on these re-
sults? Consider both statistical evidence and operational feasibility.

5. x Research Application: A multicenter nursing study compares time to am-
bulation (hours post-surgery) across five surgical protocols. The ANOVA yields
F(4,245) = 6.84, p < 0.001. Post-hoc Tukey tests reveal:

e Protocols A and B are not significantly different from each other.
e Protocols C and D are not significantly different from each other.
e Protocol E differs significantly from all others.

e All other pairs are significantly different.

(a) How many total patients? What is N7

(b) Sketch a diagram grouping protocols that are NOT significantly different.

) If Protocol E has the lowest mean ambulation time, what are the clinical
implications?

(d) The study reports n* = 0.10. Is this effect clinically meaningful? How would

you decide?

(e) What additional analyses (beyond ANOVA and post-hoc tests) would

strengthen the clinical recommendation?
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Answer Key — Selected Problems

Section 14.1 Practice — Your Turn

1. (b) Zgrana = (20 x 5.8 420 x 4.2420 x 6.9) /60 = (116 + 84 4 138)/60 = 338/60
5.633. () SSBetween = 20(5.8 — 5.633)? + 20(4.2 — 5.633)% + 20(6.9 — 5.633)2
20(0.028) +20(2.054) +20(1.604) = 0.556+41.089+32.089 = 73.733; M Spetween =
73.733/2 = 36.867. (d) SSwithin = 19(2.12+1.82+2.4%) = 19(4.41+3.24+5.76) =
19(13.41) = 254.79; M Swithin = 254.79/57 = 4.470. (e) F' = 36.867/4.470 =~
8.25; 1 - fdist(2,57).cdf(8.25) ~ 0.0007. (f) p = 0.0007 < 0.05; reject H.
Significant evidence that mean LOS differs by diagnosis group.

2. (a) Variance check: s values are 4.1, 5.2, 4.8; largest /smallest = 5.2/4.1 = 1.27 < 2
V. (b) Ho : Hday = Peve = finight; Ha: at least one shift mean differs. (e) Post-hoc
tests (e.g., Tukey HSD) comparing all pairs: Day vs. Evening, Day vs. Night,
Evening vs. Night.

Q

Section 14.2 Practice — Your Turn
1. (a) 3 groups; N = dfwinin + k = 87 + 3 = 90 total patients. (b) dfpetween = 2;
dfwitnin = 87. (c¢) Yes, significant at both o = 0.05 and o = 0.01 (p = 0.0004).
(d) No — ANOVA only tells you that at least one mean differs; post-hoc tests are
needed to determine which specific pairs differ. (e) n* = 112.4/641.8 ~ 0.175 —
large effect.

2. () dfpetween = 4 (5 units); MSperween = 184.2/4 = 46.05; M Syyithin = 892.5/95 =
9.395; F' = 46.05/9.395 ~ 4.90; SSrota = 1,076.7; df 1oty = 99. (b) k = 5 units;
N = dfrei + 1 = 100 observations. (c) 1 - fdist(4,95).cdf(4.90) =~ 0.0013.

(d) p = 0.001 < 0.05; reject Hy. (e) n* = 184.2/1,076.7 =~ 0.171 — large effect;
unit membership accounts for about 17% of variation in response time.

Chapter Practice — Selected

Problem 1c: Grand mean = (25 x 128.4 + 25 x 122.7 + 25 x 135.2)/75 = (3,210 +
3,067.5 + 3,380)/75 = 9,657.5/75 = 128.767.

Problem 1d: SSpetween = 25(128.4 — 128.767)2 + 25(122.7 — 128.767)% + 25(135.2 —
128.767)2

= 25(0.135) + 25(36.806) + 25(41.387) = 3.375 + 920.156 + 1,034.675 = 1,958.2.

M Spetween = 1,958.2/2 = 979.1.

SSwithin = 24(12.1%2 + 10.8% 4 13.4%) = 24(146.41 + 116.64 + 179.56) = 24(442.61) =
10,622.6.

M Swimhin = 10,622.6/72 = 147.5.

Problem le: F = 979.1/147.5 ~ 6.64; 1 - £dist(2,72).cdf(6.64) =~ 0.002; reject
Ho.

Problem 1f: n? = 1,958.2/(1,958.2 + 10,622.6) = 1,958.2/12,580.8 ~ 0.156 — large
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effect.

Problem 3d: n? = 1,248.6/12,729.0 ~ 0.098 — medium effect (nearly large).
Problem 4c: SSpeiween = 17 X SSTotar = 0.13 x 1,420 = 184.6; M Spesween = 184.6/2 =
92.3; SSwinin = 1,420 — 184.6 = 1,235.4; MSwiunin = 1,235.4/147 = 8.404; F =
92.3/8.404 = 10.98 ~ 11.24 (slight rounding). N = dfwunin + k = 147 + 3 = 150
patients; 50 per group if balanced.
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Chapter 14 Summary

Section 14.1 — The Logic of ANOVA
e Use ANOVA (not multiple ¢-tests) when comparing three or more group means
— multiple t-tests inflate the Type I error rate.

o Hy:py =ps=---=pg; Hy: at least one mean differs.

o F' = MSpgerween/M Swithin; always right-tailed; df; = k — 1, dfy = N — k.

e Conditions: independent samples, approximate normality, equal variances (ratio
of largest to smallest s should be < 2).

e A significant F' means at least one group mean differs; post-hoc tests identify
which pairs.

Section 14.2 — Interpreting ANOVA in Research

e ANOVA notation: F(dfgetween, Afwitnin) = F-value, p = p-value.

e From the ANOVA table: recover k, N, MS values, and F'.

o 1) = SSBetween/SSTotar: Proportion of variance explained; 0.01 = small, 0.06 =
medium, 0.14 = large.

e Post-hoc tests (Tukey HSD, Bonferroni) identify specific pairs that differ while
controlling the family-wise error rate.

e A significant ANOVA is the starting point; effect size and post-hoc comparisons
complete the picture.

The Nursing Connection

e Quality improvement comparing more than two units, shifts, or protocols requires
ANOVA, not multiple t-tests.

e A large F-statistic in a big sample may reflect a trivially small effect clinically
— always report 7?.

e Post-hoc tests guide targeted action: if only Safety-net hospitals show high
burnout, the intervention can be targeted.

e Check the equal variance assumption before interpreting ANOVA results from
published research.
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CHAPTER 15

Reading the Research

“Statistics does not live in textbooks. It lives in the studies that shape what
nurses do at the bedside every day.”

— connecting everything you have learned to the literature you will read

In this chapter, you will learn to:

e Identify study design from an abstract or methods section

Locate and interpret key statistical results in published research

Distinguish between statistical significance and clinical significance

Evaluate the quality of evidence using a systematic framework

e Recognize common statistical errors and misleading presentations

Apply the statistical tools from this course to critically read a full research article

15.1 Anatomy of a Research Article

Step 1 Read This First

A hospital is considering switching from a standard patient positioning protocol to a
new pressure-redistribution protocol aimed at reducing pressure injuries in long-term
ICU patients. The nursing director asks her team to review the evidence.

A staff nurse finds a relevant article: “Effect of a Pressure-Redistribution Positioning
Protocol on Pressure Injury Incidence in Mechanically Ventilated Adults: A Random-
ized Controlled Trial” (American Journal of Critical Care, 2023).

She opens the article and sees: an abstract with numbers she half-recognizes, a meth-
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ods section with sampling language, a results section full of p-values and confidence
intervals, and a discussion that seems to claim the protocol works. She needs to know:
does it actually work? How confident should she be? Should her hospital adopt this
protocol?

Answering these questions requires reading the article statistically — not just reading
the words.

Step 2  Let’s Talk About It

Every research article has the same skeleton, regardless of the journal or topic. Once
you recognize the skeleton, you know exactly where to look for each piece of statistical
information.

The abstract gives you the headline: design, sample size, primary outcome, and main
result. Read it first, but not last. The abstract is a marketing document — it presents
the authors’ preferred interpretation. Your job is to check whether the full article
supports those claims.

The methods section tells you what was actually done: how patients were selected, how
groups were formed, what was measured, and which statistical tests were chosen. This
is where you evaluate whether the study design justifies the conclusions.

The results section contains the numbers. Every p-value, confidence interval, sample
mean, and test statistic you have learned to interpret in this course will appear here.
Read it carefully and literally — a table is more honest than prose.

The discussion interprets the results. Authors are allowed to be optimistic here, but
they are also supposed to acknowledge limitations. A discussion that does not mention
limitations is a warning sign.
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Step 3 Now We Name It

Definition: The Five Questions to Ask Any Study

Before reading a single number, ask:
1. What is the study design? (RCT, cohort, cross-sectional, case-control,
systematic review) — the design determines what causal claims are valid.

2. Who is in the sample? (inclusion/exclusion criteria, how patients were
selected) — determines to whom the results generalize.

3. What is the primary outcome? (the one variable the study was powered
to detect) — every other result is secondary.

4. Was the sample size adequate? (was there a power calculation?) — a
negative result from an underpowered study does not mean the treatment
has no effect.

5. Were appropriate statistical methods used? (does the analysis match
the design and data type?) — mismatch is a common source of invalid
conclusions.

Definition: Study Designs and the Hierarchy of Evidence

Not all studies are created equal. The hierarchy from strongest to weakest causal
evidence:
Design What it can establish

Systematic  review / Pooled evidence across multiple studies
meta-analysis

Randomized controlled Causation (with proper blinding and allocation)
trial (RCT)

Cohort study Association; temporal ordering of exposure and
outcome

Case-control study Association; efficient for rare outcomes

Cross-sectional survey Prevalence; correlation (not causation)

Case report / expert Hypothesis generation only

opinion

A statistically significant result from a cross-sectional study does not justify the
same clinical confidence as the same result from a well-conducted RCT.
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Definition: Key Statistical Terms in Published Research

Incidence / prevalence: incidence = new cases over time; prevalence =
existing cases at a point in time.

Relative risk (RR): P(outcome|exposed)/P(outcome|unexposed). RR =1
means no difference; RR > 1 means higher risk in exposed group.

Odds ratio (OR): commonly used in case-control studies. OR ~ RR when
the outcome is rare (< 10%).

Number needed to treat (NNT): 1/(absolute risk reduction). NNT = 20
means you must treat 20 patients to prevent 1 additional adverse outcome.

Confidence interval for RR or OR: if the CI includes 1, the result is not
statistically significant.
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Step 4  Watch It Work

Reading a published abstract: the pressure-redistribution protocol study

Abstract (abridged):

Background: Pressure injuries affect up to 25% of mechanically ventilated ICU patients
and increase mortality, cost, and LOS.

Objective: To evaluate whether a nurse-led pressure-redistribution positioning protocol
reduces pressure injury incidence compared to standard care.

Methods: Randomized controlled trial. Adults mechanically ventilated > 48 hours were
randomized 1:1 to the intervention (n = 112) or control (n = 108). Primary outcome:
pressure injury (Stage II or higher) within 14 days. Secondary outcomes: LOS, 28-
day mortality. Analysis: chi-square for proportions, independent-samples t-test for
continuous outcomes.

Results: Pressure injury incidence was 11.6% in the intervention group vs. 24.1% in the
control group (x* = 6.84, p = 0.009, 95% CI for difference: —21.2% to —3.8%). Mean
ICU LOS was 9.2 days (SD = 4.1) vs. 10.8 days (SD = 5.3; p = 0.018). Mortality did
not differ (18.8% wvs. 20.4%, p = 0.76).

Conclusion: The pressure-redistribution protocol significantly reduced pressure injury
incidence and ICU LOS without affecting mortality.

Step-by-step reading:
1. Study design: RCT. Strongest causal design. Random allocation means con-
founding is controlled.

2. Sample: n = 220 total (112 + 108). Adults on mechanical ventilation > 48 hours.
Note: results apply to this specific population, not all ICU patients.

3. Primary outcome: Pressure injury within 14 days. The study was powered for
this.

4. Verify the chi-square result for the primary outcome:
p1 = 13/112 = 0.116, po = 26/108 =~ 0.241
Pe = (134 26)/(112 + 108) = 39/220 = 0.1773
0.116 — 0.241 —0.125
Zz = = =~
/0.1773(0.8227)(1/112 + 1/108) ~ 0.0515

Two-tailed: p = 2x P(Z < —2.43) ~ 0.015. The paper reports p = 0.009 via chi-square
(a related but not identical procedure) — both indicate significance at a = 0.05.

—2.43

5. Interpret the CI for the difference in proportions:

95% CI: (—21.2%, —3.8%). The entire interval is negative — the intervention group
always had fewer injuries. The minimum plausible benefit is 3.8 percentage points,
maximum is 21.2. Both are clinically meaningful in an ICU context.

6. Absolute risk reduction and NNT:
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ARR = 24.1% — 11.6% = 12.5 percentage points
NNT =1/0.125 =8
Treat 8 ICU patients with the new protocol to prevent 1 pressure injury.

7. LOS result: p = 0.018 (significant). But does the CI contain only clinically
meaningful differences? LOS reduction of 1.6 days is meaningful in an ICU.

8. Mortality result: p = 0.76 (not significant). The protocol does not affect mortality
— neither helps nor harms.

\ J

Step 5 Your Turn

1. A study reports: “The intervention group had a 30-day readmission rate of 8.4%
compared to 14.7% in the control group (RR = 0.57, 95% CI: 0.38 to 0.87,
p = 0.009).”
(a) What does RR = 0.57 mean in plain language?
(b) Does the 95% CI support statistical significance? Explain.
(c) Compute the absolute risk reduction (ARR) and NNT.
(d) The study enrolled n = 300 per group. Verify the approximate number of
events in each group.
(e) A colleague says “The intervention cuts the readmission rate nearly in half
— we should adopt it.” What statistical and clinical questions would you
ask before agreeing?

2. A cross-sectional survey of 500 nurses reports: “Nurses working 12-hour shifts had
significantly higher burnout scores than those working 8-hour shifts (#(498) =
3.12, p = 0.002, Cohen’s d = 0.28).”

(a) What study design is this? What causal claims does it support?

(b) Interpret Cohen’s d = 0.28. (For t-tests: small = 0.2, medium = 0.5, large
=0.8.)

(¢) The result is statistically significant. Is it clinically meaningful?

(d) What would you need to see to recommend a shift-length policy change
based on this study?
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Step 6 Think Like a Nurse

Three Questions Every Evidence-Based Nurse Should Ask
When you read a published study, three questions should run in parallel to the numbers:

1. Is this study valid?

Validity means the study measured what it claimed to measure and reached conclusions
that follow from the data. Threats to validity include: non-random sampling, uncon-
trolled confounders, outcome measurement bias, and selective reporting. An RCT that
was not blinded is less valid than one that was. A cohort study that failed to adjust
for severity of illness is weaker than one that did.

2. Are these results real?

Statistical significance tells you the result is unlikely to be due to chance. But “unlikely
due to chance” is not the same as “definitely real.” A p-value of 0.049 is one data point.
Reproducibility matters. A result replicated across multiple studies and settings is more
credible than a single significant finding. When you see p < 0.05 once, be interested.
When you see it in five independent studies, be convinced.

3. Do these results apply to my patients?

Generalizability means the study’s findings extend to patients like yours. Check the
inclusion and exclusion criteria. A trial conducted in a tertiary academic medical
center with strict exclusion criteria may not generalize to a community hospital with a
different case mix. Sample demographics, comorbidity burdens, and treatment settings
all affect applicability.

FEvidence-based nursing is not the same as “the study was significant, so we should
change practice.” It is the disciplined integration of research evidence, clinical expertise,
and patient values — and it requires knowing how to read the evidence critically enough
to know when it earns trust.
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15.2 Common Statistical Errors and Misleading Presentations

Step 1 Read This First

A hospital quality dashboard shows: “Patient satisfaction improved by 15% after imple-
menting bedside rounding.” A quality improvement report claims: “Medication errors
are down — only 0.3% of administrations involved an error.” A published abstract
reports: “The new drug produced a statistically significant improvement in pain scores

(p = 0.042).”

Each of these statements contains a number. Each could be misleading. The 15%
improvement — is that relative or absolute? From what baseline? The 0.3% error rate
— is that good or bad? What does “only” mean? The p-value of 0.042 — what was
the actual effect size? How many outcomes were tested? Was this the primary or a
secondary endpoint?

Statistical literacy is not just knowing how to compute a confidence interval. It is
knowing how to read other people’s numbers skeptically.

Step 2 Let’s Talk About It

Most statistical errors in published research are not fraud — they are honest mistakes,
optimistic interpretations, or presentation choices that favor the authors’ preferred
narrative. Knowing the common patterns helps you spot them without needing to
read every article with suspicion.

The most important lesson is this: never let a p-value substitute for thinking. A p-value
answers exactly one question: how likely is this result (or something more extreme) if
the null hypothesis is true? Everything else — effect size, clinical importance, general-
izability, replicability — requires judgment.

Numbers invite the illusion of precision. An odds ratio of 1.47 sounds exact. But if the
confidence interval runs from 0.98 to 2.21, the truth is consistent with no effect at all.
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Step 3 Now We Name It
Definition: Common Statistical Errors in Clinical Research

e Confusing relative and absolute risk. “The drug reduced mortality by
50%” sounds dramatic. If baseline mortality was 2% and the new rate is
1%, the absolute reduction is 1 percentage point (NNT = 100). Always ask:
reduction from what?

e P-hacking (multiple comparisons without correction). A study that
tests 20 outcomes without correcting for multiple comparisons expects to find
about 1 false positive at a = 0.05. Look for primary vs. secondary endpoints;
be skeptical of significant results on outcomes not declared as primary.

e Underpowered studies. A non-significant result from a study of 30 pa-
tients per group tells you almost nothing. Small studies have wide confidence
intervals. Absence of evidence is not evidence of absence.

e Confusing statistical and clinical significance. With a large enough
sample, trivially small effects become statistically significant. A mean pain
score that drops from 6.0 to 5.9 on a 10-point scale is clinically meaningless,
but p < 0.001 if n = 10,000.

e Misleading graphs. A y-axis that does not start at zero can make a small
difference appear dramatic. Bar charts without error bars conceal variability.
Always look at the axis scale.

e Survivor bias and missing data. Patients who dropped out of the study
were not random — they were often sicker or more dissatisfied. An intention-
to-treat analysis (analyzing all patients as randomized, regardless of comple-
tion) is more valid than a per-protocol analysis.

e Correlation presented as causation. A significant chi-square or Pearson
correlation does not establish cause and effect. In observational studies,
unmeasured confounders are always a threat.
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Step 4  Watch It Work

Spotting errors and evaluating two contrasting reports

Report 1 — Misleading relative risk framing:

“Our new hand hygiene campaign doubled compliance. Before the campaign, only 43
of 200 observed encounters showed proper technique. After, 86 of 200 did. That is a
100% improvement!”

What is actually true:

Before: p; =43/200 = 21.5%  After: p, = 86/200 = 43.0%

Relative improvement: (43.0 —21.5)/21.5 x 100% = 100% — technically correct.
Absolute improvement: 43.0% — 21.5% = 21.5 percentage points.

The problem: Compliance went from 21.5% to 43% — still less than halfway to the
target of 80%. The relative framing sounds transformational; the absolute framing
reveals how much work remains.

Report 2 — Evaluating a secondary outcome significant result:

“A trial of a new sepsis protocol reports: primary outcome (28-day mortality) was not
significantly reduced (p = 0.23). Among the 15 secondary outcomes tested, ICU length
of stay was significantly shorter in the intervention group (p = 0.038).”

What this means statistically:

The study failed on its primary endpoint. Testing 15 secondary outcomes without
correction means about 0.75 false positives are expected at o = 0.05. The significant
LOS result is almost certainly one of them — a false positive that would disappear
under proper Bonferroni correction (o = 0.05/15 = 0.0033).

Clinical bottom line: Do not change practice based on a secondary outcome from a
trial that failed its primary endpoint. Treat it as a hypothesis for a future study.

Try This in Desmos

Verify the hand hygiene two-proportion z-statistic:
Pe = (43 + 86)/400 = 0.3225; SE = 1/0.3225(0.6775)(1/200 + 1/200) ~ 0.0467
z = (0.430 — 0.215)/0.0467 ~ 4.60; 1 - normaldist(0,1).cdf(4.60) = 0.000002

The before-after change is highly significant even though the absolute compliance
level remains low.

1. A hospital report states: “Catheter-associated urinary tract infections (CAUTISs)
dropped by 33% after our new insertion bundle.” Further investigation reveals:
there were 9 CAUTIs in the pre-bundle period and 6 in the post-bundle period,
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each measured over 3 months in a 20-bed unit.

(a) Verify the 33% claim. Is this relative or absolute?

(b) The baseline rate was 9 infections per quarter. Is 9 — 6 a convincing change?
What concerns would you raise about this analysis?

(c) What statistical test might you apply here, and what would you need to
make a proper inference?

(d) If the post-bundle rate is 6 CAUTIs per quarter and the national benchmark
is 2 per quarter, what does the statistical result tell us about the adequacy
of the improvement?

2. A published study reports: “Nurses who received therapeutic communication
training showed significantly higher patient satisfaction scores than untrained
nurses (82.3 vs. 79.1, p = 0.04, 95% CI: 0.1 to 6.3).”

(a) Is the result statistically significant? Explain.

(b) What does the confidence interval tell you about the precision of the esti-
mate?

(¢) The difference is 3.2 points on a 100-point scale. Is this clinically meaningful?
What additional information would you want?

(d) The study was not randomized — nurses self-selected into training. What
threat to validity does this create? What would an appropriate study design
look like?

3. x A meta-analysis of 12 RCTs examining nurse staffing ratios and patient mor-
tality reports: “Pooled relative risk of in-hospital mortality for patients on un-
derstaffed units vs. adequately staffed units: RR = 1.31 (95% CI: 1.18 to 1.45,
p < 0.001, I? = 38%).”

(a) Interpret RR = 1.31 in plain language.

(b) The 95% CI does not include 1. What does this tell you?

(c) I* = 38% is a measure of heterogeneity across the 12 studies. A rough
guideline: I? < 25% = low, 25-50% — moderate, > 75% = high heterogene-
ity. What does I? = 38% indicate about the consistency of results across
studies?

(d) This is a meta-analysis of RCTs — the strongest form of evidence. What
does this result mean for nursing policy advocacy?

(e) Even with RR = 1.31 and p < 0.001, what additional factors would a hospital
administrator need to weigh before changing staffing policy?
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Step 6 Think Like a Nurse

You Are Now a Statistical Reader
When you began this course, a table of means and p-values was a wall of numbers.
Now each number speaks.

A mean of 79.1 tells you where a group sits. A standard deviation of 12.3 tells you
how spread out they are. A confidence interval of (0.1, 6.3) tells you the result is real
but the effect might be trivially small. A p-value of 0.04 tells you the result would be
unusual by chance — but it does not tell you whether it matters.

An RCT tells you something about cause. A cohort study tells you about association.
A cross-sectional survey tells you about prevalence at one moment. A meta-analysis
pools many voices. You now know what each voice can and cannot say.

Statistics you have mastered in this course:
e Describing data: means, medians, standard deviations, quartiles, graphs
e Probability and distributions: normal, binomial, ¢, chi-square, F'
e The Central Limit Theorem: why sample means are predictable
e Confidence intervals for means and proportions
e Hypothesis testing: one-sample, two-sample, paired, proportion, chi-square,
ANOVA
e Effect sizes: Cohen’s d, n?, relative risk, odds ratio, NNT

e Critical reading: study design, validity, clinical vs. statistical significance

What comes next:

This course is the foundation. Regression analysis, survival analysis, multilevel mod-
eling, Bayesian methods, and systematic review methodology are the floors above it.
Every one of them is built on what you have learned here.

FEvery policy decision at your hospital should have a number attached — and someone
who can read it. That person is you now. Use it.
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15.3 Chapter Practice Problems

Step 5 Your Turn

The following problems ask you to read and critically evaluate short research excerpts.
Problems marked with x are more challenging.

Part A: Identifying Design and Interpreting Results
1. Read the following abstract excerpt and answer the questions:

“We conducted a retrospective cohort study of 1,240 adult patients admitted to
three hospitals. Patients who received nurse-led discharge education (n = 620)
were compared to those who did not (n = 620). The primary outcome was 30-day
readmission. The intervention group had a readmission rate of 11.3% vs. 18.5%
in the control group (OR = 0.56, 95% CI: 0.39 to 0.80, p=0.001).”

(a) What study design is this? What causal claims does it support?
Interpret OR = 0.56.
The CI does not include 1. Is the result statistically significant?

Compute the absolute risk reduction and NNT.
The study is observational. Name two confounders that might explain the
result without a causal effect of the intervention.

(b
(c
(d
(

~— — —— ——

€

2. Read the following results excerpt and answer the questions:

“Mean length of stay was 5.2 days (SD = 2.4) in the intervention group and 5.9

days (SD = 2.7) in the control group (t(238) = 2.18, p = 0.030, 95% CI for

difference: —1.33 to —0.07 days).”

(a) Is the result statistically significant at o = 0.05?

(b) What is the point estimate of the difference in means?

(¢) The CIis (—1.33,—0.07) days. What does the wide interval tell you?

(d) How many total patients are in the study?

(e) A hospital administrator says: “We should implement this immediately — it
cut LOS by 0.7 days.” How would you respond using the confidence interval?

Part B: Evaluating Evidence Quality
3. For each of the following study descriptions, identify the design, state the level of
evidence (from the hierarchy in Section 15.1), and describe one major limitation:
(a) A nurse surveys 200 patients about their pain management experience on a
single hospital unit in one month.

(b) Researchers follow 500 patients with hypertension for 5 years and compare
outcomes between those who have a regular nurse practitioner and those
who do not.

(c) A pilot study assigns 15 patients to a new wound care gel and 15 to standard
care using coin-flip randomization.
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(d) A systematic review synthesizes findings from 22 RCTs examining the effect
of early mobilization on ICU outcomes.

(e) A nurse anecdotally describes two patients who recovered faster after receiv-
ing music therapy.

4. x A study reports the following ANOVA table comparing pain scores across four
analgesic protocols:

Source SS df MS F P-value

Between groups  48.6 3 16.2 4.39 0.005
Within groups  575.8 156 3.691

Total 624.4 159

(a) How many total patients? How many groups?

(b) Verify the F-statistic from the MS values.

(c) Compute n? and classify the effect size.

(d) The authors conclude: “Analgesic protocol significantly affects pain scores.”
Is this conclusion supported?

(e) Post-hoc Tukey tests find that only Protocol A differs significantly from

Protocol D. The mean difference is 1.1 points on a 10-point pain scale. Is

this clinically meaningful? How would you decide?

Part C: Integrated Analysis
5. % Full Article Analysis. Examine the following result set from a hypothetical

RCT of a structured nurse handoff protocol (n = 180 per group):

Outcome Intervention Control P-value 95% CI
Adverse events (prop.) 8.3% 14.4% 0.041 —11.9% to +-0.3%
Near-miss reports (mean) 1.2 1.5 0.18 —0.7|to 0.1
Nurse satisfaction (mean,/100) 74.1 71.3 0.063 —0.2{to 5.8
LOS (days, mean) 5.8 6.3 0.009 —0.9 t¢ —0.1
30-day readmission (prop.) 9.4% 11.1% 0.54 —5.7% to 2.3%

(a) Which outcomes are statistically significant at o = 0.057 Which are not?

(b) The primary outcome was adverse events. Compute the ARR and NNT.

(¢) The nurse satisfaction p-value is 0.063. The CI is (—0.2,5.8). Interpret this
carefully: what does the CI tell you that the p-value alone does not?

(d) Five outcomes were tested. Apply Bonferroni correction. Which results
survive at the corrected a?

(e) Based on the full pattern of results, write a 3-sentence summary that a
nursing director could use to decide whether to implement this protocol.
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Answer Key — Selected Problems

Section 15.1 Practice — Your Turn

1. (a) RR = 0.57 means patients in the intervention group had 57% of the readmission
risk of controls — a 43% relative reduction. (b) The CI (0.38, 0.87) excludes 1,
confirming statistical significance at a = 0.05. (c¢) ARR = 14.7% — 8.4% =
6.3 percentage points; NNT = 1/0.063 ~ 16. Treat 16 patients to prevent 1
readmission. (d) Approximate counts: 0.084 x 300 ~ 25 events in intervention;
0.147 x 300 ~ 44 in control. (e) What is the control group’s usual care? Who was
excluded? Is the reduction sustained beyond 30 days? Does NNT = 16 justify the
cost and burden of the intervention?

2. (a) Cross-sectional survey. This design supports correlation/association only; it
cannot establish that shift length causes burnout. (b) Cohen’s d = 0.28 is a small
effect: the means of the two groups are about 0.28 standard deviations apart. (c)
Statistically significant but likely not clinically meaningful with d = 0.28 — a small
effect. (d) An RCT or natural experiment comparing nurses randomly assigned (or
quasi-randomly assigned by scheduling) to different shift lengths, with controlled
follow-up. Observational designs are insufficient to justify a policy change.

Section 15.2 Practice — Your Turn

1. (a) 9 — 6 is a relative reduction of (9 — 6)/9 = 33%. This is a relative measure;
the absolute reduction is 3 infections per quarter. (b) A reduction of 3 infections
in a 20-bed unit is a small absolute number. With counts this small, random
variation is large — one extra case next quarter would reverse the trend. (c) A
proportion test or Poisson rate comparison would be appropriate; the main issue
is that n = 9 and n = 6 are raw counts and confidence intervals would be very
wide. (d) Reaching 6 CAUTISs per quarter is still 3 times the benchmark rate of 2
per quarter — the improvement is real but the target has not been met.

2. (a) Yes, statistically significant at o = 0.05 since p = 0.04 < 0.05. (b) The CI
(0.1,6.3) is very wide, ranging from a trivial 0.1-point difference to a potentially
meaningful 6.3-point difference. The result is consistent with anywhere in that
range — the estimate is imprecise. (¢) A 3.2-point difference on a 100-point scale
is clinically debatable; the minimum clinically important difference (MCID) for
patient satisfaction tools is typically 5-10 points. (d) Threat: nurses who chose
training may differ systematically from those who did not — more motivated,
less burned out, with more supportive managers. A proper design would random-
ize units (not individuals) to training or control, with stratification on baseline
satisfaction.

Chapter Practice — Selected
Problem 1b: OR = 0.56 means the odds of readmission in the educated group were
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56% of the odds in the control group — a substantial reduction.

Problem 1d: ARR = 18.5% — 11.3% = 7.2 percentage points; NNT = 1/0.072 =~ 14.
Problem 2b: Point estimate: 5.2 — 5.9 = —0.7 days.

Problem 2d: From the t-test notation #(238): df = n; +ny — 2 =238, so N = 240.
Problem 4b: F =16.2/3.691 ~ 4.39 ~ 4.38 V.

Problem 4c: n? = 48.6/624.4 ~ 0.078 — medium effect.

Problem 5a: Adverse events (p = 0.041) and LOS (p = 0.009) are statistically signifi-
cant. Near-miss, satisfaction, and readmission are not.

Problem 5b: ARR = 14.4% — 8.3% = 6.1 percentage points; NNT = 1/0.061 ~ 16.
Problem 5d: Bonferroni-corrected o = 0.05/5 = 0.01. Only LOS (p = 0.009) survives.
Adverse events (p = 0.041 > 0.01) no longer significant under correction.
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Chapter 15 Summary

Section 15.1 — Anatomy of a Research Article
e Ask five questions before reading numbers: design, sample, primary outcome,
sample size adequacy, and statistical appropriateness.

e Study design determines causal claims: RCTs > cohort > case-control > cross-
sectional > case report.

e Absolute risk reduction (ARR) and NNT are more actionable than relative risk
alone.

e If the confidence interval for RR or OR includes 1, the result is not statistically
significant.
Section 15.2 — Common Statistical Errors and Misleading Presentations
e Relative vs. absolute risk: always ask “reduction from what baseline?”

e P-hacking: significant secondary outcomes from trials that failed their primary
endpoint require extreme caution.

e Underpowered studies: non-significant # no effect when n is small.

e Statistical significance # clinical significance: effect size and clinical context are
always required.

e Survivor bias and missing data: intention-to-treat analysis is the gold standard
for RCTs.

e Correlation is not causation: observational studies require adjustment for con-
founders.

The Nursing Connection
e Every clinical protocol, medication, and procedure at your hospital was validated
— or should have been — through research using the tools in this course.

e Your ability to read that research critically is a patient safety skill, not just an
academic one.

e Evidence-based practice requires three things: valid evidence, clinical judgment,
and patient values. Statistics provides the first; nursing provides the other two.

e The question is never just “is p < 0.057” — it is “does this number, in this study,
with these patients, tell me something I should act on?”
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Appendix A: Desmos Statistical Reference
Guide

Desmos (desmos.com/scientific) is your graphing calculator for this course.
All functions below work in the Desmos Scientific Calculator.

How to Use This Guide

Type each command exactly as shown into the Desmos expression bar. Replace values in
bold with your actual numbers. Desmos is case-sensitive: use lowercase for all distribution
names.

A.1 Normal Distribution

Task Desmos Command Chapter

Area to the left of x under N(u, o) normaldist(mu, sigma).cdf(x) 9

Area to the right of x 1 - normaldist(mu, sigma).cdf9x)

Area between a and b normaldist(mu, sigma).cdf(b) 9 normaldist(mu, sigma).cdf
Inverse: find = given left-tail area p  normaldist(mu, sigma).inverseddf (p)

Standard normal P(Z < z) normaldist(0,1) .cdf (z) 9,12

Standard normal inverse normaldist(0,1) .inversecdf (p)11

Common Mistake: o vs. SE

When working with individual values use o as the second argument. When working
with sample means, use SE = 0/4/n instead. Same command, different input.

Examples:
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e P(X <135) for N(120,15):  normaldist(120, 15).cdf(135) = 0.8413

o P(z <122) forn =25 u=120,0 =15, SE =3:  normaldist (120, 3).cdf(122)
= 0.7475

e 95th percentile of N(100,12): normaldist (100, 12).inversecdf(0.95) = 119.74

A.2 t-Distribution

Task Desmos Command Chapter
Left-tail area P(T < t) tdist(df) .cdf (t) 11, 12
Right-tail p-value 1 - tdist(df).cdf(t) 12
Two-tailed p-value 2%(1 - tdist(df).cdf(abs(t)))12, 13
Critical value t* for 95% CI tdist(df) .inversecdf(0.975) 11
Critical value t* for 90% CI tdist(df) .inversecdf(0.95) 11
Critical value t* for 99% CI tdist(df) .inversecdf(0.995) 11

Two-Tailed Critical Values

For a 95% CI, use inversecdf(0.975) , not inversecdf(0.95) . The 0.975 leaves 2.5%
in each tail, for a total of 5% outside the interval.

Examples:

o Left-tail p-value, t = —2.07, df = 39: tdist (39) .cdf (-2.07) = 0.023
e Right-tail p-value, t = 1.98, df = 24: 1 - tdist(24).cdf(1.98) =~ 0.030
e Two-tailed p-value, t = 2.45, df = 15: 2%(1 - tdist(15).cdf(2.45)) =~ 0.027

e t* for 95% CI, df = 29: tdist(29) .inversecdf (0.975) = 2.045

A.3 Chi-Square Distribution
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Task Desmos Command Chapter
Right-tail p-value P(x* > x) 1 - chisquaredist(df).cdf(x) 13
Left-tail area P(x? < ) chisquaredist(df) .cdf (x) 13

Note: Chi-square tests are always right-tailed. Use 1 - chisquaredist(df).cdf (value) .

Examples:

o P(x*>3.95),df =2: 1 - chisquaredist(2).cdf(3.95) = 0.139

e P(x*>20.05),df =2: 1 - chisquaredist(2).cdf(20.05) = 0.000

A.4  F-Distribution (ANOVA)

Task Desmos Command Chapter
Right-tail p-value P(F > x) 1 - fdist(df1l, df2).cdf(x) 14
Left-tail area fdist(df1, df2).cdf(x) 14

Note: Enter numerator df (k — 1) first, then denominator df (N — k). ANOVA p-values are
always right-tailed.

Examples:

o P(F >6.43),dfi =3,dfy =56: 1 - £fdist(3, 56).cdf(6.43) =~ 0.001

e P(F >42.7), df; =3, df; = 116: 1 - fdist(3, 116).cdf(42.7) ~ 0.000

A.5 Quick Reference: Critical Values
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Distribution 90% CI 95% CI 99% CI
Standard normal z* 1.645 1.960 2.576
t*, df =10 1.812 2.228 3.169
t*, df =20 1.725 2.086 2.845
t*, df =30 1.697 2.042 2.750
t*, df =40 1.684 2.021 2.704
t*, df =60 1.671 2.000 2.660
t*, df =120 1.658 1.980 2.617
t*, df = o0 1.645 1.960 2.576

A.6 Desmos for Sample Size and Proportions

Task Desmos Expression
SE for sample proportion sqrt (phat*(1-phat)/n)
SE for sample mean sigma/sqrt(n)

n for proportion, ME = F| z*, prior  ceil((1.96/E)"2 * phat * (1-phat))

p
n for mean, ME = F, z*, o ceil((1.96xsigma/E) "2)
Margin of error (95%, t-interval) tdist(df) .inversecdf (0.975) * s/sqrt(n)

Note: The ceil() function rounds up to the nearest integer. Always use it for sample size
calculations.

A.7 Exam-Day Checklist

Before pressing Enter in Desmos during an exam, ask yourself:

1. Individual or sample mean? Use o for individuals; o/+y/n (or s//n) for sample
means.

2. Which tail? Left-tail: use .cdf() directly. Right-tail: 1 - .cdf() . Two-tailed:
2%(1 - .cdf(abs(t))) .

3. Which critical value quantile? For 95% CI: inversecdf(0.975) . For 90%:
inversecdf (0.95) . For 99%: inversecdf(0.995) .
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. Correct distribution? Normal for z-tests and proportions; ¢ for means with unknown
o; chi-square for independence; F' for ANOVA.

. Correct degrees of freedom? t: n — 1 (one sample) or min(n; — 1,75 — 1) (two
sample). x%: (r—1)(c—1). F: (k—1,N — k).

289



Appendix B: Formula Sheet

This sheet may be provided on exams. All symbols are defined as used in the textbook.

B.1 Descriptive Statistics

Quantity Formula
Sample mean 7= 2 i

n

)2
Sample variance 52 = 2 (2 — 7)
n—1

Sample std. deviation s =52
Population mean = &

N

2

Population std. deviation o= Z<x}v 1)
z-score (individual) o

o

B.2 Probability
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Rule

Formula

Addition (general)

Addition (mutually exclu-
sive)
Multiplication (general)

Multiplication  (indepen-

dent)
Complement

Conditional

Binomial probability

Binomial mean

Binomial std. deviation

P(AUB)=P(A)+P(B)—P(ANDB)
P(AUB) = P(A)+ P(B)

P(ANB)=P(A)-P(B| A)
P(ANB)=P(A)- P(B)

P(A°) = 1 — P(A)

P(A| B) = PS;‘*(;;B)
PX =) = ()
ju=np

= /np(1 —p)

B.3 Sampling Distributions and the CLT
Quantity Formula
Standard error of x SE =0; = %
z-score for sample mean z = ToK
P ING
CLT (approximate normal- = ~ N (;z, i) for n > 30
ity) v
B.4 Confidence Intervals
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B.5

Interval Formula
Mean (o known, large n) T+ %
Mean (¢ wunknown, ¢ T4t i, df =n—1
interval) v

17
Proportion p+z* u

n

Margin of error ME=t--2 o ME=2"

Se

Jn

Critical values

2 = 1.645 (90%), 1.960 (95%), 2.576 (99%)

Sample size: mean

Sample size: proportion

NG
n= (Z J) (round up)

n= (%)215(1 ~5)  (round up)

Hypothesis Tests

Test

Test Statistic

One-sample z (mean, o
known)

One-sample ¢ (mean, o un-
known)

Paired t-test

Two-sample ¢ (independent)

One-sample z (proportion)

Two-sample z (proportions)

Chi-square (independence)

Z:f—ﬂo
a/\/n
T — Ho
t= df =n—1
o d=n
d
t=——, df=n-—1
Sd/\/ﬁ f
— («TI_I2> ’ df _ min(n1 .
/83 /ny + s3/ny
1, ng—l)
o P — Do
2 =
Veo(l—po)/n
P1— P2 -
y4 - — — 3 pC ==
VDe(1 = pe)(1/ny + 1/ns)
T+ T2
ni + No

2 = Z@ df = (r —1)(c — 1),

row total x col total

n
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B.6 ANOVA
Quantity Formula
nia_vi
Grand mean Zgrand = ZN
Between-group SS SSp = an T xgmnd , dfp=k—1
i
Within-group SS SSy = Z(nl —1)s?, dfw =N —k
i=1
o MSg SSp/dfp
F-statist F = =
statistic MSw ~ SSw/dfw
SSp
Effect si P
ect size "= S 1 S5,
B.7 Correlation and Regression
Quantity Formula
Pearson correlation = 2~ 2)(y: — )
(n—1)s,5,
Regression slope byp=r- %y
Sz
Regression intercept bp =1y — b
Predicted value 9y =by+ bix
Coefficient of determination R? = r?
B.8 Clinical Research Measures
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Measure

Formula

Relative risk

Absolute risk reduction

Number needed to treat

Odds ratio

P(outcomel|exposed)

RR =
P(outcome|unexposed)

ARR = Pcontrol — Ptreatment

1

NNT =27k
pl/(l —p1)

OR ="/~ 71
pz/(l —p2)

294



Appendix C: Statistical Tables

All values were computed to four decimal places. Use Desmos for values not listed here.

C.1 Standard Normal Distribution (Left-Tail Areas)

The table gives P(Z < z) — the area to the left of z under the standard normal curve.
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z

.00

.01

.02

.03

.04

.05

.06

07

.08

.09

—3.4
—-3.3
—3.2
-3.1
-3.0
—-2.9
—2.8
—2.7
—2.6
—2.5
—24
—-2.3
—2.2
—-2.1
—2.0
—-1.9
—1.8
—-1.7
—1.6
—1.5
—14
—-1.3
—-1.2
—1.1
—1.0
-0.9
-0.8
—0.7
—0.6
-0.5
—-0.4
-0.3
—0.2
—0.1
-0.0

.0003
.0005
.0007
.0010
.0013
.0019
.0026
.0035
.0047
.0062
.0082
.0107
.0139
0179
.0228
0287
.0359
.0446
.0548
.0668
.0808
.0968
1151
1357
1587
1841
2119
.2420
2743
3085
.3446
3821
4207
4602
.5000

.0003
.0005
.0007
.0009
.0013
.0018
.0025
.0034
.0045
.0060
.0080
.0104
.0136
0174
.0222
.0281
0351
.0436
0537
.0655
.0793
.0951
1131
1335
1562
1814
2090
2389
2709
.3050
.3409
3783
4168
4562
4960

.0003
.0005
.0006
.0009
.0013
.0018
.0024
.0033
.0044
.0059
.0078
.0102
0132
0170
0217
0274
.0344
.0427
.0526
.0643
0778
.0934
1112
1314
1539
1788
2061
2358
2676
3015
3372
3745
4129
4522
4920

.0003
.0004
.0006
.0009
.0012
.0017
.0023
.0032
.0043
0057
0075
.0099
.0129
.0166
0212
.0268
.0336
0418
0516
.0630
0764
.0918
1093
1292
1515
1762
2033
2327
2643
2981
.3336
3707
4090
4483
4880

.0003
.0004
.0006
.0008
.0012
.0016
.0023
.0031
.0041
.0055
0073
.0096
0125
.0162
0207
0262
.0329
.0409
.0505
0618
0749
.0901
1075
1271
1492
1736
2005
2296
2611
.2946
.3300
.3669
4052
4443
4840

.0003
.0004
.0006
.0008
.0011
.0016
.0022
.0030
.0040
.0054
.0071
.0094
0122
0158
.0202
.0256
0322
.0401
.0495
.0606
0735
.0885
1056
1251
.1469
711
1977
2266
2578
2912
.3264
3632
4013
4404
4801

.0003
.0004
.0006
.0008
.0011
.0015
.0021
.0029
.0039
.0052
.0069
.0091
.0119
.0154
.0197
.0250
.0314
.0392
.0485
.0594
0721
.0869
1038
1230
.1446
1685
.1949
.2236
.2546
2877
3228
3594
3974
4364
4761

.0003
.0004
.0005
.0008
.0011
.0015
.0021
.0028
.0038
.0051
.0068
.0089
.0116
.0150
.0192
.0244
.0307
.0384
0475
.0582
.0708
0853
1020
1210
1423
.1660
1922
.2206
2514
2843
3192
3557
.3936
4325
4721

.0003
.0004
.0005
.0007
.0010
.0014
.0020
.0027
.0037
.0049
.0066
.0087
0113
.0146
.0188
.0239
.0301
0375
.0465
0571
.0694
.0838
.1003
.1190
1401
1635
.1894
2177
2483
2810
3156
.3520
3897
4286
4681

.0002
.0003
.0005
.0007
.0010
.0014
.0019
.0026
.0036
.0048
.0064
.0084
.0110
.0143
.0183
.0233
.0294
.0367
.0455
.0559
.0681
0823
.0985
1170
1379
1611
1867
2148
2451
2776
3121
3483
.3859
4247
4641

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1

.5000
5398
5793
6179
.6554
6915
1257
7580
7881
.8159
8413
.8643

.5040
5438
5832
6217
.6591
.6950
7291
7611
7910
.8186
8438
.8665

.5080
5478
5871
6255
.6628
6985
71324
7642
7939
8212
8461
.8686

5120
5517
5910
.6293
.6664
7019
1357
7673
7967
8238
8485
8708

5160
5557
5948
6331
6700
7054
7389
7704

.8264
.8508
8729

5199
5596
5987
6368
6736
7088
7422
1734
8023
8289
8531
8749

5239
5636
.6026
.6406
6772
7123
7454
7764
.8051
8315
.8554
8770

5279
5675
.6064
.6443
.6808
1157
7486
7794
8078
.8340
8577
8790

5319
5714
.6103
.6480
.6844
7190
1517
71823
.8106
.8365
.8599
.8810

5359
5753
6141
6517
6879
1224
7549
7852
8133
.8389
8621
.8830
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C.2 t-Distribution Critical Values

Values shown are ¢t* such that P(T < t*) = p for the given df.
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‘ Upper-tail probability «

af ‘ 0.100 0.050 0.025  0.010  0.005 0.001 0.0005
| (Two-tailed confidence level: 80% 90% 95% 98% 99% 99.8% 99.9%)

113.078 6.314 12.706 31.821 63.657 318.309 636.619

21188 2920 4.303 6965 9.925  22.327 31.599

311638 2353 3.182 4541 5.841 10.215 12.924

411533 2132 2.776 3.747 4.604 7.173 8.610

51 1476 2015 2571 3.365 4.032 5.893 6.869

6 | 1.440 1.943 2447 3.143 3.707 5.208 5.959

711415 1.895 2365 2998 3499  4.785 5.408

811397 1.860 2.306 2.896 3.355  4.501 5.041

911383 1833 2262 2821 3.250 4.297 4.781
10 | 1.372 1.812 2228 2764 3.169 4.144 4.587
11 ] 1.363 1.796 2201 2.718 3.106 4.025 4.437
12 | 1.356 1.782 2.179 2.681 3.055  3.930 4.318
1311350 1.771 2160 2.650 3.012 3.852 4.221
14 1 1.345 1.761 2.145 2.624 2.977 3.787 4.140
15 ] 1.341 1.753 2.131  2.602  2.947 3.733 4.073
16 | 1.337 1.746 2.120 2583 2921 3.686 4.015
17 [ 1.333 1.740 2.110 2.567 2.898  3.646 3.965
18 11.330 1.734 2101  2.552  2.878 3.610 3.922
19 11.328 1.729 2.093 2539  2.861 3.579 3.883
20 | 1.325 1.725 2.086  2.528  2.845 3.552 3.850
21 | 1.323 1.721 2.080 2.518 2831 3.527 3.819
22 | 1.321 1.717v 2.074 2508 2819 3.505 3.792
231 1.319 1.714 2.069 2500 2.807  3.485 3.768
24 | 1.318 1.711 2.064 2492  2.797 3.467 3.745
25| 1.316 1.708 2.060 2485 2.787  3.450 3.725
26 | 1.315 1.706 2.056 2479  2.779 3.435 3.707
27 11314 1.703 2.052 2473 2.771 3.421 3.690
28 | 1.313 1.701 2.048 2467 2.763 3.408 3.674
29 | 1.311 1.699 2.045 2462 2.756 3.396 3.699
30 | 1.310 1.697 2.042 2457  2.750 3.385 3.646
40 | 1.303 1.684 2.021 2423 2.704 3.307 3.551
50 [ 1.299 1.676 2.009 2.403 2.678 3.261 3.496
60 | 1.296 1.671 2.000 2.390 2.660  3.232 3.460
80 | 1.292 1.664 1.990 2.374  2.639 3.195 3.416
100 | 1.290 1.660 1.984 2.364 2.626 3.174 3.390
120 | 1.289 1.658 1.980 2.358 2.617  3.160 3.373
oo | 1.282 1.645 1.960 2.326 2.576 3.090 3.291
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C.3 Chi-Square Distribution Critical Values

Values shown are x2 such that P(x? > x2) = « (right-tail area).

df | =010 a=005 a=0025 a=0.01

1 2.706 3.841 5.024 6.635
2] 4.605 5.991 7.378 9.210
3| 6.251 7.815 9.348 11.345
4| 7.779 9.488 11.143 13.277
51 9.236 11.070 12.833 15.086
6
7
8

10.645 12.592 14.449 16.812
12.017 14.067 16.013 18.475
13.362 15.507 17.535 20.090

9| 14.684 16.919 19.023 21.666
10 | 15.987 18.307 20.483 23.209
11| 17.275 19.675 21.920 24.725
12 | 18.549 21.026 23.337 26.217
13 ] 19.812 22.362 24.736 27.688
14 | 21.064 23.685 26.119 29.141
15 | 22.307 24.996 27.488 30.578
16 | 23.542 26.296 28.845 32.000
171 24.769 27.587 30.191 33.409
18 | 25.989 28.869 31.526 34.805
19 | 27.204 30.144 32.852 36.191
20 | 28.412 31.410 34.170 37.566
25 | 34.382 37.652 40.646 44.314
30 | 40.256 43.773 46.979 50.892

C.4  F-Distribution Critical Values (a = 0.05)

Values shown are Fj o5 such that P(F > Fyo5) = 0.05.
Rows = dfwithin (df2), Columns = df pepween (dfi =k — 1).
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df\dfy | 1 2 3 4 5 6 8 10

11161.4 199.5 215.7 224.6 230.2 234.0 2389 241.9
2| 1851 19.00 19.16 19.25 19.30 19.33 19.37 19.40
311013 955 928 912 9.01 894 88 879
41 771 694 659 639 626 6.16 6.04 596
5] 6.61 579 541 519 505 495 482 474
6
7
8

0.99 514 476 453 439 428 415 4.06
5.9 474 435 412 397 387 373 3.64
5.32 446 407 384 369 358 344 335
91 512 426 38 363 348 337 323 314
10| 496 410 3.71 348 333 322 3.07 298
12| 475 389 349 326 3.11 3.00 28 275
151 454 3.68 329 3.06 290 279 264 254
20| 435 349 3.10 287 271 260 245 2.35
241 426 340 3.01 278 262 251 236 225
30| 417 332 292 2,69 253 242 227 2.16
40 | 4.08 323 284 2,61 245 234 218 2.08
60 | 4.00 3.15 276 253 237 225 210 1.99
120 | 3.92 3.07 268 245 229 217 202 191
o | 3.8 300 260 237 221 210 194 1.83
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Glossary of Key Terms

Terms are listed alphabetically. Chapter references indicate where each term is first introduced.

Alternative hypothesis (H,)
The research claim being tested; contains a strict inequality (<, >, or #). Evi-

dence against H, constitutes evidence for H,. Ch.
12

ANOVA (Analysis of Variance)
A method for comparing means across three or more groups simultaneously using
a single F-test, avoiding inflation of the Type I error rate from multiple compar-

isons. Ch.
14

Bar graph
A graphical display for categorical data showing counts or proportions as rectan-
gular bars of equal width. Ch.
4

Bias A systematic error in data collection or analysis that causes estimates to consis-
tently over- or underestimate the true value. Ch.
2

Binomial distribution
The probability distribution for the number of successes in n independent trials,
each with the same probability p of success. Ch. 8

Boxplot A graphical display of five-number summary (min, ¢;, median, 3, max), useful
for comparing distributions and identifying outliers. Ch. 4

Central Limit Theorem (CLT)
For any population with mean g and finite standard deviation o, the sampling

distribution of Z is approximately normal for sufficiently large n (n > 30). Ch.
10
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Chi-square test
A hypothesis test for independence between two categorical variables in a contin-
gency table, using the statistic x? = >_(0 — F)?/E. Ch.
13

Cluster sampling
A sampling method in which the population is divided into groups (clusters);
a random sample of clusters is selected and all members of chosen clusters are
surveyed. Ch. 3

Coefficient of determination (R?)
The proportion of variability in the response variable explained by the linear
regression model; equals 72 Ch. 6

Confidence interval
A range of plausible values for a population parameter, constructed so that the
procedure captures the true value at the stated confidence level (e.g., 95%) in
repeated sampling. Ch. 11

Confounding variable
A variable associated with both the explanatory variable and the response variable
that can distort the apparent relationship between them. Ch. 2

Continuous variable
A quantitative variable that can take any value in an interval; measured rather
than counted. Ch. 1

Control group
In an experiment, the group that receives no treatment or the standard treatment,
used as a baseline for comparison. Ch. 2

Convenience sample
A non-probability sample composed of individuals who are easy to reach; prone
to bias and not representative of the population. Ch. 3

Correlation coefficient ()
A measure of the strength and direction of the linear relationship between two
quantitative variables; ranges from —1 to 1. Ch. 6

Critical value
The threshold value of a test statistic (z* or t*) that separates the rejection region
from the non-rejection region; also used to construct confidence intervals.  Ch.
11, 12
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Degrees of freedom (df)
A parameter that determines the shape of ¢-; chi-square, and F-distributions;
generally related to sample size minus the number of estimated parameters. Ch.
11-14

Discrete variable
A quantitative variable that takes only countable values (e.g., number of patients).

Ch. 1

Effect size
A standardized measure of the practical magnitude of an effect, independent of
sample size; examples include Cohen’s d, n?, and relative risk. Ch. 12, 14, 15

Expected value
The long-run average outcome of a random variable; for a discrete variable,
EX)=> z -P(X =ux). Ch. 8

Experimental study
A study in which the researcher randomly assigns subjects to treatments and
observes outcomes; the only design that can establish causation. Ch. 2

F-statistic
The ratio MSpewween/M Swithin in ANOVA; large values indicate the between-
group variation exceeds within-group variation, providing evidence against Hj.

Ch. 14

Five-number summary
The minimum, first quartile (Q);), median, third quartile (()3), and maximum of
a data set. Ch. 5

Frequency distribution
A table displaying the count (frequency) or proportion (relative frequency) of

observations in each category or class interval. Ch. 4
Histogram

A graphical display of the distribution of a quantitative variable, using adjacent

bars whose heights represent frequencies or relative frequencies. Ch. 4

Hypothesis test
A formal statistical procedure for evaluating evidence against a null hypothesis,
yielding a p-value and a reject /fail-to-reject decision. Ch. 12

Independent events
Two events A and B are independent if P(AN B) = P(A) - P(B); the occurrence
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of one does not affect the probability of the other. Ch. 7

Inferential statistics
Methods for drawing conclusions about a population based on data from a sample.
Ch. 1

Interquartile range (IQR)
The difference Q3 — @1; measures the spread of the middle 50% of the data and
is resistant to outliers. Ch. 5

Least-squares regression line
The line y = by + byz that minimizes the sum of squared residuals; the “best fit”
line for predicting y from x. Ch. 6

Level of measurement
The type of information encoded by a variable: nominal (categories), ordinal
(ordered categories), interval (equal spacing, no true zero), or ratio (equal spacing
with true zero). Ch. 1

Lurking variable
A variable not included in the analysis that may affect the relationship between
the variables under study. Ch. 6

Margin of error (ME)
Half the width of a confidence interval; measures the precision of the estimate.
Ch. 11

Mean (Z or )
The arithmetic average; the sum of all values divided by the number of values.

Ch. 5
Median The middle value in an ordered data set; resistant to outliers. Ch. 5
Mode The most frequently occurring value in a data set. Ch. 5

Mutually exclusive events
Events that cannot occur simultaneously; P(AN B) = 0. Ch. 7

Normal distribution
A symmetric, bell-shaped probability distribution completely described by its
mean g and standard deviation o; the most important distribution in statistics.
Ch. 9
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Number needed to treat (NNT)
The number of patients who must receive a treatment to prevent one additional
adverse outcome; NNT = 1/ARR. Smaller NNT values indicate a more effective
intervention. Ch. 15

Null hypothesis (H)
The default claim of no effect, no difference, or no change; always contains an
equality. Ch. 12

Observational study
A study in which the researcher observes subjects without intervention; cannot
establish causation due to potential confounding. Ch. 2

Outlier An observation that lies far from the other values; may indicate a measurement
error or a genuinely unusual case. Ch. 5

Odds ratio (OR)
The ratio of the odds of an outcome in one group to the odds in another; used in
case-control studies and logistic regression. OR =~ RR when the outcome is rare

(< 10%). Ch. 15

Paired ¢-test
A one-sample t-test applied to the differences d; = x1; — x9; for matched pairs or

before-after measurements. Ch. 13
Parameter

A numerical summary of a population (e.g., u, o, p); typically unknown and

estimated from sample data. Ch. 1
Percentile

A value below which a given percentage of observations fall; the kth percentile

has k% of the data below it. Ch. 5

P-value The probability of obtaining a test statistic as extreme as or more extreme than
the observed value, assuming Hj is true; smaller values constitute stronger evi-
dence against H,. Ch.
12

Point estimate
A single value used to estimate a population parameter (e.g., T estimates p). Ch.

11

Population
The entire group of individuals or objects of interest in a study. Ch. 1
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Power  The probability that a hypothesis test correctly rejects a false null hypothesis;

equals 1 — f3. Ch. 12
Probability

A number between 0 and 1 expressing the long-run relative frequency of an event.

Ch. 7

Qualitative variable

A variable that classifies subjects into categories; also called a categorical variable.
Ch. 1

Quantitative variable
A variable that takes numerical values for which arithmetic operations make sense.

Ch. 1

Random sample
A sample in which every member of the population has a known, non-zero prob-
ability of being selected. Ch.
3

Randomized controlled trial (RCT)
An experimental study in which subjects are randomly assigned to treatment and
control groups; the gold standard for establishing causation. Ch. 2, 15

Range  The difference between the maximum and minimum values; a simple but non-

resistant measure of spread. Ch.
5

Regression line
See Least-squares regression line. Ch. 6

Relative risk (RR)
The ratio of the probability of an outcome in the exposed group to the probability
in the unexposed group; RR = 1 means no difference. Ch. 15

Residual The difference between an observed value and its predicted value in regression:
e=y—4. Ch. 6

Sample A subset of the population selected for study. Ch. 1
Sampling distribution

The probability distribution of a statistic (e.g., Z) over all possible samples of size
n from a population. Ch. 10
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Sampling variability
The natural variation in a statistic from sample to sample due to random selection.

Ch. 10

Scatterplot
A graphical display showing the relationship between two quantitative variables;
each point represents one observation. Ch. 6

Significance level («)
The threshold probability below which a p-value is considered small enough to
reject Hy; typically o = 0.05. Ch. 12

Simple random sample (SRS)
A sample in which every possible sample of size n has an equal probability of

being selected. Ch. 3
Skewness

A measure of asymmetry in a distribution; right-skewed distributions have a long

tail to the right, left-skewed to the left. Ch. 4

Standard deviation
The square root of the variance; measures spread in the original units of the data.

Ch. 5

Standard error (SE)
The standard deviation of a sampling distribution; for z: SE = o/+/n. Measures
how much a sample statistic varies from sample to sample. Ch. 10

Standard normal distribution
A normal distribution with g = 0 and ¢ = 1; denoted N(0,1) or Z. Ch. 9

Statistic A numerical summary of a sample (e.g., Z, s, p); used to estimate population
parameters. Ch. 1

Statistical significance
A result is statistically significant at level « if the p-value < «; does not imply
clinical or practical importance. Ch. 12

Stratified sampling
A sampling method in which the population is divided into strata (subgroups)

and a random sample is drawn from each stratum. Ch. 3

Systematic sampling
A sampling method in which subjects are selected at regular intervals (every kth
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individual) from an ordered list. Ch. 3

t-distribution
A family of symmetric, bell-shaped distributions with heavier tails than the nor-
mal; used when ¢ is unknown and estimated by s; parameterized by degrees of

freedom. Ch. 11
Treatment

In an experiment, the condition or intervention assigned to subjects by the re-

searcher. Ch.

2

Type I error
Rejecting Hy when it is actually true (false positive); probability equals ov. Ch.
12

Type II error
Failing to reject Hy when it is actually false (false negative); probability equals

B. Ch. 12
Undercoverage

A form of bias in which some members of the population have no chance of being

selected into the sample. Ch. 3
Variance

The average of the squared deviations from the mean; s*> = > (z; — z)*/(n — 1)

for a sample. Ch. 5

Voluntary response sample
A sample composed of individuals who choose to respond; typically biased toward
strong opinions. Ch. 3

z-score  The number of standard deviations an observation lies above (positive) or below
(negative) the mean: z = (z — u)/o. Ch. 9

308



	Preface
	The Story Behind the Numbers
	What Is Statistics and Why Should a Nurse Care?
	What Kind of Data Are We Working With?
	Levels of Measurement
	Chapter Practice Problems
	Answer Key

	How We Know What We Know: Study Design
	Observational Studies vs. Experiments
	The Structure of a Well-Designed Experiment
	Types of Observational Studies
	Chapter Practice Problems
	Answer Key

	Collecting Good Data: Sampling
	Why Sampling Matters
	Five Sampling Methods
	Sources of Bias in Sampling
	Chapter Practice Problems
	Answer Key

	Describing Data Visually
	Organizing Data: Frequency Distributions
	Graphs for Qualitative Data: Bar Charts and Pie Charts
	Graphs for Quantitative Data: Histograms and More
	Chapter Practice Problems
	Answer Key

	Describing Data Numerically
	Measures of Center: Mean, Median, and Mode
	Measures of Spread: Range, Standard Deviation, and IQR
	The Five-Number Summary, Boxplots, and Z-Scores
	Chapter Practice Problems
	Answer Key

	Correlation and Linear Regression
	Scatter Plots and Correlation
	The Least-Squares Regression Line
	Chapter Practice Problems
	Answer Key

	Introduction to Probability
	Probability Basics and the Addition Rule
	Conditional Probability and the Multiplication Rule
	Chapter Practice Problems
	Answer Key

	Probability Distributions
	Discrete Probability Distributions
	The Binomial Distribution
	Chapter Practice Problems
	Answer Key

	The Normal Distribution
	Properties of the Normal Distribution
	Finding Probabilities and Values Under the Normal Curve
	Chapter Practice Problems
	Answer Key

	The Central Limit Theorem
	Sampling Distributions and the Standard Error
	Applying the Central Limit Theorem
	Chapter Practice Problems
	Answer Key

	Confidence Intervals
	Confidence Intervals for a Mean
	Confidence Intervals for a Proportion and Sample Size
	Chapter Practice Problems
	Answer Key

	Hypothesis Testing: The Logic
	The Logic of Hypothesis Testing
	Performing Hypothesis Tests
	Chapter Practice Problems
	Answer Key

	Hypothesis Testing: In Practice
	Comparing Two Groups: t-Tests and Proportion Tests
	The Chi-Square Test for Independence
	Chapter Practice Problems
	Answer Key

	Comparing Groups: ANOVA
	The Logic of ANOVA
	Interpreting ANOVA in Clinical Research
	Chapter Practice Problems
	Answer Key

	Reading the Research
	Anatomy of a Research Article
	Common Statistical Errors and Misleading Presentations
	Chapter Practice Problems
	Answer Key

	Appendix A: Desmos Statistical Reference Guide
	How to Use This Guide
	A.1 Normal Distribution
	A.2 t-Distribution
	A.3 Chi-Square Distribution
	A.4 F-Distribution
	A.5 Quick Reference: Critical Values
	A.6 Sample Size and Proportions
	A.7 Exam-Day Checklist

	Appendix B: Formula Sheet
	B.1 Descriptive Statistics
	B.2 Probability
	B.3 Sampling Distributions and CLT
	B.4 Confidence Intervals
	B.5 Hypothesis Tests
	B.6 ANOVA
	B.7 Correlation and Regression
	B.8 Clinical Research Measures

	Appendix C: Statistical Tables
	C.1 Standard Normal Table
	C.2 t-Distribution Critical Values
	C.3 Chi-Square Critical Values
	C.4 F Critical Values

	Glossary of Key Terms

