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It is very difficult to have any ‘feeling’ for a set of numerical measurements

unless we can summarize the data in a meaningful way.

* We can also condense the information by providing measures that describe
the important characteristics of the data.

* The arithmetic mean (average) is a general term for a measure of location,; it

describes a typical measurement for data centeredness.
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1. The arithmetic mean
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* The arithmetic mean, often simply called the mean, of a set of values is
calculated by adding up all the values and dividing this sum by the number of
values in the set.

* |t is useful to be able to summarize this verbal description by an algebraic

formula.
\__ J
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1. The arithmetic mean
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* Using mathematical notation, we write our set of n observations of a variable, x,

as Xy, Xy, X3, «eey X,..
* For example, x might represent an individual’s height (cm), so that x, represents

the height of the first individual, and X; represents the height of the it" individual,

etc.

 We can write the formula for the arithmetic mean of the observations, which is

. — XX, X3+ + X,
- written X and pronounced ‘x bar’, as: X =" ; y
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* If we arrange our data in order of magnitude, starting with the smallest value

and ending with the largest value, then the median is the middle value of this

ordered set.

 The median divides the ordered values into two halves, with an equal number of

values both above and below it.

\_ W,




(‘

MIDOCEA

UNIVERSITY

Chapter

2. The median
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It is easy to calculate the median if the number of observations, n, is odd.

It is the (n + 1)/2t" observation in the ordered set after ordering the data set in
either an ascending or descending way.

So, for example, if n = 11, then the median is the (11 + 1)/2 = 12/2 = 6th

observation in the ordered set.
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2. The median
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* If n is even then, we usually calculate it as the arithmetic mean of the two
middle observations in the ordered set (i.e. the n/2th and the (n/2 + 1) th).
* So, for example, if n = 20, the median is the arithmetic mean of the 20/2 = 10t

and the (20/2) + 1) = (10 + 1) = 11th observations in the ordered set.
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2. The median
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* If n is even then, we usually calculate it as the arithmetic mean of the two
middle observations in the ordered set (i.e. the n/2th and the (n/2 + 1)th).
* So, for example, if n = 20, the median is the arithmetic mean of the 20/2 = 10t

and the (20/2) + 1) = (10 + 1) = 11th observations in the ordered set.
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g 03 .
1,3,3,.6, 7,8, 8
Median = 6
-]121 SI 4|-'5'p Ei, E‘,E}
Median = (4 +5)+2
= 4.5

Y,
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« The mode is the value that occurs most frequently in a data set.
* Some data sets do not have a mode because each value only occurs once.

« When two or more values occur with the same highest frequency, they are
referred to as modes (Bimodal or Multimodal).

 We rarely use the mode as a summary measure.




Chapter
03 3. The mode
Definition
Mode of For non-numerical data, the mode
Categorical is the measure of central tendency
Data to use.
Example:
A bar graph of the
' categorical
) variables of ice
cream
; preferences.
Vanilla Strawberry Chocolate
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Pros. & Cons.
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Type of
measure

Advantages | Disadvantages

e Use all the data values
Mean e Algebraically defined so, * Distorted by outliers
mathematically manageable

Median | + Not distorted by outliers | * Ignores most of the datal

categorical data

Mode | * Easily determined for the | * |gnores most of the data|
),

\Z
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* We can provide two summary measures of a continuous variable:
one indicating the 'average' and the other describing the 'spread’
of observations.

* Then we have condensed the data in a meaningful way.
(summarized data).

 Main measures of spread (dispersion) are: (Range, Interquartile

Range (IQR), Variance, Standard deviation).



S 1. The Range
I
highest
()19, 20, 24, 25,(28)

lowes+t
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* To calculate the IQR, the data set is divided into quartiles, or four rank-ordered even

parts.

 These quartiles are denoted by Q1 (also called the lower quartile)
, Q2 (the median), and Q3 (also called the upper quartile).

* The lower quartile corresponds with the 25th percentile and the upper quartile

corresponds with the 75th percentile, so IQR = Q3 - Q1.



https://en.wikipedia.org/wiki/Median
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Lower halilf Upper half

-~ - -
. - -~

[as. a7 52, 52, 53, 55 56, 58, 62, 80 |

Median
1. Even number of 53 + 55
observations - > = 549
Q, =52 Q, =58
Interquartile Range =Q - Q, =58-52 =6

Q=L
dd number of med
: Oobs:rvati:rn; = ‘ ’@’ S ? " 'O
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sample YVariance Sample Standard Deviation
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Calculating Variance & Standard Deviation
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H. Subtract the mean $from

every data value

Survey 1

1. Add your data and divide

to find the mean value (mu) \
N

\3. chua.r‘e. t’:}‘te.

/ previous column

z | z—p | (x—p)?

3 —4 16

7 0 0

6 —1 1

8 1 1

11 4 16

35 | 7Zotal 34 < Y. fAddd up this column
=7

5. Caleulate V ariance and

Z(m - ”')2 34 261 Standard Deviation
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Pros. & Cons.
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Type of
measure

Advantages Disadvantages

Uses only two observations

Range e Easy determined : :

8 Y * Distorted by outliers
Variance e Uses every observation * Sensitive to outliers
Standard e Uses every observation
DEvEra * Sensitive to outliers

Easily interpreted
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Talghorks | Freepency Score(x)  TallyMarks  Frequency (f)
W 13 | 2
14 | i
A I ; L I ;
| | 2 HNTHE
L {7 Ll 6
i | 3 Tota 25
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» Medication Error Reduction Program:

A healthcare system wants to evaluate the effectiveness of
a program to reduce medication errors in its pharmacy

department over six months.
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Month Total Prescriptions

Medication Errors

Error Rate (%)

Jan. 10,000 30 0.30%
Feb. 11,500 25 0.22%
Mar. 12,000 28 0.23%
Apr. 11,000 18 0.16%
May 12,500 15 0.12%
June 13,000 10 0.08%

N
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Analyses Synchronisation Resize Data Insert Remove

Y | & Month | 4 Total Prescriptions | 4~ Number of Medication Erors | 4 Error Rate (%)

1 | Jan. 10000 30 03

2 | Feb. 11500 25 022

3 | Mar 12000 28 023

4 | Apr. 11000 18 016

5 | May 12500 15 012

6 | June 13000 10 0.08
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EditData | Descripives = T-Tests|  ANOVA  Mixed Models
¥
Y & Month | 47 Total Pret Descriptive Statistics  idication Emmors | 4 Error Rate (%)
1| Jan 10000 Raincloud Plots 03
Time Series Descriptives
2 | Feb. 11500 Flexplot 022
3 | Mar 12000 28 023
4 | Apr 11000 18 0.16
5 | May 12500 15 0.12
6 | June 13000 10 0.08
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v Descriptive Statistics

&, Month
4 Error Rate (%)

[-]

(RI - MONi

Variables

4" Total Prescriptions
4" Number of Medication Errors




|| Transpose descriptives table

| ¥ Statistics
Sample size Quantiles
Valid || Quartiles
Missing || Cut paints for: equal groups

Central tendency
Mode
Median
Mean

Dispersion
Std. deviation

|| MAD

| AR

| | Range
Maximum

|| Coeficient of variation
| MAD robust

|| Variance

Minimum

|| Percentiles: :]

Distributicn
| | Skewness
|| Kurtosis
| Shapiro-Wilk test
|| Bum




Results
Descriptive Statistics
Descriptive Stafitcs

Vaid  Mesging  Mode Median ~ Mean  Std. Deviaon  Mnimum — Maiimum
Toial Prescriptions i 0 10000.000= 11750000 11666667 1080123 10000000 13000.000
Number of Medication Erors i 0 0000+ 20500 200 7499 10000 30000

*The mode is computed assuming that variables are discreet
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» Descriptive Statistics Applied:
 Mean and Median Error Rate: To track progress over time.
* Error Rate Trend: Monthly percentage reduction in errors.
* Proportion of errors to prescriptions: Relative to the workload.

» Request Additional frequency distribution for 126 medication error

incidents categorized by error types:




@ Jasp
=T -] T v

L] W T . —u__

= O " R ES

A

Analyses Synchronisation Resize Data Insert Remove

Y | & Month | 4 Total Prescriptions | 4~ Number of Medication Erors | 4 Error Rate (%)

1 | Jan. 10000 30 03

2 | Feb. 11500 25 022

3 | Mar 12000 28 023

4 | Apr. 11000 18 016

5 | May 12500 15 012

6 | June 13000 10 0.08
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Edit Data

Descriptives

(CAUsers\hesham.metwall\Desktop)
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T-Tests

& Medication Error Type

+

Wrong Dose Administered. . .

Incorrect Medication Given

Wrong Time of Administration

Wrong Time of Administration

Incorrect Route of Administration. . . .

Wrong Patient. . .. ..........

-Jmm-hmm—-‘|||

Wrong Time of Administration




@ SAFASDFSDAF*  (C:\Users\hesham.metwalli\Desktop)

= |l L

Edit Data Descriptives T-Tests

W B b

ANOVA Mixed Models  Regression

v Descriptive Statistics

Transpose descriptives table I

0000

Variables
I &, Medication Error Type I

Split




Results

Descriptive Statistics

Descripfive Stafisiics

Medication Error Type

WValid 126
Missing (1]
Mean

Std. Deviation

Minimum

Maximum

Frequency Tables

Frequencies for Medication Ermmar Type

Medication Error Type Frequency Percent Valid Percent Cumulative Percent

Wrong Dose Administered. . . ... ... 32 25397 25.397 25397
Incorrect Medication Given. .. . ... 25 19.841 19.841 45 238
Wrong Time of Administration. . . _ .. 18 14 285 14. 286 59.524
Incorrect Route of Administration. . _ . 14 11111 11111 70.635
Wrong Patient. . .. ... 9 7.143 7143 TT.778
Omitted Medication. . . .. . . . 18 14 288 14 286 92 063
Medication Given Without Prescription_ . 10 T7.837 7837 100.000
Missing 1] 0.000

Total 126 100.000
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» Decision Making:

. Scale the program to other departments like surgery and inpatient wards.

. Provide additional training and improve communication between pharmacists

The descriptive statistics show a significant reduction in the medication error
rate from 0.30% to 0.08%. The management concludes that the error

reduction program is effective. They decide to:

and prescribers, since the results are promising but could still be improved.
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> Staffing Optimization in an Outpatient Clinic:

* An outpatient clinic is experiencing long patient waiting
times, which impacts patient satisfaction. The clinic's
management aims to optimize staffing levels by analyzing

patient flow and waiting time data.
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Analyses Synchronisation Resize Data Insert

Y | J PatientNo. | & Waiting time (minutes) | 4" Satisfaction Score (%)
1|1 15

2 |2 63 75

3 |3 14 91

4 |4 32 75

5 |5 22 81

6 |6 24 69

7 |7 15 85

8 |8 36 20

o |9 35 77

10 | 10 24 91
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Descriptive Statistics

Descrhpiive Stafisfics

YWvraiting time (minutes)

walid 100
Mlissing 0
Mode 24 000=
Median 28 000
hean F2.100
Std. Dewviation 18 238
Minimum 14 000
Mlasinmum A0, 000

= The mode is computed assuming that
variaboles are discrest.
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» Descriptive Statistics Applied:
* Mean Waiting Time: l|dentifies the busiest hours with the
longest waits.
* Mean & Median Patient Satisfaction Scores: Used to gauge
patient perception based on wait times.
reported

» Request Additional frequency distribution for patients’

complaints:

\_
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Analyses Synchroni:

&% Service Complaints

Rushed Consultations

Rushed Consultations

Inadequate seating/waiting

Foor Staff

Slow processing by staff

Difficulty Scheduling

Inadequate seatingfwaiting

mm-qmm-hmm—-""

Rushed Consultations




Results

Descriptive Statistics

Descriptive Sfafisfics

Service Complaints

Valid

Missing

hean

Std. Deviation
Minimum
Maximum

130
0

Frequency Tables

Freqguencies for Service Compiaints

Service Complaints Freguency Percent Valid Percent Cumulative Percent
Inadequate seatingiwaiting 44 33.846 33.848 333846
Rushed Consultations 32 24615 24.615 58.462
Poor Staff 20 15.385 15.385 73.846
Slow processing by staff 17 13.077 13.077 86.923
Difficulty Scheduling 17 13.077 13.077 100000
Missing 0 0.000
Total 130 100.000
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» Decision Making:

. Increase staffing during peak hours to reduce waiting times.

. Introduce an appointment scheduling system to smooth outpatient arrivals and

The clinic notices a peak in patient arrivals between 9 AM and 11 AM, with
waiting times significantly increasing during those hours. The analysis
suggests a clear relationship between low staff nhumbers and longer wait

times. Management decides to:

prevent overcrowding.
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 Key statistical tools for measuring central tendency are the mean, median, mode.

« Key statistical tools for measuring dispersion are the range, interquartile range (IQR),
variance, and standard deviation.

 Key statistical tools for analyzing frequencies are the frequency distribution and frequency
table.

* In healthcare decision-making, these statistical tools are crucial for data analysis, trend

identification, and informed decisions to improve patient care and efficiency.
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