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Define Phase
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Problem Statement
● Due to the global pandemic of COVID-19, Lots of people suffered from infection and death. The first 

problem is vaccine availability. Most developed countries have completed 2nd dose even booster 
shots, while some third world countries didn’t have enough vaccine for first dose. 

● Second problem is vaccine quality. From different companies, vaccines have different protection rates. 
The third problem is the vaccine transportation issue. Right now only a few countries can make 
COVID-19 vaccines, how to quickly and safely deliver those vaccines to countries without vaccine 
development ability is a vital issue. Due to environmental sensitivity of the vaccine, it can only be 
stored in cold temperatures,  which means the transportation must have a functional cooling system 
within the whole trip of delivery. 

● Furthermore, the vaccine only has a short time to keep its potency, which means once the vaccine 
arrives at its destination, it must be quickly spread to the local health department for vaccination. 
Sending too many vaccines in a single time will cause waste if they don't allocate them properly. When 
we talk about the allocation of vaccines, the amount of medical personnel is another problem. 

● If a country doesn't have enough doctors who can properly allocate and inject the COVID-19 vaccine 
to the citizens, it may cause more serious problems.

● We focused on three areas
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Brainstorming
Populations at Risk Before Response After

Elderly Low vaccination rate Hire and train new 

personnel

Proper documentation

Sick High costs Effective transportation Public perception

Poor Low public knowledge Public Information 

Campaigns 

Updated training

Isolated No transportation/ 

supply network

Research and study 

lowers costs

Biased people Need training Effective Clinics

3rd World Countries Low staffing
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Flow Chart
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Organization Chart
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COPQ Analysis (Cost of Poor Quality)
● Internal/External

○ Vaccine 
Development 

○ Vaccine 
Transportation 

○ Vaccine Storage 

○ Vaccine Allocation

○ Vaccine Injection 

○ Post Injection Screen
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Affinity Diagram
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Fishbone Chart
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The Fishbone or Ishikawa 
chart



Quality Assessment 

● Vaccine Distribution and Effectiveness
● Public Health Issues
● Unclear or Poorly kept Documentation
● Miscommunication
● Extensive Public Health Codes and Regulations
● Issues with Refrigeration Failure

○ Storage and Transportation 
● Lack or Loss of Resources 

○ Transport Vehicles, Medical Staff, 
Storage, Funds

● Political and Social Issues 

● Request/Increase budget to acquire more 
resources 

○ Backup resources such as generators or 
extra personnel as well as overtime 
ability

● A centralized database and headquarters for 
keeping accurate records of all organizational 
activity

● Expedite shipping routes so vaccines stay on the 
trucks or planes for less time 

○ (Refrigeration)
● Ads that direct people where to go and how to 

get the vaccine 
○ (Political/Social Media)

● Create rules and plans for public and personnel 
safety in clinics 

○ (Health codes)
● Invest in better or more refrigerators to mitigate 

number of doses wasted 
● Develop an in depth communication system

Issues Diagnosis Temporary and Permanent 
Solutions
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Root Cause Analysis

1. Workshops, Public Outreach, Social Media Campaigns
2. Continued Research, Government Policies, 
3. Improved Logistics, More Manufacturing Sites, More Vaccination Centers
4. Travel Restrictions, Vaccination Mandates
5. Diplomatic pacts, Better International Relations
6. Vaccine Mandates
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Improvements

Measures to Assess Improvements 

● Implementing a better records system will allow the organization to better track who is effectively 
receiving the vaccine and which nations or communities need further assessment and change

● Track who gets the virus after the vaccine and what their symptoms are to measure if more research 
needs to be done

● Check to make sure that the number of vaccinated people keeps increasing at a sufficient rate

Sustainable Improvements

● According to the assessment above, apply necessary changes to the organization

● Ensure that the areas where vaccination rates are lower get increased analysis or funding so that the 

rates go up
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Measure Phase
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Process Capability
● Focus on Vaccine injection time per person.
● Avoiding long wait line, decrease possibilities of cross infection 
● Original Plan: 25- 35 min/person
● Including record check, disinfection, injection, post-injection monitoring
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Updated process capability

● With better training for medical personnel, the process time become more stable with 
mean time 30 mins and with standard deviation of 2.

● Still not good enough
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Final Update
● Leave more time in case of emergency
● Process time slot become 25-40 min/person
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Analysis Phase
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Design Of Experiments

For our vaccine allocation, we want to reach the monthly vaccination rate to 20% for a country, which
means we can set our target response to 20%, with the LSL and USL from 10% to 30%. Right now we
only reach 15.84% per month.

Factor definitions

A. Medical Staff – A lower score in this factor could be due to short staffing, overstaffing
or poor training, while a higher score would suggest an optimized number of workers and better
training
B. Transportation – A higher grade for transportation would denote the largest number of
vaccines reaching the targeted destinations on time and intact
C. Storage – Storage pretrains to the keeping and documentation of the vaccines where a
lower score could be obtained by refrigerator malfunctionFactor Low High Units Range Midpoint Val(+

)

Val(-)

Staff 40 100 Personnel per Site 60 70 1 -1

Transportation 400 950 Vehicles 550 675 1 -1

Storage 500,000 4,000,000 Units of Vaccines 3,500,000 2,250,000 1 -1
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DOE Data
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Regression Equation

● We want our response close to 20,  which is our Target value
● We can change the number of medical staff and number of trucks easily
● Unit of vaccines are hard to change, limited by storage capacity
● A = 0.3, B = 0.3, C = 0 
● Response = 19.9912
● Based on our response, we got Cpm = 1.311. Process capable
● We can calculate our real value of factors
● We need 79 Medical Staff at each vaccination site, 758 Trucks per day and 

Storage facilities which capable of storing 2,250,000 vaccines per day
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QFD (House of Quality)
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● Higher score means higher 
priority

● Empty Box means no relation
● Higher CTQ Score means most 

important aspect
● We had no negative correlations
● Competitor box shows how we 

measure against others



FMEA
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FTA
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Improvement
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Lean Manufacturing

1. Developing essential medicines list

2.  Partnering with the national academies

3.  Partnering with the interagency

4.  Advancing manufacturing capabilities

5.  Creating a rating system for quality management maturity (QMM)

6.  Detecting and Managing Supply chain disruptions

7.  Allocating and distributing pharmaceuticals

8.  Stopping unlawful Products

9.  Coordinating Vaccine Supply Chain with industry
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Value Stream Map

● Focusing on three different factors
- Transportation
- Personnel
- Vaccine Allocation. 

● By improving these three aspects we hope to improve the 
process and increase the vaccination rate in all communities, no 
matter how different or remote

● Make a matrix, parallely run tasks.
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Current VSM
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Future 
VSM
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FUTURE VSM

● Use Takt time;  T = Ta/D
● Bottlenecks avoided
● Reduce queue time

FUTURE PLANS OF US GOVT:

1. Work with global partners

2.  Expand manufacturing capacity

3.  Leverage Data
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Control Phase
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Acceptance Sampling Plan

OPERATING  CHARACTERISTIC ( OC ) CURVE : -

● AN  OPERATING CHARACTERISTIC ( OC ) CURVE  IS A PROBABILITY CURVE FOR A SAMPLING PLAN 
THAT SHOWS THE PROBABILITY OF ACCEPTING LOTS WITH VARIOUS LOT QUALITY LEVELS (% 
DEFECTIVES).

● WE USED ACCEPTANCE SAMPLING METHOD AS IT ALLOWS US TO DETERMINE THE QUALITY OF A 
VACCINE BY SELECTING A SPECIFIED NUMBER FOR TESTING.
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Nomogram
By using Nomogram with our 
AQL and LTPD, we can find 
the intersection point of the 
two lines and project the 
point to sample size axis and 
number of occurrence axis to 
find our sampling plan.

Sample Size(n) = 55
Occurrences(c) = 

8

Total Truck (N) = 950
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ANSI Table
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Gage R&R

● Vaccine Protection Rate Measurement
○ Allows us to identify what proportion of the variation for our data is caused by the actual 

variation of what is measured and the variation due to the measuring device.
○ Our group uses gage R&R to evaluate the effectiveness of our vaccine protection rate and the 

quality of our system measuring that rate.
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Gage R&R (Crossed)
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Gage R&R (Nested)
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Gage R&R– Appraisers
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Control Chart

● An X-bar and R (range) chart used with processes that have a subgroup size of 
two or more. The standard chart for variables data, X-bar and R charts can tell if a 
process is stable and predictable.

● The p-chart is used to monitor the proportion of nonconforming units in a sample, 
where the sample proportion nonconforming the ratio of the number of 
nonconforming units to the sample size.

● The c-chart is a control chart used to monitor "count"-type data, typically total 
number of defects per unit.

● Here, we are considering the control charts of X bar, Percent defective and 
No. of defective in the samples, for vaccine delivering trucks, and the 
acceptable limits for the vaccines produced itself. 
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X-Bar Charts
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Normal distribution



P Charts
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Binomial Distribution



C Chart
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Poisson Distribution



Reliability

● The probability that a device will function according to its specifications
● Based on our project, the refrigerator is the key factor to keep vaccine potency.
● It is necessary to figure out the reliability of refrigerator

Three Test Methods:

● Complete Sample
● Failure Censored
● Time Censored
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Complete Sample
● Complete 15 sample to test until all of them 

failed
● Cost too much time and Money

Confidence Interval for Mean time to Failure (MTTF):

Confidence Interval for Failure Rate (FR):

FR = 1/MTTF

Confidence Bound: 
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Failure Censored

● Truncated at 3rd failure
● Not cost much time
● We don’t know when the remaining 

units fail

Confidence Interval for Reliability: R

R (T) = exp(-T * FR)
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Time Censored

● Limited Time failure test
● Never know when units still working 

after limited time.
● Limited test time: 500 hours
● Complete sample test give us highest 

reliability. 
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Conclusion 

In this project, we used different quality engineering methods. By Using Different  methods we 
Analyze the problems and improve our project. 

● The Flow Chart visually displays the sequence of activities of  vaccine storage and transportation. 
● The Organization chart let us to know about production of vaccine and distribution of vaccine.
● By COPQ and affinity diagram we get to know about the problems in the vaccine transportation 

and storage. 
● Process capabilities indicates the statistical quality control of vaccine. 
● Design of Experiment helps us in planning , conducting , analyzing and interpreting controlled tests 

to evaluate the factors.
● The FMEA leads the Vaccination project to the right path.
● Value stream map(VSM) helps us to improve the vaccine transportation, vaccine allocation process 

and make our allocation faster and more efficient. 
● By Applying sampling plan we can sort out the factors that we need to improve in Vaccine 

transportation.  
● We also find a way to calculate the reliability of our equipment. 

From this project, we can visually see the improvement of our vaccine allocation procedure.
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