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Abstract

Six Sigma DMAIC is a methodologysed by business organizations to improve their processes by controlling and reducing
variation. I n this project, an attempt is made to apply
diabetic children in primary schools. At firgt,pilot test was conducted to identify and prove the existengmbfem The

results revealed that 45% of teachers did not know the symptoms of hypoglycemia where 20% of them faced more than 6 cases
of diabetic pupils in the schools. Voice of the Custo(W®©C) was then gained through a parent survey. The Critical to Quality

(CTQ) was then identified as well as the Define Phase wa
was measured by distributing a knowledge test and theselstovered that the performance level is 57.7%. Therefore, the
team decided to focus on increasing teacherds awareness

(QFD) and Failure Mode Effect Analysis (FMEA) were implementedoitih bhe Analyze and Measure phases, then the most
effective improvements were identified. An educational awareness program was then conducted to introduce teachers to the
most important information required to handle a diabetic child. Subsequently, daaitwedge test was distributed to identify

the improvements in the scores of the teachersrdsdts revealed that the awareness level increased from 57.7% to 89.9%,

and DPMO reduced from 476190 to 238095. Finally, the Control Phase was cortipletgt introducing an action plan that

would maintain the improvements made for more years to come.
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1. Introduction

Ourjob as engineers is to ensure the safety of the children by implementing our knowledge learned in the past few years
studying engineering into the project like Probability and Statistics in Engineering, Work Analysis and Design Il, Quality
Control, and SixGigma and Quality Managemeriihe methodology of sksigma is contributed greatly to our project as we
aim to increase teacherds knowledge regarding the lkiabet
gained throughout thergject by using the survey and a knowledge test for teachers. Finally, going through the five phases of
DMAIC; the group members were able to find the most appropriate solution in order to maintairoaiemédd school
atmosphere. As the school atmosghsupports the children's condition the rest of the project goals will fall into place.

2. Background

Six-sigma is a wetknown approach used to reduce the variations in the Voice of customer and the voice of Process. Six
Sigma aimsto eliminate he def ects in a certain process to successful
sigma project is developed there will exist approximately zero defects 0.0000008. Bill Smith, at 1984, a Motorola engineer
created and developed sixsigma nagement systems to decrease the variati
processes for him to be able to eliminate or decrease the number of defects that occur in their products. Sinsgthan six
became one of the best approaches anypeomwould seek to in order for it to improve its system or products (Rouse&
McLaughlin 2007).
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Diabetes is a common If#eng term health condition where the amount of glucose in the blood is not stable depending on the
patient condition. Children at agaader twelve with diabetes need adults who are able to take care of them and help them in
order to meet their treatment either at home or at school. There exist three different types of diabetes. Diabetiampatents ¢
either typeone dialetes or typéwo diabetes. Typédiabetes is an autoimmune disease that attacks the pancreas and destroys
the betacells;therefore the body will stop producing insulin forever. However,-tyjp@the most common type of diabetes in

which the pancreas does produceallims yet the body fails to use it properly. In addition, hypoglycemia and hyperglycemia

are two main effects of diabetes both have different symptoms and can occur at any time during the day. Hypoglycemia happens
when glucose levels are too low. On theesthand, hyperglycemia is high blood sugar, it happens when the body aaeno

the insulin in the bloodOsborn, 2017)

3. Literature Review

Many papers were reviewed about diabetes and its types. Additionally, Six Sigma with has been successfuligtadplem
in different sectors and has been accomplished in many projects. The project team reviewed many papers that implement Six
Sigma with DMAIC phases by covering 3 sectors of Six Sigma which are manufacturing sector, health sector, and Six Sigma
in servce sector.

Brorsson, Viklund, Ortgvis, and Olinder in 2014, started their work by investigating therdogg effects on the
gl ycaemiao at the end of the study for the CSII shows a
BMI group, and decreased the number of severe hypoglycemic events, but the frequency of ketoacidosis increased (Brorsson,
Viklund, Ortqvist& Olinder, 2015. Furthermore, different engineers usedsggma to measure the relationship between
diabetes and some ethfactors such as habitual sleAp a result, the researcher found that " there was a significant difference
between T2DM and healthy controls in nocturnal sleep duration (p =0.033) and no significant difference in daytime sleepiness
and daytime naps beeen the T2DM and control groups (p = 0.452; p = 0.581, respective Al Jaju, AtSinani, Al
Mamari, Albarwani, AlResadi, Bayoumi, Hassan, &-Alashmi, 2016). Another case reviewed and explaincaedf practices
among people withype-two diabets in Addis AbabaAccording toWahido andBerhane (2017); "patients generally lack
proper information/knowledge regarding the importance ofck and how it should be implemented”(p.1).

Six Sigma with DMAIC method was applied to reduce the rejection rate of the engine mounting bracket (EMB) by reducing
the defects in the process. Accordingkimushik (2011)," Sixsigma within smal and mediurrsized enterprises (SMES) is
rapidly emergingas the new wave of change in-sigma" (p.107). As a result sigma level increased to 5.24 with a DPMO
level of 0.08. Moreover, Dhiraj and Deepak aimed to decrease the product scrap in the position manufacturing organization.
The scrap reduction decreaseri 9.9% to %, DPMO from 99,000 to 50,000. Furthermore," the sigma level was improved
from 2.86 to 3.2 and the yield was improved from 90.1% to 95% "(DKigapeepakK, 2015).

Six Sigma was used in different ways and different companies to produceraybetjualified service that will satisfy the
customer.Al Muhareb and Grahasones apply six sigma in King Khaled International Airport to improve the quality of
service.As resultsfiThe KKIA is operated in a high and important sector as it is constactiye while there are several
businesses and ser vi c(alduharéb&Grahamiands20i4hFudhargdre, sixtsigma@m@plie@ in the
bank to improve the banking service, the authors found that the service cost more than pardheisnst/ing the speed of
service quality the resultghey eliminate waste of waiting time for opening an account, modifies business cultures and creates
the infrastructure to initiate and sustain greater performance and profitafhtlikwun, & Kao-Shan2010).

A case study from the King Fahad University Hospital, Saudi Arabia was reviewed. The goal was fixed as to reduce
medication errors in an outpatient pharmacy b%20 ( Al Kuwai ti, 2016, p.267) . They 1
labeled thesigma level change from 3.35 to be 4.08 and PPM change from 32,000 to 5,000 (Al KuwaitiAROtEgr authors
used to improving a hospital discharge proc&bgy reached results which are reducing the discharge average time from 3.3
to 2.8 hand"missing chart data was reduced by 62%, when prescriptions of debatable relevance were not included, a 79%
reductiorf (Allen.T, Tseng.S, Swanson.K& McClay. M, 2010, p.19).

4. Obijective of the Study

The objective of the study is improving the teacher's awars s | ev e | by 30 %. By i mprovi
awareness the satisfaction of the parents, will be gained successfully and the project will accomplish its goal. Theilthildren
be provided by a safe environment during school hours and parelie \aible to settle down and believe that their children
are within safe hands. The teachers will have efficient knowledge to handle any situation that the diabetic child would suffe
from and will be have the ability to respond in an accurate way.
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5. DMAIC Methodology Implementation

A. Define Phase

Today the numbers of diabetic children have increased in Kuwait, yet schools are considered to be any diabetic child
parentés fear. The problem is that t e adHhowtosspand accuraelytopr op
an incident in which a student suffers from a hypoglycemic atfBiokrefore, 35% of children are affected by diabetes in
Kuwait, according to Dr. Kazefehbahan{Albasha, 2014).

The define phase consist of Project Chai@aillecting Voice of Customers (VOCIdentifying the Critical to Quality
(CTQ) and Process Mapping.

x  Problem Statement

The project team created a pilot study to accurately identify the problem statement. The pilot test distributed among primary
schoolsteacherdn Kuwait and it proved that 55% of teachers were not aware of the symptoms of diabetes while 20% of
teachers faced at least 6 cases of emergency diabetic emergency cases. However, 14% of teachers take no action towards
child that suffers frommemergency reaction due to diabetes. On the other hand, 43% of teachers simply call the nurse and
leave the child suffer until the nurse arrives. Teachers are not acknowledged about the procedure and principles af handling
diabetic student. Ifweigner t hi s problem; the health of studentds that

x Project Charter

The project charter is a document that contains a summary of the most important information about the project. The
project charter helps thgroject team to introduce the project vision and objectives. As well as, it contributes greatly to
providing the organizational structure for the proggitshown in Fablel].

Tablel: Project Charter

Project Charter

Project Tittle: Applying Six Sigma to Increases teacher Awareness Regarding to Diabetic childern in
Primary Schools

Problem statement Project Team
In kuwait 35 % of children suffered from type-I Shaikha AlDaboos, Industrial Engineering Student
diabeties Layali Al Dhefeeri, Industrial Engineering Student
Objective Fatemah Al Juhaim, Industrial Engineering Student

Rawan Al Shatti, Indusrtial Engineering Student
Project Objective focuses on increasing the | Alaa Khalaf, Indusrtial Engineering Student

knowledge of teachers regarding diabetic children Support Personels
by 30% Mohammad Al-Bahar: Diabetes Type | motivator
Project Scope Mohammad Al-Jeemaz: Professor in Six Sigma

Baraka Bint Yassar Primary School

Miss. Wafaa AlShammaeri, Principal Assistant
Project scope focuses on teachers in primary

schools in Kuwait. The project aims to increase the

amount of teachers awareness regarding diabetic [piabetes Parents

Dar Al-Shifa hospital: Clinical Die-titian Rasha Barkoni

children. Dasman Diabetes Institute
Kuwait Diabetes Society
Kuwait Blue Circle
Approaches Project Leader
Six Sigma ( DMAIC) Dr.Walid Smew
Starting Date Estimate Completion Date
5/2/2017 31/12/2017
Project Milestones 1 2 3 4 5
Description : Define Measure Analyze Improve Control
Date 10/4/2017 [19/9/2017 23/10/2017 1/11/2017 16/12/2017
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x Collecting of the VOC

Our customers are parents of diabetic children. The VOC was collected by distributing a survey questionnaire among
parents of diabetichildren.The purpose of the survey is to identify the needs of parents from teachers and what leads to their
satisfaction and happine$¥arent's survey is used to illustrate the parents' needs and their priorities that they want from teachers
towards the children. The survey basically included different statements and the parents were asked to choose the most
important priority by using a scale (H: High, M: Moderate, L: Low). Pareto chart was constructed by listing the high priority
and by counting theumber of (H) in the priority list as it shovim[Figurel]. The statements included in the survey were like:

1 S1:Having background about diabetes.

1 S2:Teacher's reaction during hypoglycemia.

1 S3:Allowing diabetic pupil to participate in school activities.

1 S4:Teachers should be prepared in providing student with reliable support and supervise.

1 Sb5:Be able to identify diabetic pupil.

1 S6:Insure pupil eat all their meals specially lunch and snacks.

1 S7:Able to aware and understand the emergency cases according to glucose level.

1 S8:Keeping records for parents.

1 S9:If the pupil suffered from hypoglycemia during exam they should give him/her extra time to be able to
complete the exam.

1 S10:Allow pupil to access the bathroom and water if necessary.

I S1I Escorting the diabetic pupil to the bathroom.

Pareto Chart of Priority
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Figurel: Pareto Chart

x ldentifying Critical to Quality Characteristics (CTQ)

After collecting the VOC these characteristics will be used in quality function deployment to apply the improvement by
translating them into attributes in the analyze phaseording to this projedty satisfying and accomplishing the most important
statements the team will be able to solve 80% of the problem by focusing on the following:

S9:If the pupil suffered from hypoglycemia during exam they should give him/her extra time to be able toetmaplet
exam.

S2:Teacher's reaction during hypoglycemia.

S1:Having background about diabetes.

S6: Insure pupil eat all their meals specially lunch and snacks.

S11 Escorting the diabetic pupil to the bathroom.



Proceedings of thinternationalConference oindustrial Engineering and Operations Management
Paris, France July 26-27, 2018

x Process Mapping
A process map describes th&iee process that a certain object or individual being studied goes th{&imgire?],

is a graphic process map that allow to understanding the current teacher reaction during a hypoglycaemia attack. At first,
the student attends school in the morning and then the student is also required to stand in the schools' assembly line. After
that, thestudents attend his classes. During the classes, if the students have hypoglycaemia attack, the teacher will take
action. The teacher either takes unplanned random action such as giving him pieces of chocolate or calling the ambulance
or calling the nurseThe unplannedandrandom action may affect the child's health negatively. Calling the ambulance
might take a long time till it arrives at the school. The best solution of these three reactions was calling the natse to che

the glucose level.
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Figure2: Process Map of current t

B. Measure Phase
The measure phase was conducted to identify the current amount of knowledge the teachers have. Therefore, a knowledge

test was directed and distributed among teachers in primary schools. The baseline evaluation was then determined to identify
the currentigma level.

x Teacher Knowledge Test
The teacheré6s knowledge test was established based on

phase. It contains eleven questions that transl ate paren
1 What is diabetes?
1 What are the symptoms of diabetes?
1 Whatis the cause if the hypoglycemia?

The test was distributed between teacheBairaka Bint Yassar girl's primary scho®he scores were then conducted by
the team members that corrected thest@sigure3], shows the results of the scores obtained wherérénd line in red colour
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represents the mean average score. On the other haadd, t
below 57.7 % represents the defects of the test; because they are below the average score.

[Figure4], displays the summary report for the test scores obtained as histogram then created along with tret @urve t
fixed to it, which exist no outliers in the box plot. Furthermoreafue is equal to 0.115, which is above 0.08. The results
indicate that the scores are normally distributed (for 92% confidence interval) and through that the team will caaplete th
evaluation of the current process. As conclusionnthan averagawareness level of the teachers is equalrt@ %.

Teacher's Score obtained %

mm €St score % —Average Score
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S
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<
S 60 -
e
S 40 -
L o
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1 35 7 9111315171921232527293133353739414345474951535557596163
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Figure3: plot of score obtained vs. Teacher. No

Summary Report for test Score

Anderson-Darling Normality Test
A-Squared 0.60
P-Value 0.115
Mean 57.698
StDev 23.311
Variance 543.408
Skewness -0.100239
Kurtosis -0.643065
N 63
Minimum 10.000
1st Quartile 40.000
Median 60.000
3rd Quartile 80.000
Maximum 100.000

92% Confidence Interval for Mean
52.471 62.926

92% Confidence Interval for Median
50.000 69.369

} 92% Confidence Interval for StDev
20.172 27.688

92% Confidence Intervals

Mean - } e |

Median - I ° |

50 55 60 65 70

Figure4: Score Report Summary
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x Baseline Evaluation

The calculations of the baseline evalwuation in terms of
follows:
1 Total number of teachers surveyed (oopportunities) = 63
1 Average test Score= 57.698
1 Number of scores on or above the average score €33
1 Number of scores below the average score-(tkfects)= 30
1 DPO (d/0)=(30/63) = 0.476190
1 DPMO = (d/0)*1000000 = 476190
1 Yield %=52.38%
1 For the calculated DPMO, the currentSigma Rating= 1.55

C. Analyze Phase

Through the analyze phase the project team analyzed the results gained from the teacher knowledge test. Failure Mode
Effect Analysis was then used to determine the risks associated with the possible impravdoremier, Quality Function
Deployment first level was used to evaluate the critical to quality points and to find the most effective improvemanitithat co
be made.

x Quality Function Deployment (QFD) First Level
QFD is helping the team to identify customeruiegments parentsijn order for the project teameet theimeeds and gain
their satisfactionThe customer needs are identified in the define phaG8@st o0 r epr e s e n-axispasd thewvdr a t 6 s :
translated into specific plans to produce a well osfini ent e
( Ho wob-axis). [Pfgure 5], represent quality function deployment first lev&@he (Howd s :-axisX are defined after
brainstorming session with team and stakeholders to be able to reach parent satifecfiomts are demonstrated betlow
Monitor food of diabetic pupil.
Guide books introduce ways and actions that need to be taken.
Diabets workshops for pupil.
Create parent committee.
Teacherdéds workshops.
Events and carnivals celebrating the world diabetes day.
Introducing healthy meals to the cafeteria.
Psychological support.
Insure diabetic pupil wearing identification card.

=4 =4 =4 =4 -4 -8 -8 -89

x Failure Mode Effect Analysis (FMEA)

FMEA is used to focuses on the failure that might happdahe futureand detect the risk by calculatifjsk Priority
Number RPN). Failuresaredefined as the most important and highest priorities which are identified th@kigfirst level.
The highest priorities are the ones with the highest total therefore

I Teachers reaction towards hypoglycemia 185
1 Having a background about diabetes 135

The severity was then selectida scale of 1 to 10 where 1 represehts lowest severity, and 10 represent the highest
severity.The occurrence was then selected in also a scale of 1 t010 where 1 represents the occurrence severityeaadt10 re
the highest occurrenc&he Detectability rate was then identified with irgethe highest while 10 is considered as the lowest
detectability [Figure6]; represent the FMEA of the process.
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Having background about diabetes. 5 H M H L 135
Teacher's reaction during hypoglycemia. 5 H H M 185
Allowing diabetic pupi.l to participate in school 3 H M M H H
activities. 123
Teachers should be prepared in providing
student with reliable hands-on support and 3 M H H
supervise. 78
Be able to identify diabetic pupils 3 H 33
Insure diabetic pupils eat all their meals 5 H M
specially lunch and snacks. 75
Able t d understand th
e to aware an u.n erstand the emergency 1 M H M
cases according to glucose level. 19
Keep records for parents 3 M 12
If thepupil suffered from hypoglycemia during
exam they should give him/her extra timeto be | 5 H
able to complete the exam.
55
Allow pupil to access the bathroom and water if
3 H H
necessary. 66
Escorting the diabetic pupil to the bathroom. 1 M 4
Total 55 147 33 44 154 12 25 133 182 785
Relative Weight (Priority) 7.01% | 18.73% | 4.20% 5.61% 19.62% 1.53% 3.18% 16.94% | 23.18%

Figure5: Quality Function Deployment first level

The relationship matrix represents the following:
1 H: High relationship between customer expectation and process requirement. (H=11)
1 M : Medium relationship between customer expectation and process requirement.( M=4)
1 L: Low relationship between customer expectation and process requirement. (L=1)

The results show that the highest priority of process requirements gained the highest percentage of the relative weight
which is 23.18% and represents insuring diabetic studesta r an i denti fication card. Whi
workshop has a relative weight of 19.62%.

D. Improve Phase
The improve phase is used to list all the potential solutions to meet the process improvement. QFD second level, FMEA
for improvement, update baseline evaluation and improvement implementation (process map) were used.

x  QFD Second Level
Quality function deployment second level is created it to meet the process needs for implementing improvements of
the process which are repemtedin [Figure7]. The pr ocess needs -arxeipsr)e s eanntd -atish e( WhHac
represent the process requirensetimplement the improvements and they are the following:
1 Provide supervisor to a group of diabetic pupils
1 Anassembly in which a diabetes professional familiarize individual about diabetes and how to deal with emergency
cases.
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1 Involve diabetes organizations in school exciting events and create pupil activities
1 Adding a selection of fruits and vegetables to the cafeteria.
1 Schools provide life coach that will meet with diabetic pupils and enhance their personality.

The resulshows thathe most effectivstatemenbn the system improvemeisti An assembl y in which
professional familiarize individual about diabetes and
process improvements to me et parentc‘)s expectations.

Process Potential Failure y & > . Q - 2

o w
Step Modo Potential Failure Effect w Potential Causes 8 Current Control a8 e
Don’t attend workshop 8 Keep attend'ance rec‘ord., e 5 | 360
" affect their accreditation
Cannot recognize emergency 9
No concentration in
7 N 4 | 252
Teacher No Background workshop one &
Reactions about Diabetes Pupil long-ti
:':‘Loz';fio:’:e 10 | Never leave pupil without action 3 | 300
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Figure6: Failure Mode Effect Analysis
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Psychological support. 3 M H 45
Insure diabetic pupils
W e 5 H 55
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Total 66 145 55 44 44 354
Relative Weight (Priority) 18.64% 40.96% 15.54% 12.43% 12.43%

Figure7: Quality Function Deployment second level
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x  FMEA (improvement)
Failure mode effect analyses for the improve phase is created to reduce tpgorisk numbers based on the
recommended actions and to detect any potential failures. By detecting those failures the project team will be ab&eo elimin
the failures by creating recommended actions to avoid tfieigure 8], representhe FMEA andthe results show thahé
ARPNO of teacherd6s reactions was 360 and it reduced to b
the exact way. Moreover, i de n t50 if tiye sahaokphoeide isupervisdrsutal take tare R P N ¢

individual diabetic student.

Figure8: Failure Mode Effect Analyses (Improvement)

x Teachers Knowledge Test
The team conducteh educational awareness program for 3 days with D&haffén Hospital in Baraka Bint Yassar
girlés primary school. The program was about diabetes, h
to deal with diabetic pupils. The sartest was distributed between teachffggure 9], represents the results test scored after
the programthe green bars are the defects and the blue bars are the opportunities the mean average is in red baasdch incre
to 89.9 %.
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Figure9: Plot of Retest score obtained vs. Teacher. No



