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ABSTRACT 
Quality assurance is an industrial engineering disciphe which focuses on providing 

confidence that the requirements for quaiity are met. Producers of goods and services must assure 

theu customers of the qudity of products and services provided. 1x1 light of this fact, university 

education is no exception. Interested parties, such as the govanmen& Lidustry and society in 

general, want confidence that the students wili have the required howledge when they graduate, 

that cuttingedge courses and programs are offered, and that new laiowledge is created in research. 

To provide such confidence to the employers of graduates and the general public, professional 

institutions have introduced nationai accreditation of university programs. However, there is aIso a 

need to assure customers internationalIy of the quality of educational and research services being 

provided locally. 

Such quality assurance efforts at an international level have been addressed with the 

introduction of the ISO 9000 Standards. The standards were developed by qudity professionais 

onginating rnainiy fiom the industrial sector, and provide a h e w o r k  for developing quality 

systems, as well as rnaking quality efforts visible to customen. The impact of the standards world- 

wide has been so extensive that it is now virtually impossible to bid for international manuficturing 

contracts if a cornpany is not ISO 9000 registered. The tirne when universities encounter a similar 

situation is rapidly approaching. An established ISO 9000 quality system in the university today 

wilI pioneer the quality assurance efforts the cornpetition ~111 undoubtedly face tomorrow. 

This thesis examines quality assurance issues in university education. Models of the 

qudity system and the university system are developed and integrated to aIlow for the 

interpretation, documentation and Mplementation of the ISO 9001 standard in a university. These 

rnodels facilitate the harmonization of quality assurance and management systems, as well as the 

integration with environmental, safety and other management systems. Quality control and 

Unprovernent of the teaching process and leaming outcornes are supported by various Statistical 

Process Control techniques. The goal to achieve a zero-defect output is set, and a process to 

achieve this goal is described, and is supported by a case study. Quality characteristics of 

univenity's products are developed in the modified Analytic Hierarchy Process framework. These 

characteristics can be used to monitor, control and continuously improve ducational and research 

quality. 
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CHAPTER ONE 

INTRODUCTION 

In the last decade or so, the quality of university education has become a subject of 

major concem. Students, their families, companies the graduates will work for, university 

professors and staff, the government and politicians, al1 have interests and stakes here. 

Numerous programs have been started to improve quaiity, Total Quality Management 

(TQM) being an example. Govemmental and professional institutions have introduced the 

accreditation of university programs, in order to provide for the standardization at a 

national level. For instance, the Canadian Engineering Accreditation Board (CEAB) 

performs accreditation of engineering programs in Canada. Undoubtedly, incredible effon, 

money, human and other resources are put fonh. However, many questions remain to be 

asked and thought of 'What does quality in education mean?', 'How can universities 

assure the general public of the quality of educational services provided?', 'How can 

universities improve quality?'. This thesis will focus on the issues of  quality assurance in a 

university environment. 

1.1 OUALITY AS SURANCE AND OUALITY SYSTEM 

Quality assurance provides confidence to customers that requirements for quality 

are met. In other words, quality assurance consists of rnethods and activities used to 

assure the customer of the quality of products and services provided. Quality is a 

dimension of a product, a totality of features and characteristics of a product that bear on 

its ability to satisQ needs and requirements (ISO 8402, 1994). Other dimensions or 

characteristics of a product include cost, ergonornic characteristics, health and safety 

factors, ability for recycling and so on. 

Manufactunng a product means that certain new characteristics are added to the 

raw material, such as its shape, material and size. In a similar fashion, cenain 'quality 

characteristics' are created, such as durability, maintainability and usability. Like 

manufacturing, quality assurance is a p l a ~ e d ,  designed, controlled and continuously 



improving process. If the output of production is the product or service, the output of 

quaiity assurance is the satisfaction of customer requirements and specifications on a 

continuous basis. In other words, quality assurance is a means to achieve the end result of 

satisfying the customer. In this thesis, the term "product" encompasses both tangible 

(material and hardware) and intangible goods (service and software). 

In order to create a product or service, we need a process that will transform 

inputs, such as customer requirements and Company objectives into outputs, Le. produas. 

We also need resources, such as materiai, information and people. Together, these 

elements form aprduction m e m .  To create quality, we also need a system. This system 

is often referred to as the qr~aIity system. The quality system c m  be defined as a set of 

interde pendent processes that function hannoniously, using various resources to achieve 

objectives related to meeting customer requirements (Karapetrovic and Willborn, 1998A). 

Much of the current literature views the quality system as an independent entity, created 

solely for the purpose of meeting and surpassing customer requirements, without 

o b s e ~ n g  the links with other systems, such as environmental management, accounting or 

manufacturing. Another problem is the perceived dichotomy between quality assurance 

and quality management systems. Some authors, even quality pioneers such as Juran (in 

Stratton, 1993), Crosby (1 997) or Deming (1994) claim that, unlike quality management, 

quality assurance does not address improvement of quality. Juran even goes further, 

claiming that there is nothing in quality assurance about meeting the customer needs! 

(Stratton, 1993). These problems and concems are largely due to the unclear stmcture of 

forefront quality assurance models, such as ISO 9000, as well as a lack of understanding 

of the underlying system concept (Karapetrovic and Willborn, 1998A). This thesis will 

attempt to develop a fiamework to address these issues. 

1 -2 UNIVERSITY SYSTEM 

A quality system, as outlined in the previous section, is a subsystem of a larger, 

production system. This is apparent because the quality system creates certain quality 

characteristics, which represent one of many sets of product charactenstics, created in the 

production system. Developing both the quality and production systems requires 



knowledge of the produa market, customers, product and process characteristics, 

suppliers and so on. While this is a known fact for manufacturing organhtions, 

educational institutions have rarely, if ever, Mewed themseives as a production system in 

the past. However, since the quality of univenity education has become a subject of major 

concem, it has become evident that universities wi11 have to embark on systematic quality 

assurance efforts if they want to survive in the global educational market. The same 

concems that continue to worry manufacturers, such as market uncertainty and 

cornpetition, now are knocking at university's doors. Luckily, industrial and system 

engineering can assist in facing these problems. 

Viewing the university as a system means the identification of university's products 

and senrices, customers and suppliers, as well as teaching, leaming and research processes. 

This approach has emerged only recently, and is presented mainiy in quality and industriai 

engineering literature (Black, 1996; Evans and Lindsay, 1996; Sirvanci, 1996; 

Karapetrovic et al., 1997A). It provides a possibility for a systernatic development of a 

quality assurance system, such as ISO 9001, in the university environment, as well as 

continuous improvement of educational and research activities. Chapter 4 of this thesis 

provides a detailed conceptualization of the University System. 

1.3 OUALITY ASSURANCE (ISO 9000') IN THE UNIVERSITY 

The need for implementing quality assurance programs has induced several studies 

on the applicability of the world-renowned ISO 9000 standards in education (Lewis and 

Smith, 1994; Willbom, 1994; Doheny, 1995A). The standards, written by quality 

professionals and engineers fiom large manufacturing companies, present a number of 

requirements for registenng a quality system of an organization for the purpose of quality 

assurance. Although the standards are generic, rneaning that they have been successfully 

applied not only in manufacturing organizations, but also in services, health care and small 

business, an interpretation of the standards for educational institutions is required. The 

majonty of interpretations available in literature, however, do not consider ail elements of 

the ISO 9001 standard (the most comprehensive quality system model) direaly applicable 

to education. For instance, Lewis and Smith (1994) consider that only twelve out of 



twenty elements are applicable. Also, interpretations are not based on either the quality 

system or production system concepts, missing important benefits of a registered 

university quality syst em and controlied teaching, learning and research processes. 

Some of the benefits of developing an ISO 9001 quality system for a university 

include: 

providing confidence to the students, industry, govemment and society, as well as the 

university and faculty management that the requirements for quality are continuously met 

unarnbiguous definition of the responsibility and authority of al1 perrons involved in 

t eachinglieaming/research 

adequate determination of the customer requirements for quality, 

adequate documentation of prograrn/course design activities and output 

teaching, learning and research process control 

internai quality audits for raising and resolving practical problerns 

effective marketing tool 

advantages in national and international accreditation, such as CEAB and ABET 

integration with other emerging management systems, such as environment and safety 

However, an ISO 9001 quality system in academia cannot guarantee cost 

reductions, a continuous process of benchmasking against other universities, nor can it 

guarantee that the university will immediately improve its reputation. The ISO 9000 effort 

also may be costly and time consurning (Doherty, 1995A). Chapter 5 examines the impact 

of the ISO 900 1 quality system on the university and presents an interpretation based on 

the system approach to quality assurance and the university system. 

1.4 OUALITY SYSTEM FOR THE UNIVERSITY 

As it was mentioned previously, a quality system is a set of interdependent 

processes that function harmoniously, using various resources to achieve obiectives 

related to quality and create quality characteristics that will meet customer needs. In the 

following sections, the underlined elements of the quality system are explained. 



1.4.1 Quality System Resources 

An established qudity system requires certain resources, such as people, matenal 

and information, to achieve set goals and objectives. Organization, responsibility, authority 

and interrelationship between people whose work affects quality of the produa must be 

defined. Documented resources are also needed to describe and control processes within 

the quality system, and to provide evidence of an effective and efficient quality system to 

interested parties, such as customers, extemal organizations or management. Qudity 

systern documentation is cornmody designed in a four-tier fashion (Karapetrovic et al., 

1997C). The top document is the pality mmuol, which descnbes the overall qudity 

system and refers to the necessary qudity system procedures. Each documented 

procedure illustrates one or more processes. For example, in the university environment, 

procedures may describe purchasing of material for teaching/leamîng or research 

activities, appointment of teaching assistants or the teaching process control. 

Responsibilities and authonties for different activities in the process must be provided, as 

well as the required steps in the processes. In other words, procedures explain who does 

what, where and when. Process activities that need separate written guidelines are 

addressed by appropriate itstnrcriorts. Finally, to venQ cornpliance with the quality 

system requirements, recordr are available. Chapter 6 addresses the issues of documenting 

and implementing the ISO 900 1 quality system at a university. 

1 -4.2 Quality System Objectives 

In order for the quality system to work, objectives and goals must be defined and 

documented. The ISO 9001 standard requires the objectives of an organitation regarding 

quality to be stated in the quality policy. The policy, comrnoniy a part of the quality 

manual, expresses the organization's cornmitment to quality and states meeting and/or 

surpassing customer expectations as the ultimate goal. However, it seems that much of the 

confusion and misunderstanding about ISO 9000 systems was caused by the Iack of clear 

objectives in the overall system perspective (Velury, 1996). The arguments against ISO 

9000 focus on the apparent failure to facilitate quality improvement and objectives to drive 



this improvement (Crosby, 1997, Stratton, 1993). Nevertheless, a weii established quality 

syaem should be able to facilitate objectives beyond meeting customer expectations and 

transfer to the realm of surpassing them. For example, the ISO 9001 quaiity system in a 

university department, through process control, statisticd techniques and intemal quality 

audits can achieve an objective of creating zero-defect students, which would at this point 

of time certainly surpass the expectations of its aistomers. Chapter 7 of the thesis 

addresses this problem in detail. 

1.4.3 Quality System Processes 

The university creates its produas and seMces with three production processes: 

teaching, Iearning and research. These processes must be planned, designed, implemented, 

controlled and irnproved. A myriad of techniques aiready exist for planning, designing and 

improving teaching and leaniing. Angelo's and Cross' (1993) classroom assessrnent 

techniques (CATs) present an example. However, when teaching, learning and research 

process control is focused on, literature reveals sparse accounts of the use of statisticai 

process control (SPC) in universities or for that matter schools and colleges. The lingering 

questions are :'Without a systematic approach to the teaching process development and 

maintenance, do professors really have a valid proof that the instructional process is in- 

control? and 'Can they disprove a claim that their instructional systems are the cause of 

poor student performance, or can they claim credit when student performance is 

exceptional?' (Ensby and Mahmoodi, 1997). These questions can be answered in a 

positive manner for professors if SPC is applied to the teaching and learning processes. 

With SPC, special causes of midents' malperformance can be found and eliminated, and 

proof that the instnictional process is in-control can be provided. Chapter 8 concentrates 

on reducing the variation in the teachingllearning outcornes and presents the application of 

SPC techniques to control the teaching and leaming processes. 

1.4.4 Quality Characteristics 

As it was previously mentioned, quality is a set of product characteristics that bear 

on the product's ability to satisfy customer requirements. For example, the ability of the 



car to run is its quality characteristic. Other characteristics include ergonomics of the 

intenor, maximum speed, torque and so on. This is not diserent in the university 

environment. The ability of a stmctural engineer to apply the principles of the strength of 

materials is one of hidher quality characteristics. Quaiity charactenstics, however, may be 

set out in diEerent levels. The differentiation of cntical and non-critical quality 

characteristics is common. Criticai characteristics render the product unusable. For 

instance, the above-mentioned ability of the car to run is its cnticai characteristic. 

However, the ability to sustain a silver finish on the fender is not. This indicates that 

certain quality characteristics of the university products and processes may be laid out in a 

hierarchy of characteristics. Chapter 9 examines these characteristics and presents an 

improved Analytic Hierarchy Process (AHP) methodology for weighing quality 

characteristics. 

1 -5 ORGANIZATION OF THE THESIS 

The remainder of the thesis is organized as follows. Chapter 2 presents a review of 

existing literature on quality assurance in university education and other relevant issues. 

Chapter 3 provides a systems approach to quality assurance, the ISO 9001 quality system, 

and proposes a new ISO 9001 model. A detailed conceptualization of the University 

System is provided in Chapter 4. Chapter 5 examines the impact of the ISO 900 1 quality 

system on the university and presents an interpretation based on the system approach to 

quality assurance and the University System. Chapter 6 addresses the issues of 

documenting and implementing the ISO 9001 quality system at a university. In chapter 7, 

the objective of creating zero-defect students is set and a case study on reaching that 

objective is presented. Chapter 8 concentrates on reducing the variation in the 

teachinglleaming process and presents the application of SPC techniques to control these 

processes. Chapter 9 examines certain quality charactenstics of the university's products, 

and presents an improved Analytic Hierarchy Process (AHP) methodology for weighing 

quality characteristics. Finally, the contributions of the research and directions for future 

research are given in Chapter 10. 



LITERATURE SURVEY 

A survey of exïsting literanire on topics that are covered in the thesis are 

presented. The topics of literature search include: quality assurance and ISO 9000 quality 

systems; university system; reported analyses of customers, suppliers and products of the 

university; quality assurance and accreditation in engineering education; interpretations, 

applications, advantages and concerns about ISO 9000 in education; review of statistical 

process control, control charts and their applications in higher education; and teaching and 

learning assessrnent techniques. Subsequently, the motivation for research emerging from 

existing literature, as well as objectives of the research are stated. 

2.1 OUALITY ASSURANCE AND ISO 9000 OUALITY SYSTEMS 

2.1.1 Quality Assurance 

Today, customers expect quality in al1 aspects of their lives. Companies are 

restructunng to assure customers of the high quality of their products and services. Ta 

achieve this quality assurance, a number of engineering disciplines and programs which 

govem the quality, safety, reliability and dependability of products have been introduced. 

Halper (1978) refers to these disciplines, examples of which include quality control, 

reliability and maintenance engineering, as 'assurance sciences'. In the last two decades, 

quality assurance programs have been significantly influenced by quality standards, such as 

the Canadian Standard 2299, British BS 5750 and the International ISO 9000 standards. 

2.1.2 ISO 9000 

It is not an exaggeration to state that ISO 9000 International Standards have 

revolutionized quality assurance. The standards, drafted by the International Organization 

for Standardization have been used worldwide since the first issue in 1987, and tens of 

thousands of companies have developed ISO 9000 quality systems and became registered. 



In a nutshell, the standards present three models (ISO 90û1, 9002 and 9003), which 

stipulate a number of requirements on which an organization's quality system c m  be 

assessed by an extemal party (registrar) according to ISO 1 O0 1 1 quality system audits 

standard. A quality system involves the organizational structure, processes and 

docurnented procedures, that are designed to achieve quality objectives. If t hese minimum 

requirements are met, a registrar accredited by a national accreditation institution issues a 

certificate of cornpliance and the organiration's quality system becomes ISO 9001, 9002 

or 9003 registered. 

The standards are designed as genenc, i.e. ISO 9000 should be applicable to dl 

organizations, regardless of size, background or area of business. However, the vast 

majonty of registered firms are manufacturing onented, while only a few are seMce 

organizations. Recently, the benefits of ISO 9000 registration have prompted health care 

and educational institutions to pursue the standards. Also, the integration of the current 

and future assurance standards and systems, such as quality, environment and health and 

safety is emerging (for example, see: Bokhoven, et al, 1996; Adams and Haker, 1996; 

Kiesgen and Wupperman, 1995; Hanig, 1995; Alexander, 1996; Struebing, 1996; 

Beechner and Koch, 1997; Hemenway and Hale, 1996; Karapetrovic and Willbom, 

1998B, C, D). 

2.2 UNIVERSITY AS A SYSTEM 

2.2.1 System 

Although there probably isn't a person in this world who hasn't been using the 

word 'kystem" every day since the first day in school, theorists and practitioners rarely use 

the concept of a system to explain complex happenings in education. Even when they do 

use it, rarely do they explain what they mean by the 'bducational system" (for exarnple, 

see: Przygodski, 1995). As Richmond (1993) emphasizes, 'kystem thinkers have not 

effectively taught their framework, skills and technologies to the others". 

Only recently have industrial engineers realized that the systems concept can and 

should be applied for the improvement of education. Jay Forrester, the father of system 

dynamics, emphasizes that the weaknesses in education anse not so much fiom poor 



teachers as from inappropriate teaching methods, and that the system's thinking and 

system dynarnics offers a framework for giving cohesion and meaning to education 

(Forrester, 1993). Viewing education in general, or a school and a university as a system, 

not only helps to identiQ suppliers, customers and produas of these institutions, but ais0 

assists in efforts toward qudity improvement. It seems that the growing concern about the 

quality of higher education and employability of graduates has prompted recent efforts of 

industrial and quality engineers to analyze process flow in schools and conceptuaiize 

educational institutions as systems, with defined processes, inputs and outputs Generaily, 

students corning fiom high-schools are viewed as Yaw-materiai" or input. Processes of 

learning and teaching are then taking place, where students learn something they did not 

know before (value-adding activities), and then use this knowledge in companies where 

they work after graduation. Thus, graduated students are a university system's output 

(Sirvanci, 1996; Black, 1996; Evans and Lindsay, 1996; Bailey and Bennett, 1996; 

Karapetrovic et al, 1997A). 

2.2.2 Customers and Products of the University 

Most articles written on Total Quaiity Management (TQM) in education view 

students as the primary customers (e-g. Schargel, 1994; Honne, 1992; Cloutier and 

Richards, 1994; Helms and Key, 1994; Ho and Wearn, 1995). Gupta (1 993), however, 

states that universities should consider that students are not the only customers. The 

customers include employers, who want well qualified and trained graduates, graduate 

schools that require the students to possess enough knowledge and skills to take up higher 

studies, professors and society that requires educated and responsible citizens. The author 

also proposes the systems approach to analyze and to irnprove the quality of teaching. A 

recent article by Reavill (1998), states that the definition of the customer in higher 

education depends on the type of product. If education and research are viewed as 

~ r o d u a s ' ~  then the customers are employers and the society in general. Otherwise, 

education and research are services and the primary customers are students. 

An in-depth analysis of the customers in higher education is provided by Lewis and 

Smith (1994). The authors classify the customers into four categories: academic intemal, 



administrative internal, direct extemai and indirect extemai. The kst category includes 

students, faculty and academic departments. Intemal customers for administration includes 

students, this time with administrative needs, such as s e ~ c e  provided when requested and 

questions answered when asked, as weil as university employees (academic and non- 

academic staff) and departments. Direct extemal customers encompass employers and 

other universities, and indirect extemal customers include the govemment, community, 

accrediting agencies and alumni. 

Fram and Camp (1995) suggest that each university, based on its own 

circumstances, must determine who ifs customers are from the broad base of students, 

parents, employers, govenunent agencies and surrounding communities. Doherty (1995) 

views customers as contractual and secondary. Students, as well as firms who purchase 

consultancy and government boards are contractual customers, whereas employers and 

society at large are secondary customers in that the quality of the product has an indirect 

effect on them. To the contrary, Black (1996) considers faculty as internai and induary as 

extemal customers. Prados (1 997) views employers, students, parents and fiinding bodies 

as customers of engineering education. Employers are also conceptualized as customers by 

Sirvanci (1996), Bailey and Bennett (1996) and Evans and Lindsay (1996). The first ~ W O  

articles even provide several reasons why a student should not be considered as a 

customer: 

1. In business, the sales of a product is not restricted to a select group of 

customers, based on their personal abilities. Universities restrict admission to students 

achieving a certain scholastic level, thus not providing the freedom of choice customers in 

business have. 

2. Customers generally pay for the products they consume. In higher education, 

students do not necessarily pay the full cost of education. At most state universities in the 

United States, tuition pays for 30% of the cost, while the rest is paid by taxpayers. This 

figure is supponed by the findings of Weber (1996). 

3. Businesses do not examine whether their customers deserve the products they 

want to buy. In education, students are continually tested to determine whether they 

deserve the degree (Sirvanci, 1996) 



4. University education is not a consumption good, and does not provide 

immediate gratification to the student. Mead ,  it provides immediate gratification to the 

employer, who uses the graduate's knowledge (Bailey and Bennett, 1996) 

Ultimately, however, midents may decide not to corne and study at a particular 

university or faculty, therefore being able to choose beîween diEerent universities. In this 

sense, some universities can still consider students as customers. 

In terms of the prirnary product of the university, vimially aii available literahire 

and handbooks for the application of ISO 9000 to education Mew it as 'the learning 

oppominity" (NACCB, 1994), courses and/or cumculum @SI, 1994), 'learning 

experience" (Doherty, 1995) or dissemination of knowledge (Ludwig and Weseslindtner, 

1996). The British Standards Institution @SI, 1994) allows the output of an educational 

or training establishment also to be the 'tnhancement of skills and abilities gained by a 

person who undergoes the education process7'. In some articles, research degrees and 

research and consultancy services are also mentioned (Doherty, 1995). Teaching, research 

and community service are also commonly defined as products (AHEC, 1995). There are 

also views that products of the university depends on the type of the customer. For 

instance, for student as a customer the product is a marketable ski11 and knowledge, 

whereas for employers it is cornpetence, attitude and communication, among other 

characteristics (Catania, 1995; Evans and Shank, 1992). Jun recently, in a few industrial 

engineering joumals and publications, the students or graduates are viewed as a produa 

(Black, 1996; Bailey and Bennett, 1996; Sirvanci, 1996; Evans and Lindsay, 1996; 

Karapetrovic et al., 1998C). The difference in conceptualizing the university's product(s), 

nevertheless, may lead to the design of different quality systerns al1 together to meet the 

requirements of the ISO 9000 standards. For example, reported registrations of higher 

education institutions (Doherty, 1995; Ludwig and Weseslindtner, 1996) have 

concentrated on learning experiences designed to meet specified standards, which led to 

the introduction of standards mainly in administrative seMces of the university. 



2.3 OUALITY ASSURANCE AND ACCREDITATION IN EDUCATION 

2 -3.1 Quality Assurance 

In the context of rapid change of university environment, growing concems about 

quaiity of education and the employability of graduates, higher education institutions 

across the world have embarked on projects encompassing quality assurance. In Australia, 

for instance, a Cornmittee for Quality Assurance in Higher Education was established, 

with the objective of ensuring and improving the quality of Australian higher education. 

Programs for evaluations of student learning outcomes and research have been set up at a 

national level (Duggins 1996). However, according to Maling (1995), very few 

educational institutions have taken a comprehensive approach to evaluating the quality of 

their outcomes or establishing benchmarks to monitor changes intended to improve 

quality . 

In Singapore, a number of schools and higher education institutions have 

developed quality assurance systems. Presenting the experience fiom the Ngee An. 

Polytechnic, the first tertiary institution to obtain ISO 9000 registration in Asia, Chin and 

Chye (1994), emphasize that in the educational seMce context, quality control implies 

course and cumculum evaluation, academic activities to develop well accepted graduates, 

as well as staff training and development. 

In Bntain, the pressure for quality assurance has corne corn the goverment. 

According to Doherty (1996), 'the govenunent has set up a number of quality quangos, 

such as the Office for Standards in Education (OFSTED) and the Higher and Further 

Education Funding Council (HFEFC) to ensure that the educational institutions keep up to 

scratch in terms of public accountability". British universities have founded their own 

Higher Education Quality Council. As a result, educational institutions in Britain are now 

externally coerced to pursue quality assurance. Some, such as the Napier University, have 

established intemal quality assurance units to provide administrative support for 

university's quality assurance fiinctions (Pollock, 1995). Others, such as the University of 

Wolverhampton and the Norfolk College have turned to the ISO 9000 quality system, as a 

means to provide confidence of their quality. 



In the United States, engineering faculties from different universities have fonned 

coalitions with the objective of designing, implementing and assessing new approaches to 

undergraduate engineering education, as well as improving the overali quality of 

educational experiences. Six coalitions were formed altogether: NSF, Synthesis, Ecsel, 

Succeed, Gateway and Foundation. Each coalition combines severd engineering faculties. 

For example, the 'Synthesis" coalition comprises of the Comell, Iowa State, Stanford 

University, University of California at Berkeley and four other engineering schools. Al1 

coalitions have some sort of qudity assurance embedded in their projects. For instance, 

the Gateway coalition views quality assurance as Contuiuous Quality Improvement (CQI) 

in the educational aspects of the university, and evaluation as one of the means of 

achieving CQI. The coalition considers that the time when evaluation has been confined to 

end-point inspection of the student's cumcular cornpetence and faculty teaching quality 

through student exams and evaluations is over. Thus, the coalition has developed a 

comprehensive evaluation plan, together with an 'tvaluation information matrix" that is 

used as a tool for evaluations. The matnx consists of objectives (such as 'to develop 

students' concept of themselves as professional engineers prepared to engage in lifelong 

learning'), questions (such as 'to what extent did students develop a concept of 

themselves as professional engineers"), sources of data and the person responsible for data 

collection (Gateway, 1 997). 

The SUCCEED Coalition has developed an eight-step project evaluation model. 

The steps of the model are: 1. Define the purpose of evaluation, 2. Clan@ project 

objectives, 3. Create 'înodel of change': 4. Select cnteriahdicators for evaluation, 5 .  

IdentifL sources and frequency of measuring, 6. Design evaluation research and 

experiments, 7. Evaluate results, 8. Use and disseminate results. The model has been 

applied at the Georgia Institute of Technology in an introductory physics course, in a 

project called 'precision teaching': and resulted in a significantly improved marks 

(Succeed, 1997). Other coalitions have developed their own assessrnent models (e.g. 

Synthesis, 1997). 



2.3.2 European Initiatives for Quality Assurance 

In recent years, European govenunental and educational institutions have 

accelerated initiatives for formal and comprehensive quaiity assurance and quality 

improvement. In many countnes, such as the United Kingdom (Tamock and Burge, 1994) 

and Russia (Alekseyev, 1994), new national legislation has emphasized the necessity of 

addressing quality issues in higher education. Numerous cornmittees, councils and 

groupings have been established, and some, such as the Higher Engineering Education for 

Europe (H3E) are spaMing across the borders of the European Union. This section will 

briefly address two of these initiatives, namely the Engineering Professors' Conference 

(EPC) model, and the H3E initiative for quality assurance. 

2.3.2.1 Engineering Professors' Conference (EPC) Mode1 

The Engineering Professors' Conference in the United Kingdom has developed a 

formalized model for quality assurance in higher education, based on the principles fiom 

the ISO 9000 international standards and Total Quality Management (TQM). It fosters an 

integrated quality assurance system with quality planning, quality control and quality 

improvement as main elements. According to Tannock and Burge (1994), the EPC 

working group concluded that the adoption of an ISO 9000 quality system 'kouid 

introduce distortions and anomalies into the administration of an institution", and 

preferred to develop an equivalent quality systems standard, specially designed for higher 

education. Sirnilarly to ISO 9001, the EPC model concentrates on the entire institution, 

i.e. the university, acadernic units, support and administrative services, rather than 

programs the institution offers. It requires documentation of al1 critical quality activities, 

the development of a quality policy, and a review process aimed at continuous 

improvement. This improvement effort and focus may be perceived as the main difference 

between the EPC modei and ISO 9000 (Harris and Owen, 1994). However, ISO 9000 

also has the leverage for continuous improvement using, among others, intemal quality 

audits (requirement 4.17 of ISO 9001 - 1994) and statisticai techniques (4.20 of ISO 

9001). A top-down approach to the design and operation of a quality system is used in the 

model, starting with the identification of the quality policy of the institution, and 



subsequently polices, objectives and procedures of constituting departments and academic 

units. Overall, in a very sirnilar fashion to ISO 9001, the model spells out eighteen specific 

requûements for the development of a forma and auditable system for quality assurance, 

including quality improvement, recruitment of s t a  staff review / development and 

records (Tannock and Burge, 1994). 

Although the model certainly has advantages of focusing on explicit quality 

improvement and being directly applicable to higher education without interpretation, 

several drawbacks include: 

The model does not precisely define the customers and the product / s e ~ c e  of a higher 

education institution (Hams and Owen, 1994). The notion that the mident is the primary 

but 'naive' custorner (Tamock and Burge, 1994), certainiy cames a few il1ogica.i aspects 

with it (for example, see Sirvanci, 1996; and Karapetrovic and Willbom, 1997). 

The model lacks several important elements of a well-established quality system, such as 

contract review, purchasing and inspectiodtesting (Harris and Owen, 1994). 

It is not clear whether this initiative will be able to reach the level of international 

acceptance ISO 9000 standards now hold. 

2.3.2.2 Higher Engineering Education for Europe (H3E) 

As a pan-European initiative, Higher Engineering Education for Europe was 

established by the Conference of European Schools for Advanced Engineering Education 

and Research (CESAER), the Board of European Students of Technology (BEST), and 

the European Society for Engineering Education (SEFI). The aim of H3E is to promote 

the development of a European dimension in higher engineering education throughout 

Europe. This is done through (H3E, 1997A): 

Identifjmg key factors influencing the development of the European dimension and 

publishing studies on these factors 

Stimulating discussion and publication of ideas and current practice in engineering 

education, as well as the development of pilot schemes to demonstrate identified best 

practice 

Fostenng new developments which contribute to the European dimension 



The H3E grouping has established five working groups covenng developments in 

areas ranging from motivation for higher engineering studies to continuing education and 

lifelong leaming. The spedfic therne of quality assurance is studied by the Working Group 

2: 'Quality and Recognition in Higher Engineering Education". Its general aims and 

objectives include developing key principles of quality assurance, identifying possible 

methods of application of such principles throughout Europe and ultimately, the 

development of a system of accreditation and self-evaluation @DE, 1997B). The working 

group argues that a voluntary self-assessrnent of educational institutions on the basis of 

cornmody agreed and fieely accepted comparison criteria will enhance the European 

dimension in higher education (H3E, 1997C). Indeed, if one of the greatest strengths of 

ISO 9000 is its world-wide acceptance and understanding, the broadly-based H3E 

initiative will certainly contnbute to the enhancement of quality assurance in engineering 

education. However, due care rnust be given to overcoming drawbacks of existing 

accreditation schemes, clear definition of quality assurance principles and the emphasis on 

continuous quality improvement. 

2.3 -3 Accreditation in Engineering Education 

2.3.3.1 Overview 

Engineenng in Canada and the United States is a regulated profession. What this 

means is that a national regdatory body, such as the Canadian Council of Professional 

Engineers (CCPE) in Canada, specifies requirernents for people who want to enter the 

profession. Only the candidates with specified academic qualifications and experience can 

practice engineering. Applicants who seek registration as professional engineers in Canada 

must meet the admission requirements set out in CCPE Admission Guidelines (CCPE, 

1992). Generally, if an applicant is a graduate of a CEAB accredited institution and 

possesses specified engineering experience, hekhe is not required to pass qualification 

exams. Otherwise, a comprehensive set of examinations is given to the candidate, 

including prelirninary, basic and complementary studies and discipline (such as Industrial 

Engineering) exams. Each year, the Canadian Engineering Qualification Board (CEQB), 

which is a body within CCPE, specifies the knowledge an engineer working in a certain 



engineering discipline is expected to possess in the Examination Syllabus (CEQB, 1992). 

For example, an industriai engineer must possess a knowledge of operations research, 

analysis and design of work, facilities planning, production management, quality planning 

and analysis, systems simulations, and so on. For each of these subjects, a lia of topics 

covered is specified. In the United States, the Fundamentais of Engineering (FE) 

Examination is similar in content. There are two parts of an FE exam: general and specific. 

General covers the knowledge of basic engineering sciences, such as dynamics, 

mathematics and thermodynamics, and specific covers the knowledge of a specific 

discipline. The industrial engineering part consists of twenty subjects, among them 

statistical quality control, TQM and Design of Experiments (Kennedy, 1996). 

In the next sections, an illustration of two existing accreditation schemes in 

engineering education will be presented, focusing on how the schemes address quality 

issues, as well as their advantages and disadvantages. 

2.3.3.2 Canadian Engineering Accreditation Board (CEAB) 

2.3.3.2.1 Overview 

Engineering faculties in Canada have encountered accreditation of their programs 

since 1965. That year, the Canadian Council of Professional Engineers (CCPE) established 

the Canadian Accreditation Board, now known as the Canadian Engineering Accreditation 

Board (CEAB), to evaluate undergraduate degree programs and accredits those which 

meet minimum standards. At present, the CEAB is composed of thirteen professional 

engineers drawn from the private, public and acadernic sectors (Bilanski, 1996). The 

procedure for accreditation is the following. The CEAB publishes yearly revised guidelines 

for accreditation in the form of questionnaires. Questionnaires are cornpleted by the 

interested engineering department, and sent to the CEAB. This is followed by a site visit, 

where the CEAB team examines the cumculum content, as well as 'the acadernic and 

professional quality of the faculty, adequacy of laboratones, equipment and cornputer 

facilities and the quality of students' work" (CEAB, 1995). In general, the accreditation is 

granted for a period of six years. 

The following are the highlights of CEAB accreditation cntena (CEAB, 1992): 



engineering degree programs, rather than institutions are accredited. 

criteria address university, engineering unit (faculty), curriculum, students, and facilities 

accreditation is voluntary 

there is onIy one level of accreditation 

institutions must demonstrate the ability to produce fûlly qualified graduates 

institutions must provide complete documentation of the means to achieve the objectives 

accreditation may be revoked if a program is not in cornpliance with CEAB criteria. 

emphasis is placed on faculty work loads, admission policies, academic progress of 

audents, cumculum control, course specifications, and computer and library facilities 

2.3.3.2.2 Advantages and Disadvantages 

Presenting the expenences fiom accrediting a mechanical engineering 

undergraduate program at Queen's University, Jeswiet (1995) insists that the CEAB does 

not provide guidelines for specific course content. Also, there is a possibility of personal 

biases of CEAB team rnembers toward a particular area or cnterion, and the method of 

evaluation of necessary credit hours for different courses is not clear. Biianski (1996) 

argues that the original mandate of CEAB, being the uniformity of standards for 

engineering education across Canada, is being camed out. However, the author points out 

that accreditation does not give a tme picture of what is going on in a particular 

engineering faculty. The author States that 'host programs are accredited. Those refbsed 

are revisited within two years, minor changes are made and accreditation is given". It is 

also stated that CEAB does not look into the current underemployrnent and 

unemployrnent of engineers, nor does it address increasing financial cutbacks at 

universities. To compensate the loss of revenue, rnany engineering schools, Bilanski 

argues, have to increase the number of students, lowering the entrance requirements, and 

thus decreasing the quality of an average graduate. 'The present accreditation system is 

geared to increasing the number of students, rather than to improving the quality of the 

students" (Bilanski, 1996). Replying to the authors concerns at the 10th Canadian 

Conference on Engineering Education, the CEAB officiais stated that a number of 



author's critiques are not in the CEAB's mandate, and that econornic conditions are also 

causing underemployment of engineers, and not the CEAB's criteria. 

Hyde and h e y  (1996) argue that CEAB provides a convenient, standardized 

measure of adequacy in engineering schools. The biases emphasized by Jeswiet, are 

prevented by measures such as not allowing engineers to assess their own institutions, and 

the ability of a faculty to request substitution of unsuitable CEAB tearn members. The 

scheme aiso provides an extemal referee to attest to the threat that resource erosion (such 

as lack of funding), is causing to an engineering program. 

2.3.3.3 Accreditation Board For Engineering And Technology (ABET) 

2.3.3.3.1 Overview 

In the United States, the agency responsible for accreditation of engineering 

programs is cdied the 'Xccreditation Board for Engineering and Technology" or ABET. 

The primary focus of ABET is to develop accreditation policies and cntena, as well to 

conduct the evaluation of engineering degree programs according to these critena. In 

general, programs that meet the minimum cnteria are accredited for a period of six years. 

The present system of engineering accreditation was developed by The Engineers Council 

for Professional Development, now known as ABET, in 1932 (ABET, 1997A). The 

process of evaluating engineenng degree programs and awarding accreditation started in 

1936. Today, ABET is the sole agency in the United States responsible for accreditation 

of educational programs leading to degrees in engineering. 

Quality of engineering education seems to be the focal point of the ABET 

accreditation process. ABET 'keeks to assure high quality, encourage continuous 

improvement, and foster innovation in engineering" (ABET, 1997A). The agency's vision 

statement emphasizes that ABET is pnmanly responsible for monitoring, evaluating, and 

certifjmg the quality of engineering education. However, what is meant by the 'Quality of 

engineering education" is left unclear in both the vision statement, and the criteria for 

accreditation (ABET, 1996). The statement of overall objectives illustrates this: 'The 

purpose of accrediting is to identiQ those institutions which offer professional programs in 

engineering worthy of recognition as such". Nevertheless, it is clear that one of the 



objectives of ABET accreditation is quaiity assurance, i-e. providing confidence to 

customers that the requirements for quality are met. In ABET's view, customers are 

prospective students, educational institutions, professional societies, potential employers, 

govermentai agencies, and state boards of examiners (ABET, 1996). 

The following are the highlights of ABET criteria for accreditation: 

educational programs, rather than institutions are accredited. 

critena address faculty, cumculum, students administration, facilities and cornmitment 

accreditation is voluntary, i.e. institutions ask to be accredited themselves, without 

pressure 

accreditation is possible at either basic or advanced level, the latter being for five-year 

prograrns 

broad programs, rather than specialized ones, are favored 

institutions must demonstrate the ability to produce fully qualified graduates 

institutions must provide complete documentation of the means to achieve the objectives 

accreditation is available oniy if students have graduated fiom a program prior to 

evaluation 

accreditation may be revoked if a program is not in cornpliance with ABET criteria. 

If an institution deems to meet ABET criteria, the accreditation process may be 

started. Similar to the CEAB accreditation scheme in Canada, the procedure for 

accreditation consists of two basic steps. In the first instance, interested institutions subrnit 

a self-study questionnaire, provideci by ABET. Subsequently, an ABET team performs a 

site-visit. The purpose of the site-visit is to assess factors that cannot be described in the 

questionnaire, as well as to assess the institution's weak and strong points. 

2.3.3.3.2 ABET 2000 Criteria 

Recently, ABET proposed new engineering accreditation criteria, named ABET 

2000 (ABET, 1997B). The cnteria have been approved for use in the FaIl of 1998. 

Developed with strong industry input, the cnteria foster the engineering faculties to clearly 



and openly become accountable to the public (Prados, 1997). While the current criteria 

require about 20 pages, new ABET 2000 has four pages oniy. The highlights are: 

there are two levels of accreditation: basic and advanced 

there are four objectives of accreditation: 

(1) to assure that graduates are adequately prepared to enter and continue the practice 

(2) to stimulate the improvement of engineering accreditation 

(3) to encourage new approaches to engineering education 

(4) to identifi accredited programs to the public 

there are eight cnteria: students, educational objectives, program outcomes and 

assessment, professional component, faculty, facilities, institutional support and financiai 

resources, and program critena 

documented educational objectives are mandatory 

objectives must be periodically reviewed 

there has to be a cumculum that ensures the achievement of these objectives, as well as 

a system of ongoing evaluation that demonstrates achievement of these objectives 

there are 11 explicitly stated requirements for student knowledge, such as an ability to 

design and conduct expenments, as well as to analyze and interpret data 

It appears that ABET 2000 considers student knowledge to be the primary product 

of an engineering school, and as such should be evaluated. As Prados (1997) insists, the 

critena have been adopted to force attention to the goals of engineering education as 

expressed in the characteristics and abilities expected of graduates. However, critiques of 

the new criteria mostly focus on the requirement to assess student leaming as the output, 

rather than assessing the leanùng process. For example, Dalton (1995) points out that an 

'butcome" will be very hard to define and measure, questioning even the purpose of 

assessing outcomes, when well-established quality control techniques (such as SPC) 

suggest process, rather than product control. This is also the concern of Pagano (1995) 

who figuratively asks whether we should count beans or inspect the whole crop when 

assessing engineering programs. Dalton (1995) suggests that the outcome be defined as 

'bhat the student can do with what hdshe has learned", and surveys of graduating 

seniors, alumni and employers, exit i n t e ~ e w s  of graduates, and comments from industrial 



advisory cornmittees be used in assessing this outcorne. This suggestion is in line with 

WilIbom and Cheng's (1994) approach to the quality of results in education, Le. 'the 

degree to which students individuaiiy and coilectively have benefited fiom aîtending a 

school". Nevertheless, these results depend on the quality of teaching and learning 

processes and resources, that should be effectively managed and controlled in order to 

achieve results (Wllbom and Cheng* 1994). 

2.4 ISO 9000 IN EDUCATION 

2.4.1 TheNeed 

The development of global training and education markets, as well as the 

decreasing public fiinding of higher education institutions will, according to Richard 

Freeman and Frank Voehl (Lewis and Smith, 1994), put universities into the position of 

being not only market onented, but market driven. As it is happening in the manufacturing 

sector today, ISO 9000 registration could become a requirement for any university 

wanting to do business in the international marketplace. As Doherty (1 996) projects, the 

times when government will apply coercive power to force universities to develop quality 

assurance systems may not be so far away. Due to the development of new technologies, 

such as satellite communications, video conferencing and the Internet, distance education 

is on the nse, allowing universities to penetrate new markets and local market niches that 

were once the monopoly of a single university or faculty. For example, the Faculty of 

Management at the University of Manitoba is now facing an increased cornpetition fiom 

Eastern Canada and the United States. According to the 'Serni-Radical Plan" of the 

faculty (Faculty of Management, 1996), Western Michigan University is offering a 

master's degree in health care administration in Manitoba, and several other US schools 

already offer MBA programs in the Toronto area, 'bignaling a trend where geographic 

boundanes are no longer a consideration in delivering programs". Thus, Freeman's and 

Voehl's suggestion to examine the applicability of ISO 9000 to higher education now, 

before the universities face the same fate as non-registered manufacturers bidding for 

international contract seems logical. The authors acknowledge the difficulty in applying 

ISO 9000 to teaching processes, due to the fact that the product is two folded: it is both 



the teaching and leaming. However, the necessity for a documented quality assurance 

system is emphasized. 

2.4.2 Interpretations 

In this section, available interpretations of ISO 9001 standard for education and 

training institutions will be presented. They include Lewis and Smith's (1996) and 

Willbom and Cheng's (1994) interpretations, as well as interpretations by the British and 

French standards association, given in handbooks for the application of BS 5750 (ISO 

9000) to education and training. 

Out of twenty elements of ISO 9001, Lewis and Smith (1994) consider twelve to 

be directly applicable: 4.1 Management Responsibility, 4.2 Quality System, 4.3 Contract 

Review, 4.4 Design Control, 4.6 Purchasing, 4.7 Customer Supplied Product, 4.9 Process 

Control, 4.13 Control of Nonconforming Products, 4.14 Corrective Action, 4.16 Quaiity 

Records, 4.17 Intemal Quality Audits and 4.18 Training. It is unclear why the other eight 

elements are not applicable, especially 4.10 Inspection and Testing and 4.20 Statistical 

Techniques, which are very imporiant in the teachinglleaming process. In fact, as the 

literature survey shows, much of student motivation to learn cornes from the expectation 

of inspection and testing (see McKeachie, Pintrich, Lin and Smith, 1986). 

The documentation process is conceptualized around four basic 'building blocks": 

Mission, Methods, Intefiace Points and Standards (from Freeman, 1992). While the 

mission expresses what the university should achieve, the rnethods explain what, how and 

who accomplishes tasks at the university. Points of interface between two functions or 

people should be documented, because at these points it is critical to assure quality. This 

actually represents the concept of intemal customers and suppliers. Finally, agreed upon 

standards, e.g. what information a class list should include, must also exist and be 

documented. 

A brief outline of each of the twelve elements of ISO 9001 Freeman and Voehi 

consider applicable to higher education is also given. The authors ernphasize that the 

management commitment is essential for any ISO 9000 project in a university to succeed. 

It is not stated, however, who is considered to be 'the management" in a university 



environment. The difference between procedures and work instructions is clarifieci, 

followed by the author's view of the quality loop in higher education. The Ioop, starting 

with specifications and planning, through teaching and assessing courses and market 

research at the end is suggested as a springboard for further discussion and research. 

Contract review ensures that al1 parties understand what is expected of them, while design 

control includes the design of cumculum and course plans, leaniing and assessment 

materials and handouts. Purchasing encompasses learning materials and acquisition of 

consultants and extemal examiners. Teaching, tutonng, monitoring mident progress and 

assessment of students are topics covered by process control. The authors suggest that the 

university should determine which of these processes require formal control, and oniy 

document these. Control of nonconfonning products include damaged books, teaching 

material and incorrect assessment items. Intemal quality audits, quality records and 

corrective actions are viewed as complementary processes (cg. corrective action cornes 

afier audit to correct a non-cornpliance). Finally, it is anticipated that al1 university staff 

will require proper training, with the university required to identify the training needs, 

provide the training and keep training records. In summary, although the interpretation 

presented by Freeman and Voehl can be considered useful, it does not address the ISO 

900 1 quality system in whole, nor is it consistent in terms of the product of the university 

or its processes. For example, while in purchasing the product is interpreted as 'leamhg 

materials and consultants': nonconforming products according to the authors may include 

'ktudents who have failed tests and assignments". This illustrates the need for a systematic 

interpretation of ISO 9000 in university environment. 

Willbom and Cheng (1994), consider the development of the ISO 9000 quality 

system beneficial for quality improvement and providing confidence to the interested 

parties that their expectations from the school or university are met. The authors have 

transfomed the twenty elements of ISO 9001 into seventeen requirements applicable to 

education. Control of customer supplied product (4.7) has been replaced with "Admission 

and Support", product identification and traceability (4.8) and the inspection and test 

status (4.12) have been left out. Control of the inspection and testing equipment (4.1 1) has 

been translated as 'Validation of Tests and Examinations", and quality records (4.16) are 



considered as Student Performance Records': Student failure is conceptualized instead of 

a nonconfoxming product, while element 4.15 of ISO 9001 has been broken into two: 

safety/security and facilities and environment. Requirements 4.18 Training and 4.19 

Servicing have been lefi out. The authors however emphasize that a more detailed 

interpretation is needed for a full implementation. 

In an account of how the Software Engineering Applications Laboratory (SEAL) 

of the University in Witwatersrand in South Afnca obtained an ISO 9001 certificate, 

Walker (1997) also provides a short interpretation of the ISO 9001 standard. This 

interpretation was made solely for SEAL7s purposes, and is restricted to research activities 

only. For instance, elements 4.7 Control of custorner-supplied product and 4.19 SeMcing 

were not considered as "serious issues9'for SEAL, and for the element 4.6 Purchasing, no 

new documents were created since 'hi1 standard university purchasing procedures were 

followed". It is also stated that contract review (ISO 9001, 4.3) 'kovers a few areas 

including the relationship of the student to the supe~so r ,  and when contract work for 

outside entities is undertaken". Therefore, the focus of this ISO 9001 implementation were 

the areas where quality problems had been encountered before the introduction of 

standards. 

National institutes for standardization in Britain and France have prepared the 

guidelines for applying the ISO 9000 series (1987. edition) in higher education (NACCB, 

1994; BSI, 1994; AFNOR 1993). These guidelines assume that educational institutions 

would be implementing the standards for the development and delivery of courses and 

programs, and are intended to provide assistance in documentation and implementation. 

The product is viewed as a learning oppominity, i.e. al1 processes, matenals, skills and 

professionai experience required to develop and deliver a program or a course (NACCB, 

1994). It is suggested that where an institution designs courses not as a contractual 

requirement. i.e. through a standard program, ISO 9002 quality system is required. A 

typical university department should then conform to the ISO 9002, rather than the ISO 

900 1 model. This contradicts the findings of Doherty (1995A), who reports that applying 

the design control and servicing requirements benefited the University of Wolverhampton 

greatly in terms of a better understanding of the quality system as a whole. 



Although the guidelines were meant to be applicable to al1 levels of education, the 

main thmst seem to have been placed on training institutes, cornrnunity coileges and 

primary and secondary SC hools, rather than universities. Research act ivities and research 

output have not been considered. The management is interpreted as 'the P ~ c i p a l ,  the 

Director and the Training Manager", which is not applicable to universities. The 

interpretation that the role of the 'Principal" is played by the Dean is not acceptable in a 

university, since their authonties and responsibilities are very digerent. ASO, the 

guidelines often refer to the 'hiddle and top management", and it is not clear what these 

would be in a university setting. Purchasers are limited to organizations that nind the 

educational institution or the leamer, although the purchasing requirement includes 

innovative concepts, such as hiring sub-contracted tutors and lecturers. Process control is 

focused on the leaming process, i.e. planning and documenting methods of delivery of 

courses/programs. It is not clear, however, why the guidelines insist that inspection and 

testing (sections 4.10 and 4.1 1 of ISO 9001) applies to the learning process, i.e. 

cumculum review and leamer's feedback, and not the assessrnent of leamer's knowledge 

through tests and exams. Also, section 4.13 Control of non-codonning product according 

to the guidelines (NACCB, 1994) applies to the correction of tirnetable problems, lecture 

room double bookings and learners' appeals, and not to the leamer's knowledge. The BSI 

Guidelines (B SI, 1994) address these remarks, however, in less detail. 

2 -4.3 Applications 

In an account of developing a quality management system using the ISO 9000 

standards in higher education, Doherty (1995A; 1995B) describes how the University of 

Wolverhampton, England, achieved ISO 9001 registration. The university was formed 

fiom a polytechnic in 1989, incorporating the colleges of art, further education, higher 

education and technology. The motivation for quality management and standardization 

emerged from the diversity of procedures, policies, value systems and attitudes the 

colleges brought to the merger, as well as the policy of a newly formed university to 

broaden access to mature students and students fiom other areas of England and Europe. 

The pressure to develop an ISO 9000 quality system had increased when several 



comrnunity colleges in Britain gained the ISO 9000 registration. The faculty of technology 

considered these colleges as direct cornpetiton. 

The development of relevant knowiedge' skiiis and cornpetencies to meet the 

future needs of indunry, commerce and society became the university's mission. At first, 

faculty and staff were introduced to the concepts of total quality management, such as 

intemal and extemal customers and continuous improvement of processes. However, it 

was quickly understood that documenting the quality system first would provide a much 

better grasp of the university's intemal processes and intemal and extemal customers, and 

that the ISO 9000 system would provide a h n  basis for continuous quality improvement. 

From the three year effort for the registration of the whole university, Doherty drew the 

following main experience. The key clauses of ISO 9001 were perceived to be 4.3 

Contract Review, 4.4 Design Control, 4.5 Document and Data Control, 4.9 Process 

Control, 4.16 Quality Records, 4.17 Internai Quality Audits and 4.18 Training. While 

design control requires a university to clearly state what the nature of it's produa is, 

sections 4.9 and 4.3 require the univenity to demonstrate how the quality of delivery is 

assured and maintained and how the contractual agreements are met. Keeping records and 

auditing them, as well as proper personnel training were also deemed important. 

Other accounts of establishing ISO 9000 quality syaems have emerged just 

recently, and almost exclusively in Europe and Asia. Several university-based research 

institutes have achieved registration (Pfeiffer and Wunderlich, 1997; Walker, 1997), as 

well as some business schools (Gelders et al, 1995). Nevertheless, reported studies have 

concentrated mainly on a single aspect of university's products and processes, such as jus 

research, or just teaching and cumculum, or just administration. An integrated approach 

toward a comprehensive quality assurance system is yet to be proposed. 

2.4.4 Advantages and Disadvantages 

The benefits of ISO 9001 registration in higher education were perceived as: 

clearer grasp of roles, responsibilities and authority (Doherty, 1995A) 

wider understanding of university's objectives 

wider sense of ownership of quality, due to the fact that consultants did not participate 



market advantage nationally and intemationally, since ISO 9001 is an international 

standard, well understood everywhere in the world (Doherty, 19954  Harris, 1996) 

internai audit as a means of intemal benchmarking and spreading good practice 

clearer articulation of the rights and responsibilities of students and sta f f  bodies 

@O herty, 1 99 SA; Harris, 1996) 

constantly improving standards of program design, documentation and delivery 

usefulness of the quality system in accreditation by govenunent bodies (Doherty, 19954 

Harris, 1996) 

the standards provide a sound formation for developing and maintaining a world class 

quality sewice (Doherty, 1996) 

educational institution can be accredited and internationally recognized after passing the 

audit 

gaining an image of outstanding quality 

students and staff identiQ themselves with their educational institution 

process improvement (Willbom and Cheng, 1994; Willbom, 1995) 

quality system saves stafftime, increases efficiency and manages activities 

Perceived disadvantages in Iiterature were found to be the following: 

ISO 9000 may not be suited to the purposes of al1 higher education institutions 

fear of too much documentation and paper bureaucracy 

costs (about 600,000 US Dollars for the University of Wolverhampton) 

great arnount of staff tirne and effort (Doherty, 1995A) 

developing quality systerns outside of the university department which initially achieved 

the registration can be very hard (Walker, 1997) 

need for interpretation of the standard for education 

need to develop a method to allow for the fiexibility of procedures (Harris, 1996) 

The majonty of these disadvantages occurred due to the lack of a systernatic 

interpretation and perspectives on quality systems. This thesis, however, atternpts to 

provide a framework which is to overcome the perceived shortfdls. 



2.5 STATISTICAL PROCESS CONTROL 

2.5.1 Overview 

Since the first tool a human made fiom aone 1,000,000 years BC, mankind has 

faced and reacted to variation. Early humans dealt with the variation in raw matenai used 

for tools and weapons (Provost and Norman, 1990). Today, we are facing variation not 

only in raw material, but in processes, finished goods, services, and also in education 

(Lefevre, 1990). Educators have been coping with the variation in student knowledge and 

skills since the beginning of profession. In a class of 30 students, teachers have teamed to 

expect some excellent midents, some good and some not so good. As an engineer's drearn 

is to design a technology that will create virtually identical products, the tacher's dream is 

to have a class of students that will learn everything he/she taught. However, no two 

products and no two students are alike. This is called variation. Nevertheless, it is 

important to recognize that the implications of variation go far beyond what we usually 

refer as 'Quality'l In manufacturing, variation affects schedules, lead times, inventory 

levels, order sizes and frequencies (Ranney, 1990). In education, employability of 

graduates, student satisfaction, graduation Iead time, reputation of the university depend 

on variation in teaching, leaming and research processes and outcornes. 

The first systematic efforts to control the variation have corne fiom the 

manufacturing sector. Early last century, final inspection of products was introduced in 

American annories to control variation in rifles (Provost and Norman, 1990). Good rifles 

were separated from the bad ones. Later on, tolerances and specifications were 

introduced. Certain characteristics of a product were measured, and if they fit within 

established tolerances, the product was considered good. 

In the 19303, a fbndamentally new approach to variation emerged, with Walter 

Shewhan's control chan (Shewhart, 193 1). Shewhart recognized that variation exias in 

every process, but he added that it can be due to natural and unnatural causes. Unnaturai 

or special causes of variation can be identified and eliminated in order to reduce variation. 

If only natural (cornmon) causes of variation are present in the process, the process is 

stable over time, Le. the results fluctuate randomly around a steady average and the 

magnitude of fluctuation (variation) is also steady (Kirby et al., 1990). In this case, the 



process should be lefi alone, otherwise the variation might increase (Boardman and 

Boardman, 1990). If special causes are present, the measured process aatistic exhibits 

ematical patterns in tirne. Thus, special causes of variation mua be removed. In order to 

distinguish between special and common causes of variation, Shewhart introduced a 

control chart (Nolan, 1990). A statistic is plotted on a chart which has three lines: the 

central line, which is the expected value (pl of the statistic, the upper control limit (üCL), 

and the lower control limit (LCL). Control limits are calculated as follows: 

where a is the standard deviation of the statistic. The use of the number 'three" in the 

calculation of iimits is justified by empincal evidence (Provost and Norman, 1990). 

Shewhart's works have laid out the ground for modem Statistical Process Control (SPC), 

a methodology using control charts to control and reduce variation in quality of products 

and services. Different types of control charts will be outlined in the next section. 

It is important to recognize, however, a fundamental difference between the 

tolerance I specification methods and SPC. The former approach is focused on the 

outcome of the process (what the customer wants), and not the process itself (see e-g. 

Mayo, 1990). It's goal is to son outcomes into acceptable and unacceptable categories 

(Provost and Norman, 1990). Acceptance sampling is one technique that is used in this 

approach. On the other hand, SPC is focused on the process, and attempts to reduce the 

variation before the outcome happens, i.e. it's goal is to remove the causes of the process 

variation. 

Control chans and six other tools (Histograms, Pareto Diagrams, Scatter 

Diagrarns, Flowcharts, Cause-and Effect Diagrams and Checksheets) have been grouped 

into 'The Seven Quality Tools" and are widely used in quality improvement. Design of 

Experirnents (DOE), Taguchi approaches to tolerance design and the loss function, and 

attempts to even control the variation in people through Senge' s leaming organization 



(Provost and Noman, 1990) have followed SPC. Excellent and comprehensive reviews of 

SPC and other techniques can be found in Stuart et al. (1996), Montgomery (1992), Tsui 

(1 992) and Hosotani (1 99 1). 

2.5.2 Control Charts 

A myriad of different types of control charts have been developed in the past 

decades. Cornrnonly, control charts are categorized into two groups: charts for variables 

data and chms for attributes data. Variables data are those that are meauired dong a 

continuous scale, whereas attributes data assume only two values, such as good or bad, 

pass or fail and so on (Evans and Lindsay, 1996). The most common variable charts are 

the 'Xbar" and 'R" charts, where the Xbar chart is used to rnonitor the rnean of the 

process, while the R (range) chart is used for monitoring the variance. The range is used 

as a measure of variation for convenience, although standard deviation (a) can also be 

used but takes more time to calculate. The 'Xbai'and 'R" charts are usually paired for 

the analysis of data, creating the 'Xbar-R" chart. The Xbar-R chart requires taking 

samples from a population at prescnbed intervals of time (these samples are also called 

subgroups), measuring a statistic (X) from individual items in a sample, and plotting 

subgroup averages and ranges on the Xbar and R charts, respectively. 

It is important to recognize that one of the main reasons for taking samples and 

plotting the average of subgroup readings, rather than individual values is the response 

time to detect process shifts. It can be shown mathematically that the first technique 

reduces the response time significantly with the increase of sample size (Grant and 

Leavenworth, 1996). Also, according to the Central Limit Theorem, it can be expected 

that the subgroup averages are distributed normally, which may not be the case for 

individuals. In some cases, however, it is not possible to take samples, due to the speciai 

characteristics of the process. Chemical industry is an example, where continuous 

processes limit possibilities for sampling. In such cases, a combined individual - moving 

average (or range) control charts can be used. Measurements are taken from individual 

observations, however, a moving average (range) of 'h" successive observations is also 

plotted (n remains constant). Although these charts (called 1-MA charis) allow direct 



comparison with specification limits, which is not possible on Xbar-R charts, they are less 

sensitive to process shifts and assume normal distribution of individual data (Evans and 

Lindsay, 1996). For short manufactunng runs, pre-control charts are used. The chart 

divides the tolerance zone into two subzones and use a number of constnicted niles to 

identiQ speciai causes of variation. This chart has similar advantages and shortfalls as the 

1-MA chm. 

For attributes data, several different types of charts are used. The 'P" chan 

moniton the proportion of nonconfonning items in a lot, while the 't" and t" charts 

monitor the number of defects per item. The 'Y chart is used when the subgroup size is 

constant, and the 'û" chart when the subgroup size varies (Evans and Lindsay, 1996). 

These charts are presented in al1 basic SPC books, e.g. Grant and Leavenworth, 1996 or 

Montgomery, 199 1. 

Much of the recent research on SPC has focused on extensions of the basic Xbar- 

R control chart methodoiogy and variations of the Shewhart process mode1 (Montgomery, 

1992, Lowry and Montgomery, 1995). In order to fiirther reduce the response time to 

detect process shifis and to improve detection of small shifts, the Cumulative Sum 

(CUSUM) and exponentially weighted moving average (EWMA) chans were introduced. 

The CUSUM chan incorporates al1 past data by plotting cumulative sums of the 

deviations of sample values from a target value. The EWMA chart is similar to the moving 

average chart, except for the fact that the data are weighted, with more weight being given 

to the most recent data (Evans and Lindsay, 1996). This chart is useful when the 

acceptable process limits are narrow, and is more sensitive to small shifts than the Xbar-R 

chart (Evans and Lindsay, 1996). However, the EWMA allows for the 'Inertia effect" 

(Montgomery, 1992) and may not detect a single large sustained shift as quickly as a 

Shewhart chart (Montgomery, 1992). These disadvantages are partially overcome by 

combined Shewhart-EWMA charts (Klein, 1996). Other recent developments in control 

charts include econornically optimal designs (Castillo and Montgomery, 1996; Castillo, 

Mackin and Montgomery, 1996), multivariate control charts (Lowry and Montgomery, 

1995) and charts with adaptive sample sires (Prabhu et al, 1993; Runger and 

Montgomery, 1993). 



2.5 -3 SPC in Higher Education 

One of the first articles that suggested the implementation of Statistid Process 

Control in education and training is Zaciewski's (1993) work on instructional process 

control. The evduation of the capability and predictability of the instnictiond process is 

suggested, with examples given for the improvement of cornpetencies of quality control 

instructors. However, it is not explained how the capability of the instructional process is 

to be measured, evaluated and improved. Some insight into these issues has been recently 

tackied by Ensby and Mahmoodi (1997). The authors emphasize the need for an 

implementation of a stmctured approach to elirninate common causes of variation in the 

classroom, and suggest that professors apply trend analysis to accomplish this. For 

example, a high miss rate on a test question indicates a potential common cause, resulting 

possibly fiom confusing wording or insufficient presentation of a concept dunng class. It 

is unclear, however, why the authors consider this a 'tommon cause of variation': since a 

comrnon cause is defined as 'the result of many imperceptible changes that occur in the 

everyday operation of a process, creating natural, uncontrollable outcomes" (Deming, 

1986). Speciai causes, on the other hand, can be attributed to specific actions of the 

process and individuais. Thus, it is apparent that the professor's failure to dari@ the 

particular question on a panicular test is a special, and not a cornrnon cause. 

Application of statistical process control in education is addressed in a number of 

recently published books (Arcaro Jerome, 1995 4 B; Arcaro Janice, 1995; Lewis and 

Smith, 1994; Scholtes, 1994). The tools of statistical process control, namely time plots, 

as well as control and nin charts are explained, followed by one or two examples of 

possible use in schools. While vinually al1 authors consider the applications in prirnary and 

secondary schools, no examples or applications in teaching or leaming process control are 

available. The examples provided in the literature address administrative issues mostly, 

such as student movement in halls (Scholtes, 1994), faculty and staff turnover (Lewis and 

Smith, 1994) or individual student test scores (Arcaro Jerome, 1995A). Sampling for 

control charts is not addressed. An interesting idea about sarnpling, however, is presented 

in Bailey and Bennett (1996). The authors argue that since multiple testing of each student 



in each course in each semester is neither efficient nor effective, only sorne students each 

semester should be randornly selected for testing to determine if the teaching process is 

working. The size of the sample should be determined empirically and based on natural 

variation. 

Lewis and Smith (1994) also provide a number of interesting case studies of 

applying quality tools at Oregon State University. For example, the time to process gram 

was focused. M e r  flowcharting the process, several tirne-wasting loops were discovered. 

Procedures were improved and this resulted in decreasing the average time to process 

grants by 34% (Coate, 1992). However, it appean that the SPC efforts were concentrated 

in administrative areas, such as public safety, cornputer services, budgets and physical 

plant, and that the teachingAearning processes were not focused as much. 

2 -6 TEACHING/LEARNING ASSESSMENT 

One of the problems educators have faced since the beginning of structured 

teaching/learning education process is how to understand what the leamers - students, 

have learned from their teachings. Much like in the manufacturing environment, where 

products are tested and inspected on a continuous basis, the teachers have relied on 

inspecting students' knowledge using exams, tests, assignments, quizzes and other 

techniques developed over the centuries. When using these types of assessment 

techniques, teachers often expect that, bot h qualitativeiy and quantitatively, the matter 

taught equals the matter learned. However, this may not aiways be the case. As Angelo 

and Cross (1993) emphasize, college instnictors who have assumed that their students 

were learning what they were trying to teach them are regularly faced with disappointing 

evidence to the contrary when they grade tests and term papers. 

In order to prevent such surprises in final stages of student evaluation, a number of 

Classroom Assessment Techniques (CATs) have been developed. A compendium of fifty 

CATs is given in the Angelo and Cross's book 'Classroom Assessment Techniques: 

Handbook for College Teachers" (Angelo and Cross, 1993). As the authors explain, 

classroorn assessment 'helps individual college teachers obtain useful feedback on what, 

how much, and how well their students are learning". The focus is on continuous 



evaluation of student leaniing, and improving the effectiveness and efficiency of intefiaces 

between the teaching and leaniing processes. This movement fiom final exams as the oniy 

cnterion for assessing student's knowledge toward continuous monitoring of the leaniing 

process is strikingly similar with the manufaauring approaches toward quality. While in 

the last century or so rnanufacturers were oniy performing final inspections distinguishing 

'%ood" parts from the 'bar  ones, today they build in quality to the product by 

continuously monitoring manufactunng processes using such techniques as  Statistical 

Process Control (SPC), Design of Experiments POE) and Quality Function Deployment 

(QW- 
In the aforementioned book, Ange10 and Cross present twenty seven CATs for 

assessing course-related knowledge and skills, thirteen techniques for assessing leamer 

attitudes, values and self-awareness, and ten CATs for assessrnent of leamer radions to 

instruction. Al1 four examples of CATs reported to have been used in engineering 

faculties, out of 150 examples given, fa11 in the first category (course related knowledge 

and skills). They are the following: Approximate Analogies, Background Knowledge 

Probe, Pro and Con Grid, and Student-Generated Test Questions. Other techniques that 

may be usefûl in the engineering environment include: Focused Listing, Empty Outlines, 

Minute Paper, Application Cards, Chain Notes and Exam Evaluations. None of the 

techniques suggested in this book, however, is able to quantitatively present the degree to 

which the students have acquired the knowledge of most important aspects of matter 

taught, e.g. to answer the question: 'ln terms of the cntical points taught, how many 

students have leamed them from my lecture today?" 

Another question that is often asked when assessing student knowledge is: what 

type of knowledge to assess. The famous Bloom's Taxonomy (Bloom, 1956; Bloom, 

Hastings and Madaus, 1 97 1) categorizes cognitive abilities in the following six elements: 

knowledge, cornprehension, application, analysis, synthesis and evaluation. In the past, 

engineers spent most of their time substituting values into formulas they usually knew by 

heart and obtaining numencal results. Today, however, almost al1 numerical calculations 

are lei? to cornputers. As Cengel and Boles (1994) state. 'tomorrow's engineer would 

have to have a clear understanding and fim grasp of the basic principles in order to 



understand, formulate, and interpret the results of even the moa complex problems". 

Without the clear understanding of the basics, cornputer generated results will be 

misinterpreted and will lead to senous erron. The results of the study of 2,824 university 

teachers indicate that the majority (66%) of engineering professors perceive their pnrnary 

teaching role as developing higher-order thinking skills and fostering student dwelopment 

(Ange10 and Cross, 1993). 

The importance of adequate student evaluation is emphasized by research findings 

suggesting that student concentrate their leaming on whatever they think they will be 

tested on (McKeachie, Pintrich, Lin and Smith, 1986). As the authors state, 'ktudents' 

goals are strongly iduenced by tests or the other activities that determine grades". 

Engineering educators have also focused their efforts on improving the assessment 

of student knowledge and skills. In the United States, these effons have been recently 

chameled by evaluation and assessment projects of engineering coalitions, as weli as new 

ABET 2000 criteria that require the assessment of student leaniing outcomes as a criterion 

for the accreditation of engineenng faculties. In the process, several new techniques were 

developed and old methods improved. For example, Yokomoto (1995) uses pre-exam and 

post-exam quiues for the assessment of effeaiveness of short and long problems given on 

exams. The quiues, containing short and multiple choice problems were administered 

before and afier the exam, which contained a few formal and longer problems. While the 

pre-exam quiz was written without any knowledge of student capabilities, the post-exam 

quiz was prepared afier marking the formal exam. The results of the study show that the 

correlation of the post-exam quiz with the formal exam in terms of students' scores was 

much higher than the correlation of the pre-exam quiz and the exam. The authors thus 

conclude that exarns consisting of shon problems, if intended as substitutes for formai 

problems must be carefully constructed, with at least some previous knowledge of the 

students' capabilities. 

A sirnilar 'before and after9'method of assessing leaming outcomes is suggeaed by 

Bold, Budny and Ward (1995). In the article, the authors present the student self-report 

method used by Purdue University to provide information on incoming knowledge of 

students and the quality of courses and resources. At the beginning and at the end of first 



year mathematics and chemistry courses, students completed a survey about their 

knowledge and background of mathematics and chemistry. They were asked if they had 

ever heard of Mtain concepts or words and if they had, to assess their knowledge about 

the subject on a 1-5 scale. The study has s h o w  very large gains in self-reports of both 

mathematics and chemistry knowledge. Purdue university utilizes self-reports for assessing 

pre-college backgrounds and optimal placements of midents in the first year courses. Yet 

another approach is provided by Schneider and Niederjohn (1995), who apply graduating 

senior exit surveys and alurnni surveys in assessing learning outcomes. Bakos (1996)' 

insists that a number of measures, such as accreditation, standard testing measures, 

teacher evaluations, alumni achievements, career services data and student internship 

feedback be used in evaluating outcomes. 

Another issue that continues to be debated is teacher/professor evaluation, Le. how 

to evaluate the performance of faculty? Universities usuaily rely on student evaluations of 

professor's performance in a course, thereby assessing the professor's teaching 

performance (Doyle, 1975). Peer review is used in most cases where the professor's 

research and service to the university comrnunity is assessed. The discussion on this matter 

is outside the scope of this thesis, nevertheless an interested reader could find a number of 

articles in current engineering education literature that deals with these issues. Examples 

include Tanna and Jakubowski's (1991) article on a rating system for evaluating the 

performance of engineering faculty, articles on judging the quality of research (Doyle and 

Arthurs, 1996; Duggins, 1996) and Armstrong's and Sperxy's (1994) article on research 

versus teaching. 

2.7 MOTIVATION FOR RESEARCH 

A number of authors have expressed concems for the quality in university 

education and have emphasized the need for research in this area. For example, Lewis and 

Smith (1994), report a number of reasons for a renewed focus on quality in education: 

The environment is changing more rapidly than in the past: sensitivity of universities to 

t hese changes is imperative 



Structure of enrollment is changing: by the year 2000 over 50% of the student body will 

be over 25 years of age, with an ever increasing number of part time students 

Increased market forces: students believe that higher education will provide the key to 

employment and career growth and assess the value of a degree based on critena such as 

service, quality learning, timeliness and pnce 

Technological developments shrink the world and increase competition among 

universities: Geographical location as a banier is eliminated and universities will face 

competition fiom the private sector, which spent $48 million for training programs, 

partially due to dissatisfaction with products and services received from universities 

As Farahmad and Ashtijou (1995) argue, engineering education in particular must 

focus on staying current with the most popular standard series in the global market today 

to remain flexible and respond to market needs. According to Yankelovich (Edgerton, 

1993), 88% of the people think that a high school diploma is no longer a enough to qualify 

for a well paying job, and 73% agree that having a college degree is very important in 

getting a job. However, whether universities should teach what the employers want is still 

a question open to discussion and heated debates in acadernia. While the traditional 

approach conceptualizes universities as 'institutions for creating, preserving and 

communication of knowledge7' (Mission of the University of Manitoba, 1997), and that 

higher education should not directly relate to the world of business, which is according to 

Lewis and Smith (1994) still the view of many academics, a number of papers and books 

challenging this view have emerged recently. For instance, Seymour (1993) emphasizes 

that the longer we refuse to address the gap between what universities produce in terms of 

leaming and what industry requires, the more drag it will create on econorny and global 

competitiveness. The importance of industry as customers of engineering education is 

fûrther emphasized by the inclusion of cooperative education programs in the ten most 

outstanding engineenng education and engineering technology achievements of the past 

century (Bumet and Greisch, 1993). 

The gap between the quality practices taught in the university courses and those 

actually practiced by university presents an emerging and expanding danger. Quality 

Progress, a periodical of the Arnerican Society For Quality (ASQ), publishes yearly a list 



of universities and cornmunity colleges which practice quality in administration or teach 

courses in quality. The results are based on a survey sent to the universities which are part 

of TQM networks or appeared in the prwious listings (Klaus? 1996). However, since 

audits of these institutions are not performed, it is not clear how the responses are verified. 

For that matter, a simple hiaogram of the response time of sta f f  in a student cafeteria may 

be considered as enough evidence for the claim. Also, as Ensby and Mahmoodi (1997) 

point out, While many post-secondary institutions are implementing quality practices in 

administration, few are implementing them in cIassrooms. If professors have no valid 

proof that their processes are in control, they cannot readily disprove a claim that their 

instmctional systems are the cause of poor student performance; nor can they claim credit 

when student performance is exceptional': It is obvious that an international standard, 

such as ISO 9000, would greatly assist the universities in providing confidence to 

customers that quality is indeed practiced. Matthews' (1993) concems illustrate this. The 

author argues that academia has tackled the easy elements of implementing TQM within 

its own walls by introducing courses on quality management, but there is a real danger of 

academia teaching one set of values and adopting a different set for itself 

To summarize, the words of the quality pioneer Armand Feigenbaum illustrate the 

importance of research in the quality of education: 'We must look at far more than just the 

cumculum issues; we cannot simply create a structure with some quality courses and a 

quality department, and label this a broad quality education initiative.. Research in quality 

must be stressed as one of the keys to the growth of quality throughout the educational 

infrastnicture" (Feigenbaum, 1 994) 

We can, therefore, conclude that the current literature on quality assurance 

systems and quality in university education illustrates a significant need for research. In 

terms of quality assurance systems and models, the following shortfalls are perceived: 

the structure of quality assurance models, including ISO 9001, 9002, 9003 does not 

allow for the integration of quality assurance and quality management systems, including 

total quality management and quality improvement 

current ISO 9000 models provide the composition of quality systems in a confusing 

marner, with a lack of focus on the systerns concept 



integration with environmental management and workplace health and safety systems is 

impeded due to the lack of understanding of the underlying syaem concept 

documentation and implementation of the ISO 9000 quality systems is often ineffective 

and inefficient due to failed conceptualkation of quality assurance and quaiity systems 

Viewing the university as a system analog to a m a n u f a h n g  organization 

certainly helps the quality assurance enorts in higher education. Cuaomers and suppliers 

of the university can be defined, as well as the produas and services that need to possess 

certain quality characteristics to satisQ the customer. Undoubtedly, there is an abundance 

of literature determinhg the university customers. However, most of the available analyses 

lack: 

a comprehensive outline of university's products 

identification of links between specific customers and products 

recognition that research output is indeed a product 

identification of student knowledge and cornpetence as one of the measurable products 

explanations of product quality charactenstics 

an outline of university suppliers in terms of the leaming opportunity and research 

explanation of the difference between the 'leamhg opportunity', leaming and teaching 

As a world-wide accepted and generic quality assurance program, ISO 9000 

standards have been introduced to educational institutions mainly in Europe. The survey 

on available literature on the subject reveals the following facts. 

in the majority of cases, the standards have been implemented in administrative functions 

and mainly in comrnunity colleges 

research, i.e. creation of new knowledge has not been covered by the ISO 9000 quality 

system 

interpretations of the standard have not used the system concept 

for reasons unknown to the author of this thesis, the interpretations have failed to 

include al1 twenty elements of the ISO 9001 standard, arguing that some of the elements 

are not applicable 



procedures for documentation or implementation of the standard in a university 

environment are not available 

quality improvement methodology, such as interna1 quality audits and statisticai 

techniques are not addressed and procedures for implementation are not available 

lack of a quality system description 

emerging integration of quality, environmentai and health and safety systems 

The literature survey also indicates that ISO 9000 systems are rarely considered to 

facilitate process control and improvement in universities, especially in teaching, learning 

and research processes. Sparse literature on the implementation of Statistical Process 

Control in the university education almost always focuses on administrative processes, 

such as administration of fiinds or students' movement between classrooms, and not 

teaching and learning. Although a number of techniques for assessrnent of student 

knowledge exist, a comprehensive model for control of teaching and learning processes at 

various levels of university teaching, such as lectures, laboratones and tutorials is yet to be 

proposed. Aiso in tenns of products and processes of the university, the literature survey 

indicates the Iack of a set of measurable quality characteristics. 

2.8 RESEARCH OBJECTIVES 

The following are the objectives of the research presented in this thesis: 

1. Develop a model of a quality system that will facilitate: 

- integration of quality assurance and quality management systems, including total 

quality management and quality improvement 

- integration with environmental management and workplace hedth and safety 

systems 

- better understanding of quality assurance concepts 

- documentation and implementation based on system engineering 

2. Propose an improved model of the ISO 9001 quality syaem, considenng: 

- quality system structure and quality loop 

- composition of quality system elements 



3. Develop a mode1 of the university education system considering: 

- customers, suppliers and produas 

- research as an integral part of the university's products (services) 

- links between specific customers and products 

- produa quality characteristics 

- interrelationship of teaching, leaming and research processes 

- application of the ISO 9001 quality system in the university environment 

4. Provide an interpretation of the ISO 9001 standard for a university, incorporating: 

- the system approach to quality assurance 

- mode1 of the university education system developed 

- examples of the impact of the quality system on the university 

5. Compare the current engineering education accreditation schemes in Canada and the 

United States with the interpreted ISO 9001 quality system, and identiQ possibilities for 

developing the quality system on the basis of accreditation schemes 

6 .  Develop a procedure for documentation and implementation of the ISO 9001 quality 

system in an engineering department, focusing on process control, intemal quality audits 

and statistical techniques 

7. Provide an example of the quality system objective in education and a case study of 

achieving the objective 

8. Develop an SPC model for control of the teaching process considering: 

- lectures 

- tutorials 

- laboratory experiments 

9. Provide a set of product quality characteristics products using a modified Analytic 

Hierarchy Process (AHP). 

The relationships of these objectives and specific chapters of the thesis are 

presented in Figure 2.1. 
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CHAPTER THREE 

QUALITY ASSURANCE: A SYSTEMS APPROACH 

In this chapter, a model of the quality system considerhg processes, resources and 

objectives is developed. The model is based on the definition of a system as a set of 

interdependent processes that ftnction harmoniously, using various resources to achieve 

objectives. Then, the control of the quality system is discussed, using a closed system 

mode1 with a negative feedback loop. Certain processes, such as quality planning, quality 

control, quality improvement and qudity assurance are clarified. Subsequently, the ISO 

9001 quality system is restructured and recomposed using this model. Instead of the 

current twenty elements, two groups with a total of thhteen elements are proposed. The 

virtue of the presented quality system model is that it dows  for the integration of quality 

assurance and other related assurance systems, such as environment and health and safety. 

Thus, an ISO 14001 environmental management standard is presented using this model. 

3-1 OUALITY ASSURANCE AND A QUALITY SYSTEM 

3.1.1 Quality Assurance 

Since the dawn of humanity, people have been making goods to meet their needs. 

Moreover, this human need was the driving force for the creation of most, if not all 

products and services. As the proverb says, 'necessity is the mother of invention'. Today, 

the ability of the product or service to satise needs is often called 'quality'. As the 

complexity of produas grew with time and technological advances, it was no longer 

possible for an individual to produce everything hdshe needed, and exchange of goods 

and services emerged. People started to make products that would meet someone else's 

needs, in order to meet their own. This second party was later named 'the customer'. The 

customer, however, did not have control over the production, and thus had to be 

convinced that the product would indeed do what it was intended to, Le. be fit for use. 

Apart from this fitness-for-use, the customer wanted the product to be safe, inexpensive, 



dependable and repairable. Indeed, the customer wanted assurance that hidher needs and 

requirements would be met. Quality assurance was barn. 

Today, as in the past, producers of goods and seMces must provide confidence to 

their customers that the requirements for quality are and will be met. To achieve this 

quality assurance, a number of engineering disciplines and programs which govem the 

quality, safety, reliability and dependability of produas have been introduced. Halper 

(1978) refers to these disciplines, examples of which include quaiity control reiiability and 

maintenance engineering, as 'assurance sciences'. In the iast two decades, quality 

assurance programs have been significantly infiuenced by quality standards, such as the 

Canadian Standard 2299, British BS 5750 and the International ISO 9000 standards. As it 

was illustrated in Chapter 2, these standards present models and guidelines for qualit' 

assurance in an organization. 

It is widely recognized that quality assurance must be a 'systematic effort' 

(Kirstein, 1996; Deming, 1986). Quality pioneer Dr. W. Edwards Deming fûrther 

emphasized that the appreciation of the syaem is crucial (Deming, 1986). Also, thinking in 

terms of systems is necessary for successfil implementation of any quality related project, 

such as ISO 9000 (Velury, 1996). Nevertheless, the current structure of ISO 9000 

standards, an abundance of failed or ili-implemented quality programs and a serious 

confùsion in quality tenninology and communication indicate the need for a clear, 

engineering conceptualization of the system in-general. An example of one such shortfall is 

provided. ISO 9000 standards define the quality system as the 'organizational stmcture, 

resources, processes, procedures needed to implement quality management' (ISO 8402, 

1994). This definition only states the necessary elements of the quality syaem, not 

irnplying that the quality system is really a system. While the composition of the quality 

system (elements) is indeed illustrated, it's structure (interrelationships between the 

elements) is lefi out. The definition does not point out that the system is driven by certain 

objectives, nor that it is embedded in its environment and interads with the environment. 

Another upcoming major issue is the integration of quality assurance and other 

systems, such as environmental management, healthhfety and maintenance. The current 

structure of quality assurance models does not allow for this integration. 



3.1 -2 System 

When parts, resources, activities or processes perform interdependently within a 

unified whole to achieve a common objective, this whole is viewed as a systern (Cleland 

and King, 1983). In fact, we can claim that everything in Our reai and conceptual world 

can be viewed as a system, or at lest as a part of one. The Earth as a planet is a part of 

Our solar system, the hart belongs to the human body, and the steering wheel to an 

automobile. Wxth resources such as gasoline and oil, and the internai combustion process 

in the engine, the driver of an automobile can achieve hidher objective of moving nom 

place A to place B. Thus, we can define the system using it's main elements: resources, 

processes and objectives. 

DEFINITION 3.1: System is a set of interde~endent processes. that fundion 

hannoni ousl y, usina various resowces. to ac hieve an obiective. 

It is important to recognize that, at least in an engineering perspective, the 

objective defines and drives the system. We build cars in order to transport people and 

goods. The car, as a system, is meant to accomplish this objective. Processes within the 

system transfomi input into output, using various resources. Another common feature of a 

system is that it is embedded in its environment and is connected with other systems. We 

ofien define the system boundaries by relating it to other systems or its environment. The 

interrelationships among objectives, processes and resources cm be explained using a 

simple graphical mode1 of a system illustrated in Figure 3.1. 
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FIGURE 3.1: A Simple Graphical Mode1 of a System (Karapetrovic & Willbom, 1998A) 

Firstly, the objective of the system must be defhed, in ternis of what the required 

output is. This is followed by the design of the system that d l  achieve the required 

objective. Necessary resources are procured (step 3) and deployed (sep 4) into the 

processes that transform input into output (step 5). The result is the actual output, which 

is compared with the required output (aep 6). Definition 3.1 and the mode1 presented in 

Figure 3.1 will now be applied to quality and quality assurance. 

3.1.3 Quaiity System 

Quality does not jua happen. It is planned, designed, created and improved. In 

other words, quality is the result of a 'kystematic" effort. It is the objective we nrive to 

accomplish. Therefore, in order to create quality, we must have a syaem. We ofken refer 

to this system as the 'Quality System". Using the definition of a system, we can now 

define the Quality System. 

DEFINITION 3.2: Quality System is a set of interdependent processes that fùnction 

harmoniously, using various resources, to achieve the objectives related to quality. 



The objectives of the qudity system are focused on meeting and exceeding 

customer expectations and requirements. Processes within the quality system transform 

mstomer requirements (required output) into the product bearing the ability to satise the 

requirements ( a d  output). Under the system approach, quality is the actual output of 

the quaiity system (Figure 3 -2). 

RESOURCES PROCESSES OBJECTIVES 

4. Deployrnent 1 5. Quality System Implementation 1 6. Quality 

3. Ailocation 

+ 
Quality System Environment 

FIGURE 3.2: A Simple Graphical Mode1 of a Quality Syaem (Karapetrovic & Willbom, 1998A) 

2. Quality System Design 

DEFINITION 3.3: Quality is a set of characteristics of a product that satisfy needs and 

requirements. 

1 .Customer Requirements 

t 

The Quality System, as any system, must be designed once the mission, objectives 

and requirements for quality are specified. As show in Figure 3.2, the design process 

(Step 2) moves fiom the requirements (Step 1) to the procuring of the required resources 

(Step 3). Quality Function Deployrnent is one of the methods applied in the first two steps 

(see Chapter 7). The human and matenai resources are then deployed (Step 4) into various 

production and control processes (Step 5). The achieved quality should be compatible 

with the specified requirements. Othemise, corrective action is taken, and the six rteps 

nart again. This resembles the Shewhan's Plan-Do-Study-Act circle (Deming, 1986). Of 

course, this is a simplified and a condensed view of the quality system. A more detailed 

mode1 is presented in the next section. 



Like any system producing meaningfbl outputs, a quality system mua be 

controlled. Othenvise, the entropy of the system increases, and according to the first mle 

of organization (Marin, 1994), the system becomes chaotic and is not able to produce 

desired output, i.e. quaiity. The quality system mode1 presented in figure 3.2 indicates that 

a quality system is a closed-loop system, because the aaual output is cornpared with the 

desired output to analyze the effeaiveness of the systern (Ogata, 1970; Phelan, 1977; 

Hale, 1988). Therefore, a quality system can be illustrated with a block-diagram of a 

closed system with a negative feedback loop (Figure 3.3). 

As mentioned previously, objectives for quality are focused on the customer's 

expectations, needs and requirements, as well as the needs and intereds of the 

organization itself These objectives represent the desired output [XO, wUId  (t)] that defines 

and drives the quality systern. The ISO 9004-1 standard (1994) States: 'A quality system 

should be developed and implemented for the purpose of accomplishing the objectives set 

out in the organization's quaiity policy". In order to accornplish the objectives, customer's 

requirements must be identified. Both the customers expectations and the organization's 

needs can change with time, so the desired output is dependent on time. Then, we need to 

evaluate whether it is possible to meet these requirements effectively and efficiently. 

Ifthe requirements are feasible, we set the objectives for quality, design the systern 

that will accomplish these objectives, and allocate the necessary resources. Quality 

planning is a process which encornpasses these 'Sub-processes77. Each subprocess is 

subject to some sort of quality control, represented by feedback loops. For example, 

objectives represent the input to the subprocess of designing the system. The output of 

this subprocess, i.e. system design, is compared with the objectives. System design may or 

may not meet the objectives. If it does not, it has to be modified. Also, system design may 

or may not meet the requirements, requinng an additional feedback loop to compare 

design with the system's requirernents. Yet another example of a quality control feedback 

loop is when the deployment of resources is compared with the planned allocation of 

resources, Le. the question whether adequate resources are being used (Figure 3.3). 
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FIGURE 3.3: Quality System Processes, Resources and Objectives 

Based on quality planning, resources are then deployed and the system is 

implemented. Essentially, the latter two processes are controlled by quality planning, or 

more precise with it's output: quality plans. This is analog to an automatic control systern 

where the controller (quality planning) regulates the object (quality system) with it's 

output (quality plans). The regulating fûnction R is dependent on the difference between 

the desired and actual output (s) and time (t). Finally, an actud output (quality) is created 

and, at a certain point of time (ti), compared with the initial customer's requirements (E = 

XQ - XQ w..~). The comparator is syrnbolicalIy presented with a circle in Figure 3.3. 

If requirements exceed output quality, a defect is created (ECO). If they are equal, then the 



requirements are met (&=O). If the output quality exceeds requirements, customer's 

expectations are surpassed (DO). These three cases are represented by equation 3.1. 

~=&-~-Xo,w.atcd<O j D e f e c t  

EQUATION 3.1 : E = &. -1 - XQ W- > O = Requirements Surpassed 

E = &, -1 - XQ W- = O = Requirements Met 

However, we cm still arive to achieve a level of quality never achieved before. We can set 

new objectives (such as "zero-defect students", Chapter 7), and create an output that, 

over time, is approaching this objective. Consequently, the difference between the required 

and actual output will become zero. We have increased the effectiveness and efficiency of 

our quality system. This process is called "quality improvement". Quality assurance (QA) 

is a process compnsed of quality planning (QP), quality control (QC) and quality 

improvement (QI): Equation 3 -2. 

EQUATION 3 -2: Q A = Q P + Q C + Q I  

To execute the processes of quality planning, creating, control and improvement, 

resources are needed. Resources within the quality system consist of people, material and 

information. Pan of the information resources is quality system documentation, such as 

quality manuals, procedures and records. Objectives are stated in the quaiity policy, 

mission and long/shon term goals statements. A quality manual describes the quality 

system, and makes references to quality system procedures. These procedures, dong with 

work instructions, describe the processes within the quality system. 

With an established and controlled quality system, an organization can provide 

confidence to customers that their requirements for quality will be met. In doing so, it can 

concentrate on the product, depart mental fûnctions creating products, or both (Figure 

3.4). The latter actually focuses on a matrix-type organization (Klarin, 1994). A well 

accepted quality system for this kind of assurance is provided by the ISO 9001 model. In 

the next sections, the model is re-engineered to facilitate the system approach. 
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FIGURE 3 -4: Product and Function Focused Quality System 

3.2 ISO 9001 

3.2.1 Systems Approach to the Structure of ISO 900 1 

In the ISO 900 1, 1994 standard, a quality system consists of twenty elements, laid 

out as requirements of the standard. The following is the list of these elements, as 

arranged in the current standard (Figure 3.5). 

3.1 Management responsibiIity 
4.2 Quality system 
4.3 Contract review 
4.4 Design contfol 
4.5 Document and data conuol 
4.6 hirchasing 
4.7 Control of customer supplied product 
4.8 Product identification and traceability 
4.9 Process convol 
4. IO Inspection and testing 

4.1 1 Control of inspection, etc. equipment 
4.12 Inspection and test statu 
4.13 Control of  nonconfonning product 
4.14 Corrective and preventive action 
4.15 Handling, storage, packaging, etc. 
4.16 Control of quality records 
4.17 Intemal quaiity audits 
4.18 Training 
4.19 Servicing 
4.20 Statistical techniques 

FIGURE 3 -5 :  Current ISO 9001 Standard 



It is evident that the interrelationships between these twenty elements are not cleariy 

stated. Thus it is hard to understand the interdependencies of the processes designed to 

achieve the set objective. Definition 3.2 and the schernatic mode1 fiom figure 3.2 have 

been applied to rearrange the elements under the system approach (Figure 3.6). 

Requirements for quality are set in the contract and subsequently reviewed by the 

customer and supplia. This process corresponds to the element 4.3 Contract review. The 

product is then designed (4.4 Design wntrol), and a quality plan (4.2.3 Quality plans) 

prepared. This is followed by the procurement of necessary resources. The requirements 

for these processes are set in sections 4.6 Purchasing, 4.7 Control of customer-supplied 

product, and 4.1 1 Control o f  inspection, measuring and test equipment. Then, the 

resources are deployed. In addition, human resources have to be trained to effedvely 

accomplish the objectives (4.18 Training). The product undergoes processing (4.9 Process 

control), handling, storage packaging and delivety (section 4.15). It is inspected and tested 

(section 4-10), and its inspection statu recorded (4.12). Nonconforming products are 

removed (4.13), and corrective actions implemented (4.14). Finally, servicing (4.19) is 

avaiiable if required. This sequence of elements represents a typical "quality loop" (see 

ISO 9004-1, 1994), a mode1 of interacting activities that influence quality at various stages 

of a product life cycle. 

The processes described above are supponed by the remainhg seven elements of 

ISO 900 1, which have been named "supporting resource elements". Management 

responsibility is implied in each element, and in the quality system as a whole. Sections 4.2 

Quality system, 4.5 Document and data control, and 4.16 Control of quality records 

illustrate the necessary documentation resources for successful management of the quality 

system. Throughout its life-cycle, the product is identified and its traceabiliîy provided 

(section 4.8). Two of the remaining elements, 4.17 Intemal quality audits and 4.20 

Statistical techniques support and improve the quaiity system in whole, as welI as its 

individual elements. 





the integration of dBerent systems a d o r  subsystems into a supra-system, that may be 

referred to as the ''production" system (see section 3.3 and chapter 4). 

Another advantage of this regrouping is in the implementation aspect of the ISO 

900 1. Assuming that there is a logic behind the ordering of elements of the ISO 9001, 

=me organizations document and implement these elements in the order in which they are 

d e n ,  i.e. 4. i Management Responsibility first, then 4.2 Quality System, then 4.3 and so 

on. While the necessity of providing management cornmitment £kt is not questioned here, 

documenting and implementing document control (4.5) just afier design control (4.4) and 

before purchasing (4.6), for instance, may cause an organization to lose it's focus on the 

quaiity system. Instead of focusing on designing the system, it focuses on the design of the 

documentation (Velury, 1996). The systems approach to ISO 9001 facilitates a better 

understanding of the quality system's structure, and focuses the implementation efforts on 

the thineen quality loop elements first (Figure 3 -6). Documentation and implementation of 

these elements will then induce the development of the seven other supporting elements. 

For exarnple, while documenting process control, responsibility of management for 

process control must be defined, as well as the need for training and statistical techniques. 

With the system's view, focus on the quality system will never be lost. 

In the above section, the shucIure of the ISO 9001 quality system has been 

discussed. However, in order to streadine the current system, we must also take into 

account its composition, i-e. the ISO 9001 elements themselves. Thus, in the next section, 

suggestions for a new, systematized ISO 9001 are proposed. 

3.2.2 Systems Approach to the Composition of JSO 9001 

The system approach presented in this chapter essentially categorizes the twenty 

elements of the current ISO 900 1 quality system into two groups. The first group consists 

of elements addressing the processes that influence the quality of the product throughout 

its life cycle: fkom market research and product design and development to disposal or 

recycling at the end of useful Me. This group is called 'Quality Loop Elements', since the 

quality loop is the underlying concept of main activities having an impact on quality (ISO 

9004-1, 1994). The second group consists of elements supporting the quality system, with 



resaurces such as quality system documentation and processes such as intemai quality 

audits. The composition of both groups is now analyzed under the system approach. 

3.2.2.1 Quality b o p  Elements 

The first step in the product life cycle is the determination of the need for a 

product, market demand and customer requirements. This is usually done by the marketing 

function in an organization. A quality system must ensure that these activities are 

performed on a continuous bais  and records of activities and results maintained. 

Subsequently, customer requirements and needs are translated into a statement or outline 

of product specifications. This is sometimes referred to as 'the product brief. This bnef 

presents a preliminary set of specifications that is a direct input for product design work 

The organiration must then review and confirm that it is capable of meeting customer 

requirements. In the current ISO 9001 standard, the above activities are reduced to the 

requirements for contract review, i.e. for review of contract with the customer to ensure 

that the requirements are adequately documented, and any differences between the 

contract and tender are resolved. This is mainly due to hiaoric reasons, since the three 

quality system models, namely ISO 9001, 9002 and 9003 were to be used for contractual 

purposes, Le. when a contract with the customer exists. To cl&@ this element of ISO 

9001 and develop a more generic quality system requirement, it is proposed that the 

current section 4.3 Contract review be replaced with 'Defining cuaomer requirements'. 

This section would address al1 processes fiom determining the need for a product to 

specifjing the product bnef (Figure 3 -7). 
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FIGURE 3.7: Quality Loop Element #1- Defining Customer Requirements 
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The next step in the product life cycle is the product design. On the bais of 

customer requirements defined in the product briec as weU as applicable statutory and 

regulatory requirements, the product is designed and developed. Design activities are 

planned, organizational and technical interfaces between designers are defhed, and design 

input is transformeci into the design output, Le. the product blueprint. The design is then 

reviewed, verified to ensure that design output meets design input requirements, and 

validated, to ensure that design output meets customer requirements. Product design is 

also tested, e.g. in prototype measurement and testing. The output of design process is the 

input into the process planning and development (Figure 3.8). 

Input Process #2 Output 
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FIGURE 3 -8: Quality Loop Element #2 - Product Design and Development 

Next, the production process is plamed and designed. Planning of processes m u a  

ensure that these proceed under controlled conditions, including appropriate equipment, 

machines, tools, supplies, utilities software, environment and personnel. Once designed, 

the process should be verified as being capable of producing the produa according to 

specifications. Monitoring and control of processes must be planned and designed, as well. 

The output of the process planning is cornmonly referred to as 'the process plan' 

(Figure3 -9). 
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RGURE 3.9: Quality Loop Element #3 - Process Planning and Development 
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According to product design and process plans, necesary resources are thm acquired. 

This not only includes material resources, such as machines, equipment, supplies and 

software, but also human resources. Appropriate training must be provided to ail 

personnel affecthg quality. Thus, a merger of elements 4.6 Purchasing and 4.18 Training 

into the 'Acquisition of Resources' is proposai (Figure 3.10). 
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FIGURE 3.10: Quaiity Loop Element #4 - Acquisition of Resources 

Acquired resources are subsequently deployed into the production processes. AU 

processes rnust be adequately controlled to ensure the quality of the product, Le. that the 

custorner specifications are maintained throughout the production. Control of processes 

includes material control, traceability and identification of the product throughout the 

process (section 4.8 of ISO 9001). Also included are machindequipment control and 

maintenance, as well as material and product handling, storage, packaging and 

preservation (sections 4.7 and 4.15 of ISO 9001). Monitoring and control of process 

parameters and produa quality characteristics is encompassed, as weU (Figure 3.11). 
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FIGURE 3.1 1 : Quality Loop Element #5 - Process Control 
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ln order to ver@ that the specifïed requirements for produas and processes are 

met, measurement, inspedon and testing activities are perfonned. This includes inspection 

and testing at al1 stages of the product Me cycle, fiom the receiving inspection of incornhg 

material and equipment, through in-process inspection to final inspection and testing of 

products. Inspection and testing status of the produa must be identified by suitable means 

(section 4.12 of the current ISO 900 l), and records of such activities maintained. Aiso, 

inspection, measuring and test equipment must be controiied, calibrated and maintained 

according to established and documented procedures (section 4.11 of ISO 9001). 

Inspection and testing thus represent the Quality Loop Element #6 (Figure 3.12). 

Input Process #6 Output 

FIGURE 3.12: Quality Loop Element #6 - Inspection and Testing 
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Inspection and testing essentially determines whether the product conforms or 

does not conform to the specified requiremer. S. In the latter case, the product must be 

prevented fiom unintended use or installation. Thus, a noncorforming product must be 

adequately controlled (Figure 3.13). 
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FIGURE 3.13: Quality Loop Element #7- Control of Nonconforming Produa 



For the purpose of deteminhg the causes of msting or potential nonconformities, 

adequate corrective and preventive actions mua be planned, executed and reviewed 

(Figure 3.14) . This is done throughout the Mie cycle of the product. 

Input Process #8 Output 

FIGURE 3.14: Quaiity Loop Element #8 - Corrective and Preventive Action 

Fially, a conforring product is sold, delivered, installed, serviced and disposed of 

or recycled at the end of its life cycle (Figure 3.15). Customer's feedback on the produa 

must be collected and used for the foiiowing cycle. 
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FIGURE 3.15: Quality Loop Elernent #9 - Delivery, SeMcing and Customer Feedback 
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3.2.2.2 Supporting Elements 

A quaiity system is supponed by certain resources and processes. Above dl, 

human resources must be organized to manage, perfonn and ven@ work affecting quality. 

The responsibility, authority and interrelation of personnel must be defined and 

documented. Quality leadership must ais0 be ensured through the appointment of the 

quality champion or quality (ISO 9000) representative. The above activities are defined in 

the suppotting element named 'Quality System Organization'. 

D E L E R Y ,  SERVICING 
AND CUSTOMER 

FEEDB ACK 

USAGE AND 

r 

FEEDBACK 



The objectives of the quality system are bnefly underlined in the organization's 

quality policy, which includes the organization's cornmitment to quality. The quality policy 

is pari of the quality system documentation, which includes the quaiity manuai, quality 

system procedures, instructions and records. The first three types of documents are 

created 'a-priori', i.e. before the execution of processes and activities. Records emerge 'a- 

posteriori', since they represent the results and evidence of processes and activities. AU 

q u a l i ~  system documentation must be adequately controiied. In the current ISO 9001, 

two separate elements cover the control of documents and data, namely 4.5 Document 

and data control and 4.16 Control of quality records. Since there really is no reason for the 

two to remain separate under the system approach, it is proposed that these two elements 

be merged and presented as subheadings in the element 'Quality System Documentation'. 

Quality plans, as another resource, should be included in this element, too. The quality 

plan relates to a specific product, projea or contract and addresses the whole product Life 

cycle. 

Finally, intemal quality audits and statisticai techniques facilitate quality 

improvement throughout the quality loop and the quality system in whole. Using the 

system approach, a new structure and composition of the ISO 9001 quality system is 

presented in the next section. 

3.2.3 Proposed ISO 9001 Quality System 

Of the three quality system models in the ISO 9000 series, ISO 9001 is the most 

comprehensive. Furthemore, the upcorning revision of ISO 9000 is expected to merge al1 

three models into the ISO 9001 standard, with more emphasis on processes and improved 

M a g e  with other systems, such as environment and health and safety (Caillibot, 1997; 

Campbell, 1996). However, the quality system presented in this thesis provides a more 

comprehensive approach, since not only processes, but also resources and objectives are 

addressed, conceptualizing ISO 9001 as the quality systern, and not as a 'process 

standard'. Moreover, the integration of quality and environmental systems is easily feasible 

with the system approach (see section 3.3). 



While the structure and composition of the proposed ISO 9001 system was 

discussed in the two previous sections, Table 3.1 presents a cornparison with the current 

ISO 900 1 - 1994 model, and Figure 3.16 illustrates the proposed system. 

1. Defining Customer Requirements 

PROPOSED ISO 9001 SYSTEM 
PART 1 : QUALITY LOOP ELEMENTS 

2. Product Desim and Develo~ment 

CURRENT ISO 9001 (1994) 

3. Process Planning and Development 

4.3 Contract review 
ISO 9004: 7.1 Marketing requirements 
ISO 9004: 7.2 Defining produd specification 
4.4 Desim control 
4.2.3 Quality planning (excluding quality 
plans) 
ISO 9004: 10 Oualitv of   roc esses 

4. Acquisition of Resources 1 4.6 Purchasing 1 
-- 

~ ~ ~ r o c e s s  Control 4.8 Product identification and traceability 1 

6. Inspection and Testing 

1 7. Control of Nonconformine Product 
1 8. Corrective and Preventive Action 

4.13 Control of Nonconforming Product 
1 

4.14 Corrective and Preventive Action 
1 9. Delivery, SeMcing and Customer 1 4.15.6 Delivery 1 

Feedback 
4.19 SeMcing 
ISO 9004: 7.3 Customer feedback information 

PART 2: SUPPORTING ELEMENTS 
10. Oualitv Svstem Oreanization 
1 1. Quality System Documentation 

12. Intemal aualitv audits 

4.1.2 Organization 
4.1.3 Management review 
4. I. Q U ~ ~ ~ O I ~ ~ ~  1 
4.2 Quali s stem 
4.5 Document and data control 
4.16 Control of aualitv records 
4.2.3 (part) Quality plans 
4.17 Intemal aualitv audits 

1 13. Statistical techniques 1 4.20 Statistical techniques 1 
TABLE 3.1 : Cornparison of the Current and Proposed ISO 9001 Quality System 
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FIGURE 3.16: Graphical Mode1 of the Proposed ISO 900 1 Quality System 

3.3 INTEGRATED PRODUCTION SYSTEMS 

Another benefit of the systern approach is that it allows for the cohesion of the 

quality, environmental and other assurance systems into one integrated - "supra" 

production system. For exampie, figure 3.17 illustrates the application of the system 

approach to ISO 14001 Environmental Management System. 

Quality is just one dimension of the product. It is a set of characteristics of a 

product that bear on its ability to satisfy customer's needs. However, a product also must 

have environmental characteristics that will satisfy interested parties, or cost 

characteristics that will satis@ both the customer and the supplier. In the same vain, health 

and safety charactenstics of products are focused and will remain among the most 

important issues in the 21st century. The product mua  also be se~ceable, maintainable 

and dependable. Al1 these make up the product's charactenstics. 
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FIGURE 3.1 7: Graphical Mode1 of an ISO 1 400 1 Environmental Management System 

As blunt as it may sound, it is important to recognize that al1 these produa 

characteristics are made in a unique system, often referred as the 'production system'. 

Because products are becoming more and more cornplex, and encompass a number of 

dinerent sets of characteristics, the tendency in the paa was to develop separate systems 

to create these sets of characteristics. Thus, the 'quality system' is developed to create 

'quality'. An environmental management system is another example, an accounting system 

yet another. This depa~nentalization has led to serious organizational problems (Warin, 

1994). It is now evident that the integration of these systems is needed in order to 

successfilly compete in the global market. A good example of such integration is 

concurrent engineering, where people fiom different departments, such as marketing, 

design, engineering and process planning work together in conceptuaiizing and 

manufacturing a product. 



Therefore, it cari be concluded that the qudity system is jus a sub-system of the 

production system. As are the environmental and the wsting (accounting) system. On the 

other hand, a part of the production system is the management system, which the 

management uses to manage quaiïty, environment, wst, human resources and so on. The 

part of an overail management system that manages the quality dimension is actuatly the 

quality management system. Environmental aspects are managed by the environmental 

system, and so on (Figure 3.18). 
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FIGURE 3.18: Production System and Related Subsyaems 

In the next chapter, one such production system is addressed and conceptualized in 

detail. This is the production system in the educational environment of the university, 

called 'The University System'. 



CHAPTER FOUR 

UNTVERSITY SYSTEM 

In this chapter, a black-box analysis of the university's customers, produds, 

suppliers and inputs is perfonned first. Then, three identifid university products: student 

knowledgelabilities, programs/wurses, and research will be focused on, as well as the 

processes creating hem: leaming, teaching and research. A three-dimensional mode1 of 

the university system is subsequently proposed, and the interrelationships between 

teaching, learning and research discussed. 

4.1 BLACK BOX ANALYSIS 

Universities are cornrnonly considered as semice organizations, which provide 

educational and research services to students and the community in general. While it is not 

the intention of this thesis to argue whether this categorization is reaily necessary, it is 

certainly possible to conceive that service is just one kind of a product (Karapetrovic and 

Willborn, 1998A). In a seerningly opposite view, Reavill (1998) argues that the output of 

higher education can be defined as either a product or a service. In the first case (output is 

a product), customers are employers and the community, and in the second (output is a 

service), customers are students. However, the following black box analysis of the 

university system shows that both the employers and the students may be viewed as 

customers, depending on a particular product of the university. Employers are customers 

receiving the product in the form of the knowledge and skiils of a graduate, while students 

are customers in the case that a specific course or a program is perceived as a product. 

Therefore, in this thesis, it is assumed that the act of making a product, Le. 

production, accounts for the generation of both goods and seMces (Riggs, 1987). Thus, a 

product may be tangible, in which case it is referred to as "material" a d o r  "hardware", 

intangible, in which case it is referred to as "service" or "software", or a combination 

thereof. The product is the actual output of a production process. Using various 

resources, production processes work to achieve objectives in a prodirction system. 



This thesis views the university as a production system. To conceptualue the 

university system (US), a black-box analysis of the system's inputs and outputs, as well as 

suppliers and customers is required (Figure 4.1). 

SUPPLIER CUSTOMER 

FIGURE 4.1 : University System as a Black Box 

The analysis starts fiom the back end of the black box. What is(are) the product(s) 

of the university? The answer can be perceived as three-fold. The first product is the 

student, or to be more precise, the knowledge, experience, skills and overali competence 

the student gains in the course of hidher studies. A course/prograrn can also be viewed as 

a product. However, courses and programs are developed by a university for its own 

purposes, that is to create student knowledge. In this sense, a course/program is just a 

means to produce the first product - student's education, and is a part of the process, 

rather than a product. Nevertheless with emerging communication technologies such as 

Intemet and tele-conferencing, university courses and programs may be offered, marketed 

and 'sold' as distinct products. With these limitations in mind, we can h d l y  identa the 

third produa of the university as research: new theoretical and practical knowledge. 

Subsequently, we can determine the customers of the university system. Aithough 

accounts on who really is the customer were detailed in the literature survey, this analysis 

is based on the criterion that the customer sets the requirements for the product and 

product quality. The requirernents for student's engineering knowledge, for instance, are 

set by the companies hdshe will work for, as well as governrnent and professional 

institutions, such as the Canadian EngineeMg Accreditation Board (CEAB). M e r  

graduation, the student's knowledge is used by the employer, or the student for Wher  

own purposes. Thus, employers and alumni, together with government and society in 

whole are the final nistomers of the university, who set the requirements for the quaiity of 

student knowledge and competence. These customers specify quality characteristics, such 



as employability, the ability of students to solve engineering problems and the ability to 

upgrade individual knowledge. Industry specifïcations are 'market driven', and CEAB 

specines engineering knowledge fiindarnentals. Therefore, university students should not 

be considered as aidomers in this sense, since they do not specify knowledge 

requirements. For example, a second year engineering saident does not define .uhat helshe 

should know in the area of heat and mass transfer in order to graduate. These 

specifications are then translated into university programs, and detailed in courses students 

are required to take. Thus, the students are customers of the second produa of the 

university: courses and programs. Finally, customers of the research output are research 

sponsors, industry, government, other universities and society in whole. 

On the fiont end of the black box, incorning students represent the input for the 

first product, Le. student knowledge and competence. In other words, the students corne 

to an engineering school with certain knowledge of mathematics, physics and other basic 

sciences, which is the raw materid that will be transfonned into the knowledge of a 

graduated engineer. The suppliers of students are high schools, other universities and 

community colleges, where the students have acquired thk 'raw material knowledge'. 

Input into coursdprograrn design and delivery is represented by course 

specifications, regulations, available equipment and material, course designs fiom other 

universities, available delivery methods and so on. The suppliers are govemmental or 

professional institutions, such as CEAB, other universities and industry. Since 

courses/programs are aiso part of the process, they create input into student's education 

(represented with a dotted line in Figure 4.2). For research, existing howledge of certain 

theoretical or practical area is input. For example, the existing knowledge and theones of 

quaiity assurance in the university environment, identifiec! in the literature survey (Chapter 

2), represented the raw material for this research. Research input is supplied by industry 

sponsors of research, surveys of literature, feiiow researchers and so on. Finally, the 

analyzed black box is Uustrated in Figure 4.2. 

Bearing in rnind the definition of the system given in Chapter 3, the university 

system cm be defined as a "set of teaching, learning and research processes that 

function hannoniously, using various human, material ami infomution tesources to 



achieve univers@ 's objeciies" As in the quality system, three main elements exist: 

processes, resources and objectives. Processes transfonn inputs, such as avdable theories 

and practical methods in the case of the research process, into oiitputs, such as new 

knowledge, theones and methods. It is important to note that other processes, such as 

administration and financial management., also exïst in the university. However, if the main 

mission of the university is to create and preserve valuable knowledge, the actual 

processes that achiwe this mission are iimited to teaching, learning and research. Part of 

the mission of every university is to create "quality" knowledge, i.e. certain objectives are 

related to quality. In this vain, consistently with the description of systems presented at the 

end of Chapter 3, a quaiity system of a university is a sub-system of the university system 

(US), achieving the objectives related to quality. The quality system encompasses al1 

activities that are airned toward meeting and surpwing customers' expectations and 

needs. Therefore, some activities, such as managing hances of the university, may not be 

a part of the quality system, although they are part of the overall system. 

FIGURE 4.2: Black Box Analysis 

In order to fûlly understand the university system we need to penorrn a white-box 

analysis, Le. to understand its main processes. Essentidy, each of the three products is 



created by a certain process. Student knowledge is created by learning' courses and 

programs are tmght, and new knowledge is created by research. The foiiowing sections 

wiil address student knowledge, courses and research output as products of the university 

system, as well as the basic processes producing them: leanring, teaching and research. 

4.2 SI'UDENT KNOWLEDGE 

A student cornes into the first year of university studies with the knowledge of 

basic arts and sciences acquired in a high school. This knowledge is the raw matenal the 

university receives from its subcontracton: hi&-schools and/or coiieges (Black, 1996, 

Evans and Lindsay, 1996). The university performs incoming inspection of the student's 

knowledge, by accepting only the students who received high school grades which meet 

the university entrance requirements, andlor students who passed required entrance exarns 

(Figure 4.3). 

The cumculum usually consists of four years of study. Students are required to 

attend and p a s  a certain number of courses each year. For example, in mechanical 

engineering at the University of Manitoba, a student has to pass twelve courses each year. 

As a student attends courses of the first through the fourth year, he/she accumulates the 

knowledge in a process analog to assembling of parts in manufactunng. The final product 

(e.g. knowledge of a mechanical engineer) consists of the knowledge of matter taught in 

the courses: (e.g. thermodynamics, strength of rnatenals, design, etc.). Thus, a part in 

manufachiring is analog to the knowledge of a student acquired in a specific course 

(Figure 4.4). Manufacturing operations on a part are analog to lecturzs in the university 

system. For example, a part is manufactured using the cutting, milling and drilling 

operations. In the same vein, a course is taught using a number of lectures. Each operation 

(lecture) adds a new surface/volume charactenstic (new knowledge) to a part (coune 

knowledge). The sequence of operations in manufacturing are provided in a document 

cdled 'Process Plan'. In the university, it is the 'course plan' or 'course outline'. The 

operator in manufacturing is the teacher is the university, and machines are represented by 

the methods used for teaching 1 leamhg (Figure 4.4). 
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A snident's achiwement (courses taken and grades) is inspecteci at the end of each 

year, in order to (dis)allow the -dent to proceed to the subsequent year. This in-process 

inspection is foliowed by the graduation, or final inspection to confirm that the snident has 

met ail the requirements. M e r  graduation, a shident is employed by industry, govemment, 

the private sector, ~e~employment or society in general. These companies and society are 

the h a l  customers of student's knowledge. They are the market the university provides its 

product to. 

The custorners set the requirements for the produa. For example, industry may 

want mechanical engineering graduates to possess knowledge on tirne management, 

quality control and automation, while the governrnent wants them to be familiar with 

workplace health and safety regulations and quality standards. The knowledge of a 

graduate must also contain certain implied theoretical principles and fundamentais. For 

exarnple, a mechanid engineer must be f k l i a r  with thermodynarnics principles, and be 

able to solve conceptual problems in this area. These fiindamentds, for engineering arts 

and sciences, are set by the provincial association of professional engineers (such as the 

Association of Professional Engineers of Manitoba - APEM) and the CEAB (Figure 4.3). 

In so-called "regulated" professions requinng a university degree, medicine and 

engineering being two examples, the requirements for student knowledge and competence 

are relatively clear cut. Professional regulatory bodies, such as national medical boards or 

councils of professionai engineers, specify in detail the fundamentals of knowledge and 

competence a student should possess in order to graduate. Other disciplines, like physics, 

chemistry, behavioral sciences and arts rnay not have such clear-cut knowledge 

requirements, but a certain and usually well-known body of knowledge exists for each 

discipline. Every historian knows who Alexander the Great was, every physicirt, with the 

right equipment and material, can make a nuclear bomb, and every fine arts graduate 

knows the most important characteristics of the Impressionist movement. 

These customer requirements are then translated into programs and courses of 

study, much like in manufacturing, where a product brief is translated into a set of design 

specifications. 



4.3 COURSESPROGRAMS 

The university, or faculties and depamnents therein, design the programs, with 

design specifications including a iist of courses offered, and brief descriptions of course 

content. These are usuaîly given in the University's General Calendar. In engineering, 

these programs mua meet the requirements set by the appropriate regdatory bodies, such 

as CEAB in Canada or the Accreditation Board of Engineering and Technology (ABET) 

in the United States. Based on the course content specifications, professors design and 

plan how the courses are to be executed (Figure 4.5). They plan methods of teaching 

(using coinputers, or the classical "ex-catedra" method), the matter to be included in the 

course, lechires and/or laboratory experiments. The Teaching Process plan is provided in 

the course outline, handed out to the students at the beginning of the course. The 

document descnbes the order of lectures, the topics covered in each lecture, and how 

he/she plans to perform the lectures. It also prescnbes when the exams, tests, assignments 

a d o r  quizzes are to be performed, what characteristics of the student knowledge are to 

be inspected and how. At this point of time onwards, the real teaching and leaming 

process takes place. 

For each topic planned in the course outline, the teacher performs lectures. With 

each lechire, the teacher is creating new dimensions to the student knowledge. These 

dimensions must be within the specification limits, set in the course outline. For exarnple, 

if a student received more than 60% on a test, hdshe will pass. Mer  a student has gone 

through the course and passed the final exam, hdshe leaves to attend another course. 

Hidher knowledge gained fiom the course adds to the knowledge acquired fiom the 

courses previously passed. Thus, it is important to recognize that each professor is an 

intemal customer to the previous one. 

One fact has to be considered at this tirne, however. There is no tangible 

knowledge gain if there are no students attending a course, even though a teacher may 

theoretically teach in fiont of an empty auditorium There is no product without the raw 

material. Without midents the course has no meaning. It is a simple blueprint of what a 

teacher would Iie to teach. Therefore, the mechanical engineering program is only a set 

of design specifications. The course content is ody a process plan. 
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Materials, slcilis and expertise required to develop and deliver courses (the 

'Leamhg Opportunity') constitute the technology which is being used to produce 

knowledge. Mechanical engineering depamnents fion? different universities use Merent 

technologies to manufacture the same product: the mechanical engineer. There are 

different ways to make a car. You can use dinerent machines, dinerent tools, and still 

corne up with similar cars. The leamhg opportunity is created by the university as a 

product for its own purposes. The university is analog to a rnanufacturing organhtion 

that produces the machines it will use for manufacture of their primary product. For 

example, one of the largea producers of industrial robots in Europe is surprisingly a 

German automotive company. However, the company does not sel1 its robots: they are 

used to make cars. 

4.4 RESEARCH OUTPUT 

The university also performs research activities, upgrading the existing knowledge. 

The outcorne of these activities (new technologies, tools, published papers) is considered 

to be one of the final products of the university system. This is where universities dEer 

fiom schools and community colleges, which do not produce new theories and practices. 

Although in some cases research is considered to include any systematic search for some 

facts or theories, such as a student7s library search for hiiher term project, this thesis 

conceptualizes the term differently. Research herein is the creation of new, previously 

unlaiown or non-existing knowledge. 

The customers of research are the companies encountenng problems for which 

solutions are not already available, society and govermental agencies, such as the Natural 

Sciences and Engineering Research Council (NSERC) of Canada. Research can be 

contractuai, in which case there is a contract or agreement between the researcher and the 

extemal organization sponsoring research, or non-contractual, where the researcher is 

perfonning research on hiiher own. Raw material is the existing knowledge in the area of 

research, supplied by libraries, fellow researchers, interested industries. A research 

process, led by one or more fanilty members, involves graduate students, technicians and 

support staf f  The process encompasses data acquisition, conceptualkation, development 
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and final inspection (Figure 4.6). The results of research, presented in research project 

reports, conference and/or journal papers are supplied to customers and the general public. 

4.5 TEACIHING. LEARNING AND RESEARCH INTERRELATIONSHIPS 

4.5.1 Three-dimensional Model 

As iliustrated in previous sections, the university system creates three products: 

student knowledge and competence, courses and programs, as weU as research. These 

products are created using certain processes. Student knowledge is gained by Ieamïng, 

courses are taught, and new knowledge is achieved by researching. The products and main 

processes of the university can be presented in a three-dimensionai coordinate system 

(Figure 4.7). Each axis belongs to one produa or a process. 

TEACHING 

Leaming = fer (Teaching) 

Teaching 
= fm (Research) 

FIGURE 4.7: Three-dimensionai Model of the University Syaem 

In a university environment, there is an interrelationship arnong these processes, 

that has an impact on the quality of the products. Al1 three produas have certain quality 

characteristics (examples of which are given in section 4.5.3) and the quality of 

teachinglleaming/researching are inspected versus certain specifications. The tacher has 

to meet the specifications set in the course outline, and is evaluated by the students and 



hisher peers. The student has to meet the specifications the teacher has set in the outline. 

A professor's research output is evaluated by hifier peers. However, these three 

processes are interdependent. For instance, leaming is dependent on teaching. With a 

tacher's intriguing and well organized lecture, chances of students leaming the planned 

material increase. Also, leaming is a fiindon of research. With the creation of new 

knowledge, both the teacher (professor) and the student leam. The latter wili leam if the 

professor incorporates recent research findings into hisher courses, thereby creating an 

interdependence between teaching and research. Because these three processes are 

interdependent, assurning that they are measurable, we can establish certain dependence 

fûnctions: 

- fLi is the funaion of leamhg depending on teaching, i-e. learning = fer (teaching) 

- f ~ (  is the function of leamhg depending on researching i-e. leaming = fm (researching) 

- fTR is the function of teaching depending on researching, i-e. teaching = fm (researching) 

It can be foreseen that one will encounter difficulties in measunng variables such as 

teaching or researching. However, the quality of learning, teaching and researching should 

be measurable. Articles presented in Chapter 2, such as Janna and Jakubowski (1991), 

Doyle and Arthurs (1996), and Duggins (1996), provide quantitative models for the 

evaluation of quality of teaching and research in a university environment. Thus similar to 

the automatic control field where hnctions in the time domain are transferred into the 

complex domain using the Laplace Transformation for easier calculations, we could 

transform the hard-measurable teaching, leaming and research into the quality of these 

processes, i. e. : 

- FLT is the funaion of the quality of leaming depending on the quality of teaching, i-e. 

Quality of Leaming = FLT (Quality of Teaching) 

- FLR is the fùnction of the quality of learning depending on the quality of researching i.e. 

Quality of Learning = Fm (Quality of Researching) 



- Fm is the finction of the quality of teaching depending on the quaiity of researching, Le. 

Quaiity of Teaching = Fm (Quality of Researching) 

Quality of teaching, learning and research should be meanired using the quaiity 

characteristics (section 4.5.3). A hierarchical mode1 of product quality characteristics is 

developed later in the thesis (AHP, chapter 9). Then, an empirical study of the 

interdependencies of the quality of teaching, leamhg and research is suggested. Although 

these suggestions are well beyond the scope of the thesis, a bnef examination of the 

interrelation of the teaching and leaming is given, foUowed by an illustration of a few 

quaiity characteristics for each produa of the university system. 

4.5.2 Teaching Versus Leaming: Examination of the fLT Function 

Leaming is performed by students. The objective of teaching is to lead the students 

through the course and provide an opportunity for learning. As a part of this process, a 

professor teaches certain prescribed materials, and discusses the relevant issues in class. A 

student is expected to understand the material, and by self-learning, enhance hidher 

knowledge to meet specifications. However, there is a need to identiQ the difference 

between teaching and learning. In teaching, if a professor does not cover al1 the material, 

there is a discrepancy with respect to specifications set in a course outline. This leads to 

the following. Some students might not gain knowledge in the area the professor has 

taught, while others, due to self-leaming, might. In spite of the professor not performing 

according to specifications, students may conform to the requirements. On the other hand, 

if the professor meets al1 the requirements, a student still rnay not leam it all. These 

relationships are best descnbed in figure 4.8. 

At this point, a distinction between manufactunng and education becomes evident. 

In manufactunng, a part rarely "talks back" to the operator (adaptive production systems 

have that ability). In education, the feedback from students assists the professor in fine- 

tuning the learning opportunity. In this sense, the students can be treated as customers. 

However, we treat them as 'passive customers', since they cannot change the customer 

specifications, at least not until they graduate. 
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FIGURE 4.8: Teaching vs. Leaming- fLi fùnction (Karapetrovic et al., 1997A) 

4.5.3 Quality Characteristics 

The quality of university's products is measurable. Each produa encompasses 

certain quality characteristics, which cm be measured against specifications. While 

Chapter 9 of the thesis is completely devoted to the development of input, throughput and 

output quality characteristics using the systerns approach, the following are examples of 

the three produas characteristics in the engineering faculty: 



(1) STUDENT KNOWLEDGE: 

(a) Employability of graduated students, measured by: 

+ the percentage of ment  graduates employed 

+ the average starting salary 

@) Ability of graduates to successfiilly solve enginee~g problems 

+ percentage of graduates registered as professional engheers 

+ number of awards received by students in engineering cornpetitions 

(2) COURSES 

(a) Attractiveness to students 

+ student evaluation 

4 failure rate 

@) Availability of resources 

+ professor to student ratio 

+ percentage of faculty registered as professionals engineers 

(3) RESEARCH OUTPUT 

(a) Contributions to existing theories and/or practices 

+ number of papers published in refereed journals and/or conferences 

+ number of patents 

@) Reptation 

+ reputation rank by academics and practicing engineers 

+ research fùnds received fiom the govemment, industry and society 

Quality characteristics are considered to be crucial for measuring 'quality'. 

Universities should define what the critical quality characteristics are in the qudity manual. 



CHAPTER F M 3  

ISO 9000 FOR THE UNIVERSITY 

In this chapter, the purpose and objectives of the development of the ISO 9001 

quality system for the university environment are discussed. Subsequently, illustrative 

examples of the impact of ISO 9001 on the university are provided. Then, al1 twenty 

elernents of the current ISO 9001 (1994) standard have been interpreted for the 

application in a university department. Finally, this interpreted standard is compared with 

the two engineering accreditation schemes: Canadian E n g i n e e ~ g  Accreditation Board 

(CEAB) and the Accreditation Board for Engineering and Technology (ABET). 

Sirnilarities and differences of these schemes are addressed, as well as a cross-reference of 

elements provided. 

5.1 PURPOSE AND OBJECTIVES 

5.1.1 Quality Assurance in the University Environnent 

In the last decade or so, the quality of university education has become a subject of 

major concern. Students, their families, companies the graduates will work for, university 

professors and staff, govemrnent and politicians, al1 have their interests and stakes in this 

issue. They al1 want to be confident that universities provide excellent education and 

research. To provide confidence that the students have adequate knowledge in their 

particular area of expenise, governmental and professional institutions have introduced the 

accreditation of university programs. For instance, the Accreditation Board for 

Engineering and Technology (ABET) and the Canadian Engineering Accreditation Board 

(CEAB) perform accreditation of engineering programs in the United States and Canada, 

respectively. This provides a platform for standardizing degree programs, such as 

mechanical engineering, across North America. There is also a need to assure customers 

intemationally, of the quality of educational services being provided locally. This is 

especially important in engineering education, because "engineers live in an increasingly 



global village. They are highly mobile and ofken practice their profession in a country other 

than where they were trained" (Jeswiet, 1995). 

Such quality assurance efforts at an international level have led to the introduction 

of the ISO 9000 Standards. Developed by quality professionais originating m d y  f?om 

the industrial sector, the standards provide a framework for emphasizing the 

organkation's commitrnent to quality, as well as making quality efforts visible to 

customers. The impact of the standards world-wide has been so extensive that it is now 

Wtually impossible to bid for international contracts if a Company is not ISO 9000 

registered. Since ISO 9000 standards are genenc, they can be applied to s e ~ c e  

organizations, such as software companies, health care and education. The following 

section will outline the main purpose and objectives of the ISO 9001 quality system in the 

university environment. 

5.1.2 Why ISO 9001? 

What is the purpose of implementing ISO 9001 in a university? ISO 9001 is 

focused on providing confidence to customers and university management that the 

requirements for quality will be continuously met. In terms of customers, these 

requirements may be collected and documented through surveys of interested industries, 

governmental agencies, society, graduates and students. In terxns of university 

management, requirernents for quality are expressed in the quality policy, or university 

mission. On the other hand, ISO 9001 is not meant for ensuring that the university 

produces students and/or research at the world class level, nor will it ensure cost reduction 

and total quality management practices. Tables 5.1 and 5.2 provide an insight to what a 

university c m  expea fiom the implementation of a quality assurance system that complies 

with the ISO 900 1 standard, and what does not, respectively. 



UTHAT ISO 9001 WTLL PROVIDE 
Confidence to: 
4 the students, industry, govemrnent and society - 
4 the university and faculty management 
that the requirements for quality are continuously met 
An effective marketing tool. A registered quality system makes quality visible both i n t e d l y  
and externally. 
Unambiguous defition of the responsibity and authority of all persons involved in 
teachin@eanllng/research, including: professors, teaching assistants, students, administrative 
sta technicians and support s ta f î  
Adequate determination of the customer requirements for quality 
Continuous information-monitoring and feedback system 
Adequate documentation of progradcourse desi.0 activities and output 
Adequate and unambiguous documentation of the student entrance requirements, hûing new 
staff and material 
Adequate evaluation of high-schools, colleges and universities students corne from 
Streamline and make documentation clearer 
Identification and traceability of dl records, student/course/research progress 
Control of the teachin@eaming/research processes, including: reliability of laboratory, 
computer, Library equipment, student counseling, as well as continuous feedback to the 
student 
Adequate procedures for conducting and reporting the results of aiI tests, assessments, exams, 
quizzes, including graduation 
Adequate documentation of professor advancements, ment awards andor nonconformance 
Adequate control of student1staWresearch failure 
Interna1 Quality Audits for identimnp and resolving practicd problems 
Adequate use of statistical techniques 
Basis for complying with the standards for the control of environmental (ISO 14000) and 
work~lace health and safetv svstems 

TABLE 5.1 : ISO 900 1 Benefits 

WHAT ISO 9000 WILL NOT PROVIDE 
1 Assurance that the universitv oroduces students andor research at the world class level 1 

-- - 

est cutting toois 
Total Quality University 
Employee andlor student participation and empowerment 
Benchmarking (in al1 cases) 
More documentation 

TABLE 5.2: What ISO 9001 1s Not Meant to Provide 



5.1.3 Illustrative Examples 

Examples to iilusaate the impact of ISO 9001 on the university foUow. Eleven 

examples focus on some of the customer quality assurance concems. 

Does the profssor how the qualitypolicy of the univers@? 

ISO 9001 will ensure that the quality policy is defined, irnplemented and 

understood at al1 levels of the university (section 4.1.1). 

Is the equipment working (overhead projector sîopped working abring clas, the 

cornputers are not worhg, inappropriate softwme was Zoaded on the network, or the 

software does not work) ? 

ISO 9001 provides means of proper documentation of nonconformances (4.13), as 

well as adequate corrective and preventive actions (4.14). 

Are the courses regularly updated on the current scientzfic events? 

The professor's training and updating on the current theonedpractices is ensured 

in the section 4.18 Training. 

Whot if the pr@ssor decides to change a course without a nrsiomer 's reference? 

Course design changes must be reported and documented (4.4). Obsolete 

documents must be destroyed or disposed of (4.5). 

1s a student @en a precise plan of what helshe is supposed to leam, when the exams 

are going io be cnid what will be tested oit the exams and tests ? 

ISO 9001 ensures that there are procedures in place for administration of the 

course, including a standardized course outline, and ensures that this outline is handed out 

and understood by the students at the beginning of each course (4.4 and 4.9) 

4 Do graduate students knaw when they havefulfilld the theszs requirernents? 

The faculty should identiQ the cntical quality characteristics (section 4.4), so that 

there is an exact critena for evaluating quality of research. Also, section 4.9 ensures that 

adequate process control of the graduate mdent's progress is established and maintained. 

What if the profssor is not following the course outline? 



ï h e  student is entitled to raise a nonconfomuuice report to the department. If the 

department does not perfonn corrective and preventive actions upon this request, ISO 

900 1 registration wiil not be granted, or, if' already granted, will not be renewed (4.13). 

1s course material available? 

The availability of necessary resources, such as textbooks and other course 

material, is ensured in sections 4.2 Quality Syaem, 4.3 Contraa Review and 4.6 

Purchasing of ISO 900 1. 

How c m  a -dent be assured thar hisher msignment will not k ht? 

ISO 9000 (4.7 and 4.8) prescribes documented procedures for the identification 

and traceability of a document suppiied by the student, as well as proper care to ensure 

that it is not lost or damaged. 

How are possible incomistencies in evuluating student work acidressed? 

With the implementation of the process control element of the ISO 9001 quaiity 

system, professors should have in place procedures for control of the teaching and 

learning processes. In other words, evidence that the teaching process is in control wiil be 

available. Also, section 4.11 addresses the design and evduation of marking and grading 

schemes. However, ISO 9000 can not ensure that students will stop complaining about 

theû marks, but it can be expected that the number of students complaining will be 

significantly decreased. 

H m  is the asfomer asszired thaf hisher speczflcations are known by the University? 

Section 4.3 Contract review ensures that procedures are in place for the precise 

definition of what is expected from the university and for regular review of these 

requirements. 

5.2 INT'ERPRETATION OF ISO 900 1 (19941 FOR UNIVERSITES 

5 -2.1 Overview 

The ISO 9001 standard was wrïtten by engineers and quality professionals fiom 

large industries with a manufacmring organization in mind. Although the standards are 



generic, Le. they are universaily applicable to service and non-profit organizations, health 

a r e  and education, the documentation and implementation of an ISO 9001 quality system 

in the university environment requires an interpretation of the standard. For the purpose of 

implementing this standard in the department of mechanical and industrial engineering at 

the University of Manitoba, the 1994 (latest) edition is interpreted using the concepts of 

quality assurance and quality syaem (Chapter 3), as well as the University System 

(Chapter 4). To fbrther clarify the terms and concepts necessary for the interpretation of 

ISO 9001 and the implementation of the quality syaem in the university, two tables are 

provided. Table 5.3 defines selected quality assurance terms for use in a university, and 

Table 5.4 illustrates the meaning of certain manufachiring concepts in the university 

environment. 

TERM 

1 executive management that the product wiil satisfy given 

EXPLANATION 
Quality Assurance Ail those plamed and systematic actions necessary to provide 

adequate confidence to the customers & faculty (department) 

Quality System 
requirements for quality. 
Set of interdependent process that function harmoniously, using 

Quality Policy 

Quality Planning 1 Process of identifying the customer's requirements and objectives 

various resources to achieve objectives related to quality. 
The overall quality intentions and direction of the faculty 

Quality Management 

1 for quality, designing the quality system and allocating resources. 

(department), as formally expressed by the dean (department head). 
Process consisting of quality planning, quality control and quality 
im~rovement. 

Quality Control 1 The operational techniques and activities that are used to fiilfiIl 

1 system 
Quality Improvement 

requirements for quality at the department levei. 
Process of increasing the effectiveness and efficiency of the quality 

Quaiity Plan 

Management Review 

Document setting out the specific quality practice, resources and 
sequence of activities relevant to a particular product, project or 
contract. Examples: research project plan, course plan. 
Management review is conducted by the executive management of 
the department and includes: (1) Intemal Quality Audits; (2) An 
oveMew & analysis of quality policy; (3) The analysis of customers 
requirements and their relationship to the policy 

TABLE 5.3 : Summary of Quality Assurance Terms 



Quality System Review i 
I Design Review 

Inspection 

Nonconformity 

A formai evaiuation by the dean and department heads of the status 
and adequacy of the quaüty system in relation to quality policy and 1 
new objectives resulting fiom changinp: circumstances. 
A formal evaiuation by the department head or fadty member of 
the product design to evaluate product requirements and the 1 
capability of the produa to meet these requirements. 
That aspect of the faculty-wide quality control that measures, 
examines and tests one or more characteristic of the produa and 
compares these with specified requirements to determine 1 
conformity. 
The nonfullfilment of specified requirements. Examples include: 
student fglure, course failure, research project failure 
The absence of one or more quaiity characteristics fiom intended 

TABLE 5.3: Summary of Quality Asnirance Tems (Continued) 

Product 

Customers 

Design Plan 

UMVERSITY: Faculiy of Engineering 
(a) Students knowledge, experience & skills 
(b) Programs and Courses 1 
(c) Research Output 1 
(1) Industry, Cornmunity and Research Sponsors 
(2) Association of Professionai Engineers of Manitoba (APEM) 
and the Canadian Engineering Accreditation Board (CEAB) 
(31 Alumni 
The Department of Mechanical/Industrial Engineering 
High-Schools, Colleges and other Universities 
(1) Faculty: Dean, department heads and directon 
(2) Department: Head and associate heads 
(ah) Industrial Engineering Undergraduate Program, 
Mechanical Engineering Undergraduate Program, 
M.Sc (hE) program 
(c) Research objectives and purpose 
Faculty mernber 
(a) Individual student cumculum 
@) Course outline (plan) 
(c) Research Proiect Plans 

TABLE 5.4: Summary of the University System Concepts 



A&ANUFACrTTG 
Raw Material 

1 1 (c) Phase of a research project 1 

UNIVERSITY: Faculty of Engineering 
(ah) Students knowledge of basic sciences before entering the 

Value Adding to Material 

Manufacturing Process 
Lead Time 

Part 

faculty 
(c) Existing theoretical and practical knowledge 
(ah) Value adding to students knowledge, expenence and skills 
(c) New knowledpe 
Teachingnearninmesearch process 
(ah) For programs: 4 years, for courses: 1 or 2 semesters 
(c) For contractual research: from contract to delivery 
(ah) Students knowledge accumulated in a course 

OperationlTool 

TABLE 5.4: Summary of the University System Concepts (Continued) 

(alb) Lecture 

Machinefïechnology 

Operator 

Part Specification 

Inspection 

In the following section, each of the twenty requirements of the ISO 9001 (1 994) 

standard will be interpreted for use in the university environment. The elements are 

addressed in the order in which they appear in the standard. 

(c) Work on a research project phase 
b 

(a) 'Learning Research Oppominity' 
(b) 'Research Opportunity' 
(ah) Instnictor, Teaching Assistant 
(c) Researcher, Research Assistant 
(ah) Course Specification in Generai Calendar 
(c) Specification of deliverables in the contract (for a phase) 
(ah) Exams, Tests, Assignrnents, Quizzes, Projects 
(c) Inspection, measurement, testing 

5.2.2 A Detailed Interpretation of the ISO 9001 Elements 

5.2.2.1 Management Responsibility 

A quality policy, stating the cornmitment of the faculty (department) to provide the 

best quality in teaching, leaniing and research should be drafted and signed by the dean 

(department head). The executive management ensures that the quality policy is 

understood, implemented and maintained. 



In terrns of the responsibility and authority of aIi persons whose work is &&g 

quality, it should be noted that al1 employees of the faculty have an impact on quality. This 

includes the facul@/department administration, professors (ïmmaors), teachglresearch 

assistantslassociates, technicians and administrat ivehpport staff. Organizational chart s 

are required to define and document responsibility and authority. 

The executive management must identfi the need for appropriate resources 

(listructors, assistants, courses, laboratory equipment, library, audio/video/computer 

equiprnent), as well as appoint an ISO 9000 Representative. The representative should 

have a thorough understanding of the ISO 9001 quality system, and the educational and 

research processes in the faculty (department). Hisher responsibilities include liaisons with 

extemal parties, such as other faculties and/or universities, university administration, 

student records office and customers /subcontractors of the faculty (department). 

At prescribed intervals, or when required, the executive management conducts 

management review activities. A management review includes: 

internai quality audits (see section 5 .2.2.17), 

overview and analysis of the quality policy and objectives, 

analysis of customers requirementdneeds, and 

interrelationship between customer requirements and policy and objectives 

While quality audits are performed against the departmental goals and objectives, 

management reviews are performed by the executive management against the faculty 

mission (quality policy). A management review may include the review of documentation 

fiom the audits. Records of management reviews must be kept and evidence of actions 

arking fiom the reviews must be available. 

5.2.2.2 Quality System 

This requirement considers the three products of the university (student knowledge 

gain - STU, prograrns and courses - PRG and research - RES). If the faculty (department) 

plans not to inciude certain products in the quality system, such as research, the range of 

products and services included in the quality system mua be stated 



A quality system must be documenteci with appropriate quality manuai, 

procedures, instructions and records. The quality manual describes the quality system and 

refers to quality system procedures. The faculty (department) may decide to prepare one 

procedure for each requirement of the standard. The procedures explain in detail who does 

what, when and where, Le. they describe processes. Procedures make reference to 

instructions that define how an activity or part of a process is penormed. Examples of 

instructions may include the teaching assistant's instruction for conducting laboratory 

experiments, hbrandtechnician instructions, and so on. 

Quaiity planning covers: 

product planning, Le. identifjing, classifjing and weighting the characteristics for 

quality, as well as establishing the objectives, requirements and constraints for quality 

prepanng the application of the quality system including organuing and scheduling 

preparation of quality plans. 

Quality plans are documents setting out the specific quality practices, resources 

and sequence of activities relevant to a particular product, project or contract. Each 

course and a contracted research project should be covered with a separate quaiity plan, 

or these plans should be included in the course or research project plans. 

5.2.2.3 Contract Review 

The objective of the contract review element of the quality system is to provide the 

faculty (depanment) with a clear understanding of customers' requirements, specifications 

and needs, to evaluate if these requirements and specifications can be achieved, and to 

provide the customers with a clear understanding of the marner in which the faculty 

(department) shall meet them. It is important to recognize that students also have certain 

contractual obligations, emerging fiom their enrollment at the university. 

The following processes may be covered: 

Defining and documenting the industry and society requirements with respect to 

undergraduate and graduate programs offered, and the assessment of the faculty's 

(department's) ability to meet the requirements 

Accreditation of programs by regulating bodies (such as CEAB in Canada) 



Contract reviews with the employers participating in the cooperative program 

~ n s u r h ~  and reviewing that the students understand the admission requirements, 

program content and context, graduation requirements, and their responsibilities and 

authorities 

Review of industry and governrnent-sponsored research contracts 

5.2.2.4 Design Control 

This element of the quality system covers design control of the programs and 

courses offered by the faculty (department), design control of individual student's 

programs of study, and design control of the research conduaed in the faculty 

(department). The objectives are: 

to demonstrate the department's ability to translate customers specifications into design 

input requirements, 

to penorm the design of programs, courses, student knowledge, individual student's 

program of study and research, 

to verie design output against design input requirements, 

to validate design output against customers' requirements and specifications, and 

to identify, document, review and approve design changes and modifications. 

Design input may include the output of contract review activities, such as suggestions for 

new programs from CEAB or industry, analysis of customer needs and market position of 

the faculty (depment) ,  feasibility studies for new programs or research. Design output 

should include the statement of factual content, skills and cornpetencies to be developed, 

as well as show that course/prograrn content is relevant to its airns and objectives. The 

responsibilities and authorities and the venical and lateral interrelationships between the 

personnel which input into the design process should be defined and documented. 

The following processes may be covered: 

Design planning, review, verification and validation of new undergraduate mechanical 

and industrial engineering programs, as well as graduate level programs 



Design planning, review, verfication and validation of specific undergraduate and 

graduate courses 

Identification, documentation, review and approval of prograrn design changes, 

including the addition of new courses and deletion of existing courses and programs 

Design control of the individual student prograrn (cumculum) 

Research project design control, including contractuai research with industry and 

government agencies 

5.2.2.5 Document and Data Control 

Document control ensures that accurate, up-to-date documents are readily 

available when and where required. Al1 documents and data pertaining to the quality 

system must be adequately prepared, reviewed, revised, approved and maintained. Thus, 

the issuance and approval of quality system documents and data, including the 

preparation, updating and maintaining the Master List of Quality System Documents, as 

well as the document and data changes are covered here. Quality system documents 

include the quality rnanual, procedures, instructions, records and course and research 

project plans. 

5.2.2.6 Purchasing 

The objective of this element is to ensure that the high schools, colleges and 

universities the students corne from, students entering the faculty' s (department's) 

prograrns, as well as the material and products purchased for teaching, leamhg and 

research purposes, conform to the specified requirements. This is necessary because the 

faculty (department) builds the acquired resources into it's products. For exarnple, ody 

the students who meet entrance standards should be allowed to enroll. Purchased matenal 

or equipment which is defected, such as a faulty overhead projector, may negatively affect 

the teaching, leaming or research processes. 

The following processes should be covered: purchasing of material. hardware and 

software required for the proper delivery of prograrns, courses and research projects, the 

appointment of teaching and research assistants/associates, and admission of 



undergraduate and postgraduate students. Appropriate vdca t ion  of a purchased product 

or an acquired resource must be planned, executed and reviewed. Where specific contracts 

require the department or facu1ty/staEmembers to ver@ purchased products or acquired 

resources at subcontractor's prexnises, this verifkation is planned, conducted and recorded 

according to the particular contract. Also, where specific contracts require the customers 

to verify purchased products or services at the faculty's (department's) premises, this 

verification is planned, conducted and recorded according to the particular contract. This, 

in general, pertains to research contracts. In terms of student knowledge, expenence and 

skills, as weU as the programs/courses, this may pertain to visits by the representatives of 

industry and govemmental agencies, such as the CEAB. 

5.2.2.7 Control of Customer-Supplied Product 

The objective is to demonstrate the capability of the faculty (department) to 

identie, maintain, store, preserve and properly handle ail matenal provided by students in 

the course of studies, and al1 products provided by external organizations with which the 

department has contracts for research projects. The identification, verification and 

handling of student-supplied material, such as exams, tests, assignrnents, reports, theses, 

software and books, as well as the examination, storage, maintenance, preservation, 

handling and proper usage of hardware and software provided by research sponsors, 

industry and govemmental institutions and/or agencies are covered. 

5.2.2.8 Product Identification and Traceability 

The objectives are to ensure proper identification of ail courses, research projects, 

students, faculty and staff, as well as to provide adequate traceability of nonconformancies 

in student acadernic progress, courses/programs and research projects. The following 

processes are addressed: 

issuing and safekeeping of student numbers and identification cards, 

issuing and safekeeping of faculty and staff identification cards, 

handling of department and course numbers 

issuing and distributhg registration calendars to students 



assigning numbers and codes to research projeas 

5.2.2.9 Process ControI 

In generai, this requirement addresses the teacbing, leamhg and researchhg 

processes. The objective is to ensure proper identification and planning of these processes, 

and to ensure that they are carried out under wntroiied conditions. Controlled conditiom 

include : 

documents defining the manner in which the processes are carried out, 

use of suitable equipment and working environment, 

cornpliance with reference course and research project quality plans, 

monitoring/control of critical quality characteristics and suitable process parameters, 

preventivelcorrective maintenance of equipment used in teaching, learning and research 

It is important to note that the control of learning is focused by the inspection and 

testing requirement (see section 5.2.2. IO), rather than here. Process control activities may 

be categorized into four groups: process control design, control of resources, process 

control implementation and process control improvement. Table 5.5 illustrates the 

activities of teaching and research process control, respectiveiy. 

1 TEACWTNG PROCESS CONTROL 1 
-- -- - - 

PROCESS review of course design and quality plans 
CONTROL DESIGN assessing the need and selection for cuursdprogram prerequisites 

idenmcation of critical qualiry characteristics for the course 
-L 

( identification of teaching process parameters to be monitored and controlled 1 
1 planning the methods for monitoring and wntml of critical qualiîy 1 

-- 

[ identification of proper teaching and Ieaming ensronment 
- - 

CONTROL OF 
RESOURCES 

characteristics and suitable process parameters 
identification of adequate teachinp: equiprnent 

I 

ensurine ~ r o w r  maintenance of teachine eaui~ment 

PROCESS CONROL 
WLEMENTATEON 

TABLE 5 -5: Process Control Activities 

review of equipment, facilities and services admissibility for the course 
assessrnent of student's admissibility to a course 
assessrnent of topics and matter taught in course pferequisites 
course delivery 
monitoring, measuring and control of critical quality characteristics and 

- 

teaching process parameters 
student course evaluation 

L 



I 1 parameters, equipment environment, facilities and servias I 

TEACHING PROCESS CONTROL 
1 

GROUP 
PROCESS CONTROL 
IMPROVEMENT 

CONTROL OF 
RESOURCES 

ACTIVITY 
planning, implementing and reviewing preventive and conective actions 
assessrnent and review of critical quality characteristics, suitable process 

RESEARCH PROCESS CONTROL 1 

1 characterinia and suitable re~eafch proces parameten 1 

GROUP 
PROCESS CONTROL 
DESIGN 

identification of adequate equipment r e q d  for the research project 
ensuring proper maintenance of fe~earch equipment 

k 

ACTIVITY 
, identification of critical quaiity characteristics for a rrsearch project 
, identification of research process parameten to be monitoreci and controlled 
planning of the methods for monitoring and amtrol of critical quality 

idenufication of proper research environment 
review of equipment, faciIities and services admissiility for the research 
proiect 
research project quality planning 
research project delivery 1 

1 CONTRoL f monitoring, measuing and control of critical quality characteristics and 1 

1 CWNTRUL 1 assessment and review of critical quaiity characteristics, suitable process 1 
1 IMPROVEMENT 1 parameten. equipment. environmen<faci~ities and services I 

TABLE 5.5: Process Control Activities (Continued) 

5.2.2.10 Inspection and Testing 

The objective of the inspection and testing element of the ISO 9001 quality system 

is to ensure that student knowledge, experience and skills, programs/courses and research 

are inspected and tested againa the requirements set in appropriate procedures, 

documents and quality plans, as well as to ensure that appropnate records of these 

activities are kept. The element applies to: 

Receiving, in-process and final inspection of undergraduate students' knowledge and 

skills in a course, 

Receiving, in-process and final inspection of undergraduate students within a program, 

including admission into an engineering program, the evaluation of the student ' s academic 

status and graduation 



Receivhg, in-process and final inspection of graduate students, including course-work 

and thesis-related work 

Receiving, in-process and final inspection of a research project against the requirements 

set out in the research contract andlor the research project plan 

Specific activities are outlined in Table 5.6. 

PROCESS 
RECEIWNG 
INSPECTION AND 
TESTING AT A 
COURSE LEVEL 

IN-PROCESS 
INSPECTlON AND 
TESTING AT A 
COURSE LEVEL 

FINAL INSPECTION 

ECEIVING 
INSPECTION OF 
UNDERGRADUATE 
STUDENTS 

AND ESTING AT A 
COURSE LEVEL 

IN-PROCESS 
INSPECTION OF 
UNDERGRADUATE 
STUDENTS 

t - 
- 
- 
- 
- 
- 

I FINAL INSPECTION OF 
UNDERGRADUATE 
STUDENT' 

sclection of course prerequisites and cortquisites 1 
assessment of student admissibility to a course, including review of the 
student's performance in prerequisite courses, the ability to attend lectures 
and iaboratory sessions, the ability to use the required Ievel of mathematics 
and natural sciences in the course, and may include short tests to irupect the 
knowledge of fundamental principles required to enroll in the course 
keeping records of receiving inspection and testing activities 
design and design review of inspection and test pIan for the course 
distribution of the course inspection plan, which is a part of course outline, to 

assessment of the scheduling of inspecîion and tests activities 
design and review of term tests, quizzes, projects, case studies and other 
forms of inspection and testing activities to be performed during the tenn - 
distribution and collection of tests 

- -- - -  - 

marking and grading 
handling of rnarking and grading appeals 
keping records of in-process inspection and testing activities 
design and design review of the final exam 1 
conducting the final exam 
m k i n g  and grading of the final exam 
review of marking and grading 
-- - - 

handling of appeals 
review of final e . m  results 

\ 

conducting deferred and sgecial exams 1 
keeping records of final inspection and testing 
application for admission into the department's undergraduate programs 
review of the application and eligibility of student to enroll 
inspection against spetified entrance requirements and criteria 
handiing of student appeals 

. . 

keeping records of aforementioned anMties 
determination and review of the student acadernic status in the first year of 
engineering program (faculty level) 
determination and review of the student acadernic statu in the second and 
consecutive years of engineering programs (department level) 
handline of student a ~ ~ e a l s  
- - -- -  - 

keeping inspection records 
Graduation 

TABLE 5.6: Inspection Processes and Activities 



PROCESS 
RECErvING 
I N S P E r n N  OF 
GRADUATE 
STUDENTS 

IN-PROCESS 
INSPECTION OF 
GRADUATE 
STUDENTS 

ACTIVITY 
appIication for admission into the department's undergraduate programs 
review of the application ande%gibility of student to enroll 
inspection against specifled entrancc requirements and criteria 
handling of student appeak 
keeping records of aforementioned activities 
advisor's assesment of the student's Droaess 

- - - - - - -- - -- 

annuai review of progress 
establishment of the M.Sc. thesis ewmining cornmittee 
U S c  thesis oral examination 
rcview of thesidproject by the examinhg cornmittee 
establishment of the Ph. D selection cornmittee 
review of student's suitability for PbD. studies 
advisor's assessrnent of Ph, D student's progres 
docurnenting and implementing the pro- of studies 
establishment of the Ph. D advisory cornmittee 
annual rewiew of the Ph.D. student's Droeress 

FINAL INSPECTION OF 

I PROCESS AND FlNAL 
INSPECTION OF A 
RESEARCH PROJECT 

conducting the Ph-D. Candidacy Examination 
conducting the Ph.D. Oral Examination 
Graduation 

GRADUATE STüDENTS 
RECEMNG, IN 

TABLE 5.6: Inspection Processes and Activities (Continued) 

AdVities specified in the research project plan 

5.2.2.11 Control of Inspection, Measuring and Testing Equipment 

The objectives are: proper control of the methods and equipment used for 

measuring and testing of student knowledge, expenence and sMls, control of the methods 

used to ensure that the faculty's (depariment's) programs conform to the specified 

requirements, as weii as control, calibration and maintenance of the inspection, measuring 

and test equipment used in research. The following processes are included: 

design of tests, quiues, assignments, project requirements, exams 

designing, applying, reviewing, changing and improving the marking and grading 

schemes 

review of inspection and testing methods for student knowledge, experience and skills 



controî, calibration and maintenance of equipment used for inspection, m e a s u ~ g  and 

testing at the course level, such as h a n t  -ring machines, standardized and 

computerized tests 

wntrol, calibration, maintenance, handling and safeguarding of inspection, measuring 

and test equipment used in research activities 

controi, maintenance and review of methods used for inspection and measurement of the 

degree to which an undergraduate or a graduate program meets specified requirements 

5.2.2.12 Inspection and Test Status 

The objective is to ensure that student knowledge, experience and skills, 

programs/courses, as well as research projects, are properly identified with regard to 

inspection and testing activities performed upon them, and that the inspection and test 

status indicates whether these are conforming or nonconforming to specified requirements. 

For example, a class list with grades for specific components of the course indicates a 

student's inspection and test status in a course. Another example is the student academic 

status, determined &er evaluation by the board of examiners. 

The following processes apply: 

undergraduate student's inspection and test status at the course level, including the 

receiving inspection and test status in-process inspection and test status, regarding the 

term work, and the final inspection and test status, regarding the final exam 

inspection and test status of undergraduate students at the program level, including the 

admission status, student academic standing and the graduation status 

inspection and test status of graduate students, including the admission status, status 

with regard to course-work and thesis related work and the graduation status 

inspection and test status of a research project. 

5.2.2.13 Control of Nonconforming Product 

Nonconforming produas are students who do not meet specified requirements in a 

course or program, courses/programs that failed to achieve stated objectives, as well as 

research projects that did not meet specified contract requirements. This element requires 



the identification, waiuation, documentation and segregation of such students, 

wurses/programs or research projeas. In tems of undergraduate students, control of 

nonconformancies related to tem-work and final exams, as well as control of students 

under acadernic suspension is required. Control of graduate students who do not meet 

course or thesis requirements, as weil as nonconforming contracted research must be 

addressed, as weil. 

5.2.2.14 Corrective and Preventive Action 

The objective is to ensure the identification and elimination of existing or potential 

nonconformities of considerable magnitude. This is done by planning, designing, 

implementing and reviewing adequate corrective actions to prevent existing 

nonconformities of occumng again, and adequate actions to prevent the occurrence of 

potential nonconformities. Corrective and preventive actions taken at ail stages of 

planning, design and delivery of programs, courses and research in the faculty 

(department) are included. Existing and potential nonconformancies are identified by 

means of intemal quality audits (see section 5.2.2.17), statistical techniques (see section 

5.2.20), inspection and tests or persona1 observations. 

5.2.2.15 Handling, Storage, Packaging, Preservation and Delivery 

The objective is to provide methods of handling, storage, preservation and delivery 

of material and equiprnent that prevent damage or deterioration, as well as methods to 

ensure a safe and hedthy environment. In case that any damage or detenoration occurs, 

the objective is to ensure detecting and assessing such occurrences, and implementing 

corrective and preventive actions to eliminate causes of further damage a d o r  

deterioration (see 5 -2.14). 

This element of the quality system covers the handling, storage, preservation and 

delivery of teaching, leaming and research equipment and materials, as weil as identifjring 

and safekeeping the teaching, leanllng and research environment. The equipment and 

material include lecture rooms, research Iaboratories, computer laboratories, overhead 

projectors, electronic displays, chalk boards, textbooks, software, solution manuals, 



materials used in tests and experiments, research proje* reports, and research papers. 

Provision of a hedthy and d e  environment includes proper conduct of faculty, staff and 

students, personal d e t y  and health, as weU as parking and trafic regulations, sports 

senrices, housing and student life. 

5.2.2.16 Control of Quality Records 

The objective of quality records is to provide evidence that adequate quality 

assurance activities are being carried out. This element applies to the identification, 

collection, indexing, access, filing, storage, maintenance and disposition of quality records. 

A Master List of quality records should be kept. 

5.2.2.17 Interna1 Quality Audit 

The objective is to verify that the quality system complies with planned 

arrangements, such as the ISO 9001 International Standard, and to verifi whether these 

arrangements are implemented effectively and are suitable to achieve quality objectives. 

Intemal quality audits serve to improve the quality system from the perspective of 

individual faculty and stamembers, since they raise official attention to shortcomings and 

problems within the system. An effective intemal quaiity audit system should be 

established on the basis of ISO 1001 1 Guidelines for Quality Audit. 

5.2.2.18 Training 

The faculty (department) must identiS, the training needs of its faculty and staff, 

including the teaching and research assistants, and provide the adequate training. Also, 

student counselling needs should be identified and proper counselling services supplied. 

Thus, the following processes should be addressed: 

Development and training of faculty, 

Development and training of teaching and research assistants 

Development and training of administrative s ta f f  and technicians 

Student curriculum and persona1 counselling 

Research staffdevelopment and training, including sabbaticai leaves 



Faculty promotion and tenure 

5.2.2.19 Serviring 

This element of the quality system covers the servicing of programs and courses. 

Students are provided with idormation on new developments in the field of expertise, 

career counselling, provision of the List of engineering graduates to prospective employers 

and alumni organization's services. This element also includes s e ~ c i n g  in the domain of 

research projects, when such activities are required by the contract. 

5.2.2.20 Statistical Techniques 

The objective is to ensure that the need for statistical techniques required for 

quality assurance of student leaming, course teaching and research is established, and that 

the identified techniques are implemented and controlled. Statistical techniques may 

include statistical process control (control chans), the seven quality tools, analysis of 

variance, hypothesis testing, and so on. 

5.3 ISO 9001 VERSUS ACCREDITATION SCHEMES 

5.3.1 Overview 

Engineering faculties in Canada and the United States have already encountered 

cenain assurance schemes in the accreditation of their undergraduate programs. The 

Canadian Engineering Accreditation Board (CEAB) evduates undergraduate degree 

programs offered at Canadian universities and accredits those which meet minimum 

standards. The same mandate in the United States is given to the Accreditation Board of 

Engineering Technology (ABET). These two accreditation schemes have been discussed 

in detail in Chapter 2. The objective of this section is to compare the proposed quality 

assurance scheme, Le. ISO 9001 to the current engineering accreditation schemes. In the 

cornparison, the interpretation of the ISO 9001 standard as given in section 5.2 is used. 

The CEAB scheme is evaluated on the basis of the questionnaire the board sends to 

interested departments and the documentation developed for the '93 accreditation of the 



Faculty of Engineering at the University of Manitoba ABE?' vision and criteria available 

on the board's web page (http://m.abet.bamd.us) have been used for the illustration of 

this scheme. In the foiiowing sections, similarities and diifferences between ISO 9001 and 

accreditation schemes are given, followed by the cross-reference cornparison of their 

elernents. 

Several sirnilarities of the cunent accreditation schemes and ISO 9001 are evident. 

They are the following: 

Accreditation schemes and ISO 9000 are both designed to assess, verify and make 

results visible to the public. 

The Iist of institutions accredited by CEAB or ABET, and registered to ISO 9000 is 

readily available. 

Accreditation schemes and ISO 9000 are voluntary. 

Substantial documentation and records are required 

Accreditatioflegistration starts with sending a document to a registration or 

accreditation body. in ISO 9001, this document is the quality manual, in CEAWABET it 

is a questionnaire. 

If a questionnaire/quality manual is assessed as appropriate, a site-visit follows. 

The site visit is conducted by an ABETKEAB team, or by an ISO 9000 registrar. 

Compliance with minimum standards is required. 

If it appears that a progr~nst i tu t ion  is not in cornpliance with the accreditatioflS0 

9000 criteria, a non-cornpliance report will be issued, and a follow-up audit perfonned. 

Accreditatiodregistration is granted for a limited time penod. 

5.3.3 Differences 

The following are perceived differences between the CEAB and ABET 

accreditation schemes, on one side, and the ISO 900 1 system, on the other. 



CEAB and ABET are institutions providing accrediation directly to interestecl 

universities, whereas ISO 9000 registrars provide registrution. The difference is that ISO 

9000 registran are accredied by a body calied the Registrar Accreditation Board 

CEAB and ABET accredit engineering programs, whereas ISO 9000 registration is 

provided to a facility or an institution. This means that an industrial engineering 

undergraduate prograrn can be ABET accredited, but an industrial engineering department 

can be ISO 9001 registered. 

Accreditation schemes are k t e d  to engineering programs ody, whereas ISO 

90001registration is open to any faculty or department. 

Accreditation schemes are designed for undergraduate programs only. ISO 9001 

registration cm cover graduate programs, as well. 

ABET scheme provides accreditation at either the basic or advanced levels. There are no 

levels in ISO 9000 registration or the CEAB accreditation. 

ABET will grant initial accreditation only if students have graduated from a program 

pnor to the on-site visit. There is no such restriction in ISO 9001, i.e. a totally new 

department cm become ISO 900 1 registered. 

A quaiity Manual cm take any shape, fonn or content, as long as it describes the quaiity 

system of an organization and is in cornpliance with the standard. However, accreditation 

schemes require a pre-designed questionnaire to be simply filled in with required 

information about an institution, and/or its program. 

ISO 9001 is an international standard, whereas CEABIABET schemes are set at a 

national level. 

These three schemes can also be viewed through the three-dimensional mode1 of 

university products and processes presented in Chapter 4. While the curent CEAB and 

ABET accreditation schemes maidy focus on programs and courses, i.e. the teaching 

process, ABET 2000 critena emphasize measurable leaming outcornes (Figure 5.1). 

Neither scheme addresses research activities directly. On the other hand, ISO 9001 

focuses on ail three dimensions of the product. 



FIGURE 5.1 : Assurance Schernes Compared on the Basis of the US Mode1 

5 -3 -4 Cross-Reference 

In order to further compare the three schemes, the elements of ISO 900 1-94 have 

been cross-referenced with the elements of the CEAB questionnaire from 1993. (Table 

5.7), as well as with the elements of ABET criteria from 1996. (Table 5 -8). Since ABET 

critena aiso provide procedures for assessing engineering programs, these critena have 

been cross-referenced with the ISO 100 1 1 - 1 (1 994) Guidelines for Auditing Quaiity 

Systems (Table 5.9). 

It can be concluded that ABET and CEAB accreditation schemes emphasize 

program design, but do not address how the program is actuaily executed. In other words, 

the schemes provide assurance that appropriate courses are designed, that facilities are in 

place, and that faculty is qualified. But they do not address course delivery, maintenance 

and proper operation of equipment and facilities, and faculty's involvement in assessing 

student knowledge and skills. The schemes also depict management and faculty 

responsibilities, as well as provide for proper training of faculty, through sabbatical and 



research leaves, conferences and so on. In general, CUTrent ABET and CEAB place linle 

emphasis on explicit quality assurance, Le. the question: 'How does the faculty of 

engineering assure their various interested and involved parties o f  the adequate quality of 

sexvices rendered?' is neither posed nor indirectly annvered. ISO 9001, howwer, 

addresses this valid question. 



TABLE 5.7: ISO 9001-94 Vs. CEAB-93 Cross-Reference 



TABLE 5.8 : ABET-96 Vs. ISO 900 1-94 Cross-Reference 

TABLE 5.9: ABET-96 Vs. ISO 100 1 1-1 (1994) Cross-Reference 



CHAPTER SIX 

QUALITY SYSTEM IMPLEMENTATION 

This chapter addresses the implementation of a quality system in a university 

environment, and presents exarnples from a case study of establishing an ISO 9001 system 

in an engineering department of a Canadian university. First, a project plan for the design, 

documentation, implementation, and maintenance of the quality system in an engineering 

department is presenteû, followed by the description of the project phases and steps. 

Subsequently, examples of required documentation are provided, including the 

department's quality manual, quality system procedures, work instructions and records. 

One of the requirements of the ISO 9001 quality systern is the establishment of an internai 

quality audit system. The development of a quality audit system, considering the ISO 

100 1 1 audit guidelines, concludes the chapter. 

6.0 PROECT PLAN 

In the following fourteen sections, steps toward the implementation and 

maintenance of an ISO 9001 quality system in a university are suggested. An illustration of 

these steps with a timeline is provided in Figure 6.1. It is assumed that a university, 

department, faculty and/or institute establishes the system independently, using existing 

human, material and information resources (Le. without hiring extemal consultants or 

other forms of extemal help). The registration of the quality system by an accredited 

registrar is one of the goals of the ISO 900 1 project. 
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FIGURE 6.1 : ISO 900 1 Project Plan for a University 



6.1 EECUTIVE MANAGEMENT COMMITMENT 

Universities are publicly accountable for their work in education and research, and 

therefore mon of them already have some kind of a quaiity assurance system in place. As 

it was pointed out in Chapter 5, engineering and management schools for example, are 

accredited by national accreditation boards and have documentation available to illustrate 

the performance according to accreditation criteria. Thus, the establishment of a 

formalized ISO 9001 quality system will not have to be started fiom scratch. However, 

before any progress is made, the executive management of a university department, faculty 

or institute must be totaily committed to the quality system implernentation. The 

commitment of the dean, associate deans, department heads and directors is certainly a 

necessary, but of course not the sufficient condition, for successfûl documentation and 

implementation. This condition is emphasized in most of the available literature on the 

topic (Walker, 1997; PfeifEer and Wunderlich, 1997; Gelders et al, 1995). To gain such 

commitment, benefits of an ISO 9000 quality system in a university for individual faculty 

and staffmembers, as well as for students and other stakeholders of the univenity, should 

be put forth. As the number of university institutions which are applying quality assurance 

systerns is rapidly increasing, their experiences can be used in ensunng the executive 

management cornmitment. Universities that already implemented ISO 9000 systems are 

reporting that benefits greatly outweigh concems (for example, see Doherty, 1995; 

Tannock and Burge, 1994; Lindstrom, 1994; Gelders et al, 1995; Pfeifer and Wunderlich, 

1997; Hamis and Owen, 1994; Hulshoff and On, 1994). 

6.2 OUALITY CHAMPION 

Once such a commitment is assured, a Quality Champion should be selected. The 

Quality Champion is a person with a genuine and passionate cornmitment to quality of 

education and research, knowledge of university's processes and procedures strong 

leadership and communication abiiities. Because ISO 9000 quality system includes 

teaching, learning, research processes, and administration, it is advised that the Quality 

Champion be a faculty member with some expenence in administrative functions. This 



person should also be familiar with quality assurance standards, such as ISO 9000, andlor 

environmental management standards, such as ISO 14000. Because ISO 9000 and ISO 

14000 are very similar (and will be integrated in the fuhire), the lack of knowledge of 

quality assurance with familiarity in environmenthealth and d e t y  management should not 

be an obstacle for the Quality Champion, providing that he/she is totally cornmitted to 

quality irnprovement. The knowledge of andlor experience with accreditation schernes and 

processes will provide a great asset. 

In the case that the Quality Champion is not familiar with the quality standards, 

principles of establishing a quality system, and/or quality auditing, ample training 

opportunities are available through national standardization bodies or societies for quality, 

such as the Arnerican Society for Quality (ASQ). 

6.3 ESTABLISHMENT OF THE PROJECT COMMITTEE 

The next necessaq step toward ISO 9001 registration and maintenance is to 

organize a project (or 'steering' committee). The cornmittee, headed by the Quality 

Champion, will ensure that the quality message is spread throughout the 

facultyldepartment and 'steer' the ISO 9000 effort. In regular meetings, the project 

cornmittee will plan and organize standard interpretation, documentation, implernentation, 

registration and maintenance activities, address problems arising during the project, and 

manage human and financial resources associated with the projea. Membership of the 

committee should include, but is not lirnited to: the dean, associate deans and department 

heads, representatives from administrative and support staff, as well as the Quality 

Champion. 

6.4 SELECTION AND INTERPRETATION OF STANDARDS 

ks was mentioned in Chapter 5, ISO 9000 standards are genenc in nature, 

however they require an interpretation for use in higher education. Such interpretation was 

provided in section 5.2.2 of this thesis, for application associated with the University 

System and teaching, leaniing and researching processes. This interpretation c m  be used 



to develop a comprehensive quality system in a university environment. However, some 

universities may want to interpret the standards independently, or use other models of 

quality systems, for instance the EPC mode1 of Tannock and Burge (1994), or combined 

ISO 9000 and TQM models of Ho and Weam (1995) and Lo and ScuUi (1996). Aiso, the 

possibility to develop a quality system according to the ISO 9002 standard will still exist in 

the next couple of years, before only ISO 900 1 is avaiiable. The decisions on which quality 

system mode1 to select and whether speciai interpretation is required should be made by 

the Project Cornmittee, upon the recommendation of the Quality Champion. If an 

interpretation is required, it can be performed by the Quality Champion. 

At this time, the scope of the quality system should be well defined and 

documented. For example, faculty members may feel that a quality system should not be 

established to include their research activities, and that the scope should be Iimited to 

teaching and learning in undergraduate programs only. The opposite situation is possible, 

where research activities are covered, but not teaching and leaming ( e g  Pfeiffer and 

Wunderlich, 1997; Walker, 1997). Also, some departments within a faculty or a university 

rnay take a 'wait and see' attitude, arguing that the establishment of a quality system is not 

a pressing issue and can be dealt with later. Therefore, a precise definition of the 

participating departments and their educational, research and administration activities 

covered by the quality system should be provided in the scope. As a note, one department 

within a faculty or university could establish and register its quality system as a prototype 

for other departments to follow. This approach may prove to be very usefil since: 

+ experience and expertise in developing a quality system will emerge 

+ documentation will have many similar, if not totally identical features 

+ ISO 9001 registered department's faculty members can serve as auditors in an another 

department 

6.5 NTIALGAPANALYSIS 

The next step is to perform an initial gap anaiysis against the selected quality 

system standard. Although the gap analysis has some features of an intemal audit, it is 



important to recognize the difTerence between the two. Whïie a gap anaiysis merely 

verifïes the compliance with the quality system standard, a quality audit includu the 

examination and verifïcation of the cornpliance, as weIl as the effectiveness and suitabaie 

of the quality system to achieve set objectives. Expenences and skiils gained in gap 

d y s e s ,  however, are very useful in establishing an internai quality audit system, which is 

one of the requirements of ISO 900 1 (section 4.17). 

In a faculty which has experiences with acaeditation of prograrns, such as 

engineering, management or medicine, the gap andysis should am with an examination of 

the documents and processes that are available and could be used as a foundation for a 

quality system. For example, any Canadian engineering faculty that is CEAB accredited 

will find that most of the documentation required for the ISO 9001 quality system already 

exists. The best-covered areas, as the cornparison analysis from Chapter 5 indicated, are: 

+ Design control (section 4.4 of ISO 900 1) 

+ Process control(4.9 of ISO 9001) 

+ Purchasing (4 -6) 

+ Inspection and testing (4.10, 4.1 1, 4.12) 

+ Training (4.18) 

Even the development of some ISO 9001 requirements that do not appear to be covered in 

the CEAB documents, such as 4.17 Intemal Quality Auditing and 4.20 Statistical 

Techniques c m  be based on existing processes. For exarnple, the faculty/department's 

executive management regularly performs management reviews of the education, research 

and administrative processes, together with faculty or department councils. These review 

meetings can be used for overseeing the intemal quality audit system that needs to be 

developed. Also, most faculty members already apply or are familiar with statistical 

techniques in teaching, learning and research, and only a systematic use of these 

techniques in quality improvement stands in the way to meeting this particular requirement 

of ISO 900 1. 

The gap analysis is performed by the Quality Champion, with assistance from the 

members of the Project Committee. It is useful to classi@ dl existing documents according 

to the twenty requirements of ISO 9001, e.g. al1 documentation that pertains to 4.9 



Process Control should be classineci as such. In the case study, a folder with hventy 

separators, one for each requirement of ISO 9001, was cnated, and copies of aristing 

procedures and records were catalogued accordingly. This approach proved to be very 

helpful in the quality system documentation phase, because these documents were 

referenced in quality system procedures and were readily available. 

In order to gain experience in planning and conducting interna1 quality audits, the 

gap analysis can be executed as an audit and according to ISO 1001 1 Quality Audit 

Guidelies. For example, the Quality Champion would: 

+ prepare the gap anaiysis plan; 

+ identify the standard against which the analysis is conducted; 

+ identifL and inform the people who will be in te~ewed  to provide information 

+ prepare working documents, including, checklists, interview and observation forrns 

+ conduct an opening meeting with the Project Cornmittee and intewiewees 

perform the analysis, including collecting evidence, documentation and infoxmation 

+ conduct a closing meeting with the Project Cornmittee and inform them of main results 

+ draft a gap analysis report 

The result of the gap analysis should be a statement of the degree of cornpliance of 

the current system with the selected quaiity system standard. The gaps in each ISO 9001 

requirement should be identified, and areas requiring the most work emphasized. 

6.6 STRUCTURING THE OUALITY SYSTEM 

As was emphasized in Chapter 3, a quality system is a set of interdependent 

processes that fùnction harmoniously, using various resources to achieve objectives 

related to quality. One of the resources of the quality system is its documentation, which 

provides objective evidence that the system is indeed achieving quality objectives. 

However, before the quality system is documented, it needs to be properly conceptualized 

and stnictured. Armed with a conceptual mode1 of the quality system (presented in section 

3.1.3 of the thesis), the structure of a university-based quality system cm be illustrated 

(Figure 6.2). 



A quality system consias of complex processes and elements with different levels 

of complexity and scope. Typically. a univenity department performs its educatiod and 

research activities through undergraduate and graduate programs, as weii as faculty-based 

research projects. Each of these processes has specific quality specifications, or the desired 

levei of quality (denoted as 'Qo' in Figure 6.2)' and produces a certain actuai level of 

quaiity (denoted as 'QAY in Figure 6.2). The system is perfonning according to 

specifications, if achial quality equals desired quality. Looking into the mcture of these 

programs as complex elements of the quality system, we realize that 

undergraduatdgraduate and research prograrns pass through the planning, materialization, 

maintenance and improvement phases. Each phase has quality specifications ('Qo') and 

produces actual quality ('Q*'). For instance, an objective of the materialization phase of an 

undergraduate program can be to graduate 300 students every year, with at least 75% of 

new graduates employed in the first year after graduation. If only 200 students graduated 

fiom this program, with 100 being ernployed, then the actual level of quality has not 

reached it s specifications. 

Following the structure of the quality system in the direction fiom more to less 

complex elements, we find that each phase consists of a number of smalier elements (let us 

cal1 them 'stages'). In undergraduate education, stages are represented by the courses a 

student is required to take throughout the studies, while in research projects stages can be 

a literature review, acquisition of resources, reporting research findings, and so on. Again, 

each stage has quality requirements and achieved levels of quality. For instance, quality 

requirements for a course are usually given in a General Calendar of a university, while the 

actual level is examined using peer and student evaluation. The process flowchart in 

Figure 6.3 illustrates this element of a quality system. Being consistent with industrial 

engineering terminology, the next element in this hierarchy is an 'operation', and is 

represented by the lecture, laboratory or tutonal, i.e. constituents of a course. Again, each 

operation is inspected for fùüillment of quality requirements (for an approach to quality 

control and improvement of these operations, please refer to Chapter 8). Finally, operation 

as a process transforms input knowledge into output knowledge, experience and skills 

(Figure 6.2). 
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This structurai mode1 of the university-based quality system will assist us in 

designing appropriate documentation resources in the next aep. 

6.7 STRUCTURING DOCUMENTATION 

A quaiity system requires documentation to support the achievement of objectives 

related to quality. In a multi-tiered system, it is cornmon to have a multi-tiered 

documentation. It is important to recognize that quaiity system documentation does not 

necessarily imply paper documents. On-line documentation, using HTML and Java is 

particularly usehl for ISO 9000 management (Clarkin and Dow, 1997). Manufachiring- 

oriented companies which have established ISO 9000 quality systems usually structure 

their documentation in four levels: a Quality Manual, Procedures, Work Instructions and 

Records. However, a university-based quality system, stmctured in the preceding section 

should have the following documentation available (Figure 6.4): 

FacziZty quulify mamrai, describing the quality system and referring to procedures and 

plans at the faculty level. This document should also contain the faculty's quality policy, 

illustrating the main quality objectives. For example, a Faculty of Engineering would draft 

its quality manual. As a note, depending on the size and organization of a particular 

university, this document could become a university quality manual, and department 

manuals could describe quality systems of specific depaments and faculties. 

+ Departmental pality mumal, descnbing the quality system and refemng to procedures 

and plans at the departmental level. For example, a Department of Mechanical and 

Industrial Engineering would draf€ its departmental quality manual. Faculty and 

departmental manuals could be very similar, with the departmental manual addressing 

specific issues, elements, programs and procedures within a particular department. 

+ Qualzty system procedures specie ways to perform quality-related activities in a 

department. For exarnple, each of the twenty elements of the ISO 9001 quality system can 

be addressed with individual procedures. 

+ Course and research project quality plans, setting out the specific quality practices, 

resources and sequence of activities relevant to a particular course or research project. 
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+ I)2structiom, detailing how specific operations in research, teachuig, and learning are 

performed, as weii a s  who is responsible and authorized to pdorm them. 

+ Recordq providing objective evidence of cornpliance with the quality system standard, 

and idonnation for maintenance and improvement of the quality system. 

The following sections explain the design and implementation of qualit. system 

documentation. 

6.8 DOCUMENTING THE OUALITY MANüAL 

The Quality Manual is a document which states the quaiity policy and describes the 

structure and content of the quality system in a department or faculty. The scope of the 

manual depends on the stated scope of the quality system, and relates to the totality of 

processes and resources aimed toward achieving objectives stated in the quality policy. 

The manual can be drafted by the Quality Champion, and may include the following three 

parts: 

+ Foreword 

+ Introduction 

+ QuaZity System Structure 

In the foreword, written by the dean or department head, innovative character of 

the quality system in academia may be referred to, a statement of the assistance and 

support of the executive management is provided, and the relation of the quaiity system 

with the department's or faculty's mission is stated. 

An introduction should include the table of contents, a statement of what 'quality 

system' and 'quality assurance' mean to the people in the department/faculty, as weli as 

the main objectives related to customer satisfaction. Benefits of a well documented and 

implemented quality system in the department should be clearly drawn. Also, a brief 

overview of the standard to which the quality system complies to (e-g. ISO 9001) is 

helpful for the readers and users of the manual. The manual should reflect the operations 

and temiinology used by educational institutions (Lo and Sculli, 1996). Therefore, an 

interpretation of terms and concepts used in the rnanual and the quality system in whole 



should be illustrated, followed by an overview of the quality system documentation. 

Quality policy is then stated, and the organizational structure of the department / faculty 

demonstrated. Findly, for document control purposes, the quality manual should 

incorporate an amendment records sheet, as weli as the controlled distribution list, 

indicating the custodians of controlled copies of the manuai. 

In the third part of the manual, the structure and content of the quality system is 

iiiustrated. This part can be organized according to the department's own needs and 

purposes. However, to provide for a better understanding of the quality system by al1 

persons involved, it is suggested that each requirement of the quality system standard is 

addressed separately. Therefore, the third part of the ISO 9001 quality manual would 

contain twenty elements, one for each requirement of ISO 900 1. These elements have the 

same layout, incorporating : 

4 Objectives pertaining to the specific element of the quality system. For example, for 

contract review, the objective is to provide the department with a clear understanding of 

customers' requirements, specifications and needs, to evaluate if these requirements and 

specifications can be achieved, and to provide the customers with a clear understanding of 

the manner in which the department shall meet them. 

+ Scope, defining the processes to which the element applies to. For example, the contract 

review element in a department of mechanical engineering applies to: 

- defining and documenting the industry and society requirements with respect to 

undergraduate and graduate programs offered, and the assessrnent of the departments 

ability to meet the requirements 

- contract review with the employers participating in the cooperative 

undergraduate industrial engineering program 

- ensuring and reviewing that the students understand the admission requirements, 

program content and context, graduation requirements, and their responsibilities and 

authorities 

- review of industry and NSERC -sponsored research contracts 

+ Repnsibility, atirhority and interrelationships of persons involved 



4 Applcatioo, illustrating the mode of use of specific guidelines in the quality system 

standard. For example, each section of the ISO 900 1, elernent 4.3 Contract Review, can 

be addresseci separately. This would indude the identification of procedures used to 

manage contract review, illustration of how arnendments to a contract are managed, and a 

statement of quality records pertaining to contract review. 

+ Reference donments, cross-referencing procedures and qudity plans applying therein. 

To illustrate the design of a quality manual in acadernia, Appendk I contains Parts 

1 and 2 of the Quality Manual for the Department of Mechanical and Industrial 

Engineering at the University of Manitoba, as well as two elements fiom Part 3, narnely 

Design Control and Process Control. 

6.9 DOCUMENTTNG AND IMPLEMENTING PROCEDURES 

The next step in documenting a quality system in academia is drafting operationai 

procedures. As suggested in section 6.7, each requirement of the quality system standard 

can be covered with one procedure. For example, requirement 4.7 Control of Custorner- 

Supplied Products is covered by an appropriate procedure. The following procedure 

headings are suggested: 

+ Purpose, defining the reasons why a pariicular element of the quality system is needed, 

and its main objective. For example, the purpose of the training procedure is to ensure that 

the training needs of faculty, teaching and research staff are identified, adequate training 

and development arrangecl, as well as to ensure that students' counselling needs are 

identified and adequate counselling services provided. The objective is to ensure that ail 

faculty and staff  are qualified and competent, and to provide adequate counseiling to 

students. 

+ Scope, determining the array of processes the procedure applies to. It is useful to assign 

a unique code to each process depicted. For instance, the code could consist of the section 

number fiom ISO 9001 (18 for Training), a three-letter abbreviation for the type of 

product (STU - for students' education, PRG - for programs and courses, and RES - for 

research), and an ordinal number of the process. Accordingly, the training procedure of 



the Department of Mechanical and Indusuiai Engineering at the University of Manitoba 

applies to: 

- (18PRGl) Development and training of faculty, including: 

a) assessing and reviewing the need for h-g new faculty and staff 

b) hiring new faculty and staff 

c) training and development of new faculty and staff in terms of teaching 

- (18PRG2) Development and training of teaching assistants 

- (1 8PRG3) Development and training of administrative staff  and technicians 

- (18STUl) Shident C U ~ C U ~ U ~  and personal counselling, including: 

a) first year engineering students counselling 

b) review of individual student progress in the first and subsequent years of studies 

c) appointment of First Year Engineering Faculty Advisors to students 

d) individual counselling provided by the faculty's student &airs office 

e) individual counselling provided by the university's counsellors 

f) appointment of second, third and fourth year Faculty Advisors 

g) establishment of the Undergraduate Student CounseUing Committee 

h) selection of technical electives 

i) career counselling 

- ( I  IRES 1) Research sta f f  development and training 

- (1 IPRG/RES 1)Faculty promotion and tenure 

+ Definitions required for better understanding of the procedure 

+ Procedue itself, defining the steps for performing the process, as well as decision 

points in the process. This part is divided into the following (Figure 6.5): 

- input elements, information and material resources, such as records, procedures and 

fonns that are provided to the process by some other process (supplier source) 

- flowchart, illustrating specific steps, as well as information and material used in the 

process 

- res~onsibility matrix, depicting responsibility and authority of persons involved in the 

process 



- output elements, information and matenal resources, such as records, procedures and 

f o m  that are provided by the process to some other process (customer) 
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FIGURE 6.5: Procedure Documenting a Process 
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+ Reference documents, pertaining to records, instructions and other procedures 

An example of a purchasing procedure is provided in Appendix 2. 

6.10 IMPLEMENTING OUALITY PLANS AND MSTRUCTIONS 

As was stated in section 3.1.3 of this thesis, each course, prograrn and contracted 

research project should have a separate quality plan, standing alone or as a part of the 

course or research project plan. Quality plans can be drafted according to the ISO 9000 

Guidelines for Quality Plans (ISO 9004-1994, Part 5). The content of a typical course 

quality plan was illustrated in section 3.1.3, and an example of the plan for a fourth-year 

engineering operations research course is presented in Appendix III. 

A research project quality plan should include: 

+ a statement of research project objectives 

+ a list of persons participating in the project, including research assistants and 

technicians, as weii as their authorities and responsibilities 



+ a list of equipment required for the project, inciuding books, Papen, material, 

cornputers, machines and toois 

+ schedule of major phases in the project 

+ a statement of methods used to inspect, test and ver@ research progress 

+ quality records to be kept for quality system assurance and improvement 

+ laboratory instructions, Material Safety Data Sheets (MSDS), instructions for research 

assistants and technicians 

+ a statement of criteria for evaluating the success of the research project 

A work instruction speciiies the way of performing activities related to operational 

aspects of a quality system &O and Sculli, 1996). Instructions cm include fiowcharts, 

layout of the workplace, statement of responsibilities and authorities of the person(s) 

perfonning an activity depicted in the instruction, and specific steps to perfonn the 

activity. Work instnictions should refer to quality system records and cross-reference 

procedures to which they apply. For example, work instructions can include laboratory 

activities of technicians, research and teaching assistants, administrative activities such as 

filing an NSERC research proposal or purchasing equipment for teaching purposes. To 

demonstrate this level of quality system documentation, two instructions are provided in 

Appendix IV: teaching assistant's instructions for a mechanical engineering laboratory, 

and instructions on managing students' tirnetable clashes. 

6.1 1 KEEPXNG RECORDS 

Quality records are an integral part of the quality system documentation. The 

department or faculty should identifl, collect, index, file, store, maintain and properly 

dispose all records resulting fiom quality system activities. It is vey important to properly 

manage quality records because: 

+ they represent objective evidence for demonstrating conformance to specified 

requirements of the quality systern standard. A registrar's auditor would certainiy request 

access to specific quality records to evaluate compliance and suitability of the system; 

+ they are used for continuous quality control and improvement. 



Examples of the scope of qudity records for specinc quality systern requirements 

c m  be found in Appendk II (Procedure for Purchasing). Appendix V provides a quality 

control record f?om a thermodynamics course. 

6.12 INTERNAI, QUALITY AUDITS 

A quality audit can be defined as 'a systematic, unbiased, objective, and 

wmprehensive examination and cornparison of quality related activities and their results 

with specified requirements, and the determination whether these are suitable and effective 

to meet objectives' (Wiiibom, 1997). Internai quality audits, or first party audits, are 

conducteci intemally in an organization with an established quality system, i.e. the client is 

uniaily the executive management, and auditee is a part of an organitation being audited. 

In a higher education institution, intemal quality audits are established mainly with the 

following three-fold purpose: 

+ verifjring compliance with selected quality system standards, such as ISO 9001 

+ assessing the suitability and effectiveness of the quaiity system in achieving objectives 

related to quality 

+ providing the possibility for improvement of the quality system and its elements 

Intemal quality audits in a university can be developed using international quality 

audit guidelines ISO 1001 1, parts 1, 2 and 3. The current issue of the guidelines is fiorn 

1991. However, a project of review and irnprovement is currently under way at an 

international level, within the subcornmittee #3, Technical Committee 176 of the 

International Organization for Standardization. Depending on the scope of the ISO 9001 

project, intemal quality auditors can be recruited fkom the faculty, as well as the 

administrative and support staff. Auditor training is readily available through national 

standardization bodies, such as C S 4  as well as through the Arnencan Society for Quality 

(ASQ). It is suggested that prospective intemal quality auditors attend one or more 

training courses provided by these institutions, and, if possible, obtain an ASQ certification 

as Certified Quality Auditors (CQA). 



W~thin the ISO 9001 project, auditors can be trained to ver-@ compliance of the 

established quality system with ISO 9001, and subsequently to assess the suitability of the 

system to meet objectives set in the quality policy. The ISO 9001 compliance in a 

university can be assesseci using a comprehensive checklist provided in Appendix VI. 

Finally, after the certification is obtained, intemal quality audits are also usefùl in preparing 

the department or faculty for upcoming surveillance audits by the registrar (section 6.14). 

6.13 TRWSENG 

In order to maintain an established quality system, on-going quality education and 

training should be provided. This can be accomplished through the devetopment of a 

continuous training program for faculty and staff in internai quaiity auditing, statistical 

techniques for quality improvement, as well as methods such as Quality Function 

Deployment, Design of Experiments, and Taguchi techniques. Training needs of al1 faculty 

and aafhhould be identified, and adequate training in quality provided. A usefûl approach 

would be to estabiish a program of undergraduate andor graduate studies in quality 

assurance. Also, the expenence gained in the developrnent of a quaiity system may be 

beneficial for establishing a registrar specializing in cenifying higher education institutions. 

6.14 REGISTRATION AND MAINTENANCE 

An established quality system can be registered to the ISO 9001 standard by an 

accredited registrar. Some time before the anticipated completion of the ISO 9001 project 

(minimum several months), the Quality Champion should contact a registrar and inquire 

about the possibility for registration. Unfonunately, at the time of writing this thesis, not a 

single university-level department or institution in North Amenca has obtained ISO 9000 

registration. Therefore, nationally-accredited registrars lack the expenence of auditing 

universities. However, the solution may be found in contacting registrars with expenence 

in certwng community colleges or other training institutions, or even contacting a 

European-based registrar. National standardization bodies, such as the Canadian 



Standards Association and its Quality Management Institate may be able to provide 

assistance, as well. 
9 Mer a registrar has been selected, it wili evaluate the Quaiity Manuai first, and if 

the manual is considered suitable and compliant with the ISO 9001 standard, a site-visit 

wili follow. This site visit is actually an extemal party quality audit, where a registrar 

assesses the cornpliance of the established quality system with the standard. In the case 

that the cornpliance is established, the department or the faculty will obtain an ISO 9001 

certificate. However, the ISO project does not stop there. In order to fùlly use the benefits 

of quality assurance, the quality system mua be maintained and continuously improved. 

On-going quality training, statistical quality improvement techniques and intemal audits 

are the tools of choice. Also, an established quality system can be used as a foundation for 

developing other assurance systems, wch as environmental management according to ISO 

14000 standards, health and safety management and so on. It is also important to note that 

registrars perfonn surveillance audits every 6-12 months, and in the case that a quality 

system is not compliant with the standard, the ISO 9001 ceriificate is revoked. 



CHAPTER SEVEN 

QUALITY SYSTEM OBJECTIVE: ZERO-DEFECT STUDENTS 

In this chapter, an objective for creating zero-defect students is set and explained. 

The knowledge and cornpetence of a zero-defect student satisfies dl customer 

requirements. The processes of determinhg the customer of a university and identifying 

customer requirements are focused next. Translathg requuements into technical 

specincations for prograrns and courses is accomplished using Quality Function 

Deployment (QFD). A case study of the application of QFD in an undergraduate quality 

assurance course is presented. Subsequently, the delivery of courses, prograrns and 

research that will ensure the zero-defect output, together with benchrnarking for 

continuous quality improvement are addressed. 

7.1 SETTING THE ZERO-DEFECT OBJECTIVE 

7.1.1 Some Quaiity System Objectives 

In chapter 3, a quality system was defined as the 'set of interdependent processes, 

that fùnction hmoniously, using various resources, to achieve objectives related to 

quality'. One objective related to quality is to provide confidence to customen that the 

requirements for the quality of a product are met. This objective is accomplished by 

developing a quality assurance system, ISO 9001 being a worldwide-accepted example. 

However, an organization can set other objectives for its quality system to accomplish. 

Motorola, a North American communications Company is now famous for its '6a qualityc 

objective. Instead of concentrating on S r r  control lirnits like al1 other manufacturing 

companies, Motorola figured that the possibility of 3 defects per 1000 products was too 

high for sensitive electronic equipment. Thus, they decided to embark on the 60 limit 

program, which allows defects in the 1 parts per million order of magnitude. Needless to 

Say, Motorola succeeded in accomplishing this objective. 

Another goal some manufacturing organizations have set is the 'zero-defect 

produa'. The tenn was coined by quality pioneer Philip Crosby to illustrate a produa 



virtudy Cee of defects. Since the thrust of this thesis is the idea that universities are not 

that dinerent nom rnanufhcturing organizations, an interesthg question emerges: 'Can 

universities, iike manufactu.ing organizations, set and achieve the zero-defect goal?'. This 

chapter wiU show that the answer to this questions is undoubtedly 'Yes'. Creating zero- 

de fm students, as one of the products of the University Production System is addressed. 

7.1 -2 What are ' Zero-Defect' Students ? 

'Quality' in general is defined as 'the ability of a prorhrct to satisfy stated or 

irnplied requirements'. Nahirally, the requirements for the product are set by the 

customer. In some cases, the custorner may provide detailed specifications for a product, 

such as the torque, speed, type of gear shift mechanism, interior and exterior dimensions 

when buying a car. In other cases, the manufacturer wili set interna1 specifkations, on the 

basis of customer needs and requirernents. 

The Mme of the product to have no defects implies that dl requirements and 

specifications are met. 1 ppm means that one part in every million does not meet one or 

more specifications. The other 999,999 parts meet vimially al1 specifications. On the other 

hand, the terni 'zero-defect' has a different rneaning in dEerent industries. In electronic 

industry, the goal may be 1 part per million @pm) defective, at most. A carpenter will be 

satisfied with 1 defected chair in a thousand. It was shown in previous chapters that a 

university produces three distinct produas, the quality of which is certainly measurable 

and comparable to set requirernents and specifications. Therefore, the universities should 

be able to say to their customers: 'If you want Our students to know how to use a 

manometer to measure relative pressure, we can assure you that 999 midents out of a 

thousand will know how". Or 'At the most, one in every million students will not be 

farniliar with the name of the first president of the United States". Or "ALI Our courses and 

programs meet d l  specifications and requirements". 

Like zero-defect products, zero-defect students are not 'perfect', in the sense that 

they know everything. They just satisQ al1 the requirements. Also, not ail quality 

charactenstics are cntical, i.e. in case of not meeting the requirements, these 

characteristics would render the product unusable. The ability of the car to mn is its 



critical quality characteristic. The ability of a medical doaor to diagnose iUnesses is hisher 

critical characteristic. A structural engllieer who does not know the principles of the 

strength of materials fails to meet a critical requirement, and should not be altowed to 

practice. This is where al1 organizations, including universities, should stnve to achieve the 

'kero-defect" goal first : what the customer deems important. The critical quality 

characteristics must be met by 100% of students. Surpassing customer needs only cornes 

after meeting these goals. At a university, 'kero-defecf' goals can be set at different levels. 

For example, a professor may set a list of topics a d o r  skilis al1 students in hidher course 

must master before they pass the course. Or, a department can set zero-defect objectives 

at an undergraduate or graduate prograrn level. 

How can a university provide confidence to its customers that the midents wili 

have the required knowledge after graduation? In other words, how cm this zero-defect 

goal be achieved? The answer may seem simple: by ensunng that student's knowledge 

meets customer specifications. This implies that both the customers and specifications are 

known. 

7.2 DETERMINING CUSTOMER REOUIREMENT'S 

The fist Sep in determinhg customer requirements is to define who the customers 

of the university, faculty or department really are. A survey of students, their families and 

alumni can be helpfùl. The following are some questions that can be useful. What do 

students want fiom Our university / faculty / department? Why did they choose to study 

here? When they graduate, where do they go? Do moa  of them continue studies at a 

postgraduate level? What has been the experience of Our alumni with ernployers? 

Necessary information can be collected through questionnaires, feedback foms, alumni 

gatherings and so on. At this tirne, certain policy issues should dso be clarified with the 

faculty and staff. What do we want? 1s research Our strength, or is it cumculum, strong 

emphasis on teaching and leading edge courses? What is our market? Should we attraa 

students from Our proWlce/state/country, or should we focus more on international 

students? A number of universities and departments have gained excellent reputations by 

focusing on their strengths and defining their market niche. For example, one Canadian 



university is a leader in biosystems engineering, although it does not even have other 

enginexring departrnents. 

The second step is to define what customers really want. Universities should have 

a system in place for colleaing and analyzing data nom the prospective student 

employers, alurnni, govenunent, graduate schools and the community. The requirements 

of governmentai and professional institutions should be defineci, as well. For instance, 

ABET provides specifications for the knowledge of engineering fiuidamentds. In the 

specification for the mechanical engineering program, it is stated that 'the program must 

include in-depth instruction of thermal and mechanical systems, including the design and 

realization of such systems' (ABET, 1997C). 

M e r  the determination of customer requirements and specifications, they should 

be translated into a prograrn and course design. A detailed exphnation of a technique that 

can be used to accomplish this is provided in the following section. 

7.3 OUALITY FUNCTION DEPLOYMENT 

7.3.1 O v e ~ e w  

Defined customer requirements for student knowledge and skills should determine 

the prograrn and course design (see chapter 4, Figure 4.3). Quality Function Deployment 

(QFD) is a technique that can be applied for translating customer needs and requirements 

into a set of coursdprogram specifications as well as proper interna1 requirements for 

student knowledge, including appropriate examination techniques. For example, consider 

the following situation. A mechanical engineering professor is developing a 

thermodynarnics course. Among other inputs, he/she has the above-mentioned ABET 

requirement for mechanical engineering and a survey of prospective student employers, 

mainly in the manufacturing sector. The results indicate that the employers require a 

thorough howledge and ability to apply the thermodynamics basic concepts, such as 

engine and refiigeration cycles, entropy, iaws, gas properties, as well as sufficient 

laboratory experience and use of computer software applied in thermal sciences. They 

consider the knowledge of concepts and laboratory expenence equaily important, each 

being twice more important than the use of computers. Using QFD, the professor decides 



on the number of laboratory and lecture hours, types of laboratory experiments used and 

assignments requiring cornputers for computations. The former are 'technical 

characteristics" that WU meet, to a certain extent, the 'kustomer requirements". For 

example, a laboratory experirnent with the purpose of determinhg the heating value of 

naturd gas has a very strong relationship with the requirements for laboratoxy experience 

and applying the knowledge of gas properties. It has a weak relationship with the 

requirement for knowledge of thermodynamics laws, and no relationship with the use of 

cornputer software. The professor then constnicts the 'house of quality', and effectively 

manages to distribute mailable resources into a course that will meet customers 

expectations. QF'D can also be used to design an effective examination scheme. For 

example, the professor can assess the ability of different examination methods to 

adequately illustrate student knowledge. A multiple choice test rnay be adequate to test 

the knowledge of fundamental pinciples of thermodynamics, or the workings of the 

Carnot engine. However, it may not be the best choice to illustrate the ability of the 

student to apply these principles in real-life problems. Here, a numencal problem may have 

a stronger relationship with the requirement. 

At the program level, translating customer requirements into design specifications 

can also be accomplished using QFD. Here, the problem involves the selection of required 

and elective courses, requirements for work experience during studies (perhaps in the f o m  

of CO-operative education). It is feasible that arts and sciences faculties may benefit in this 

case more than engineering and medicine, because they are not bound as much by 

regdations of governmental institutions and national accreditation boards. 

In the following section, an illustrative exarnple of translating requirements into 

technical specifications using QFD for an undergraduate quality assurance course is 

provided. 

7.3.2 QFD For an Undergraduate Course 

Quality Function Deployment is a concept that provides means of translating 

customer requirements, specifications and needs into appropriate technical requirements 

for each stage of product development and production. It is often stated that QFD brings 



the 'voice of the customer' into an organization (Sullivan, 1986). The phrase 'Quality 

Function' does not relate to the quaiity department, but rather to aii aaMties needed to 

assure that quality is achieved. QFD is based on a sequence of four key documents (called 

matrices) : 

1. Customer Requirement Phnzng M m  

2. Produa Characteristic (Part) Deplopent Mutrii 

3. Process P h  Matrix 

4. Qudity Control M m x .  

These matrices graduaiiy translate customer requirements into produa characteristics and 

quality control activities. For example, the planning mat* transiates customer 

requirements into final product characteristics, and the deployment  mat^ translates final 

product characteristics into component (part) characteristics (Figure 7.1). 
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FIGURE 7.1 : Quality Function Deplopent for a Course 



Figure 7.1 also depicts how quality fûnction deployrnent matrices can be used to translate 

customer requirements for a university course into s p d c  lectures, laboratories and 

tutorials, as well as provide adequate methods of quality control of leaniing outcornes. 

A demonstration of the application of QFD to plan an undergraduate quaiity 

assurance course follows. As presented in Chapter 4, customer requirements for a 

partidar undergraduate course may include spdcations fkom national engineering 

accreditation boards (CEAB in Canada), course specifications stated in the General 

Caiendar of the University, as well as industry and society (market dnven) quaiity 

characteristics. For instance, course specifications for an engineering quality assurance 

course at the University of Manitoba are stated as follows (General Calendar, 1997198): 

" Modem qplications of pality ~ ~ r m c e / c o n t r o l  techniques for industrial engineers: 

orgmization, sampliing. reliability, copra t e  product responribility; eumrplesjrom local 

»ichm ". Interestingly, the Society of Manufaauring Engineers, which is also a customer 

of an engineering faculty, recently published a report outlining the engineering competency 

gaps of recent university graduates (SME, 1998). In terms of quality, the skills and 

knowledge are lacking in issues related to ISO 9000 cornpliance md stutistics. As was 

emphasized in the previous section, customer requirements can also be obtained through 

employer surveys and contacts with industry and govemmental agencies. In this example, 

a survey of manufacturing, service and small business companies conducted by Dr. James 

Evans (1996) from the University of Cincinnati will be used as a representative sample of 

the market needs for a quality assurance course. The participants in the survey were 

companies that received the prestigious Malcolm Baldridge National Quality Award, and 

therefore are not only knowledgeable about quality, but are at the very cutting edge of 

quality management. The participants rated sixty quality assurance and management 

concepts or skills they thought should be developed in students. For the purpose of this 

thesis, these skty concepts have been classified into twelve general. The general concept 

rating has been obtained as the sum of individual concepts' rating in the survey. For 

instance, the general concept of 'teamwork" included original survey concepts of 'tross- 

finctional teamwork", 'team process and tearn mernber effectiveness"', 'team-building 

skills': and 'tearn facilitation ski1ls"- These four concepts respectively obtained ratings of 



4.35, 4.14, 3.8 and 3.54, for a composite rating for 'teamwork" of 16. The general 

concepts or siâlls to be developed in quality assurance midents then indude: problem 

sohing, f e m o r k ,  Niterpersonol skils (consensus developrnent, meeting dynamics), 

msfomer f w s ,  intemakxfemal cusforners, stW.sticaZ melhodr (SPC, seven quaiity 

tools, process control, variation, process capability, basic statistics), proceSS/sy.stems 

concepts, continuous impmvemenf, general p a h y  concepts, engnieenng concepts 

(mistake-proofing, reaigineering, concurrent engineering), total pality management, 

d DOUQFDiTapchi methodF. Together with these concepts, the tconornics of quality, 

quality standards and o r g h t i o n  for quality complete the lia of customer requirements, 

or the 'boice of the customer? The latter three received the average importance rating of 

the former twelve specifications, i. e. 18. 

Subsequently, these requirements are translatai into specific course design 

characteristics, Le. general topics that should be taught to students, such as 

communication theoiy and pradice, group dynamics, human resources management, 

quality planning and assurance, organization for quality, statistical process control, 

acceptance sampling, Total Quality Management, and so on. The inter-relationships 

between the cuaomers' voice and course design characteristics are then estimated using a 

t hree-level estimation of the relationship's strength: weak, strong and very strong (Figure 

7.2). For instance, 'Quality standards" as a customer requirernent has a very arong 

relationship with the course topics of quality concepts, quality planning and assurance, and 

system concepts, but has a weak relationship with qudity management philosophies. 

Importance ratings for each of the customer's requirements are included in the Planning 

Mat& (Figure 7.2), dong with the evaluation of competitors with respect to each 

requirement and design characteristics, using a 1 - 10 scale. Two immediate competitors 

have been chosen: the 'Management of Quality and Reliability" course nom the Facuity of 

Management at the University of Manitoba (competitor A), and the quality control course 

fiom the Faculty of Enginee~g at the University of Regina (competitor B). Information 

about the latter course was presented at the Tenth Canadian Conference on Engineering 

Education in Kingston, Ontario, and is available in the proceedings 
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(Vandenberghe, 1996). For acample, cornpetitor A emphasizes groupwork and human 

resources management, thereby receiving an "8" and "ï", respectively. On the other 

hand, acceptance sampling methods are not taught at ali, receiving a the lowest rating of 

"1". The sehg  points for the QFD-designed course have been subsequently identified, 

where the strengths of the engineering faculty are paired with competitors' weaknesses. 

For instance, emp hasizing the syst ems and engineering concepts in t eac hing the course 

should provide an edge over immediate competitors. 

Next, course design characteristics and topics are translated into specific 

components of the course: lectures, laboratories and tutonals Figure 7.3 : Produa 

Characteristic (Part) Deployment Matrix]. 
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For instance, quality assurance concepts, including the ISO 9000 standards, are deployed 

in the eighth and ninth week of lectures, as well as in the first laboratory. The focus of the 

first week of lectures is placed on the systems and quality concepts, and should include 

working in groups or class simulations to provide for illustration of communication and 

group dynamics theories. One such class simulation can be planned as foliows. Students 

are divided into several groups, each representing a finaion in a manufacturing 

organization: marketing, design, purchasing, production, and sales. One group is assigned 

the role of a customer, and is given an already built model of a car or any other product. 

The model can be built using plastidmetal mode1 kits or "LEGO'squares. Another group 

will be "suppliers", who will be given the unassembled parts of the car, together with 

parts from other unrelated models. The simulation starts when the marketing function tries 

to provide car specifications, including the color, sire and physical appearance of the car, 

without actually seeing it (even the "customers" goup of students can only see the 

assembled car for a short time). Then, using marketing specification, the design group tries 

to design a car, and specie which particular parts (standard LEGû squares) the 

purchasing department should get from the suppiier. M e r  assembling the car and selling it 

to the customer, the manufactured and pre-assembled cars are compared. It is very likely 

that the two will not appear to resemble each other. Several concepts can be taught from 

this simulation: group dynamics, communication, interna1 and external customers, 

customer-supplier chain, concurrent engineering, quality Ioop, and so on. 

The next QFD step involves a further development of each component of the 

course, i.e. lectures, laboratories and tutonals, and the identification of cntical knowledge 

and skills that should be developed in students. The knowledge and skills can be 

demonstrated using the Bloom's taxonomy of six levels of cognition: knowledge, 

comprehension, application, analysis, synthesis and evaluation (Figure 7.4). Al1 six levels 

should be attained by students in order to fully accomplish set course goals, and approach 

the ultimate objective of zero-defects. Take a case of the lecture block 10, where attribute 

control chans are taught (from Figure 7.3). In this vein, the student should recall specific 

facts about the attnbute charts (knowledge), be able to draw them (comprehension), 
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be able to solve numerical problems and draft a chart for a real-Me manufacturing or 

service situation (application). The student should also have the ability to andyze results 

and find assignable and cornmon causes of variation (analysis), effectively cornrnunicate 

the resdts of the analysis to hislher peers and/or professor (synthesis), and to be able to 

evaluate the value of attribute charts, recognize their advantages and disadvantages and 

proper usage (waluation). AU of these characteristics are deemed essential and should be 

monitored, controlled and improved upon. 

The critical lecture / laboratory I tutorid characteristics are then developed using 

teaching / leamhg processes. The professor can plan specific teaching strategies, such as 

l e c t u ~ g  in a one-way communication manner, using interactive computer teaching, 

demonstrating a laboratory or allowing the students to perform experiments on their own. 

For such purposes, the process plan matrix is helpful (Figure 7.5). Relationships between 

specific strategies and developed cntical characteristics are established. For example, a 

laboratory dernonstration in attribute control charts can be expected to have a very strong 

impact perhaps only on student's recollection of facts, but certainly not on hisher ability 

to effectively comrnunicate the results of the analysis to others. Here, specific control 

points of student knowledge cm be identified, as well as the frequency of control. In this 

vein, knowledge and comprehension is effectively tested using a modified Background 

Knowledge Probe for the "before" and "after" knowledge. 

Finally, a quality control plan for a particular lecture, laboratory and/or tutonai is 

developed in a Qudity Control Matrix (Figure 7.6). The next chapter provides a detailed 

approach to quality control and irnprovement of course teaching and learning outcornes. 
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7 -4 PROGRAMICOURSE DELIVERY AND BENCHMARKING 

Mer designing the program and courses to meet customer requirements, the nexi 

step in reaching the zero-defect goal is to deliver these programs and courses in such a 

manner that ali students receive enough knowledge to meet specifications. Most 



importantly, what the students have learnt mua be usefbl in the real world. A course for a 

university is the same as a sanding paper for the carpenter. Both are used to manufacture a 

product. However, without the carpenter's ski11 to apply good finish, or without the 

professor's intereshg and intriguing lecture, chairs have less chance to be bought, and 

students will be less eager to lem. Also, there are many ways to make a chair, and an 

abundance of fûmiture manufacturers in the market. There is not just one university 

producing mechanical engineers. There are hundreds, and they provide leaming 

oppominities in thousands of different programs, courses and facilities. A university can 

use this fact to it's advantage, by bencharking against other universities and schools 

(Weller, 1996). 

Benchmarking provides a plenitude of ideas that can be used to improve teaching 

and learning processes, and ultimately the quality of student knowledge. It does not 

necessarily require cornparisons with the universities considered to be 'the best': and it is 

not limited to technical schools either. What has not worked at another university, may 

work pretty well sornewhere else, under different circumstances. Or, if a classroom 

simulation approach to teaching managenal psychology yielded excellent results in one 

university, why not use it in another? The objective is to know the market and competitors 

well enough to cut the leading edge and always satisQ the customers. 

In course/prograrn delivery, a university should have a teaching/leaming process 

control system in place in order to consistently yield zero-defect knowledge. Statistical 

process control (SPC), the seven quality control tools, analysis of variance are just sorne 

of the techniques that can be used. Together with the quaiity function deployment, these 

techniques have been used to approach the zero-defect goal. 



CHAPTER EIGHT 

QUALITY CONTROL AND IMPROVEMENT 

This chapter presents an approach to monitoring, controlling and improving the 

teaching process and leamhg outcomes in an academic quality system. The approach 

focuses on teaching and leanilng, rather than research processes, and is based on statistical 

quality control techniques. Quality control of the common constituents of a university 

course: lectures, laboratones and tutonals is addressed, foliowed by a description of the 

tools for quality improvement. F i d y ,  illustrative case studies of quality control and 

improvement in three mechanical and industriai engineering courses are presented. 

8.1 OUALITY CONTROL AND IMPROVEMENT 

Quality control and improvement techniques have been used in the manufacturing 

environment for decades. Nevertheless, if there is an environment where inspection, 

testing and quality control is firmiy ernbedded, it is the school and the university. Students 

are continuously tested through term tests, assignments, projects, quiaes and exams. It 

seems, however, that the quality control (QC) techniques used in education today are at 

the level of manufacturing QC in the twenties. Term-tests and exams resemble the 'go-no 

go' gauges: if the student performs above the cut-off level, helshe passes the test and is 

allowed to proceed. Costly 100% inspection is performed evexy time, sometimes without 

an apparent reason. This is particularly evident in the exarnple of a final exam. While the 

purpose of the final inspection in manufacturing is to evaluate whether the product rneets 

established specifications, and as such is a 'go-no go' issue, students are graded to a 

greater or lesser extent according to their performance on the final exam. It would be hard 

to imagine an automobile Company advertising its cars as: 'This car received an A in our 

final inspection. This one, however, barely passed it and is rated as a D-car'. And not only 

are the students graded according to their performance in the final inspection, but the 

grades they receive are ofien falsely assumed to be nonnally distributed. This grading 

scheme, referred to as the 'bell-curve marking', compares a student's performance with 



the performance of hidher peers, and assigns grades according to the belief that most 

students are mediocre, some perform very well and some not so well. If ail students, say, 

perform poorly on an exam, with no snident receiving more than 60%, beli-cuwe marking 

may aiil fail no one. However, in the environment where zero-defect students are created, 

this scheme rnay not work at dl .  Rather than comparing a student's knowledge and 

competence with the performance of hisher class peers, it should be compared against an 

established standard. No medical doaor should practice if hdshe is not capable of 

diagnosing ilInesses. No structural engineer should be an engineer if hdshe does not know 

the principles of the strength of materials. Instead of measuring the length of a table using 

a refngerator, two chairs and three coffee cups as references, use a d e r .  

Quality knowledge and competence must be built into midents, and not just 

inspected at the end of a course or program. When a student reaches the final exam, 

nothing can be done to enhance hislher knowledge: there are no lectures or labs pending 

and hence no new material taught or leamed. Therefore, if there is any inspection and 

testing to be done, it should be done continuously before and after every lecture, 

laboratory and tutonal, much like in the Toyota production system where a product is 

continuously inspected after each operation and before eveiy consecutive operation. The 

final exam should then only ver@ whether the student has acquired sufficient knowledge 

and competence to be considered competent in the matter taught in the course, and for 

that matter could be a pasdfail inspection only. This would be sirnilar to ASQ certification 

exams or engineering professional exams, where a person either receives or doesn't 

receive certification. 

Techniques such as Statistical Process Control (SPC), Analysis of Process 

Capability, Acceptance Sarnpling, or the 'Seven Quality Control Tools', together with 

established classroom assessrnent techniques, can be used to build in quality on a 

continuous basis. These techniques are often ignored in the analysis of the teaching and 

leaming processes (Vazzana, Bachrnann, and Elfrink, 1997), 'which has led to the 

situation where the professors and teachers 'cannot readily disprove a claim that their 

instructional systems are the cause of poor student performance, nor can they claim credit 

when student performance is exceptional' @nsby and Mahmoodi, 1997). In order to be 



able to prove or disprove nich claims, the teaching and leaming processes must be 

continuously monitored, controiled and improved in the classroom. A good way to go 

about this is to obtain instant feedback fiom students about what they've learned in the 

classroom during a particular lecture. The following three sections illustrate an approach 

to quality control in three common constituents of a university course: lectures, 

laboratones and tutorials. 

8.2 UUALITY CONTROL IN LECTURES 

8.2.1 Approach 

As was discussed in Chapter 4 of this thesis, lectures add new dimensions to 

student knowledge and abilities much like a milling or driliing operations add new surfaces 

or shapes to a manufactured produa. In rnanufacturing, a quality characteristic created in 

these value-adding operations, such as the depth of a hole or a shaft diameter, is 

monitored and controlled using control charts. In education, with each lecture, a student 

should learn something new about the matter taught. Thus, a control chart should monitor 

and control what the student has learned. However, measunng the amount learned is 

undoubtedly not as easy as using a simple d e r  to measure a diameter of a shaft. Over the 

years, hundreds of Classroom Assessrnent Techniques (CATs) have been developed to 

assist us in this task. A compendium of fifty different CATs is provided in Angelo and 

Cross's book 'CATs: Handbook for College Teachers" (Angelo and Cross, 1993). 

Combining CATs with control charts provides the possibility to control leaniing outcornes 

and the teaching process. 

It is suggested that a rnodified Background Knowledge Probe (BKP) be used to 

measure the learned material, together with plotting a control chart of results as a statistic. 

A BKP requires students to write short answers andor circle the correct responses to 

multiple choice questions, and provides feedback on students' pnor leaming (Angelo and 

Cross, 1993). A rnodified BKP for a lecture would ask the students about their prior 

knowledge on the matter to be taught at the beginning of a lechire, but would also ask the 

same questions at the end of a lecture. This technique provides multiple benefits: 



information on incoming variation in student 'basehe' knowledge is provided 

information on how much and how well the students have leamed the matenal is 

provideà 

'before' and 'after' knowledge can be compared to roughly estimate the value-added 

outwme 

'umatural' effects, such as when a student knew the answer before but not after can be 

examined 

students are focused on the most important issues in a lecture (assuming that the probe 

reflects these) 

An example of the modified BKP for a lecture about Pareto and Ishikawa diagrams 

in a quality assurance (industrial engineering) course is given in Figure 8.1. The probe 

consists of five questions, each with six possible answers. One answer is always '1 don? 

know', to allow the students to express unfarniliarity with a concept, rather than guessing 

the nght answer. For each question, the statistics should be collected to provide 

information on the number of students circling each of the answers before and d e r  the 

lecture, the number of correct answers before and afier, as well as information on how 

many students answered the question correctly both times, answered incorrectly both 

times, were wrong or did not know the answer before and were correct afker, and were 

correct before and wrong after (Figure 8.1). For example, the first question was answered 

correaly by 19 out of 48 students before the lecture and 46 after the lecture, with 28 

students who leamed the answer dunng the lecture. On average for the lecture, 90.4% 

were correct after, with 52.5% whose leaming can be attributed solely to the lecture. 

Distribution of answers should be analyzed for an insight into the rasons for moa 

common errors. The total number of correct answers a-priori indicates the magnitude of 

familiarity with the topic, and a-posteriori correctness indicates the proportion of students 

who can be considered to have mastered the subject. Situations where the students were 

wrong both times or have 'unlearned' the subject should be examined further. These may 

indicate that further clarification or even the repetition of a part or the whole lecture is 

required. It may also indicate the lack of attention of certain students, fatigue and a 

number of other effects. Thus, it is important not to assign a speciai cause of variation 
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FIGURE 8.1 : Modified Background Knowledge Probe for a Course 
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right away and act upon it, but to use a control chart to distinguish between special and 

cornmon causes. 

To monitor and control the teaching process and learning outcornes, these 

modified BKPs should be adrninistered in each lecture dunng a course. This wiU enable the 

professor to idenw and eliminate special causes of variation in student knowledge and 

abilities, as well as in Wher own performance. Moreover, the documentation of resdts 

and SPC andysis wil1 provide assurances of quality to students and customers. The 

controlled variables include the proportion of students who knew the answer after the 

lecture @c), or the proportion of students who were wrong or did not know the answer 

before and were correct after (h). While the first one mesures the learning outcorne, the 

latter clearly indicates the professor's impact on the student knowiedge created, Le. the 

quality of the teaching process. Since it is also possible that some students were correct 

before and wrong after, the difference between the number of correct answers before and 

after the lecture can also be used as an indicator of the knowledge acquired. These 

variables can then be monitored using a nurnber of control charts, depending on the choice 

of statistics and subgroups (Figure 8.2). For exarnple, ifa professor wishes to observe the 

performance on each individual question, an attribute 'p' chart can be used with the pc 

andor p~ statistics directly plotted for each question. This chart cm also be used in the 

examination of performance from lecture to lecture. In situations with a smail nurnber of 

subgroups, such as af&er only a few lectures, short-run charts can be applied. Other 

modified charts, such as the Q chart (Quesenberry, 1991) can also be used. However, due 

care should be given to rational subgrouping and the choice of control charts. For 

instance, since the p~ and pc statistics are proportions by nature, the use of the p-control 

chart is advised, rather than the Shewhart's chart for averages and ranges. Also, p-charts 

are applied when the proportion of defective units is monitored. Of course, the proportion 

of students who knew the correct answers is certainly not viewed as a proportion 

defective, but quite the opposite, as proportion conforming. Therefore, (1-pc) statistic or 

even the proportion of incorrect answers can be plotted. An implementation procedure for 

a p-chart is suggested in the next section. 
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8.2.2 Implementation Procedure for a P-chart 

S t e ~  k For each question in BKP, record the number of students who were wrong or did 

not know the answer before and were correct after &), as well as the total number of 

student s (ni). 

S t e ~  2: Treat each question as a subgroup (sample), and the number of students who 

answered each question as the size of the subgroup (ni). For instance, if' 25 students 

answered the first question and 24 answered the second one, then ni=25 and n ~ 2 4 .  

Evidentiy, subgroup size may change nom question to question and wiU most certauily 

change fiom lecture to lecture, depending on the number of students attending. The 

number of questions given represents the number of subgroups (g). 

S t e ~  3: If we assume that there is an equal probability of each student being wrong before 

and correct after, that the students are independent of each other, and a sample of n 

students is taken, then the statistic p~ should be binomialy distributed. Thus, a p-chart with 

the following central line: CL = a where p=(Z Li)/@ ni), i=1,2, ...,g, and control lirnits: g + 
3 @(l-e)~ni)~-' is plotted. These limits can be established d e r  about 25 subgroups, Le. 25 

questions. For example, if each BKP contains 5 questions, a p-chart can be plotted after 

five lectures. 

S t e ~  4: Plot the proponions p ~ i  = Li / ni on the chart. 

S t e ~  5: Identify assignable causes of variation. Empincal rules for indicating out-of- 

control conditions can be found in [ I l ,  12, 151. Also, the next section on the Xbar-R chart 

will provide some interpretations of out-of-control conditions that cm be applied here, as 

weil. 

Step 6: Eliminate points for which assignable causes of variation have been found. Re- 

compute the control lirnits and continue monitoring the teachingfleaming process. 

8.2.3 Case Study 

The above-mentioned approach has been used to monitor and control classroom 

lectures in an industrial engineering course. A modified BKP with five questions (n=5) has 

been applied in nine (g=9) lectures. Classroom attendance has been in the 35-50 range. A 



p-chart drafted for the pc statistic (Figure 8.3) shows three points, corresponding to 

questions #IO, 32 and 37 weil below the lower control limits, indicating out-of-control 

conditions. The analysis iiiustrates that aii three questions were numerical in nature, 

requiring the students to apply the Imowledge of sweral theoretical concepts to solve the 

P-chart for the Pc statistic 

O 10 20 30 40 50 

Sample Number 

FIGURE 8.3 : p-Chan for pc in Lectures 

problem. Low output may indicate that students did not have the time or motivation to 

solve these problems (it did not count for marks), but also that more emphasis should be 

given to practical applications of theory. 

8.3 OUALITY CONTROL M LABORATORIES 

8.3.1 Approach 

Laboratory experiments in engineering education dBer fiom classroom lectures in 

that a class is usually divided into smaller groups of students. Also, contrary to lectures, 

which present new matenal with each new lecture, laboratory experiments are repetitive in 

the sense that each group of students is required to perform essentially the same 



experiment. Nevertheless, the approach to quality control in laboratones is similar to the 

one for classroom lectures. 

A modifieci BKP is adrninistered with each group of students perfonning the 

experiment. Howwer, oniy one BKP is needed for a particular experiment. For exarnple. 

the BKP for a thermodynamics laboratory can have seven questions, a number of which 

can be numend. The questionnaires used for the laboratory case study are presented in 

Appendix 8. Similady to lectures, laboratory sessions with a certain number of students 

can be thought of as 'subgroups'. The rationale for this type of subgrouping is the 

following. In a laboratory, the leaniing opportunity is provided a selected group of 

students attending the session, and not to the whole class. The next session provides the 

leaniing oppominity on the same topic, but to a different group of students, and is subject 

to a whole new set of disturbances and factors. For instance, the professor, the teaching 

assistant or the shidents rnight be more or less tired, and environmental conditions might 

change. The chance of variation between laboratory sessions is maxirnized, and those 

sessions therefore represent subgroups. We can then monitor: 

(a) the total number of incorrect answers after the laboratory session for al1 students in a 

group. For instance, if there were two students in the eighth group, and the first student's 

BKP had two incorrect answers, and the second student's BKP had one, then the number 

of 'defects' was three. 

(b) the total number of questions which had incorrect answers before and correct answers 

after the laboratory session for al1 students in the group. This statistic is analog to the p~ 

statistic used in the quality control of lectures, however instead of the proportion we have 

a count. 

Since the rneasured parameters are counts, and the number of students in each 

laboratory session cm Vary, a u-chart for defects per session is suggested. First, the 

average number of defects (say incorrect answers after the session) for each laboratory 

session uj = ( L ci )/nj is calculated. Here, i=l,2,. . .,nj denotes an individual student in the 

j-th group; a is the count of either the incorrect answers for each student or the number 

of questions with an incorrect answer before and a correct answer afker for each student; 

nj is the number of students in each session; and j=1,2, ...,g is the number of laboratory 



sessions. For example, using the example presented for the parameter (a) above, ci =2, cz 

=1, ns=2, us = (2+1)/2 =1 S. After these calculations, the center line is established as u*= 

( Z Uj )/g, control limits as u*+ (UV nj )If and control charts plotted and analyzed. The 

analysis of out-of-control conditions is similar to the classroom lecture case. For example, 

an upward trend on the u-chart may indicate a deterioration in the teaching assistant's 

presentation of the material, while a point below the lower limit may indicate that the 

students did not understand explanations or did not pay attention. In the case where each 

student perfoms Wher own experirnent (Le. the subgroup size n=l), a p- chart is 

suggested. Then, the fiaction of nonconforming answers is calculated and plotted on the 

controf chart. 

8.3.2 Case Study 

The approach for quality control in a laboratory setting was studied using a second 

year mechanical engineering (thermodynamics) course. Students were divided into 16 

groups of 7 students in average, each group performing a 1.5 hour-long experiment on a 

different day. The students were required to attend the laboratory session, take 

appropriate measurements, perfonn the necessary calculations and write individual reports 

on the expenment. At the beginning of the session, a teaching assistant explained the 

apparatus and measurement methods in detail, together with the necessary theoretical 

principles. The BKP was applied at the beginning and end of each session. Groups of 

students performing the experirnent on a particular day were treated as subgroups (g=16j, 

with a variable subgroup size, due to the fact that some students were not able to 

participate on a scheduled date. Thus, 'n' vaned from 4 to 9. 

A u-chart was drafted for the statistic (Figure 8.4). The control chart indicates in- 

control conditions, with a downward trend on the chart for the first seven groups. The 

professor might have emphasized the necessity of adequate preparation for labs (e-g. 

reading Iab notes in advance) in the first part of the course, causing the students to attend 

the lab prepared and know the answers on the BKP before the session. However, as the 

course approached the end of the term and the work load increased, the students might 



not have had enough tirne to read lab notes before the session, caushg the statistic to 

fluctuate at a higher level. 

U Chart for a Laboratory (Material Learned) 
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Session Nurnber 

FIGURE 8.4: U-Chart for a Laboratory 

8.4. OUALITY CONTROL IN TUTORIALS 

8.4.1 Approach 

When a tutorial consists of a professor or a teaching assistant (TA) solving 

numencal problerns, the sarne approach that is used for a lecture can be applied, with 

perhaps the BKPs emphasizing numencal questions or analytical abilities. However, when 

an assignment to be handed in at the end of a tutorial is given to students the professor 

(TA) can use a different approach. Instead of using a knowledge probe, errors in the 

assignments can be recorded and monitored. A total number of errors for each assignment 

or the occurrence of a particular error can be traced. This can be done with a 'u' chart, 

which monitors the average number of nonconfomÿties per unit. If, for instance, ni=50 

students made a total of ~i=100 errors in assignrnent 'i', the average number of errors is ui 

= a / ni = 100/50 =2. Statistic ui is plotted on a chart with u' = a ui)/g as a central line (g 

is the number of assignments or problems), and ; f 3 x  ( ~ ' l n ) ' ~  as control iimits. The u- 



chart aüows for changes in the subgroup size, i.e. the number of students attending each 

tutorid. Also, if the nurnber of students attending the tutond is extremely large (say over 

50), and recording the number of errors not economical, then random sarnples of n 

students' assignments can be drawn fkom the population and analyzed using a simple 

Xbar-R chart, with 'n' as a subgroup size. 

8.4.2 Case Study 

A tutonal in a first year core engineering course has been used. The tutorial is 

planned as a 1.5 hour session with the professor assisting midents individually in solving 

numencal problems. Subsequently, each mident is required to solve a given problem (the 

same problem for ail students) and submit the solution to the teaching assistant (TA), who 

then makes corrections and marks the solutions. The total number of errors the students 

made for each such assigrnent was recorded, and the results ploned on an u-chart (Figure 

8.5). For example, in assignment #2, 13 students did not make appropriate assumptions, 

25 students missed appropriate units for properties, and 36 students used a wrong table to 

find a property. Thus, a total of 74 errors were recorded fiom 92 students, yielding 

u=74/92=0.804. As a note, each student can make multiple errors, and thus a 'u' chart is 

used. The u-chart in Figure 8 indicates 5 points outside control lirnits. Assignrnents # 6 

and 10 had a high number of errors conceming missed statement and/or assumptions, and 

students making an argument that they did not know they were supposed to identiQ these 

assumptions. Assignments #12 and 13 were not difficult, with only a few calculations 

required, and thus had very few errors. Finally, assignment #16 sirnulated a problem that 

could be givea on a final exarn, required a large number of calculations and was worth 

three times more in terms of marks than that of al1 other assignments. 
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FIGURE 8.5: U-Chan for the Number of Errors in Tutonal Assignments 

8.5 OUALITY WROVEMENT WITH THE 'SEVEN OC' TOOLS 

8.5.1 Approach 

Apart fiom a control chart, six other tools are widely acknowledged to be 

extremely helpfùl in quality improvement. They are the flowchart, histogram, checksheet, 

Pareto, Ishikawa and scatter diagrarns. These tools are easy to leam and have a broad area 

of application Assuming that these tools are reasonably weil known, the description of the 

tools and applications is lirnited to Table 8.1, which uses the 5W technique (Why, What, 

When, Where, Who and How) to illustrate their possible impact in engineering education. 

The next section presents a case study of the application of these tools in a mechanical 

engineering course and conesponding improvement results. 
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8.5.2 Case Study 

8.5.2.1 Overview 

In order to illustrate how quality of the learning outcornes can be improved to 

approach the zerdefect objective (Chapter 7), a case study fkom a therxnodynamics 

laboratory in a second year engineering course is presented. The students are required to 

atîend and write reports on four themodynamics experiments during a semester. The 

students' performance in one of these experiments, namely the Sargent Gas Calorimeter 

Experiment, has ben focused on during the fd semesters of 1995, 1996 and 1997. The 

objectives of the first part of the analysis, conducted in the fa11 semester of 1995, were to 

understand the laboratory process, in terms of required activities such as scheduling and 

conducting the laboratory session, writing and rnarking reports, etc., as weii as to 

determine the areas where students typically make errors and the causes of these errors. 

The objectives of the second part of the analysis were to determine critical knowledge 

characteristics for the laboratory, i-e. what the student should know and where hdshe 

should not make mistalces, to improve the laboratory teaching process on the basis of the 

first year's analysis, and to monitor the results of the changes on the cntical 

characteristics. The following sections present the results. 

8.5.2.2 Part One: Understanding the Process and Determining Causes of Errors 

To understand the laboratory process, a flowchart was drafled (Figure 8.6). The 

flowchm includes activities fiom scheduling the laboratory sessions, through conducting 

the session and marking students' reports, to the subrnission of the final teaching 

assistant's report to the professor. Possible improvements in the process cm be made in 

terms of gathering student reports. The reports are collected at the end of the day by an 

administrative assistant. The assistant then places the reports in an envelope, and leaves 

the envelope in the designated teaching assistant's (TA) mailbox. The TA collects the 

envelope at hidher earliest convenience. It is evident that this procedure requires an 

unnecessary effort fiom the general office s t a ,  and is time consuming. An improvement 

cm be made through by-passing the general office. 
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Students can place the reports directly in the TA'S mailbox, and hdshe can take them any 

t h e  in the day, possibly rnarking them sooner. Although it is conceivable that this change 

may not directly affect the improvement of student knowledge, it provides additional time 

that can be used for re-submitting the report after initiai marking takes place. 

A checksheet (Figure 8.7) has been developed fiom observing cornmon mistakes 

the students had made in calculating the heating value, which is the objective of the 

experiment. Each student may make severai mistakes in one report. A tally was placed on 

a type of calculation error each tirne a student makes the error. A sample of 30 from the 

population of 88 students has shown that 60% (18 shidents) made a mistake with regard 

to the calculation of relative pressure. Another common error with a large percentage of 

occurrence is the missing component of pressure, namely the pressure of water vapour 

formed in the course of expenment. The other common errors included using the wrong 

table to find the enthalpy, incorrect gas volume used, as well as rnissing identification of 

the apparatus. To underline the most cornmon errors, a Pareto diagram (Figure 8.8) has 

been used. As we cm observe, 23.7% of al1 errors were caused by the wrong pressure 

calculation. Relative pressure (measured with a manometer), has been calculated using the 

density of natural gas, instead of the density of the manometer fluid. 

The causes of the relative pressure calculation error, which occurred with the 

largest frequency, were identified using a cause-and-effect diagram (Figure 8.9). The 

possible causes of this error include unclear laboratory notes, and thus it is suggested that 

the notes be revised to provide a clear procedure for calculations. However, it is also 

suggested that the explanation of how a manometer works should be emphasized more in 

the laboratory session, since this is a very important and widely used instrument in the 

engineering practice. 
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FIGURE 8.8: Pareto Diagram for Errors 
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FIGURE 8.9: Cause-and-Effect Diagram for the Relative Pressure Error 



8.5.2.3 Part Two: Quality Improvement and Approaching the Zero-Defect Cod 

In an irnprovement effort in 1996., critical quality characteristics for student 

knowledge gained nom the experiment were defined. Students should master the concepts 

of the heating value, lower, higher and the observed heating values, heating value units, 

cdculation of the heating value and relative pressure, the concept of the reduction factor, 

as well as be famiiiar with the apparatus and the calorimeter method used in the 

experiment . 

To facilitate improvement, laboratory notes were clariiied with respect to the 

calculation of the heating values, relative pressure and the pressure of water vapour. The 

workings of a manometer were explained in detail, and a new figure of the elements of the 

apparatus was drafted. Report requirements and snident responsibiiities were also 

clarified. It was decided that the teaching assistant should focus on explainhg the 

principles of measuring relative and water vapour pressure, as well as other critical 

characteristics. In terms of the report resuits, oniy 2% of midents' reports contained an 

error in calculation of relative pressure. This represents a major improvement fiom 60% 

the previous year. Other major errors have sharply decreased as weU (Figures 8.10 

Checksheet and 8.11 Pareto Diagram). For exarnple, the water vapour pressure error has 

fallen from 53 to 4%, and wrong enthalpy table nom 23 to 6%. One error, namely missed 

units, has significantly increased in percentage (from 6.7% in the first year to 46% in the 

following year). 

The results indicate signincant improvement in critical quality characteristics of 

student knowledge, and a sharp decrease in the total number of report errors (from 2.5 

erron per student in average to about 1 error per student). It was noted at the time that 

the list of critical quality characteristics should be expanded in 1997. with the knowledge 

of dimensional analysis, which was expected to cut the number of errors related to units. 

In the third year of the improvement project (1997), laboratory notes were again 

improved, with an additional report requirement for the numerical cdculation of errors, as 

weil as remarks not to miss units after numbers and suggestions to perforrn dimensional 

analysis. This year also included a new teaching assistant, who conducted the laboratory 

for the first time. 



FIGURE 8.10: Checksheet of Errors (Mer Improvement, 1996.) 

E m r  Type 
Pressure Carrections not Included 
Conversion of Units ofPressure 
FVesswe of Water Vapour Not Included 
Relative Pressure Calculation Wrong 
Relative Pressurt Not Included 
Wrong Temperature for Enthalpies 
Wronp: Table Used for Enthalpies 
Temperatut Conversions 
Gas Fim Volume not Appropriate 
Air Volume not Appropriate 
Missed Units After Numbers 
Figure Marked Inappropriately 

kreto Chart for : Cl 
Calcllaion Grors (After I rrproverriert) 

C o u n t 4 2 1 4  8 6 4 4 3 3 3 2 2 2 i r 
Percent 44.214.7 8.4 6 . 3  4.2 4.2 3.2 3.2 3.2 2.1 2.1 2.1 1.1 1 .1  

Cum%44.258.967.473.777.882.185.388.491.693.705.887.888.Q00.0 
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FIGURE 8.1 1 : Pareto Diagram for Report Errors (Mer Improvement, 1996.) 
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Addinp: Properties With Dinerent Units 
Conversion of Mass and Volume 
Wrong Specific Heat 
Pressure Correction Wrong 
Wrong Units for Properties 
Wrong Chart Reading 
Source Missing 
Wrong Interpolation 

TOTAL STUDENTS 

14 
2 
3 
6 
8 
1 

N/ A 
NIA 
98 



Again, the number of errors in reports which occurred the most was tallied, with the h a 1  

results represented in Figure 8.10, third column. The Pareto diagram is given in Figure 

8.12. The identified critical quaiity characteristics, ouch as the correct calculations of the 

relative and water vapour pressure show a remarkable improvement fiom the first year. 

V i a l l y  no such errors were made, i.e. with respect to the critical qudity charactenaics, 

the zero-defect goal has been achieved. However, erron related to units, such as the 

missing units, wrong units for properties, or unit conversions have not decreased, and 

some of them actudly increased. One emor that was not major in previous years, namdy a 

missing source for properties (Le. table, figure, calculation from which the property is 

denved is not mentioned) has aiso occurred a large number of times. From these faas we 

cm draw a conclusion that pality zmprovemeni efforts indeed work wiihin the span O/ 

conirol of the course in which they were irnplemented. However, they rnay not be 

successfûl for learning outcomes outside of the intended span of control. For instance, 

operations with units are taught in high-school, and therefore should be known by students 

before they even start engineering studies. In this case, unless some time is actually spent 

in the first year on emphasizing the importance of dimensionai analysis and units, it is 

outside of the span of control of the engineering faculty. The overail improvement project 

is illustrateci in a storyboard fonnat in Figure 8.13. 
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FIGURE 8.12: Pareto Diagram for Quality Improvement in 1997. 





CHAPTER NINE 

QUALITY CHARACTERISTICS 

A univenity's produas have certain quality characteristics that satisS, the needs 

and requirements of the university's aistomers. Naturaily, diffierent universities and the 

various people working in them have differing views on what these characteristics should 

be, and how much weight should be given to each of them when designing and 

implementing teaching, leamllig and research activities. Therefore, this chapter will 

examine quality characteristics of three university's produas: student's education, courses 

and research, as perceived by members of an engineering faculty in a Canadian university. 

A hierarchy of product quality characteristics is designed using an operations research 

technique called the Analytic Hierarchy Process (AFEP). The widely used AHP procedure 

was, however, modified before application, in order to avoid an illogical test for 

consistency required nom decision makers. Therefore, the chapter begins with the 

illustration of some paradoxes that occur when the current AKP procedure is applied, 

followed by the description and proof of the suggested consistency test. Subsequently, a 

hierarchy of the university's product quality characteristics is developed using this 

approach. Seven engineering professors were involved in the decision making, and the 

results of their decision are presented. The chapter is concluded with a suggested 

hierarchy of qudity characteristics and its applications. 

9.1 PARADOXES OF THE AHP CONSISTENCY TEST 

9.1.1 Consistency Test 

The Analytic Hierarchy Process was developed by Dr. Thomas Saaty in the early 

1980's. It is a deterministic decision making technique that can be used when there are 

multiple decision critena and multiple alternatives. The procedure, as explaineci in section 

2.7 of the thesis, involves a multi-level hierarchy of decision criteria. The weights for 

criteria are determined by comparing them in pairs, using a 1/9-9 scale. In the case that 

there are n criteria, each pairwise cornparison is stored in an n x n matrix A. The (i, j) 



entry (for i < j) of the mat*  ai^, measures how much more important critenon 'i' is than 

criterion 'j'. For example, if there are two critena: A and B, and the decision maker (DM) 

considers A absolutely more important then B, he/she would assign number 9 to this 

particular pairwise comparison (al@). The pairwise comparison ma& A is symmetrical 

about its principal diagonal, i-e. aj,i = 1/ âij  ~ " d  âi,i = 1 for al1 i and j. Because a DM is 

making cornparisons of each and every pair of criteria, he/she is making a certain number 

ofjudgments that are redundant, i.e. can be derived fkom other judgments. For example, if 

A over B is a T', and B over C is a '2': then for perfect consistency, the judgrnent A 

over C cm be calculated as 3*2=6. However, a DM can decide that A over C is not 

exactly a 'o': but cm be a '5" or '7". Therefore, if a decision maker was perfectly 

consistent then aii, = % a j ~  for al1 i, j, and k. 

The current AHP procedure suggests a consistency test performed on every 

painvise comparison matrix A The test uses the nght principal eigenvalue of A If the 

matrix A is perfectly consistent (aii; = Q ajA) the eigenvalue li would equal n. If the mat* 

A is not perfectly consistent, h will be greater than n. The so-cailed 'consistency index' 

(CI), defined as (A- n) / (n-l), is the negative average of the other roots of the polynomial 

of A. The CI is then 'compared with the same index obtained as an average over a large 

number of reciprocal matrices of the same order whose entries are random' (Saaty, 1992). 

If the resulting ratio (called the 'consistency ratio' or CR) is smailer than 0.1 (number 

arbitrarily chosen by Saaty), then the estirnate of weight from A is accepted. Otherwise, it 

is suggested that the DM should re-evaluate and change entered judgments to satise 

consistency. 

Saaty's consistency test has a few shortcornings, however. Three are listed: 

When the consistency index is calculated using the random index, the latter was 

obtained through a simulation of 500 randomly filled matrices of each size in range fiom 

2-10 (Lane and Verdini, 1989; Wmd and Saaty, 1980; Saaty and Mariano, 1979). 

Although the sample size appears to be sufficiently large, there is no guarantee that 

another simulation would yield identical random index (mean random inconsistency). It is 



also not clear why computer simulation is used, when ali other parameters in AHP (X, CI, 

n) are mathematically correct. 

+ The 0.1 k t  for the consistency ratio was arbitrarily chosen, i.e it is completely 

empirical. Such a Limit does not take h o  account the fact that larger matrices (say 8 5 )  

may naturaily have larger inconsistencies, because of the increasing number of pairwise 

comparisons. Therefore, Lane and V e r d i  (1989) suggest strkter Limits for n=3 and n=4. 

+ The consistency test is testing a wrong hypothesis. According to Lane and Verdini 

(1992) the following is tested: 

HO: The ~ ' s  (icj) are randornly and uniformly selected fiom the 17 value s a l e  (119 - 9) 

versus 

Hl: The ~ ' s  (i<j) are not randomly and unifody selected fiom the scale { 1/9-9} 

Such hypotheses are not consistent with the purpose of the test itsell; being to prevent 

Uogical judgments or inadvert mistakes in paixwise comparisons. An exarnple of a mistake 

is entering a 1/3 instead of a 3 in position (i j) if the decision maker believed attribute i was 

very strongly more important than attribute j. However, making a rnistake and/or being 

illogid are not synonymous with being random. The result is that pairwise comparisons 

that are reasonable cm fail the consistency test because we cannot reject the nul1 

hypothesis. The next section presents three examples of such paradoxes (fiom 

Karapetrovic and Rosenbloom, 1998). 

9.1.2 Paradoxes 

The following examples present paradoxes which occur when Saaty's consistency 

test is used. The £ira paradox actually occurred during the evaluation of an engineering 

faculty's program decision (Karapetrovic et al, 1998C). 

Paradox 1: A decision maker compares three quality characteristics: 4 B and C. He/she 

believes that A is weakly more important ( '3' ) than B, and A is weakly more important ( 

'3' ) than C. When wmparing B and C, the decision maker Mews B weakly more 

important ( '3' ). Has the decision maker made a mistake in judgrnent? No. Has the 



decision maker been unreasonable? No. However, the resulting painivise comparison 

matrix is: 

The m a t h  has a principal eigenvalue of 3.136, the consistency index is -068, and the 

random index is -58 (because n=3). Therefore, the consistency ratio is 0.117, which is 

Iarger than 0.1, and cannot be rejected. The m a t h  fails the consistency test. However, 

the pairwise cornparisons are not random. If we did use these judgments, the resulting 

weights (W. =.584; wb =.281; w, =. 135) are quite reasonable and consistent. 

Paradox 2: Consider a game called 'Rock, Paper and Scissors". Two players 

simultaneously display a hand signai for a rock, a paper or scissors. A fist indicates a rock, 

an open hand indicates paper, while two fingers (index and rniddle) indicate scissors. The 

rules of the game are that paper always beats rock, scissors always beats paper, and rock 

always b a t s  scissors. if both players have the sarne hand signal it is a tie. Suppose a 

player believes his opponent will randomly and uniformly make his or her choice. Suppose 

our player decides to use AHP to rank the choices. In doing a painirise comparison, since 

paper always beats rock, a reasonable decision maker would rank paper an 'a' (where a 2 

1) over rock. If the decision maker was iogical, he or she would also rank scissors an 'a' 

over paper and rock an 'a' over scissors. The resulting paiMrise comparison matrix would 

be 

l l a  



If 1s a s 1.4, the ma& A wili pass the consistency test. If 1.4 < a 9, the matrix A wili 

not pass the consistency test. It is certainiy not a rnistake or an unreasonable judgrnent to 

choose an a > 1.4 when doing these pairwise comparisons. The r d t i n g  weights would be 

w d  =in, w, = 1/3 and w- = 1/3 which are reasonable and correct. 

Paradox 3: Consider the following dice game. Two players each have 4 dice. The sides of 

the dice have the following numbers: 

Die A: 0-0-4-444 

Die B: 3-3-3-3-3-3 

Die C: 2-2-2-2-7-7 

Die D: 1-1-1-5-5-5 

Each player chooses one die and rolls. The player with the higher roll wins. It can be 

proven that die A beats die B 213 of the time, die C 4/9 of the time, and die D 113 of the 

tirne. Die B beats die C U3 of the time and die D 1/2 of the time. Die C ba ts  die D 2/3 of 

the time. If a player decides to use AHP to rank the dice a reasonable painvise cornparison 

matrix would be: 

The pairwise comparisons are reasonable, logical, and certainly non-random. The resulting 

relative weights are w~ =.239, WB = .253, wc =.262, and w~ = -246. These are reasonable 

based on the information in the problem. However, with a principal eigenvalue of 4.507, a 

consiaency index o f .  169, and a random index of .90, the pairwise cornparison fails the 

consistency test because CR = 0.187 > 0.1. 



9.2 A OUALITY CONTROL APPROACH 

The previous d o n  shows that the consistency test should check for rnistakes and 

consistency, rather than for non-randomness. Rather than test: 

HO: The decision maker's choices are random 

versus 

HI: The decision makers choices are not r d o m  

it is suggested that the following hypotheses are tested: 

HO: There are no mistakes in the painvise comparisons 

versus 

HI, There me mzstaks in the pairwise comparisons. 

To perform this test, a statistical quality control approach is advised. For the 

purpose of providing information on the consistency of performance, statistical quality 

control techniques have been successfully used in manufactu~g for decades. The 

Shewhart control chart is probably the best known and most widely used example. The 

idea of the control chart is to monitor and control process performance. No production 

process will produce items that are exaaly alike. Some variability due to chance causes, 

such as environmental or input fluctuations, is inevitable (Grant and Leavenworth, 1996). 

If only chance causes of variation are present, the process will consistently perform within 

it's naturd variation lirnits, it is 'Ln-control" and should be Iefi alone. However, if non- 

chance events occur, such as an operator's mistake or a wom tool, the process will exceed 

it's natural variation lirnits and it is 'but-of-control". To put the process back in control, 

these 'hpecial" or non-chance causes must be elirninated. The control chart suggests when 

and sometimes where to look for these special causes of variation. In instances where 

natural variability of products is not understood, operators rnight try to produce 'berfed' 

products, and correct a process that appears not to make consistent products. For 

example, afker a quality characteristic such as the diarneter of a shafl tumed out to be 

higher than expected, an operator adjusts the process to get a lower diarneter, not 

understanding the principle of regression towards mean. Such action, however, may 

actually be a special cause of variation itself (Grant and Leavenworth, 1988). 



It is suggested that control charts be used to determine whether a decision maker 

is consistent in rnaking painvise cornparisons in AHP, Le. to accept or reject the 

hypothesis that there are rnistakes in the decision rnaker's pairwise comparisons. There is 

an analogy between production and decision-making processes (Figure 9.1). Decision- 

making can be Mewed as a production process that tmnsforms input information into 

decisions. 

INPUT - 
Decision 
problern 

OUTPUT - 
Rankings for 
alternatives 

FIGURE 9.1 : The AHP Decision Making Process 

Let us assume that the decision maker compares three attributes: a, b, and c using AHP. 

The decision maker possesses certain information about these attributes, and on the basis 

of available information, the decision rnaker makes three judgments on their relative 

importance. The decision maker considers a weakiy more important than b ( '3' ), b 

weakly more important than c ( '3' ), and a also weakly more important than c ( '3' ). 

Subsequently, the decision maker fills out a painvise comparison ma& which in fact is 

the product of hisher decision making process. 

Before rnoving on to another pairwise comparison matrix, the standard AHP 

procedure suggests a consistency check using a consistency ratio (CR) for the matrix. As 

Our paradox examples show, the matrix may fail the consistency check, and the decision 



maker is forced to correct hisher decision rnaking procesq by changhg certain judgments. 

For enample, the decision maker might change a over c to a '7' instead of '3'. to satise 

consistency. Every tirne a matrix fails the consistency check, the decision maker is forced 

to adjust hidher decisions to meet the CR a 0.1 critenon. The question is: can we 

determine whether a decision maker is consistent by observing one mat& at a time and 

adjusting the decision milang process after each 'inconsistent' matrix, or are we simply 

repeating the mistake of the maxmfabng operator, not taking into account the natural 

variability of decision making? The latter is the logical answer. 

Thus, rather than looking at one painvise rnatrix at the tirne for consistency, a 

control chart method that will monitor and control the consistency of the entire decision 

making process is proposed. In Sections 9.2.1 and 9.2.2 approaches for a single decision 

maker, and for multiple decision makers are suggested, respectively. 

9.2.1 Single Decision Maker 

For a single decision maker, a quality control method using the moving average 

and range control charts for consistency checks is proposed. For a particular decision 

problem and corresponding hierarchy of decision elements, a single decision maker makes 

pairwise comparisons of attributes and alternatives, and fills, say N paiwise matrices in a 

particular order. Using Saaty's consistency check procedure, it is possible to calculate the 

principal eigenvalue h, i for each matrix A, (i = 1, 2, 3, ..., N). The inconsistency 

throughout each matrix can be captured by & i - ni, where ni is the dimension of the 

matrix A,. This number represents the deviation of the judgments nom a perfect 

consistency, in which case 7r, = ni. To correct for the site of the mat* the deviation is 

divided by n- 1, and a consistency index CIi = Oi, i -ni)/(ni- 1) is obtained. 

Instead of dividing each CIi by the Yandom index7', plotting a moving average and 

moving range control charts using consistency indices as individual observations of 

consistency is proposed. For example, consistency indices for the k t  three matrices, CIl, 

CI2 and CI3 , cm be used as the first sample of individual observations. The average CI,l 

= (CIl+CI2+CI3)/3 is plotted on the moving average control chart, and the range Ri = 

maximum (Cil, CI2, CI3) - minimum (CII, CI2, CI3) is ploned on the rnoving range 



control chart. For the second sample, CII is dropped, and CL is introduced. The second 

sarnple average becornes CId = (C12+C13+CI$3, the range is R2 = maximum {CI2, CI3, 

CL) - minimum (CL2, CI3, Ch), and these points are plotted on the corresponding control 

charts. This process continues until aIl consistency indices are included in the chart. 

Therefore. this chart will have N-2 points. Subsequently, the average of sarnple averages is 

calculated: = X I 4 ,  / (N-2) , j=l, 2, ... N-2, as weli as the average of sample ranges: R 
= ZRi, / (N-2). Control lirnits for the moving average control chart are estirnated at: ÇI f 

3ocm, where o ~ b  is the average of sample sîandard deviations. These control Limits can 

dso be calculated using sample ranges as: ÇI t 3 A Q  where AI is a factor which depends 

on the sample size. For the sample size of 3, Az = 1.02. Control lirnits for the moving 

range control chart are estimated as factors D3 and D4 for the lower and upper control 

bit, respectively. Factors D3 and D4 also depend on the sample size, and together with 

the factor A2 can be found in any quality control textbook (Grant and Leavenworth, 1996; 

Montgomery, 1996; Besterfield, 1996). 

Once the control charts are plotted, we can look for any special causes of variation 

in consistency of the particular decision maker. These special causes are visible on the 

charts as points outside control lirnits, upward and downward trends, or a large number of 

consecutive points above or below the central line. For example, a point above the control 

lirnit on the moving average control chart may indicate that the decision maker has made a 

mistake Ui entering a judgrnent. Instead of a '3" the decision maker placed a '1/3': which 

contnbuted to the larger consistency index for that particular matrix, and ultimately raised 

the average for sarnples in which this CI was included. An upward trend on the chart may 

indicate fatigue of the decision maker, since consistency indices increase as tirne passes by. 

A downward trend may show the intent of the decision maker to be perfectly consistent. 

En this case, the decision maker makes judgments using the transitivity rule, i.e. A/B is 3, 

B K  is 2, so N B  must be 6, and as time passes, the decision maker is getting better and 

better in applying the nile. A special cause of variation may occur in the following 

scenario, as weli. At the beginning of the decision making process, the decision maker 

who is unfamiliar with AHP procedures, makes a number of judgrnents, which wiii be used 

in several painvise cornparison matrices. The interviewer, who facilitates the AHP 



technique, notices that the decision maker has been 'inconsistent', and warns the decision 

maker of the transitivity d e .  Ti  the end, the deckion maker makes judgments strictly 

accordhg to the mie. nie  result of such a scenario d Wtely be a number of points below 

the central line on the moving average control chart, and an erratic pattern on the moving 

range chart. 

It must be noted, however, that the interpretation of several points outside control 

fimits and trends on the moving averagdrange chart dflers slightly f'rom the Shewhart 

Xbar-R chart, because successive points on the former chart are not independent of one 

another (Grant and Leavenworth, 1996). An extreme value of the consistency index wiii 

thus have a greater effect on a moving averagdrange chart, since its used more than once 

in calculations. The aforementioned examples illustrate the necessity of plotting points 

consecutively, Le. the first matrix to be filled is first to be plotted, then the second, and so 

on. This type of subgrouping used for process control allows for the minimum chance of 

variation within a subgroup and a maximum chance for variation between subgroups 

(Grant and Leavenworth, 1996). 

The statistical quality control approach to AHP consistency checks is by no means 

lirnited to the use of the afore-mentioned moving average and range charts. For example, 

ifjudgments are spaced some time apart, such as in the case where a decision maker fills in 

matrices over couple of days, it may be useful to plot individual values of consistency 

indices CIi on an individuals (1) chart, combined with a moving range (MR) chart. In this 

case, 3a limits on the 1 chart are obtained as X k 3 q  where X is the average of individual 

values, and a is estimated fiom the moving range (Grant and Levenworth, 1988). Also, in 

the cases where a decision analyst is interested in detecting small shifts in the mean of 

consistency indices, and/or the decision hierarchy has relatively few attributes and 

alternatives yielding a smaller number of matrices, the exponentially-weighted moving 

average (EWMA) chart is particularly usefiil. The EWMA chart is ~rpically used with 

individual observations (Montgomery, 1996), which provides the opportunity to use it in a 

single decision maker case, however it can aiso be applied to multiple decision makers 

(section 9.2.2). Using the EWMA chart for a single decision maker, the value zi = wCI~ + 

(1 - w) - 1  is plotted, where w E [O, 11 is the weight (constant) and 20 (starting value) can 



be set as the process target (say C H )  or calculateci as the average of available data. The 

EWMA control limits are set at p I La {w[1-(1 -W)~']/(~-W)}'R, where L is the width of 

control limits. An excellent outline of the EWMA chart is provided in Montgomery 

(1 996). 

To summarize, the following is the proposed procedure for quality control of 

consistency in the case of a single decision maker: 

Step 1: The decision maker provides his or her input to the N painvise cornparison 

matrices Al-, A*, ... in the decision hierarchy where the ordering of the painvise 

comparison matrices corresponds to the order of data input. 

Step 2: The moving average and moving range control charts are constructed. 

Step 3: Using standard quality control methodology, a determination is made on whether 

the process is out of control or not. If the process is out of control, the painvise 

cornparisons are deemed inconsistent and the pairwise cornparison matrices should be re- 

examined. Ifthe process is in control the Analytic Hierarchy Process can continue. 

9.2.1.1 Example 

This section presents an example to illustrate the single decision maker procedure. 

Step 1 of the procedure involves calculating A.- for each painvise comparison matrix. 

Comparing the attnbutes 4 B and C, a decision maker considers A to be weakiy more 

important than B ('3'3, B to be weakly more important than C ('3'3, and A again weakty 

more important than C ('3'3. The following painvise comparison matrk (matnx #2) was 

obtained: 

Note that this rnatrix is identical to the matrix from the first paradox example. The weight 

for attribute A is 0.584, B is 0.281, and C is 0.135. = 3.136 with a consistency index 



of -0677. Next, consistency indices for aii twenty-five matrices with 3 x3 or more elements 

are calculated, obtainuig the results presented in TabIe 9.1. 

TABLE 9.1 : Consistency Indices for a Single Decision Maker 

Matrix Number 
1 
2 
3 

Moving average and moving range charts are then ploned (Figures 9.2 and 9.3). For 

exampie, the point corresponding to sample #3 on the moving average control chart is 

obtained as: (CII + CI2 + C13)/3 = (û+.0677+0.05 l6)D = 0.03976. The moving range for 

this particular sample is 0.0677. As we can observe from Figure 9.2, subgroup #15 on the 

moving average chart is dmost on the upper control limit line, with subgroup #13 close to 

the upper control limit on the moving range chart, which may indicate a special cause of 

variation, i.e. a mistake in painvise judgments. 

Consistency Index 
0.0000 
0.0677 
0.05 16 



Moving Average Chart for sdm 
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Sample Number 

FIGURE 9.2: Moving Average Control Chart for a Single Decision Maker (Ewmple) 

Moving Range Chart for sdm 

O 5 10 15 20 25 

Obsewation Number 

FIGURE 9.3: Moving Range Control Chart for a Single Decision Maker (Example) 



In particular, matrix #13 with the CI of 0.1773 should be questioned. The matrk is: 

A closer look at the matrix reveals that the decision rnaker has probably made a mistake, 

most Wtely in judgment ai>. It is obvious that alternative B is preferred to ail other 

alternatives, and that alternatives C and D are considered equal. Judgment a14 points out 

that alternative A is less preferred than alternative. D, but al3 claims otherwise. The most 

probable cause of this is a mistake in entenng judgrnent al>. Instead of placing a 'l/3", the 

decision maker wrote the reciprocal value of '3". Indeed, this explmation is consistent 

with the decision making thinking of the particular decision maker, since the decision 

maker has done this before, by judging N B  as '3': B K  as '3': and AfC as again '3" (see 

the previous matrix). It can also be observed that the CI for rnatnx #2 is within control 

limits, which means that the first paradox exarnple is not rejected as inconsistent for this 

particular decision maker. 

In order to illustrate how mistakes in judgments are captured by the quality control 

approach, let us assume that this decision maker has deliberately made a rnistake while 

entering judgments in matnx #2. For exarnple, instead of entering: 

the decision maker entered: 

For the latter mat* consistency index is equal to 0.6666. Figures 9.4 and 9.5 

demonstrate that in the latter case, an out-of-control condition occurs on both the m o h g  

average and moving range charts. 
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9.2.2 Multiple Decision Makers 

In the case of multiple decision makers, quality control of consistency can be 

performed using the simple Shewhart War-R chart. For a given hierarchy, k decision 

makers each judge the preference of decision aiternatives and the importance of decision 

attributes, and fill the N painvise cornparison matrices. Assuming that the decision makers 

have adopted the same hierarchy, they wili compare the same attributes and alternatives, 

and fil in the same matrices. The accepted method (Aczel and Saaty, 1983) of 

synthesinng these ratio judgments is to take the geometnc mean of their pairwise 

comparisons. knplicit in this approach is that each decision maker has an equal chance of 

being correct in Wher  judgments. This means that for a particular element of a pariicular 

ma& Ai, k decision makers will result in k judgments with equal probability of being 

correct. Thus, each decision maker should have an equal chance of being consistent, when 

judging an entry in a matrix &. A decision maker j's consistency index for matrix A, is 

denoted by CIü. If the consistency index is adopted as a masure of consistency, then the 

average of CIü for a particular matrix A, should follow approximately a normal 

distribution. Suppose there are N matrices with 3 x 3 elements or more (since a 2 x 2 

matrix always has a CI=O), and the means of CIs for each such matrix & are calculated as 

CIi = ( Z C I , ,  ) / lq where j=l, 2, ..., k, and i=l, 2, ... N. We can then assume that 99.73% 
I 

of al1 means will be within cenain limits, i.e. within t 3aa, where a= @CIi)/N, and 

au is the standard deviation of averages CIi. If the CIi calculated for the matrix Ai falls 

within control limits, it is safe to assume that decision makers have been consistent with 

respect to this mat& (with a 0.23% possibility of an error in making this assumption). If it 

doesn't, then a special cause of variation might have occurred, and the matrices should be 

re-exarnined. Sarnple ranges ( R i = maximum (CIi j( j = 1, 2, ... k) - minimum (CIi jl j = 

1,2, ... k)) are plotted on the R chart. Control limits are then calculated using the same 

procedure as for a single decision maker. 

The Xbar chart will look at the variation of sample averages. If a point falls above 

the upper control limit, this may indicate that one or more decision makers made a mistake 

in their judgments. This point should then be examined firther, by o b s e ~ n g  each decision 



maker's matrix fiom this sample. The fact that a point is outside control limits does not, 

however, automatically imply that a mistake has been made, i.e. that a special cause of 

variation wu present. As we will show in the case study, it could simply mean that a 

decision maker has made a logicai decision, but could not present hisher judgments in a 

'consistent manner'. For example, the decision maker considers alternative A as '5' over 

altemative B, B as '5 '  over C, and A as '7' over C. Due to the fact that AHP judgment 

scale only goes up to 9, this decision maker's consistency index is higher, and thus rnay 

have caused an 'but-of-control" situation. A point above the upper control lirnit on an 

Xbar chart rnay also indicate that the majority of decision makers were inconsistent in 

judging a particular set of attributes or alternatives. Non rnutually-preferentially 

independent (MPI) attributes, or an unclear distinction between alternatives rnay have 

contnbuted to this situation. Other special causes of variation rnay be indicated by upward 

or downward trends, or a string of points above or below the central line. The explanation 

of these indications is similar to the single decision maker case. 

The R chart looks for variation within samples. Again, a point outside lirnits could 

indicate that one or more decision makers has made a mistake. In this case, if a 

corresponding point on the Xbar chart is within control limits, chances are that a singfe 

decision maker is at fault. However, if the corresponding point on the Xbar chart is also 

above the upper control lirnit, this rnay indicate that the constnicted hierarchy is erroneous 

in some way, since al1 DMs are having problems with a particular matnx. An upward trend 

rnay indicate the fatigue of a particular decision maker, a downward trend illustrates that 

decision makers are trying harder to be consistent as the process continues. 

If the EWMA chart has been used for individual decision makers, the same chart can be 

applied to the multiple decision makers case by simply replacing individual values for CIi 

with the average for al1 DMs, and o with a / @O.'). Also, in the case that there is a 

relatively small number of subgroups (i-e. N), EWMA can be used. Other techniques that 

can be applied include short-mn charts presented in Hillier (1969) and Montgomery 

(1996). 

In surnrnary, a quality control approach in multiple DM cases provides an insight 

into how different DMs view the same decision problem, and thus gives an opportunity to 



identify individual andlor systematic mors. The foliowing is the suggested procedure for 

quality control inconsistency checks in the case of multiple decision makers: 

Step 1: Each decision maker j provides his or her input to the N painvise wmparison 

matrices Alj-, A%, ... ANj in the decision hierarchy where the ordering of the pairwise 

cornparison matrices corresponds to the order of data input. A consistency index CIü is 

CalcuIated for each mat& &. 
Step 2: Calculate CI; = for i=l, 2, ...BI, ç1 and aa. 

Step 3: The Xbar and R control charts are constnicted. 

Step 4: Using standard quality control methodology, a determination is made on whether 

the process is out of control or not. If the process is out of control a determination is 

made on why the process is out of control. If necessary some painvise cornparisons may 

be re-evaluated. Ifthe process is in control the Analpic Hierarchy Procas can continue. 

9.2.2.1 Example 

This section presents an example to illustrate the multiple decision makers 

procedure. In this case, six decision makers were making painvise comparisons in 13 

matrices with n 2 3.  The corresponding consistency indices are presented in Table 9.2. 

TABLE 9.2: Consistency Indices for Multiple Decision Makers 



An Xbar-R control chart is plotted (Figure 9.6). It can be observed that the point 

correspondhg to the matrix #8 on the R chart indicates a large variation between the 

decision makers, dthough it does not exceed the upper control lirnit. A doser look at the 

sample shows that the decision maker #6 had a Ck.2603, while two other DMs had CI*. 

Thus, the decision analyst may decide to re-examine the DM#6's matrix. 

Figure 9.7 illustrates that even if only one decision maker had made a mistake in 

entering a particular judgment @M#5 entering mat& A2- instead of A*. above as in the 

exarnple in section 9.2.1.1)' this would ail1 be captured by the R chart for multiple 

decision rnakers. 

9.3 PRODUCT OUALITY CHAR4CTENSTICS 

9.3.1 Hierarchy of Charactenstics 

Undoubtedly, like the produas or services of any other organization, university's 

products have certain qudity charactenstics. It is evident that each produa, narnely 

student's education, a progrdcourse and research has a set of qualities or characteristics 

that bear on the product's ability to satisfy customers' needs. It is also apparent that each 

of these sets of characteristics is cornplex, including more than one element-charactenstic, 

and often there are numerous Ievels of characteristics. For example, if course evaluation 

results are perceived as a quality characteristic of a particular course, lower-level 

characteristics would be student evaluation of courses and instructors, evaiuation by peers, 

as well as an assessment of the course performed by outside experts. Viewing the quality 

of a university through a few sarne-level indicators, such as the Macleans' magazine 

"Annuai Rankings of Universities" in Canada, or the U.S. News and World Report's 

rankings in the United States, can often be perceived as not comprehensive and unjust by 

many universities. 

However, in order to provide means for quality control and improvement in an 

academic environment, quality characteristics and their indicators or measures must be 

defined. How can we improve if we do not know what to improve? This is aiso a 

requirement of the ISO 9001 quality system standard. Section 4.17 of the standard 
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requires the establishment of intemai quality audits 'to ver@ whether quality activities and 

related results comply with planneci arrangements and to determine the effectiveness of the 

quality system? Indeed, without defined and documented quality charactenstics of 

products and processes in a university, venfication and validation of a planneci 

arrangement for a quaiity system would be very hard, h o t  impossible to do. 

Naturaily, dzerent universities and the différent people working in them have 

differing views on what these characteristics are and should be, and how much weight 

should be given to each of them when designing and implementing teaching, leamhg and 

research activities. Fotlowing this facf as section 2.3 -2 emphasized, universities in Europe 

are developing ~e~assessrnent schemes aimed at a clear and systematic quality assurance 

of products. These schemes reported in Literature always involve a set of charactenstics 

used to define, measure, control, monitor and irnprove quality (e-g. Gelders et al, 1995; 

Pfeifer and Wunderlich, 1997; Hjalmered and Lumsden, 1994; Liidnrom, 1994). 

Therefore, each university, faculty or department should establish its own set of product 

quality characteristics, when embarking on continuous quality assurance and improvement. 

In the following sections, the development of such a set of characteristics in a department 

of mechanical and industrial engineering is addressed. Firstly, the methodology is detailed, 

foiiowed by the description of results. Finally, during this process, important insights were 

gained and a summary, together with a proposed hierarchy of characteristics are 

presented. 

9 -3 -2 Methodology 

The developrnent of product quality characteristics was conducted as a part of the 

ISO 9001 project in the department of mechanical and industrial engineering. Because the 

characteristics are multi-layered and their importance to the faculty and sta f f  needed to be 

detesmined, the Analytical Hierarchy Process was chosen. The purpose of using AHP is to 

present a hierarchy of produa quality characteristics and to determine the importance 

weight of each characteristic. The following steps were undertaken: 

+ Decision makers were defined 

+ A proposed hierarchy of charactenstics was developed 



+ Decision makers were intemiewed to provide AHP pairwise judgrnents 

+ The quality control approach presented in section 9.2 was used to monitor decision 

process 

+ Importance weights were synthesized and presented to decision makers 

+ Using the results, a set of the department's product quality characteristics was proposed 

While the first four seps are presented in this section, and the fifth step is 

illustrated in section 9.3 -3, the final step is discussed in section 9.3 -4. 

9.3.2.1 Selection of Decision Makers 

Mechanical and industrial engineering undergraduate and graduate programs and 

courses, research projects and ultirnately a student's knowledge and skills are designed 

and delivered by the academic staff' of the department, i.e. members of the faculty. In a 

university environment, even the administrators are faculty members, such as the dean, 

associate deans or department heads. Therefore, while analyzing a decision of selecting a 

set of quality characteristics for the department, professors were considered to be the 

decision maken. At the time of conducting this decision analysis there were twenty two 

professors in the department, with several being unavailable due to sabbaticai leaves. 

In consultation with the Associate Dean for Administration, requests for an 

interview were sent to thirteen full-time academic staff (Appendk 7-1). Four regreîted to 

be unavailable for an interview, and one professor was away for two weeks at the t h e .  

M e r  the scheduled interview, another professor requested some time to produce 

judgrnents, but has yet to retum the questionnaire with judgments. Therefore, seven 

decision makers' judgrnents were considered for scaling product quality characteristics. 

9.3.2.2 Development of an AHP Hierarchy 

A hierarchy of product quality characteristics was developed with the participation 

of the Associate Dean of Engineering, who was also coordinating the ISO 9001 

development project for the depanment. The hierarchy emphasizes a systems Mew of 

quality, using input, throughput and output quality characteristics for each of the three 

produas (Figure 9.9). The partition of quality characteristics into these through groups 



helps to better understand the value-adding wmponent of the university system, as weil as 

a clear and convincing control of quality. However, the majority of existing university 

ranking schemes does not provide such a systematic presentation of quality characteristics. 

For instance, the widely cited and debated Maclean's magazine university rankings place 

20% of the total ranking solely on the average high school grades of incoming shidents. 

While the quality of the raw material is undoubtedly very important for the overali quality 

of a product, the university did not add any value to these characteristics, i.e. no 

knowledge and skills were produced by the university in students. Therefore, a university 

cannot and should not claim credit for knowledge that students received somewhere else. 

Another shortcoming of such an approach to determinhg a quality characteristic is a Iack 

of indicators for it. 1s the high school GPA the only possible indicator of the qudity of 

incoming students? It seems that the answer is negative. 

Quality Characteristics 

FIGURE 9.9: A System's View of QuaIity Characteristics 

The following were the proposed characteristics. 

+ Student's education. As input indicators of the quality of student's education, the 

quality of incoming students, professors to students ratio, technicians and teaching 

assistants to students ratio, and resources spent per student are considered. The resources 

per student indicator are broken into two Iower level indicators, namely the amount of 

operational expenses per student and the amount of available equipment for students. 

Throughput indicators include the course failure and attrition rates (percentage of students 

who failed or withdrew fiom a course), program attrition rates, student awards (with 

intemationaVnationa1 and internai awards as sub-categories), as well as student success in 

design projects and cornpetitions. Two output measures of quality are suggested: student 



employabiiity, with the percentage of -dents employed in a job requiring an engineering 

degree as one indicator, and starting salary is considered as well. The reputation of 

graduates, as perceived by industry and graduate schools. The hierarchy of quality 

characteristics for student 's education is presented in Figure 9.1 0. 

Courses/Program. Attractiveness of a course to students, published educational 

material, such as textbooks and compact disks, laboratory manuals and audio-visuals, as 

weil as course validation and certification by the Canadian Eng inee~g  Accreditation 

Board are suggested as input characteristics. Throughput charactenstics are scheduling of 

the course and effectiveness of the instmctor in the classroom. FinaUy, output meanires 

include teaching awards, course failure rates for a program, initiatives in engineering 

education (with presentations, journal publications and referededitorial duties as sub- 

categories). Course/Prograrn characteristics are presented in Figure 9.1 1. 

+ Research. University research is maidy conducted through research projects sponsored 

by industry and governrnental agencies, as well as through graduate students working on 

their postgraduate degrees. Therefore, research quality characteristics were separated into 

two groups: research productivity, indicating the quality of sponsored research conducted 

by the department, and research training, signifymg the training aspect of research 

through graduate students. Each of these two groups of characteristics were systematically 

classified into input, throughput and output subgroups. Input characteristics of research 

productivity were written and funded research proposals to sponsoring agencies such as 

Natural Sciences and Engineering Research Council in Canada (NSERC), written and 

fiinded equipment proposals, as well as the number of graduate students and Poa- 

Doctoral Fellows (PDFs) in the department. Working and submitted research papers and 

reports were considered to be throughput characteristics, while publications (journals and 

conferences), reputation (indicated by the number of invitedkeynote speeches and 

editoridreferee duties in the department), and innovation (indicated by the number of 

patents obtained and new laboratones developed) were output quality characteristics. 

When research training is concemed, the amount of researchlequipment grant rnoney 

brought to the department, selection of graduate students, professors' involvement in 

research committees and studies, as well as the graduate students to professors ratio were 



selected as input measures. Three throughput measures were chosen: lead times to 

graduation and doctoral candidacy, and student evaluation of graduate courses. Finally, 

employability and publications of graduate students were output quaIity measures (Figure 

9.12). 

93.2.3 Interviews for Decision Making 

The suggested hierarchy of the department's product quality characteristics was 

subsequently presented to seven faculty members who made their judgments on the 

relative importance of the proposed characteristics. Separate interviews, with an average 

length of about 2-2.5 hours were conducted with each professor. At the beginning of 

every interview, the context of developing a set of quality characteristics within the ISO 

9001 quality systern project was clarified, followed by an explmation of the Analytic 

Hierarchy Process procedures. The AHP was facilitated using pre-drafted painvise 

cornparison matrices (Appendk 7-2), which the in te~ewees  subsequently filled out. 

Throughout the interviews, suggestions and recomrnendations for new or improved 

charaaenstics were made. These suggestions are presented in section 9.3.4. 

9.3.2.4 Quality Control of the Decision Process 

Quality control of the decision process was performed using the approach 

presented in section 9.2. First, each DM'S judgments were viewed separately, and moving 

averagefrange charts drafked (Appendix 7-3). The consistency indices used for control 

charts are presented in Table 9.3. As we can observe fiom the control charts, decision 

making processes of DMs #1, 2, 6 and 7 appear to be under control. For decision maker 

#3, the moving range chart is out of control for subgroups #5 and 6, due to the large 

consistency index for matrix #5 (CI=l.21). This indicates a special cause of variation, 

because a mistake in the judgment has been made. The DM considered research 

produdivity input to be 5 t h e s  a better quality characteristic than throughput, input about 

as good as output, and obviously made a rnistake by entering 9 1  for throughput versus 

output, instead of 115 in the last judgment. If this mistake were corrected, the DM would 

be perfectly consistent for this matrix with the CI=O. 



Maat'x # Cl for DM7 Cl  for DM2 Cl for DM3 Cl  for DM4 Cl for DM5 Cl fbr DM6 Cl for DM7 
1 O O, 1 O 0.45 O O O 
2 0.02 O 0.05 O 0.1 1 0 .O7 0.1 3 
3 0.04 0.07 0.1 9 0.07 0.09 0.1 3 O 
4 O .O2 O 0.13 O O O 0.13 
5 0.03 0.08 1 -21 0.12 0.13 0.12 O 
6 O O 0.05 0.1 5 0.28 0.1 0.1 3 
7 O 0.21 0.31 0.01 0.04 0.05 O 
8 O 0.01 0.1 3 O. 12 O O O 
9 0.03 O 0.05 0.2 0.03 0.01 0.1 3 

10 O 0.02 0.28 0.16 0.04 O 0.01 
11 0.02 0.09 0.37 0.1 9 O. 12 0.04 O 
12 0.01 O 0.21 0.1 3 0.13 O O 
13 0.02 0.05 0.54 0.1 7 0.04 0.06 O 
14 0.06 0.01 O 0.06 0.04 O 0.09 
15 O 0.05 0.02 0.1 O .O4 O O 

TABLE 9.3 : Consistency Indices for Decision Makers 

For the DM #4, large CI for the first matrix caused an out-of-control condition for 

the first subgroup on both the moving average and moving range charîs. Research was 

considered a '4' over courses/prograrns, a '6' over student's education; however, 

mident's education was considered more important than courses/prograrn by a ' 5 ' .  In this 

case, it is not quite clear what the decision maker's judgments indeed were, and therefore 

repeated judgments for this particular matrix are suggested. Nevertheless, because this 

matrix addresses the issue of the relative importance of products, rather than quality 

characteristics of each product, it is not considered relevant for this study. 

Finaiiy, subgroup #5 for DM #5 lies on the upper control limit of the moving range 

control chart. In this case, the DM'S compared research and equipment proposals as both 

weakly better characteristics than the number of graduate midents in the department. 

However, hdshe judged that equipment proposals are a better characteristic than research 

proposals ( '5 ' ) .  Comrnenting on this decision, the DM suggested that the former two 

characteristics really depend on the specific research area. For instance, in metallurgicai 

and fluid mechanics research, equipment is absolutely essential, while in industrial 

engineering it may not be as important. Also, the availability of grants varies fiom one 



research area to the other. Hence, the DM judged equipment proposais as a better 

indicator of the quality of department's research. This judgment seems logical and 

certaidy not random, and therefore should not be changea i.e. a special cause of variation 

has not occurred. 

Mer the analysis of each decision maker's processr, an Xbar-R control chart for al1 

seven DMs was drafted (Figure 9.10). While the Xbar chart is in control, the point 

correspondhg to the mat& #13 is above the upper control limit on the range chart. 

XbarIR Chart for CI for D-CI for D 

FIGURE 9.10: Xbar-R Control Chart for a Group Decision Making Process 

This is caused by a large consistency index for the DM #3 (CI4.54). Judging the input, 

throughput and output quality characteristics of student's education, DM #3 considered 

input a '9' over throughput and output. However, the decision maker dso considered that 

throughput characteristics rue much M e r  indicators of qudity than output, and selected a 

'9 ' .  In other words, the DM probably thought that the suggested output characteristics 





JUDGMENTS DM1 DM2 DM3 DM4 
Research/Courses 1 0.33 1 4  m * 1 I 

ResearcblSt. Education 1 11 0.251 11 6 
I 

CoursestSt. Education 1 11 0.21 11 0.2 
Res. TrainingfRes. Produdivity 4 0.5 1 1 
RT: InpWThniput 2 4 2 1  
RT: In~ut/Out~ut 1 1 1 2 1 
RT: ~ h r u ~ u t l 0 u t ~ u t  

I 1 

1 0.33 035 0.5 1 
Grant MoneyEquipment Money 2 3 1 1 
Grant MoneyiStudentProf Ratio 2 3 1 4  
Grant MonevICommittees 6 4 3 7 - 1 I t I 

Grant MonevIStudent Seledion 1 11 0.331 11 7 
I I 

Equipment Money/StudProf Ratio 1 3 1 11 0.331 3 
Equipment Moneyl~ommittees 

- 

5 3 
Eaui~ment MonevIStudent Selection 1 0.25 . . 1 m 1 I 

StudProf RatioIComrnittees 41 0.331 4 
I 

StudProf RatioIStudent Selection 1 11 0.331 
CommitteeslStudent Seledion 0.17 0.25 0.33 0.25 
Time GraduatioWThne Candidacv 1 1 1 1 

I I I 

Time GraduatiorVStudent Evaluation 1 0.51 0.331 31 0.13 
Tirne CandidacyIStudent Evaluation 1 0.331 0.331 91 0.13 
EmployabilityPublications 0.33 41 5 
RP: lnputrrhruput 5 3 5 
RP: lnput/Output 0.5 0.25 1 
RP: ~hniput/~utput 1 0.171 0.21 0.21 0.14 
Res. ~mposals/~quiprnent Proposais 1 2 1 7 r  0.51 4 

- 

Res. Pro~osalslNumber of Students 1 21 41 1 1 5 
t I 1 I 

Equipment ProposalsiNumber of Students 1 1 1 I 1 I 1 4 
Res. Proposais WrittenlRes. Proposals Funded 0.25 
Eq. Proposais WrittenfEq. Propasals Funded 1 0.25 
Working ~apers/Research Reports 1 3 

Kevnote Presentations/Editorial Duties 1 1 
PatentsiNew labs 1 1  

[courses: lnputlout 
1 

1 11 0.251 11 0.14 
bourses: Thni~ut/Outout 1 1 

Educational MatenaUCertification 1 1 11 0.14 
Textboo ks/La b Manuals 1 5 51 5 

TABLE 9.4: Synthesized Judgments 



Lab ManuaIs/Audie\/isuaIs 2 
SchedulinglClassroorn Effediveness 0.32 
Teachina AwardslFailure Rate w c 

Teachina AwardsEE Initiatives 1 Z 
JTeaching Awards/Course Evaluations 1 1 

~a i lu re  ~ a t e E ~  Initiatives 0.3: 
Failure RatelCourse Evaluations 0 -2f 
Failure Rate/Confonnance 1 0.14 

I 

EE InitiativesCourse Evaluations 0.5 
EE Initiatives/Confonnance 1 
Course Evaluations/Conformance 1 
EE Publications/EE Presentations 2 - . - - - . . . -. . . - . . - 

EE PublicationsEE Referee Duties 1 
EE PresentationsEE Referee Duties 0.22 
Students' Evaluation/Peer Evaluation 3 
St. Education: InpWThruput 1 1 
St. Education: Inputl~utpd 0.33 
St, Education: Thni~ut/Outout 0.5 
Student SelectionIStudProf Ratio 3 
Student SelectionIStudTA Ratio : 
Student Selediori/Resources per Student 1 2 

- --- 

StudProf Ratio1StudT~-Ratio 3 
StudProf RatiolResources oer Student 2 

I 

StudTA Ratio/Resources ~ e r  Student 1 1 
ExpensWEquipment 
Failures/Prograrn Attrition 
Failures/Student Awards 

Program AttritionIStudent Awards 1 1 
Proaram AttritionIStudent Success 1 1 - 
Student AwardsIStudent Success 1 
Nationalllntemational Awarûs 7 

I 

Design Projects/Competitions 1 1 
~ r n ~ Ï & a b i f r t ~ / ~ e ~ u t ~ i o n  

I 

0.25 
Percentage EmployedlStarting Salary 3 
Graduate Schools/Professionals 1 1 

TABLE 9.4: Synthesized Judgments (Continued) 



FIGURE 9.1 1 : AHP Hierarchy of Student's Education Quality Characteristics 

relative weight of 0.839 with the weight for 'publications' (0.385), weight for 'research 

productivity output' (0.599) and the weight for research productivity (0.476). The product 

of these four weights equals 0.092 or 9.2%. As a note, the sum of absolute weights of ail 

quaiity charactenstics for a particular product must equai 100%. 

As we can observe from Table 9.5, faculty members weighed the foiiowing quality 

charactenstics as the most important for the department: 



FIGURE 9.12: AHP Hierarchy of Course/Prograrn Quality Characteristics 

+ Student's education: Percentage of students employed in a job requiring an 

engineering degree, reputation of graduat es as perceived b y employers from industry, 

professor to student ratio, selection of incoming undergraduate students, as welf as course 

failure rates. 

+ Coursedprogram: Ef'Eectiveness in classroom, student course evduations, 

conformance of courses to the prescribed cumculum, teaching awards and appropriate 

scheduIing/topic cover. 



FIGURE 9.13: AHP Hierarchy of Research Quality Characteristics 

+ Research: Employability of graduate students, publications in journals by the faculty 

members of the department, publications of graduate shidents in the department, 

invitedkeynote speeches, as weli as the selection of incoming graduate students. 

It is evident that the employability of undergraduate and graduate students is 

perceived as the most important quality characteristic of the department's produds. 

Together with the reputation gained Born industry as another crucial characteristic, these 

perceptions of faculty members vaiidate the notion that the industry and society are 



[RESEARCH 1 ICOURSES / PROGRAM 1 ISTUDENTS EDUCATiON 1 1 

EditoriaUreferee duties 

Corifereme p u b i i i  

Lead tim b candidacy 

Research reports 
lnvdvement in cornmittees 

TABLE 9.5: Absolute Weights for Quality Characteristics 

primary customers of the university, specifjing produa requirements. Another premise of 

this thesis, narnely, that courses and programs represent the technology to mate  the other 

two primary products: student's education and research (new knowledge), seems to be 

validated through the study, as well. The professors perceive that the primary products of 

the department are student's education (weight of 0.401) and research (weight of 0.373), 

almost doubling the importance of courses/programs (weight of 0.226). 

Using these results and incorporating interviewees' cornments and suggestions, we 

can propose a hierarchy of quaiity characteristics that the Department of Mechanicd and 

Industriai Engineering could apply for controlling and improving quality. The proposed 

hierarchy is presented in the next section. 



9.3 -4 Suggested Quailty Characteristics 

While mnducting h t e ~ e w s  for AHP painvise comparkons, comments and 

suggestions about quality characteristics and the hierarchy itself were provided by the 

ficuity memben. The following summarizes a List of their suggestions: 

+ As another indicator of the reputation of the department as a research output quality 

characteristics, the number of visiting professon in the department can be used. 

+ As an indicator of the quality of throughput in student's education, assessrnent of 

quaiity nom the viewpoint of employers of cooperative students can be added. 

+ The citation index is another suggestion for an indicator of research output - reputation 

quality characteristic 

+ The amount of time that a professor spends with a graduate mident can be an effective 

measure of the research training throughput 

+ Separation of negative and positive indicators (such as course failure rates and students 

awards) can be usefùl. 

+ Different courses have difFerent prionties and quality indicators should be applicable to 

dl. For example, technicians and teaching assistant to mident ratio is very important for 

laboratory courses, however, some courses may not even require technicians or Th. 

+ AU quality indicators have an optimum value which is not necessarily equal to the 

maximum value. For instance, gant money as an indicator has an optimum value for ûach 

professor, and more money is not necessarily better. This is also applicable to other 

characteristics, such as the number of research and equipment proposals, number of 

graduate students and PDFs, number of publications, professor to student and 

techniciadïA to student ratio, money per student, etc. 

+ The indicator of the published educationai matenal is important in for the long-tep 

and not for any particular year. 

+ Classroom effectiveness rnay be considered as an input characteristic, rather than 

throughput, depending on the specific course in question. Another professor has suggested 

that it is a throughput measure of student's education. 



+ The indicaton can be used at a departmental l e d ,  and some depend on a specific 

course or area of research. For instance, it is easier to raise money in some areas than in 

other ones. 

Coursedprograms are extremely important as vehicles with which we gain outputs, 

rather that an output itself. 

4 Teaching awards are connected to a speafic professur, rather than a course, and 

therefore should be a measure of a student's education. 

+ If we could measure the dedication and skills of a professor in teaching, it would be an 

excellent measure of quality. 

Using these cornments and the results of painvise comparïsons, a hierarchy of 

quality characteristics which a mechanical and industrial enginee~g department could use 

in controlling and improving quality is now provided. Figures 9.14, 9.15 and 9.16 present 

the proposed hierarchy for student's education, courses/program, and research, 

respectively. Each quality characteristic is followed by a proposed corresponding weight. 

In terms of student's education, masures of the quality of incoming students, as 

well as available human, material and information resources are deemed very important as 

input quality characteristics. Coursdprograrn failure and attrition rates, paired with 

student awards and employers assessment of students are good indicators of the 

throughput quality, while employability and reputation of graduates are two crucial output 

quality characteristics. Combined, the latter two are suggeaed to cany 40% of the overail 

estimate of the quality of education provided by the department (Figure 9.14). 

Courses and prograrns are applied by the department as a technology to create 

knowledge and skiils. However, they c m  be rnarketed and sold as products in the near 

fuhire, using the means of distance education and refieshment courses for engineers. 

When courses are viewed as a product, their attractiveness to students, educational 

material available, and course validation by the Canadian Engineering Accreditation Board 

are al1 important input quality characteristics. The quality of the deiivery of courses can be 

measured by the effectiveness of professors in the classroom, appropriate scheduling and 

topic coverage, teaching awards and failure rates. Mer the course has been delivered, 

usefùl indicators of quaiity are student and peer course evaiuations, initiatives in 



advancement of engineering education, and conformance of the course to pianned 

arrangements, given in the course outline andor Generai Calendar of the University. 

FIGURE 9.14: Suggested Student's Education Quality Characteristics (Absolute Weights) 

Finally, the creation of new knowiedge through research is a crucial product of a 

university. As the literature survey has shown, judging the quality of research can often be 



subjective, and sometimes quite controversial. However, quality assurance of research 

activities m u s  be executed, and adequate confidence that the requirernents for quality are 

FIGURE 9.1 5 : Suggested Course/Program Quality Characteristics (Absolute Weights) 

met should be provided. Two components of research requiring quality assurance in an 

academic environment are: 

4 research training of graduate students 



4 sponsored research 

FIGURE 9.16: Suggested Research Quality Characteristics (Absolute Weights) 

As for undergraduate student's education, important input quality charactenstics 

of research training are the incoming quality of graduate midents, and the availability o f  

human and material resources. In graduate midies, the availability of resources implies 



financial support fkom research grants, as wel. Throughput quaiity indicators are students' 

evaluation of graduate courses, professor's time spent with the individual student, and the 

lead time to graduation. Employability of graduate shidents, paired with their publications 

in scientific and professional j o u d s  account for 23% of the weight for the overall quaiity 

of research (Figure 9.16). In tenns of sponsored research, the number of funded research 

and equipment proposais, and the number of graduate students in the department are 

suggested as input masures, while journal publications represent an important throughput 

characteristic. The quality of output can be measured with reputational characteristics, 

such as invited and keynote speeches of professors in national and international 

conferences, editoriai and referee duties for journais, the citation index in journais, and the 

number of visiting professors in the department. Innovation through new methods and 

laboratories developed, together with patented works c m  be a good indication of output 

quality, as well. 



CHAPTER TEN 

CONCLUSIONS 

This chapter discusses the main contributions of the work presented in the thes 

foiiowed by a statement of the suggestions for fiirther research. 

10.1 CONTRIBUTIONS OF THE RESEARCH 

In chapter 3, a model of a quality system has been developed. The model allows for: 

integration of quality assurance and quality management systems, including total qudity 

management and quality improvement 

integration with environmental management and workplace health and safety systems 

betîer understanding of quality assurance concepts using control engineering theones 

documentation and implementation based on system enginee~g 

This mode1 emphasizes the importance of the systems view in quality assurance, 

engineering and management. It provides a h e w o r k  for exposing the stnicture of 

complex management systerns, and understanding various links and relationships arnong 

different constituents of the system. Also in Chapter 3, an improved model of the ISO 

9001 quality system has been provided, considering the quality system structure dong 

with the composition of quality system elements. 

In chapter 4, a fully operational model of the university syaem has been 

developed, considering the shonfalls of the existing literature in analyzing: 

customers, suppliers and products 

research as an integral part of the university's products ( s e ~ c e s )  

links between specific customers and products 

product quality characteristics 

interrelationship of teaching, learning and research processes 

application of the ISO 9001 quality system in the university environment 

This model pioneered the conceptualization of a university as a production organization. 



In chapter 5, an interpretation of the ISO 9001 standard for a university was 

provided, incorporating: 

the system approach to quality assurance 

mode1 of the university education system developed 

examples of the impact of the quality system on the university 

This interpretation dlows for the implementation of all twenty elements of the ISO 9001 

quality system at the univenity, which was not possible using the approaches fiom existing 

literature. It also provides a complete and systernatic approach of involving al1 three 

products of the university under one quality system, and the first account of research as a 

product to which ISO 900 1 could be applied at the university. Aiso in the chapter, the two 

current engineering education accreditation schemes in Canada and the United States have 

been compared with the ISO 900 1 quality system- 

In chapter 6, a procedure for documentation and implementation of the ISO 9001 

quality system in an engineering depanment, focusing on process control, intemal quality 

audits and statistical techniques has been developed, and examples of documents provided. 

The procedure can be used by any university-level faculty or department with the objective 

of identifjmg major quality problems, as well as developing a rneaningful quality system to 

address these problems and provide continuous quality improvement. 

Chapter 7 introduced the idea of creating zero-defect produas as an objective of 

the university-based quality system. The idea provides the possibility for a multitude of 

fùrther research projects in a university environment. Also in Chapter 7, a case study of 

translating customer requirements into course specifications and a quality control plan has 

been provided. 

In chapter 8, a statistical process control model for monitoring, control and 

improvement of the teaching process and learning outcomes has been developed. The 

model has considered lectures, tutorials and laboratory experiments as the most cornmon 

constituents of an engineering undergraduate course. Some of the benefits of this 

approach include: 

information on the incoming variation in student 'baselines knowledge is provided 



information on how much and how well the students have learned the material is 

provided 

'before' and 'afker' knowledge cm be compared to roughly estimate the value-added 

outcome 

effects such as when a student knew the answer before but not after can be examined 

students are focused on the most important issues in a lecture 

Using this approach, universities are able to make the daim for exceptional student 

performance andor disprove the claims that their instructional systems are the cause of 

poor student performance. A case study which was presented in the chapter has illustrated 

a remarkable reduction of cntical students' errors in a mechanical engineering laboratory. 

For instance, the most cornrnon error has been reduced from 60% to vimially 0% of 

student's reports, approaching the zero-defect goal. 

In chapter 9, a set of quality charactenstics of university's products using a 

modified Analytic Hierarchy Process (AHP) has been demonstrated. First, the paradoxes 

which may occur with the standard AHP procedure have been eliminated using a 

completely new approach to determining consistency of decision makers. Subsequently, 

this approach has been applied to develop a set of product quality characteristics for the 

department of mechanicd and industnal engineering at a Canadian university. 

Hierarchically presented quality charactenstics are used to measure, control and improve 

quality of teaching, leaming and research. 

10.2 SUGGESTIONS FOR FURTHJZR RESEARCH 

The following are suggestions for funher research. In t ems  of the systems 

approach to quality assurance, the impact of the presented mode1 on the integration of 

different management and assurance systems should be researched in more detail. Among 

others, there is a definite need for research in the integration of quality and environmental 

management systems; quality, environmental, health, safety and financial audits systems; as 

well as the integration and hannonization of quality and ergonornics. Some of the 

suggested research has already been initiated (for exarnple, see Karapetrovic and Willbom, 



1998B, C and D). Application of system dynamics in quality assurance is another possible 

area of study. 

Regarding the implementation of existing quality assurance schemes in a university 

environment, the fact that only a few universities world-wide are registered to ISO 9001 

andor ISO 9002 speaks for itself. The time when ISO 9000 and/or ISO 14000 registration 

becomes a requirement for al1 state-nipported universities may not be too far away. Ln 

Europe, several governments have aiready pressed the issue, including Sweden, the United 

Kingdom, Denrnark and France. With the ever-expanding European Union's regulations, 

European universities may face the same situation as their manufacturing counterparts. 

Therefore, the following areas of research are suggested. Methods for identiwg the 

specific needs of the university's surrounding community or it's market, in terms of what 

graduates should emphasize their studies in, can be researched in more detail. Universities 

should also identiQ how they cm best develop their programs and cumculurn and re-size, 

not downsize their services in order to meet specific customer requirements. Defining 

what the "zero-defect" goal for one particular university means could be researched using 

surveys of administrators, faculty, staff and students. The applicability of different 

techniques in meeting the "zero-defect" goal, such as Quality Function Deployment, 

Statistical Process Control and Design of Expenments, for instance, can also be examined. 

Another project in facilitating this goal is to develop a ~el~evaluation scheme allowing the 

university to measure its progress toward zero defects. It is also possible to develop a 

meaningfil way of making this strategy visible to the general public, the students and 

academic community. 

For such quality assurance, the development of a ISO 9000 quality systems, as 

well as ISO 14000 environmental management systems in higher education should be 

researched. There is also a need to futther integrate heaith, safety, ergonornic, financial 

and other management systems into a harmonized business system. Supporting 

technologies for such management systems, such as quality and environmental auditing for 

irnproved performance can be harmonized and integrated, as well. Difficulties in the 

integration, harmonization should be researched in much more detail, since there are 

legitimate concems of many interested parties. 



Since it has been proven that ISO 9000 quality systems provide a sound basis for 

the implementation of Total Quality Management, the integration of ISO 9000 and TQM 

techniques can aiso be addressed in fùrther research. 
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We, the people of the Department of Mechanical and Industrial Engineering at the University 
of Manitoba, recognize that qudity does not just happen. Quality mua be planned, designed, 
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system according to the mode1 illustrated in Figure 1. The Quality System is viewed as a 'Set of 
interdependent processes that fùnction harmoniously, using various resources, to achieve the 
objectives related to quality" [Il .  
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Our objectives are focused on meeting the expectations, requirernents and needs of our 
customers: future employers of our students, accrediting agencies, government, research 
sponsors, alumni, our broad comrnunity and students. Quality Assurance means providing 
confidence to them that their requirements and needs for qudity education and research are and 
wiii be met. To provide such confidence to our customers in Canada and abroad, we have 
developed a quality system that confoms to the requirements of the ISO 9001 International 
Standard for quality assurance. The benefits of the ISO 9001 quality system for the department 
are emphasized in the next section. 
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1.3 Benefits of a Quality System in the Department 

The following benefits fiom a weU documented and implemented quality system in the 
Department of Mechanical and Industrial Engineering at the University of Manitoba have been 
foreseen by Dr. Walter Wflbom, the Canadian delegate in the ISO technical cornmittee for quality 
standards: 
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A university department with a quality system that complies with the world-wide accepted 
standard of the International Organiration for Standardization (ISO 9001) will pioneer meaningfil 
public scrutiny and official recognition of its efforts to assure the quality of its work and s e ~ c e  

Quaiity System documentation will guide teaching, learning and research in a convenient, 
predictable and generally acceptable way 

The system does not add work and paper trails where generai and individual benefits can not be 
seen or recognized 

Internai qudity auditing, a built-in system element, allows each faculty and staff member to raise 
and resolve practical problems 

Once the system is well understood, its various benefits recognized, and records show adequate 
and effective implementation, the system will be audited by an extemal, weli selected auditor and 
registrar. These audits are designed to identiQ problems and improvements nom the faculty and 
stafF point of view 

The registered and well maintained Quality System will serve as the bais  for cornplying with 
upcoming related standards for the control of environmentai (ISO 14000) and workplace heaith 
and safety factors (ISO 18000) 
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yield products that rneet andlor surpass customer's implied or stated needs, The International 
Organization for Standardization (ISO) has developed a series of quality standards named ISO 
9000. The standards present three models (ISO 9001, 9002 and 9003), which stipulate a number 
of requirements on which an organization's quality system can be assessed by an extemal Party 
(registrar) according to ISO 100 1 1 quality system audits standard. If these minimum requirements 
are met, a regisaar accredited by a national accreditation institution issues a certifiate of 
cornpliance and the organization's quality system becomes ISO 900 l/U3 registered. 

1 -4 Brief OveMew of the ISO 900 1 International Standard 
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installation and servicing. ISO 9002 essentially stipulates the same requirements for a quality 
system as ISO 900 1, however, designldevelopment and s e ~ c i n g  activities are excluded. Findly, 
ISO 9003 covers final inspection and test only. In the upcoming major revision of the ISO 9000 
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standards, al1 three models will be blended into one, the moa comprehensive ISO 9001 model. 
For this reason, as well as the fact that the department designs its prograins courses and services, 
we have chosen to develop a quality system that confonns to the requirements of the ISO 9001 
standard. ISO 900 1(1994 edition) stipulates a total of twenty requirements (Figure 2). 
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The ISO 9001 standard was written by engineers and quality professionals from large 
industries with a manufàcturing organization in mind. Aithough the standards are genenc, Le. they 
are universaiIy applicable to service and non-profit organizations, heaith care and education, the 
documentation and implementation of an ISO 9001 quality system in the university environment 
requires an interpretation of the standard. For the purpose of implementing this standard in the 
department of mechanical and industriai engineering, the 1994 (latest) edition has been interpreted 
using analogies with a manufacturing organization. During the research of the applicability of ISO 
9001 in an engineering faculty, it was found that the university processes and resources can be 
viewed within the concept of a manufaring system, thereby creating a 'University 
Manufachiring System" (UMS). While a detailed explmation and workings of the UMS is 
available elsewhere [Z], the concepts and terms from the ISO 9001 standard have been interpreted 
in the following two tables. 
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The ISO 9001 standard requires the quaiity system to be adequately documented and 
implemented. The department's quality system documentation has been designed in four tiers 
(Figure 3). The Quality Manual describes the overall quality systmi and refers to the necessary 
quality system procedures. The manual is designed as an intermediate document between the ISO 
9001 standard and quality system procedures. There are twenty procedures, each addressing one 
requirement of the ISO 9001 (1994). Each procedure illustrates one or more processes, such as 
purchasiig, appointment of teaching assistants and teaching process control. Input and output 
elements of these processes are drawn out, and the process flow is presented in the flowchm 
form. A surnmary of symbols used for flowcharting is given in Figure 4. Responsibilities and 
authorities for dBerent activities in the process are provided in responsibility matrices. Process 
activities that need separate written guidelines are addressed by appropriate instructions. Finally, 
to verify cornpliance with the quality system requirements, records are available. 

TER 1 QUALITY MANUAL 

T E R  2 PROCEDURES 

TER 3 INSTRUCTIONS 

TER 4 RECORDS 

FIGURE 3 : Four Tiers of the Quality System Documentation 

Titie: 
QUALITY MANUAL 

L 1. Introduction 

To facilitate clear identification of al1 documentation pertaining to the quality system, each 
document bears a unique code. The code consists of three letters and a nurnber. The first letter 
signifies the type of the document. For exarnple, the Quality Manual's code starts with the letter 
'M: procedures with the letter 'P': instructions with 'f: and records with 'R". The next two 
letters idente the requirement of the ISO 9001 standard that the particular document addresses 
or pertains to, and the number is an ordinal number of the document. For instance, PPCl is the 
procedure for process control, and RPU23 is a purchasing record. The manual, procedures and 
instructions have the same header and footer, iîîustrated on this page. 
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The Department of Industrial Engineering, University of 

Manitoba, has committed itself to provide the best quality 

in teaching, leaming and research. Meeting the need of its 

students, their fbture employers and that of the community 

in general is the main objective. A well documented and 

irnplemented quality assurance system, that complies with 

the international ISO 9001 Standard, and will be 

registered, supports this policy. AU members of the 

Department understand and follow this quality policy. 
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1 -9 Record of Changes 

Title: 
QUALITY MANUAL 

1. Introduction 

This Quality Manual may contain only the pages approved by the Head of the Department 
of Mechanical and Industrial Engineering. The ISO 9000 Representative shall: 

process di approved changes 
insert approved pages into the Master and official distribution copies 
fil1 out the record of changes in the Master and officiai distribution copies 
destroy ail obsolete pages 
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distribute approved copies of the Manual to the persons designated as custodians (see 
section 1.10 of this Manual) 

The Master Copy of this Quality Manual, kept in the Dean's Office (room 350), shall be 
the final authority as to the status of ail sections in the manual. 
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The copies of this Manual and the Quality System Procedures are kept by the custodians, as per 
the following lia. 

The information presented in this Manual is not confidential. Copies of the Manuai are 
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will be considered as "uncontrolled", which means that they will not be autornaticdly updated. 
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2.2.1 OBJECTIVES 
The Department has established and maintains a documented procedure for design control and 

verincation to ensure that design meets specified requirernents. The objective is to demonstrate 
the department's ability to translate customers specincations into design input requuements, to 
perfoxm the design of programs, courses, student knowledge, individual student's program of 
study and research, to ver@ design output against design input requirements, to validate design 
output against customers' requirements and specifications, and to identik document, review and 
approve design changes and modifications. 
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2.2.2 SCOPE 
This element of the quality system covers design control of the programs and courses offered 

by the Faculty, design control of individual student's programs of study, and design control of the 
research conducted in the Department 

2.2.3 RESPONSIBILITY AND AUTHORITY 
Specific responsibilities and authorities for design control are identified in section 4.3 of the 

Procedure for Design Control PDC-1. Overall responsibility for program design and review is 
placed on the Program Review Cornmittee of the Faculty of Engineering. Individual faculty 
members and instnictors are responsible for design control of specific courses, as well as research 
projects they are conducting. 

Title: 
QUALITY MANUAL 

2.2 Design Control 
I 

2.2.4 APPLICATION 

Status & Issue No: D M  2- 
Date of Issue: April24, 1997 
Page 1 of 3 
Code : MDC-1 

2.2.4.1 General 
The department has established and maintains procedure PDC-1 to control and ver@ the 

design of its produas in order to ensure that the specified requirements are met. 

- Cornpliance with ISO 9001: 4.4 Design Control 

2.2.4.2 Design and Development Planning 
The department prepares plans for each design and development activity. The plans descnbe 

these activities, and define the responsibility for their implementation. The documents include 
program/course design plans and research project plans. 

2.2.4.3 Organuational and Technical Intedaces 
The responsibilities and authorities, as well as the interrelationships (vertical and lateral) 

between the personnel which input into the design process are defined and documented in the 
Procedure for Design Control PDC- 1. 
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Design input requirements for department's undergraduate and graduate programs include 
suggestions on new progrms fiom professional engineering institutions, such as the Association 
of Professional Engineers of Manitoba (APEM) and the Canadian Engineering Accreditation 
Board (CEAB), faculty executive colllfnittee's reports on the development and feasibility of new 

Title: 
QUALITY MANUAI, 

2.2 Design Control 

programs, as well as analyses of nistomers' needs and the department's market position. 

Status & Issue No: DRAFT 2 
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Design input requirements for courses include specific course descriptions from the General 

Cornpliance with ISO 900 1 : 4-4 Design Control 

Calendar of the University of Manitoba, surveys o f  the needs of industry, governrnent and 
comrnunity, and similar course designs from other universities and/or departments. 

Design input requirements for individual student C U ~ ~ ~ C U I U ~  encompass program regulations. 
Findly, design input for the research project includes the requirements from the research 

contract, analysis of available literature and the-need for research. 

2.2.4.5 Design Output 
Product design output is documented in prograrn descriptions and regulations (Generai 

Calendar of the University), course plans, individual student prograrn plans and research projects 
plans. The plans document the following: 

how the program~course/research aims/objectives are to be achieved 
the description of the skills, cornpetencies and knowledge to be developed 
that the courselprogramlresearch content is relevant to its aims and objectives 
that the environment and resources are appropnate to the aims of the progradcourselresearch 
that the above have been reviewed. 

2.2.4.6 Design Review 
Review of the design output is plamed, conducted and documented according to the 

Procedure for Design Control PDC-1. Records of design reviews are maintained. 

2.2.4.7 Design Verification 
In addition to conducting design reviews, design verification is planned, performed and 

documented according to the Procedure for Design Control PDC-1. Design verification consists 
of c o m p a ~ g  design output venus the input and confimiing that the design output meets design 
input requirements. Records of design verification are maintained. 

2.2.4.8 Design Validation 
Design validation follows design verification. It is conducted against defined customer needs 
and/or requirements. The purpose is to ensure that customers needs and/or requirements are 
properly translated into the design output. Records of design validation are maintained. 
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2.2.4.9 Design Changes 
Procedure for Design Control PDC-1 identifies changes that need forma1 design approval. The 

procedure manages any changes that occur during the product desigddevelopment or as a result 
of subsequent evaluation and review. 

2.2.5 REFERENCE DOCUMENTS 

(1) Procedure for Design Control PDC- 1 
(2) General Calendar of the University of Manitoba (1 997198) 
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2.7.1 OBJECTIVES 
The department has de- and maintains a documenteci procedure to wntrol the teaching, 

learning and research processes. The objective is to ensure proper identifkation and planning of 
these processes, and to ewure that they are carrieci out under controlied conditions. ControUed 
conditions include documents defining the manner in which the teaching, leamhg and research 
processes are c h e d  out, use of suitable quipment and working environment, cornpliance with 
reference course and research project quality plans, monitoring and control of criticai quality 
characteristics and suitable process parameters, as weU as preventive and corrective maintenance 
of equipment used for teaching, learning and research purposes. 

* 

2.7.2 SCOPE 
Processes which directly a e c t  quality in the department are leaming, teaching, and 

researching. These processes create student knowledge, expenence and skills, courses and 
programs, as well as new knowledge and theones. Process control elernent of the quality system . 
covers the control of the academic progress of students, including the determination and review of f 
student acadernic statu, control of the teaching and research processes, maintenance of 
equipment used in teaching, learning and research, and the maintenance of facilities. 

m e :  
QUALITY MANUAL 

2.7 Procas Control 

2.7.3 RESPONSIBILITY AND AUTHORITY 
Faculty members have a direct responsibility for al1 aspects of leaniing/teaching/research 

process control. The control of the academic progress of students is the responsibility of the 
engineering board of examiners. Responsibility and authority for specific activities and processes 
are provided in section 4.3 of the Procedure for Process Control PPC-1. 

Status & lsme No: DRAFI' 2 
Date of Issue: April24,1997 
Page 1 of I 
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2 -7.4 APPLICATION 
Process control is govemed by the procedure PPC-1. Appropriate records are kept and 

maintained for processes, activities, equipment and personnel, according to the Procedure for . 

Control of Quality Records PQR-1, and the Procedure for Document and Data Control PDD-I . 

Cornpliance with ISO 9001: 4.9 Process Control 

2.7.5 REFERENCE DOCUMENTS 

(1) Procedure for Process Control PPC-1 
(2) Procedure for Control of Quality Records PQR-1 
(3) Procedure for Document and Data Control PDD-1 
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Title: 
P U R ~ S I N G  
PROCEDURE 

1, PURPOSE 
The purpose of this procedure is to ensure adequate admission of undergraduate and 

graduate students to the department, and the acquisition and deployment of resources required for 
prograrn/wurse delivery and research and development activities. The objective is to demonstrate 
the ability to admit students who meet department's entrance standards, and to demonstrate the 
ability to acquire only high quality resources for use in programlcourse delivery and research. 

Status & issue No: DRAFT 2 
l Date of Issue: Aprii 16,1997 
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Page 1 of 11 
Code : PPU-1 

2. SCOPE 
This procedure applies to the processes listed hereùi. Each process is identifïed with a 

code. The code is in the format x y g where represents the number of the ISO 9001 requirement 
to which the process applies (e-g. 3 for Contract Review), y stands for the type of product (PRG- 
Program, STU-Student Knowledge, RES-Research), and L. is the ordinal number of the process. 

6PRG1 Purchasing of material and information, Le. hardware and software resources required 
for the proper delivery of programs, courses and research projects 

6PRG2 Appointment of teaching assistants 

6STUI Admission of undergraduate students 

6STU2. Admission of postgraduate students, including Master of Science, Master of 
Engineering, Doctor of Philosophy, and Post Doctoral Fellows 

6RES 1 Admission (appointment) of research assistants and research associates 

3. DEFKNITIONS 
Graduate Students: Students enrolled in Master of Engineering, Master of Science, or Doctor 

of Philosophy programs in the department 
Teaching Assistants (TA): Students enrolled in Master of Engineering, Master of Science, or 

Doctor of Philosophy programs in the department who perform marking, grading or demonstrate 
laboratory experiments to undergraduate students 

Research Assistants (RA): Students enrolled in Master of Engineering, Master of Science, or 
Doctor of Philosophy programs in the department who perform research activities within 
contracted research projects 
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Research Associates: People who assist faculty members in their research, but are not enrolied 
in a postgraduate program in the department 

4. PROCEDURE 

4.1 I n ~ u t  Elements 

SUPPLIERS 

I 

Facultyrnembers 

INPUT ELEMENTS 

- - -- 

6PRG2 
6STU 1 

6STU2 

1 4. Proof of Enelish Proficiencv 1 IRPU221 1 Students 1 
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Ref. 
W C l l ]  
[RDC22] 

Process 
6PRGl 

1. Course Plan 
1. Hirrh-School Didoma 

2. Transcripts 
3. Letters of Reference 

1 6RES 1 1 1. Research Project Plan 1 WC221 1 Researcher(Facu1ty) 1 

Name 
1.CoursePlan 
2. Research Project Plan 

2. Transcripts 
1. Application for Admission 
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4.2 Fiowcharts 
PURCHASING OF MATERIAL (6PRG1) 

From 4PRG2 (Ins tructors) From 4RES 1 

Select the supplier 

Course Plan [RDC 1 l ]  1 Retearch Projcct P l in  
[RDCIZ] 

\ Anscsr tbc need for material 1 
(hardware and roftwrrc)  

according to plans 
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Evaluation of supplien 
of  matcrial 

Records of eviluation , 
\ 

Suppliers Filc && Supplicrs File t3 

I Fill out the purchasc 
rcquirition form (ivailable 

in Gencril Office) I 
Purchrsc Rcquisition 

University compuierircd 
purchasing system 

t 
L/ 

Pink confirmation 
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ADMISSION OF UNDERGRADUATE STUDENTS (6STUI) 
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ADMIS SION OF POSTGRADUATE STUDENTS (6STU2) 
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6PRG1 
Evaluation of materid suppliers 
Selection of the supplier 
Inspection of received goods 
Authorize payment and file records 

(Profs) 

in-charge 

6PRG2 
Assess the need for a teaching assistant 

in-charge 

in-charge 
Request teaching assistants 1 in-charge 
Review of applicants qualifications and 1 

4.4 Output Elements 

in-char~e 1 

Pwchasing 
Secretary 

i n c  harge 

in-c harge 
cornpetence and appointment 
6STUI 
Review of applications and qualifications 
Appeal review 
6STU2 
Evaiuation of student's quaiifications and 
competence to enroll in graduate studies 
6RES I 
Evaluation of applicants qualifications 
and cornpetence for r-ch 

- - 

OUTPUT ELEMENTS 
Process 1 Name 1 Ref. 

CUSTOMERS 

TA 
waluation 

in-charge 

in-c harge 

Office 

i 

6PRGl 

6PRG2 

O&ce 

6STUl 

in-charge 

1. Packing Slip 
2. Record of discrepancy 
1.  List of teaching assistants 
2. Remet Ietter 

1 

Prepared by: 
Revised by: 
Approved by: 

in-c harge 

1. Regret Letter 
2. Admission Letter 

P U S ]  
JWUq 
PU91 
WU91 
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Name: 
Stanislav Karapetrovic 

General Office File 
Material Supplier & Füe 
Teaching Assistants 
Candidates for TAS 

P U 1  61 
P U 1  S] 
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Applicants 
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Process 1 Name 1 Ref. 

Corndiance with ISO 900 1: 4.6 Purchasinn 

CUSTOMERS 

6.  REFERENCE DOCUMENTS 

2. Regret Letter 
6RES 1 1 1. Regret Note 

CODE 
W C 1  11 

NAME (Records) 1 PLACE 

PU281 
WU301 

Course Plan (25.229 Manufactunng Engineering) Dr. Cahoon 
Research Project Plan Not Yet Available 
List of qualified suppliers Not Yet Available 
Records of evduation Not Yet Available 
Purchase requisition Forrn Generd Office 
Pink Confirmation Forrn 
Packing Slip Courier 
Announcement of Teaching Assistant Positions Generai Office 

Applicants 
- Applicants 

- 

Applications for positions 
Regret Letter Stan (326) 
Policy of assigning hours to teaching assistants General Office 
High-School Diplorna Not Yet Available 
Transcripts 
Manitoba High Schools Criteria for Admission Admissions Office 
Requirements for Admission 
Admission Letter Not Yet Available 

Dean's Office pu171 1 Appeal 

P U 2  11 
LRpU22] 
RPU23 1 

[RPU18: 
IRpUl9: 
IRpUSO] 

r 

Prepared by: 
Revised by: 
Approved by: - 

Appeal Decision 
Application for Admission 
Transcripts 
Letters of Reference 
Proof of Proficiency in English 
GPA Reauirements 

Graduate Studies 
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Stanislav Karapetrovic 

Signature: 
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-WU271 
fRïU281 

Cornpliance with ISO 900 1: 4.6 Purchasinpl ii 

Guidelines for accepting & fbnding graduate students 
Letter of admission and financial support 
Admission Letter 
Registration Fonn 
Remet Letter 

IRpU291 
PU301 
P U 3  11 
IRPU321 

L 

Prepared by: 
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Advertisement for available research positions 
Reflet Note 
Record of discrepancy 
List of acce~table hinh schools and di~iomas 

Not Yet Available 

Admissions Office 

Name: 
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25.476 ENGINEERING OPERATIONS RESEARCH n 
January 1998 

Text: "Operations Research: Applications and Algorithms" 
by Wayne L. Winston, Third Edition, Duxbury Press, 
Wadsworth Publishing Company, Belmont Caiifomia, 1994. 

Class Times: 

Room: 

Instx-uctor: 

ConsuItation 
Times: 

Teaching 
Assistants: 

Grading Scheme: 

448 Engineering 

A.S. Alfa 
Room #: 246A Eng. Bldg. 
Phone #: 474-9173 
E-mail: 
aKa@cc.umanitoba.ca 

Wednesday 

10:30 am. - 12:30 p.m. 

Xu Xiaoyi 
Room 428 

3 tests @15% each ' 

Final Exam 

Total 

Test Dates: 

January 28, 1998 
Febniary 11, 1998 
March 11, 1998 
March 25, 1998 

Monday, Wednesday, Friday 

S .  Karapetrovic 
Room #: 428 Eng. 
Phone #: 474-6052 
E-mail: 
laki@asqnet.org 

Monday, Wednesday, Friday 

10:30 Lm. - l2:30 p.m. 
- 

Li-Xia Wen 
Room 429 

* NOTE: There wiil be four (4) tests. The results of best three (3) will be counted for the 
final grade, Le. the minimum mark received fiom the four teas will not count. Therefore, a 
student is allowed to miss one test only. 



COURSE OUTLINEp 

1. Nonlinear Programming (NLP) 
Introductory concepts 

8 Convex and concave functions 
8 Solving NLPs with one variable 
8 Golden section search 
8 Unconstrained NLP with several variables 
8 Method of steepea ascent 
8 Lagrange multipliers 
8 The Kuhn-Tucker Conditions 

2. D e t e e s t i c  Dynamic Programming OP)  
8 Network problems 
8 Inventory problems 
8 Resource allocation problems 
8 Equipment replacement problems 

Formulating DP recursions 
Using spreadsheets to solve DP 

3.  Network Models 
Basic definitions 
Shortest path problems 
Maximum flow problems 
CPM and PERT 
Minimum spaming tree problems 

4. Markov Chains and Processes 
What is a Stochastic f rocess? 

8 What is a Markov Chain? 
What is a Markov Process? 

8 N-step transition probabilities 
Classification of states 

8 Steady state probabilities 
Mean first passage times 
Absorbing chahs 

Title 

Course information, including the ou the  and a list of assignments are also l 

available on: http://home.cc.umanitoba.ca/-umkarape/25476 .htrnl 



5.  Queuing Theory 
Some queuing terminology 
Modeling arrivai and service processes 
Birth-death process 
The M/M/l/GD/m/m queuing syaem 
The M/M/l/GD/C/co queuing system 
The M/M/~/GD/~Qo queuing system 
Finite source models 

6 .  Deterministic EOQ inventory models 
Basic inventory models 
Basic EOQ model 
Computing the optimal order quantity when quantity 
discounts are allowed 
The continuous-rate EOQ model 
The EOQ model with back orders allowed 

7. Probabilistic Inventory Models 
Single-penod decision models 
Concept of marginal analysis 
The news vendor probiem - discrete and continuous demand 
The EOQ with uncertain demand 
- the (r,q) and (s, S) Models 
- the seMce level approach to determine safety stock level 
R S )  periodic review policy 
The ABC inventory classification systems 

* 
8. Decision Making Under Uncertainty 

* 
9. Decision Making with Multiple Objectives 

* To be covered if t h e  pennits 
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1 Universitv ofManitoba 1 TEACHING ASSISTANT 1 Status & Issue Number : D 1 1 
1 Mechanid & Industrial 1 INSTRUCTIONS 1 Date of Issue: Nov. 15, 1995 I 
1 Engineering 1 for Thenno3 06 Laboratory 1 Page 1 of 3 I 
1. Purpose 

The purpose of these notes is to provide guidelines to a teaehùg assistant for conducting Mechaaical 
Engmeering Thermodynamics Laboratory (METL) 306 - Sargent Gas Calorimeter. 

2. Guidelines 

2.1 Input EZements 

1 2. 1 Laboxatory Notes 1 1 -  1 Professor 1 

WHAT IS GIVEN TO ME 
1. 1 Laboratory Schedule 

PROVIDED BY: 

1 
3. 
4. 
5 .  

2.3 Work ~nstructions 

WHAT 1 GIVE 
1. 1 Marked Students Reports 

2.3.1 Preparation 
The professor wdl provide the teaching assistant with a list of students, laboratory notes and necessary 

additional documents. Teaching assistant will subsequently, in coordination with the technician, familiariz with the 
equipment required for the laboratory and conduct a via1 experiment. Any technical difficulties in the course of the term 
will be resolved in coordination with the laboratory technician and the professor. 

List of Students 
Student's Laboratory Reports 
Atmospheric Pressure Reading 

GIVEN TO: , 

1. 1 Professor b 

2.3.2 Execution 
Ten to twenty minutes prior to resuMng the laboratory session, teaching assistant shail start the flow of mling  

water and then purge any unburned gas out of the combustion chamber of the calorirneter with the air. The air hose 
SM be provided by the technician prior to the trial experiment. This precaution must be followed. Failure to do so 
could result in an explosion. Subsequently, teaching assistant will star& the flow of gas, light the bumer and install it in 
the centre of the calorimeter. When the gas flow and temperatures at the calorimeter are stabilhd, the experirnent rnay 
be starteci. 

At tbe start of the session, teaching assistant will check mident aitendance. Consequently, helshe will firstly 
describe the laboratory requirements. Secondly, the teaching assistant wili describe the apparatus and the experimental 
method. The following table illustrates the parameten to be rneasured and componding instruments: 

I 
- 

1 Name: 1 Signature: I 

2. 
3. 

- 

) Prepared by: 1 Stanislav Karapetrovic I 

General Office 
Technician 



I University of Manitoba 
Mechanical & Industrial 

Enmneerinn 1 TEACHING ASSISTANT 
XNSTRUCTIONS 

for Thermo306 Laboratorv 

1 Staîus & Issue Number : D 1 1 
1 Date of Issue: Nat. 15, 1995 1 

. -. . . . - -. - . 

Parameter 
Gas Volume 
Gas Tem~eraîure 

-- -- 

Tiiee~eqÜireKfor a Unit o h  Volume 
Relative Gas Pressure (to atrnospheric) 
Atmospheric Pressure 
Tem~erature at Barometer 

Temperature of Products of Combustion 
Mass of Water (coI1ected in the buckets) 

- -. . - - 

Instrument 
Wet Gas Meter 
Gas Meter Thennometer 1 

- - - - - - -- - - 

Stop Watch I 
Water Manometer 1 
Barorneter (provided by the technician) 1 
Thennometer (provided by the technician) 
Pmchrometer 

- - -- - -- 

Thennometer (at the back of caiorimeter) 
Scale 

1 Volume of Condensatexi Water 1 Glass Test Tubes 1 

The instruments are iilustrated in section 2.4 Apparatus. 
Each -dent in the group should be assigned with a respomibility to measure one or more specinc properties. 

For example, one student can rneasure gas volume, gas temperature and tirne, the second can observe and record relative 
gas pressure and so forth. Two tenths of a cubit foot of gas are to be bumed in the first test, and the sarne amount in the 
second test for the purpose of verifyïng the original results. f i r  the purpose of the tr id expenment, the same 
procedure is followed. Afier the trial expriment, teaching assistant shall review the results obtained and apply any 
corrective actions required in coordination with the technician and the professor) 

Subsquently, when d l  the parameters have been measured, the students will gather in a group and fil1 the 'Test 
Record", provided in the laboratory notes. The teaching assistant wiIl conclude the session by informing the student on 
hisher office hours for consultations on the report. 

Met Water Temperaîure 
Ouùet Water Temperature 

2-3.3 Marking 
The rnarkllig should be based on the written report and participation (optional).The following is the suggested 

Met Water Thennometer 
Outlet Water Thennometer 

markhg scheme for the written laborat 
Requirement 

Complete Calculations 

Compare the Recommended to 
Calculateci Heating Values, 
Relative Error 
Explain the difference between 
Higher and Lower Heating 
Value 
Subseauent Six Questions 

1 TOTAL 

Comment I 
The emphasis is on the conceptual understanding not 
calcuiation errors. For example, subtract 0.5 points for 
an error in relative gas pressure calculation, if wrong 
densitv is used 

1 1 Subtract 0.1  oint for each device not labeled 1 

0.5 each 
10 

L 

Prepared by: 
Approved by: 1 

Name: 
Stanislav Karapetrovic 

Signature: 
1 



University of Manitoba 1 TEACHING ASSISTANT 1 Status & Issue Number : Dl 1 

2.4 Apparatus 

1 Mechanid & Industrial INSTRUCTIONS 
Enainee~e 1 for Themi0306 Laboratorv 

Water Tank 

Date of Issue: Nw. 15, 1995 
Page 3 o f  3 

Gas Thennometer ....---..----.--..--.-..---------.-- 

3. Reference Documents 

Calorimeter 

[ 11 Messersmith, C .W ., Wamer, C .F., 1 95 9, Mechanical Engrneering Laboratoty, John Wiley & Sons 
[2] American Society for Testing Materials, Standard method of Test for Calonpc Value of Guseous Fuels by the 
Water Flow Calorimeter (ASTM Designation D: 900-55) 
(31 Cengel, Y .A., Boles, M.A., 1994, Thermodynornics: An Engineering Approach, (2nd ed.), McGraw-HilI 
[4] Lab Notes for Sargent Gas Calorimeter Experiment 

Prepared by: 
Amroved bv: 

S tanislav Karapetrovic 1 l 



University of Manitoba 
Mechanid & Industrial 

Enpj,eering 
CONTROLLED COPY 
DO NOT DUPLICATE 

7 

INSïRUCTiON FOR ) Stahis & Issue Number : D 1 
ENROLLING IN 
COURSES WrrH 

TIME CLASH 
Com~Iiance with ISO 9001: 4-13 Nonconforminn Product 1 

1.0 Pumose 
The purpose of this instruction is to provide guidelines for granting permission 

('the permission' in the text) to students to enroll in courses with a time-table contlict. 

2.0 S c o ~ e  
This instmction addresses: 
(a) collecting the necessaty information on the student requesting enroliment in 

two courses with a the-table conflict 
(b) ruling a decision on whether enrollment is permitted or not 
(c) keeping the records of student's requests and corresponding decisions 

3.0 A~piication 
This instruction assists the following: 
(a) The Undergraduate Program secretary 
(b) Faculty (professors) who decide to give the permission 
(c) The Department Head 

4.0 Definitions and Princiales 

Not Applicable 

' ACrrVITIES 

Collecting 
information on students 
Granting permission 
Granting permission in 
extraordinary circumstarices 

I 

Prepared by: 
Revised by: 

ikpmnmt Head 

4 

SccreUrY* 
Undergraduate Rom 

4 

î l ~ c  Snidmt 

4 

A~proved bv: 1 

Function: 

Professors 

d 

51 

4 
Keeping records 
Obtaining signatures 

4 

Name: _ Signature: 
I 



6.0 Instruction 
(a) A student who wishes to enroll in two courses with the same time-slot must fïli 

in a forma. request (Record RTC-50). The request must contain the reason, and the 
two courses he/she wishes to attend simultaneously. It is the student's responsibility to 
get the signatures. 

(b) The Undergraduate Program Secretary or the professors shall retrieve the 
student's file if additional information is required. 

(c) Both professors shaii assess if there is enough grounds to permit the student to 
attend hidher course. The following are possible situations: 

The student is in good academic standing, there is evidence that the student 
performance is satisfactory, and he/she is unable to take a sufficient number of courses 
to remain a h1I-time student, or 

The student needs only these two courses to graduate, or 
The student will be hit by the 8- year rule, or 
The student has taken one. or both courses already and hdshe is not on 

probation or suspension 
The student who is on probation or suspension will not be given a permission 

unless the Department Head rules othenvise. In this case, professors' permission is 
required as weli. 

Note: The professors c m  deny the request for dl or any of the above reason(s). 
(d) If both professors grant the permission, they will sign the record RTC-50. The 

record shall also be signed by the student. 

University of Manitoba 
Mechanical & Industrial 

Engineering 
v 

CONTROLLED COPY 
DO NOT DUPLICATE 

i 

7.0 Reference Documents 
(a) Record RDC 50 

INSTRUCTION FOR 
ENROLLING IN 
COURSES WiTH 

TIME CLASH 

Stanis & Issue Nurnber : D 1 
Date of Issue: July 16, 1996 
Page 2 o f  2 
Procedure Code : RDC 16 

I 

Cornpliance with ISO 9001: 4.13 Nondonning Product 

Prepared by: 
Revised by: 
Approved by: 

Function: Name: Signature: 

a 

I 

L 



THE UNIVERSITY OF MANITOBA 

Intra-Departmental Correspondence 

DATE: 

TO: Bev Dunlop, Secretary, Undergraduate Prograrn 

FROM: Prof 1 
COURSE 1 

and Prof ( 1 
COURSE 2 

STUDENT: 
NAME SlUJ3ENT NUMBER 

1 understand that this permission has been granted under unusual circumstances and that 1 

am fully responsible for leaming the course material and taking al1 required exarninations. 

Any impact this may have on my grades is my responsibility only. 

I give rny permission for the above named student, to enroll in the course a not 

withstanding the timetable conflict with the course 

COURSE 2. 

1 give my permission for the above named student, to enroll in the course a not 

withstanding the timetable confiict with the course 
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Pareto Chart for : Error 
Thermodynamics 25.100: Before lmprovements 

100 rn ( i 
I 

a 
Y ! 
E al 
2 eo 400 " i z 

300 
't 

40 i 

2Q 1 4 

100 r 

O O 

Defect 

Count 288 ln 141 43 24 10 1 
Percent 42.1 25.9 20.6 6.3 3 -5 1.5 O .1 
Cum% 42.1 68 .O 88.6 94.9 98.4 99.9 100.0 

Quality Records: Assignrnent Errors Before and Mer a Quality Improvement 

Pareto Chart for : Error 
Thermodynamics 25.100: After lmprovements 

Count 177 105 39 39 38 33 33 
Percent 38.1 22.6 8.4 8.4 8.2 7.1 7.1 
Cum % 38.1 60.8 69.2 77.6 85.8 92.9 100.0 
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Student 's Educa fion 

Node: O 
Compare the relative PREFERENCE with respect to: GOAL 

Abbreviation Def inition 

Goal 1 Student's Education 
INPUT j Input 
THRUPUT Thruput 

OUTPUT j output 

: THRUPUT ; OUTPUT ; 
I 

For Trial Use Only 

I INPUT 1 1.9 (1 -2) l 

1 THRUPUT 
1 

1 (1 -4) 
i 
I 

Row element is , mes more than coiumn element unless enclosea in O 





TO: Prof 

Department of Mechanical and Industrial Engineering 

FROM: Stanislav (Stan) Karapetrovic 

DATE: October 29, 1997. 

RE: S cheduled Meeting 

Dear Sir / Madame, 

Quality assurance of education and research activities is increasingly becoming one 

of the most important issues in engineering education. As a part of the ISO 9001 quality 

system development exercise in the Department of Mechanical and Indusvia1 Engineering, 

we have developed a hierarchical set of produa quality characteristics, with the purpose 

of irnproved understanding and assurance of quality. This has been done with the 

assistance of Dr. Douglas Ruth, the Associate Dean of Engineering. 

The next step in this analysis is to weigh product quality characteristics according 

to their irnponance, as judged by the faculty members. The weighting will be done using a 

decision analysis technique called the "Analytic Hierarchy Process" (AHP). AHP is a 

technique that applies pairwise cornparisons of hierarchically presented characteristics. 

With coordination fiom the Dean's office, a meeting has been scheduled for 

. At the meeting, 1 will fùrther explain the AHP technique, and with 

your kind help, 1 will conduct the scaling. 

Thank you in advance for your cooperation. 

With best regards, 

Stanislav Karapetrovic (Stan) 

e-mail: laki@asqnet.org 



AHP Pairwise Cornparison Matrices 

Decision Maker # , Date and Time: 

How much more important is the characteristic fiom the i-th row compared to the 

characteristic fiom the j-th column ? 

The value of relative importance is written as the Aij of the matrix 4 and can take the 

foilowing values: 

VALUE OF A, INTERPRETATION 

1 Characteristic "T is EQUALLY IMPORTANT as "j" 

2 

3 

4 

5 

6 

7 

8 

9 Characteristic "i" is ABSOLUTELY MORE IMPORTANT than "j" 

Characteristic "i" is WEAKLY MORE IMPORTANT than "j" 

Characteristic "i" is STRONGLY MORE IMPORTANT than "j" 

Characteristic "i" is VERY STRONGLY MORE IMPORTANT than '3" 

i-th Row 

Characteristic 1 First Column 
First Row 

Example: 

A decision maker judges that characteristic 'INPUT' is weakly less important than 'PROCESS' 

(Value = I/3), 'INPUT' is equally important as 'OUTPUT' (Vaiue = l), and that 'PROCESS' is 

weakly more important than "OUTPUT' (Value = 3). 

Characteristic INPUT 1 PROCESS OUTPUT 
INPUT 1 113 

..... .... j-th Column .........-. 



AHP Pairwise Cornparison Matrices 

Decision Maker # 

1 Departrnent Characteristics 1 Researc h 1 Courses & Program 1 Student' s Education 

Research 1 Research Training 1 Research Productivity 1 

1 Research Training (RT) 1 Input 1 'i'hr~ughput 1 Output 1 

- - - 1 RT: Input 1 Grant money 1 Equip. money 1 Stud/prof ratio 1 Cornmittees 1 Student selection ] 

RT: Throughput 1 Lead time to graduate 1 Lead time to candidacy 1 Student evaluation 1 

1 RT: Output 1 Employability of grad. students 1 Publications of grad. students 1 1 

( Research Productivity (RP) 1 Input 1 Throughput Output 1 



AHP Pairwise Com~arison Matrices 

Decision Maker # 

Research proposais 1 Written and subrnitted 1 Funded 1 
Written and submitted 
Funded 1 

-~ 

1 Equipment proposais 1 Written and submitted 1 Funded 1 
1 Wntten and submitted 1 1 

1 Workinn & subrnitted ~ a ~ e r s  1 1 1 1 

1 Publications 1 Journals 1 Conferences 

-- - 1 Reputation 1 InviteciKeynote presentations 1 Editonal & referee duties 1 

1 Innovation 1 Patents 1 New laboratories and methods 1 

-p 

co"rses 1 Program Input T hroughput Output 
Innut 

1 Courses/progr~m: Input 1 Attractiveness to students 1 Educational material 1 Certification 
m 



AHP Pairwise Cornparison Matrices 

Decision Maker # 

~duckional  material Textbwks & CD ROMs Lab Manuals Audio-Visuds 
Textbooks & CD ROMs 1 

-- -- -- 

CoursedProgram: Throughput Scheduling and topic cover CIassroom effectiveness 
Schedulinn and t o ~ i c  cover 

1 Engineering Education initiatives 1 EE publications 1 EE presentations 1 EE referededitorial duties 1 

1 Course evaluation Students' evaluation 1 Peer & outside evaluation 1 

Student's education Input Throughput Output 
1 

1 Resources per student 1 Expenses per shident 1 Equipment per student 1 
1 Ex~enses ~ e r  student 1 1 1 



AHP Pairwise Cornparison Matrices 

Decision Maker # 

1 Education: Thruput 1 Failures & repetitions ( Program attrition ( Student awards 1 Student success 1 

1 Student awards 1 National / International 1 Interna1 I 
NationaI / international 
Intemal 1 

Student success Design projeas Competitions 
Desim ~roiects 1 

Student employability 1 Percentage employed in eng. jobs 1 Startinjg d l q  

.- - - - - - - - 

Reputation of graduates -1 
1 

Suggestions on other characteristics andor indicators that, in your opinion, would be usehl 
(Please indicate where in the hierarchy you would like to see those): 

THANK YOU VERY MUCH 
FOR YOUR TIME AND COOPERATION ! 



Moving Average Chart for CI for D 

5 10 

Sample Number 

Moving Average Chart for DM # 1 

Moving Range Chart for CI for D 

I I I I 
O 5 10 15 

Observation Number 

MoWig Range Chart for DM # 1 



Moving Average Chart for CI for D 

Sample Number 

Moving Average Chart for DM #2 

Moving Range Chart for CI for D 

5 1 O 

Observation Number 

Moving Range Chart for DM #2 



Moving Average Chart for CI for D 

S 10 

Sample Number 

Moving Average Chart for DM #3 

Moving Range Chart for CI for D 

Obsewation Number 

Moving Range Chart for DM #3 



Moving Average Chart for CI for D 

0.4 
m Cu & 0.3 

3 0.2 eJ 
t -- g O.' 
z 

- 
- 
- 
- 
- 
- - 

I I I 1 

O 5 10 15 

Sample Number 

Moving Average Chart for DM #4 

Moving Range Chart for CI for D 

L I  I I I I 
O 5 10 15 

Observation Num ber 

Moving Range Chart for DM #4 



Moving Average Chart for CI for D 

Sample Number 

Moving Average Chart for DM #5 

Moving Range Chart for CI for D 

O 5 10 15 

Obsewation Number 

Moving Range Chart for DM #5 



Moving Average Chart for CI for D 

Sample Number 

Moving Average Chart for DM #6 

I 1 I I 

O 5 10 15 

Observation Number 

Moving Range Chart for DM #7 



Moving Average Chart for CI for D 

Sample Number 

Moving Average Chart for DM #7 

Moving Range Chart for CI for D 

Observation Number 

Moving Range Chart for DM #7 





THERMODYNAMICS 25.220: Sargent Gas Caiorimeter Expcrirnent #306 

1. The lower heating value BCCOM~S for the hcat 
(a) adcied to the unsatiaated ai.  to saturate it, duc to the air humidity 
(b) released by the condcnsatcd watcr vapour 

2. The heating value can bc cxpressed in the following units: 
(a) B T U I ~  pritish Tbenuai Uniu per cubic hot] 
(b) kJ pcih-Joules] 
(c) kJ/OrgK) @ciio-Joules per kilogram and Kelvin] 
(d) BITUAb [British Themial Units pa pomd] 
(el 1 don? lmow 

ANSWER 

Before: 
(c) rcleased by the combustion of C a  
(d) absorbod by the dorimeter 
(e) 1 don't h o w  

ANSWER 1 

AAcr: 
87/98 (88.8%) 

3. You have two manometm available: one with water, the other with m m .  You are using 
thcm to measusc the same relative pressure. You have the following data available: Density of 
water = 1,000 kg/m3, Density of maniry = 13.6 g/cm3. Spccfic heat f a  water = 4.1 82 J/kgK. 
Specific heat for mercury = 0.1373 JlgK. Atmospheric pressure = 101,000 Pa  The wata 
manometer reading is 6.8 inches. What is the reading of the merctxy manometd 

(a) 102,666 Pa 
(b) 1 inch 
(c) 2 inches 
(d) 0.5 inches 
(e) 1 don? know 

ANSWER 

Before: 

4. The m a s  of water circulated is directly used in the caIculation of: 
(a) Iowa heating value 
(b) higher heating value 
(c) observeci hcating value 

b 

5. Reduction factor accounts for: 
(a) heat added to the unsaturateci air to sanirate it 
(b) heat released by the condensated water vapour 
(c) compressibility of natural gas 
(d) rnoisture in the air 

ANSWER 

Before: 

(d) pressure of water vapour 

1 (e) 1 don't h o w  

After 

Before: - (e) 1 don't know 80198 (8 1.6%) , 

7. The calorimetcr method used in the experiment is: 1 ANS= 1 

6. ï h e  "wet gas metci' measures: 
(a) humidity of air 
@) pressure of natural gas 
(c) mass flow rate of nahual gas 
(d) volume of naturd gas 
(e) 1 don? know 

(a) oxygen-bomb 
(b) continuou flow 
(c) natural gas bomb 
(dl discrctc fiow 

ANSWER 
l 

Before: 
1 

t 

AAer: 
92/98 (93.8%) , 

- - 
(e) 1 don? know 

Appendk 8-1 : Questionnaire for Sargent Gas Calorimeter Experiment 



THERMODYNAMICS 25.220 
Vapour Compression Refrigeration System #214 

GROUP # DATE: 

2 Y w ~ a r e f n e c r a t ~ t h a t i s ~ t h t h d h # n b f o a d c a m p a r t m c n t a r ~ o f 3 ô 0 k H m i n . I f t h a  
foodbmainCaincd~40Cand~rsqulndpawcr~tothamfngerator~2~,t)rsc#Qndcrrtof 
perfonnu~cs for this mfrigmbr b: 

(a) 1.5 
@) 1-8 
(cl 1 B 
(d) 3 
(e) l don? know 

ANSWER 

Befm: 

Afler: 

- - -  -- - 

1 5. Which of the fdlowing staements is tme: 1 ANSWER 1 

L 

3. If an air condiioner is used as a heat pump. and its coefficient of performance as a refrigerator b COPR. 
the corresporiding caffiiient of performance as a hwt pump COP* is: 

(a) COPR + 1 
@) COPR - 1 
(c) copt 
(d) COPR 
(e) I don7 knaw 1 

4. In the course of the wpour compression cycle expenrnent. refrigerant reaches the flomneter (and the 
eVaPQlllfor) as: 

(a) S U W e d  vapour 
@) Mturated mixture 
(c) saturateci vapour 
(d) wbcoded Iiquid 
(e) l don7 know 

d 

(a) COP for a nfrigcratw can k g r d i x  than one 
(b) COP for a hea purnp cannot be greater than one 
(c) COPnp = COPR - 1 
(d) both 'a' and 'b' are correct 
le\ l dan? h a w  

ANSWER 

Belore: 

ARer: 

ANSWER 

Before: 

Aiter: 

L 

Before: p l  
6. Pressure gauges (part of ttie apparatus) measure: 

(a) the absolute pnssure of air 
(b) the absolute pressure of fhe reftgerant 
(c) reiaüve pressure of refrigerant 
(d) hydrodynamic pressure of watw 

Appendix 8-21 Questionnaire for Vapour Compression Refrigeration Experiment 

ANSWER 

Before: 

Anw. 

L 

7. Water in thc expriment is used as a: 
(a) heat source 
(b) heat sink 
(a 
(d) bath 'a" and 'b' 

i (e) I don? kiow 

ANSWER 
, 

Before: 
I 

After: 

A 
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