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ABSTRACT

Nowadays, the accreditation and assessment of education programs has become mandatory and dynamic for quality assurance of higher education around the world. In the South-East Asia region, the criteria of the AUN-QA program has been adopted by a network of universities. To achieve these, the curriculum shall meet several requirements such as having to formulate learning outcomes, reflecting the relevant demands and needs of all stakeholders, and ensuring the coherence and integration of courses. However, it is probably that there is no concrete tools available to build curriculum in that direction.

In this report, the author will present a review and analysis of the applications of the tool of Quality Function Deployment for curriculum design and redesign. The aim of the report is that good practices could be discussed and applied for a curriculum balanced among meeting customer’s needs, dealing well with competitors, and utilizing efficiently internal capability.

1. Introduction

Quality Function Deployment (QFD) first developed and applied by the Japanese in the early 1970's helps multifunctional teams identify and prioritize customer requirements and relate these needs to corresponding product or service characteristics. QFD is best implemented as a multi-phase process as this approach offers the greatest potential for realizing significant benefits. It forms series of matrices link relationships and provides a graphical summary of the process. The first, main matrix is called the House of Quality consists of six basic steps [3]:

1. Identify customer requirements.

2. Identify technical requirements (Technical solutions to satisfy the customer requirements)
3. Relate the customer requirements to the technical requirements.

4. Conduct an evaluation of competing products or services

5. Evaluate technical requirements and develop targets.

6. Determine which technical requirements to deploy in the remainder of the production/delivery process.

Since the early 1990s, there has been a number of QFD applications in the education area, especially in curriculum design and review. The adaption of six steps above from physical products to the educational process is implemented as follows:
· Step 1: Identify stakeholders and their expectations on the education program, and determine the program outcomes. The stakeholders could be employer, faculty, student, alumni and graduates, or other groups.
· Step 2: Identify the courses constituting the curriculum of the education program.
· Step 3: Determine the contribution level of each course to each program outcome.
· Step 4: Compare to the curriculum of the other educational institutions.

· Step 5: Evaluate the current status of courses and the needs for change.

· Step 6: Determine which courses to be received resources for improvement.

The Step 3 above is also one common request of the education accreditation systems, e.g. from the ASIAN University Network (AUN) [1]. However, from the observation of the author, the accredited institutions have not had further analysis when they complete the evaluation of the relationship of courses and program outcomes. Below, one published case study [5] is extracted and interpreted to show that quantitative tools in QFD can make our decisions more rational. The case is selected among several reviewed references [2, 4, 5] thanks to its integrity and generalization.
2. Analysis of a typical case
In this case, the curriculum of the program of Master of Engineering Management is developed. There are six program outcomes obtained through the teaching of eleven courses. We will apply Step 3 through the detailed steps set forth below.
Step 3.1: Determine the direct contribution level of courses on program goals

We use the (9,3,1) scoring method: “9” indicates high contribution of a topic on an objective, “3” indicates medium, “1” indicates small, and “0” indicates no contribution. After scoring all courses to all program outcomes we obtain the result depicted in Table 1.
	
	Weight
	1. Simulation
	2. Engineering Economy
	3. Quality Control
	4. Project Management
	5. Technology Management
	6. Stochastic Processes
	7. Decision Science
	8. Operations Research
	9. Organizational Behavior
	10. Information Systems
	11. Logistics

	1. Develop projects
	0.2
	3
	9
	3
	9
	1
	3
	3
	3
	3
	3
	3

	2. System Solutions
	0.1
	3
	3
	9
	3
	9
	1
	3
	1
	1
	3
	9

	3. Leadership
	0.2
	1
	9
	3
	3
	9
	1
	1
	3
	9
	1
	1

	4. Quantitative Skills
	0.25
	9
	3
	9
	3
	1
	9
	9
	9
	0
	3
	3

	5. Written/ Oral Communication
	0.1
	1
	3
	0
	3
	3
	1
	1
	1
	3
	1
	1

	6. Teamwork/ Diversity
	0.15
	0
	1
	0
	3
	1
	0
	0
	0
	9
	0
	0


Table 1. Direct contribution level of courses on program outcomes
In Table 1, eleven courses are numbered in the first row. Similarly, six program outcomes are listed in the first column. “Weight” in the second column is the importance factor of the associated outcome that is supposed to have been specified in Step 1. Values of weights are normalized. It means the summation of all weights is equal to one. For instance, the capability of “Develop projects” plays a twenty-percent role out of the whole outcomes.
Step 3.2: Determine interaction levels among courses
Due to the intrinsic content of each course, there exists certain relationship of one course to the other. This kind of interaction has its indirect impact to program outcomes. Therefore, it is necessary to evaluate the interaction level among courses in pairs. Again, we use the (9,3,1) rating scheme. In addition, we calculate the normalized value of the assigned score. For example, “9” is normalized as 0.692 that is resulted from 9/(9+3+1). Similarly, the normalized values of “3” and “1” are “0.231 and 0.077 in turn. Table 2 depicts the resulted course interaction matrix.
	
	1. Simulation
	2. Engineering Economy
	3. Quality Control
	4. Project Management
	5. Technology Management
	6. Stochastic Processes
	7. Decision Science
	8. Operations Research
	9. Organizational Behavior
	10. Information Systems
	11. Logistics

	1. Simulation
	1.000
	0.077
	0.000
	0.077
	0.231
	0.692
	0.231
	0.231
	0.000
	0.000
	0.231

	2. Engineering Economy
	0.077
	1.000
	0.231
	0.692
	0.231
	0.000
	0.231
	0.077
	0.000
	0.000
	0.231

	3. Quality Control
	0.000
	0.231
	1.000
	0.077
	0.231
	0.077
	0.231
	0.231
	0.000
	0.000
	0.231

	4. Project Management
	0.077
	0.692
	0.077
	1.000
	0.077
	0.231
	0.077
	0.231
	0.231
	0.077
	0.000

	5. Technology Management
	0.231
	0.231
	0.231
	0.077
	1.000
	0.000
	0.000
	0.077
	0.231
	0.231
	0.231

	6. Stochastic Processes
	0.692
	0.000
	0.077
	0.231
	0.000
	1.000
	0.231
	0.231
	0.000
	0.000
	0.231

	7. Decision Science
	0.231
	0.231
	0.231
	0.077
	0.000
	0.231
	1.000
	0.692
	0.000
	0.000
	0.231

	8. Operations Research
	0.231
	0.077
	0.231
	0.231
	0.077
	0.231
	0.692
	1.000
	0.000
	0.000
	0.231

	9. Organizational Behavior
	0.000
	0.000
	0.000
	0.231
	0.231
	0.000
	0.000
	0.000
	1.000
	0.000
	0.000

	10. Information Systems
	0.000
	0.000
	0.000
	0.077
	0.231
	0.000
	0.000
	0.000
	0.000
	1.000
	0.077

	11. Logistics
	0.231
	0.231
	0.231
	0.000
	0.231
	0.231
	0.231
	0.231
	0.000
	0.077
	1.000


Table 2. Interaction matrix for courses
Step 3.3: Revise the contribution level of courses on program goals (outcomes) taking interaction effects

The revised contribution level of one course to one goal is the sum of the products of direct contribution level of one specific course on one goal in Table 1 and the interaction of each course to that specific course in Table 2. For instance:

Revised contribution level of “Simulation” course on “Develop projects” goal = 3*1 + 9*0.077 +…+ 3*0 + 3*0.231 = 8.8
Having applied this calculation for all courses and all goals we get the result shown in Table 3, from third column to third last column.
Step 3.4: Evaluate the contribution level of  all courses on each program goal
It is done by summing up all individual contribution levels  of courses on the related goal. The result is in the second last column and their normalized values are in the last column. Up to here, we get the first fruit of the calculation process so far.
Application 1: Evaluation of the total contribution of all courses on each goal. It is done by comparing the figures between the second column and the last column. They should not be different so much. For instance, the “Teamwork/ Diversity” goal is weighted at 15% in importance but only receives 5% of the course impact. Thus, some necessary solutions should be made to narrow the gap between planning and implementing. One of such could be adding more team project works in some courses.
	Program Goals
	Weight 
	1. Simulation
	2. Engineering Economy
	3. Quality Control
	4. Project Management
	5. Technology Management
	6. Stochastic Processes
	7. Decision Science
	8. Operations Research
	9. Organizational Behavior
	10. Information Systems
	11. Logistics
	Row total
	Total contribution

	1. Develop projects
	0.2
	8.8
	18.0
	8.3
	18.3
	7.5
	9.5
	10.6
	10.7
	5.3
	4.2
	9.0
	110
	0.20

	2. System Solutions
	0.1
	7.8
	9.5
	7.7
	7.8
	14.4
	5.6
	6.9
	7.0
	3.8
	11.5
	9.0
	113
	0.21

	3. Leadership
	0.2
	5.4
	8.6
	7.2
	9.2
	13.6
	3.8
	5.4
	6.7
	11.8
	3.4
	5.9
	98
	0.18

	4. Quantitative Skills
	0.25
	20.6
	9.5
	15.2
	10.2
	7.7
	21.5
	22.6
	23.0
	0.9
	3.7
	14.1
	155
	0.28

	5. Written/ Oral Communication
	0.1
	4.0
	12.4
	3.8
	10.8
	6.8
	3.1
	4.7
	4.0
	4.4
	2.0
	4.8
	44
	0.08

	6. Teamwork/ Diversity
	0.15
	0.5
	3.3
	0.7
	5.8
	3.5
	0.7
	0.5
	0.8
	9.9
	0.5
	0.5
	27
	0.05

	
	
	
	
	
	
	
	
	
	Sum of “Row total” column
	547
	


Table 3. Total contribution of courses on outcomes
Step 3.5: Calculate the importance level of each course in obtaining the goal of the overall program
To do this, first the revised contribution levels are normalized by dividing each value in each row in the course columns in Table 3 to the value in “Row total” column in that row. For example, normalized contribution of “Simulation” course on “Develop projects” goal is 8.8/110 which is 0.08. The result is shown in Table 4. Then, the importance level of each course on the overall program goal is determined by summing up the products of the normalized contribution level of that course to each program goal importance factor. For instance:
The importance of “Simulation” course = 0.08*0.2 + 0.08*0.1 + 0.06*0.2 + 0.13*0.25 + 0.08*0.1 + 0.02*0.15 = 0.08
	
	Weigh 
	1. Simulation
	2. Engineering Economy
	3. Quality Control
	4. Project Management
	5. Technology Management
	6. Stochastic Processes
	7. Decision Science
	8. Operations Research
	9. Organizational Behavior
	10. Information Systems
	11. Logistics

	1. Develop projects
	0.2
	0.08
	0.16
	0.08
	0.17
	0.07
	0.09
	0.10
	0.10
	0.05
	0.04
	0.08

	2. System Solutions
	0.1
	0.08
	0.11
	0.13
	0.07
	0.14
	0.07
	0.09
	0.09
	0.03
	0.05
	0.14

	3. Leadership
	0.2
	0.06
	0.15
	0.09
	0.14
	0.15
	0.04
	0.07
	0.07
	0.12
	0.03
	0.07

	4. Quantitative Skills
	0.25
	0.13
	0.07
	0.10
	0.08
	0.05
	0.14
	0.15
	0.15
	0.01
	0.02
	0.09

	5. Written/ Oral Communication
	0.1
	0.08
	0.14
	0.05
	0.15
	0.12
	0.07
	0.08
	0.08
	0.10
	0.05
	0.08

	6. Teamwork/ Diversity
	0.15
	0.02
	0.12
	0.03
	0.22
	0.13
	0.03
	0.02
	0.03
	0.37
	0.02
	0.02

	Course Importance to Program
	0.08
	0.13
	0.08
	0.13
	0.10
	0.08
	0.09
	0.09
	0.10
	0.03
	0.08


Table 4. Contribution of courses on the overall program outcomes

Application 2: Usage of the assessment result of course importance when needed. For example, if we want to replace one course with a new course, “Information Systems” should be the first course considered due to its least importance level.
3. Conclusions
The QFD tool in designing physical products can be applied in reviewing curriculum of education programs. To do this we need three inputs and get two significant outputs. The three inputs are relative program outcome weights, direct contribution level of course on goals, and interaction level among courses. The two outputs are the contribution level of all courses to each goal, and the importance level of each course to overall program goal. This process does not only help us to fulfill some of requirements of the education accreditation systems but also serves ourselves in redesigning curricula.
References

[1] AUN-QA Manual for the Implementation of Guidelines, < http://www.aun-sec.org/> Accessed May 22, 2011.

[2] Aytac, A.,  and V. Deniz, 2005. Quality Function Deployment in Education: A Curriculum Review. Quality & Quantity 39: 507-514.

[3] Evans, J.R., and W.M. Lindsay, 2007. Managing for quality and performance excellence, South-Western College Pub.

[4] Gonzalez, M.E., G. Quesada, K. Gourdin, and M. Hartley, 2008. Designing a supply chain management academic curriculum using QFD and benchmarking. Quality Assurance in Education 16: 36-60.

[5] Kauffmann, P., A. Fernandez, C. Keating, D. Jacobs, and R. Unal, 2002. Using Quality Function Deployment to Select the Courses and Topics that Enhance Program Effectiveness. Journal of Engineering Education, 231-237.

PAGE  
4

