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Applying Quality Function Deployment to the Design of Engineering Programs: Approaches, Insights and Benefits
Tertiary programs in a discipline such as engineering must balance the competing needs and requirements of two key stakeholders: the university that designs and delivers the program, and the professional body that accredits the program. Program and curriculum design in universities is traditionally rather bottom-up in nature, with courses designed by individual academics, and assembled into cognate programs. Graduate qualities and accreditation criteria are typically mapped retrospectively onto the program structure. Designing such programs from the top down, driven by the needs of the university and the accreditation body, is a desirable goal. However, without proper support tools, such a top-down design process, balancing competing needs across multiple courses and year levels, is a complex and rarely smooth task. Quality Function Deployment (QFD) was created, in the domain of product and system design, for this precise purpose. Treating the design of a tertiary program the same as the design of a system suggests that QFD, and the implementation tool known as the House of Quality (HoQ), should be ideally suited to this purpose. 
The aim of this paper is to show how QFD and the HoQ can be applied to the design of an engineering program, creating a specification that accurately reflects the voices of stakeholders, and serves as a benchmark for validating that these needs have been met in the implemented design.
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Introduction
Originally created in the late 1960s by Japanese professors Shigeru Mizuno and Yoji Akao as a method for new product development, informed by concepts of Total Quality Management (TQM), Quality Function Deployment (QFD) was established in order to design customer requirements into a product, prior to the manufacture of that product (Akao and Mazur 2003; Chan & Wu, 2002). Critical to the QFD method is identifying and understanding the voice of the customer, and capturing the customers’ needs, so that these can systematically inform the design of the product that will meet those needs. Although typically applied to product design, in the sense of tangible artefacts, QFD applies as much to the design of processes (methods for achieving tangible outcomes) (Lager, 2019), systems (more complex combinations of hardware, software and people) (Bhise, 2013), and even services (organised, but usually intangible, systems of labour and material aids to meet particular needs) (Maritan, 2015). Additionally, QFD is also used to for product improvement and redesign (e.g. Janz, Sihn & Warnecke, 2005). QFD therefore is a candidate for tertiary program and course design in the field of engineering, where the needs of diverse stakeholders (university administrators, academics, students, professional bodies, and industry) must be systematically captured and deployed across a complex, multi-year degree. The additional requirement for the accreditation of engineering programs imposes a need for traceability on the design of the degree. Stakeholder needs must be captured and deployed in engineering programs, and accreditation bodies must be able to verify that their needs have been built into the degree. Quality Function Deployment offers the means to address these key requirements.
The notion of applying Quality Function Deployment to the design of tertiary education programs is not new. Gonzalez et al. (2008) review a number of examples. Lam and Zhao (1998), for example, used QFD in conjunction with a Management Science program, however only in order to evaluate teaching approaches. More recently Gonzalez et al. (2011) explored this issue further, however they focused principally on capturing and comparing the voices of different stakeholders. Bier and Cornesky (2001) provide an example of a more end-to-end approach, as do Aytac and Deniz (2005). Cetinkaya et al. (2019) describe the application of QFD and the HoQ to a single course, for design validation purposes. However, most examples stop well short of using QFD for the complete design of a tertiary program, from initial stakeholder needs through to individual course design. Dieter and Schmidt (2012), in fact, note a similar problem, highlighting that “The implementation of the QFD method in US companies is often reduced to the use of only its first house [i.e. stage]” (p. 100). The potential of QFD to guide and inform the design of tertiary programs has not been fully realised.
QFD typically is realised, in practice, through the House of Quality (HoQ). This matrix, often implemented as a series of interconnected spreadsheets, provides a framework for the processing of requirements information extracted from stakeholders. In particular, WHAT the customer (or stakeholder) wants, and HOW the designer interprets and implements what the customer wants, form the foundation of the House of Quality, with additional notations showing the relationships between these key pieces of information (see, for explanations, Yang and El-Haik 2003; Dieter and Schmidt 2012).
In fact, the House of Quality uses a series of matrices, the output of one driving the input of the next. These matrices capture the details of the four general stages of QFD, and may be characterised as: (a) Product Definition – mapping Customer Needs to Design Requirements; (b) Product Development – mapping Design Requirements to Part Characteristics; (c) Process Development – mapping Part Characteristics to Manufacturing Operations, and; (d) Process Quality Control – mapping Manufacturing Operations to Production Requirements (e.g. Yang and El-Haik 2003). From a more conceptual design perspective, these four stages may also be characterised as matter of the translation of: (a) customer requirements to system-level requirements; (b) system-level requirements to subsystem-level requirements; (c) subsystem-level requirements to component-level requirements, and; (d) component-level requirements to manufacturing requirements (e.g. Blanchard and Fabrycky 2006).
The general flow of this process, in plain language, is from WHAT the customer wants, through a description of WHAT the product/system must do to deliver on the customers’ wants, via a description of HOW the product/system will deliver the required functionality, and finally, HOW the product/system will be produced. It is therefore not limited only to products or systems in a conventional sense. A tertiary-level engineering program is also a product in the broad sense, and must be designed, and implemented, to meet a set of underpinning needs.
Applying QFD: Broad versus Narrow Markets
A key to applying QFD to something like program and curriculum design is understanding how the concepts and principles apply in this particular, non-traditional, context. A mistake that is frequently made in any QFD process is to try and apply QFD in a linear, waterfall sense, with no consideration of the context, or the kind of information that can be extracted from stakeholders. In fact, this is similar to the problems often encountered when QFD is applied in the design of large, unprecedented, complex systems. At the heart of these issues is understanding the original intent and context of QFD.
QFD was developed on the assumption that the user requirements for a product or system are entirely defined by the producer, based on market research. This can be thought of as a broad market context, and assumes that the producing organisation: 
· determines the need for the product;
· defines the market sector;
· determines the customer requirements;
· communicates customer requirements clearly and accurately.
This typically works well for mass-produced products such as washing machines, cell phones, cars and similar. The exact requirements of every possible customer cannot be captured, and most customers lack the expertise to articulate their requirements in precise, technical detail. The broad market context is therefore one of generalisation and compromise. It is for this context that QFD works well in a strict, sequential, or linear, fashion. The designer begins with the stakeholder needs, and moves forward, through the QFD process.
There are many situations, however, in which a well-identified, specific customer (or a much more restricted set of stakeholders) is able to articulate, in much more precise detail, their needs and requirements. This narrow (niche) market context is typically found, for example, in the production of low volume defence systems (e.g. submarines). In these situations, the stakeholder(s) have a much better, more technical understanding of the proposed system, and can articulate their requirements much more precisely (and tend to do so). We suggest that the development of a tertiary education program is more (but not exclusively) akin to a narrow market context. Furthermore, the specific customers, in this case, are the developer (the University) and the accreditation body: namely, Engineers Australia (in Australia), or ABET (in the USA).
The application of QFD to narrow market product/system design assumes that a well-defined stakeholder can define:
· the function of product/system (WHAT);
· the performance characteristics of the product/system (HOW WELL);
· the applicable standards and statutory regulations for the product/system (CONSTRAINTS).
The critical factor in applying QFD to product/system design in a market context that leans towards the narrow is that it must be applied more judiciously, and with greater understanding, compared to broad market contexts. Unlike the broad market context, which typically flows in a linear fashion from Customer Needs, through the four stages of QFD, in the narrow market context, the available information on functions, needs, characteristics, and so forth requires a more agile, non-linear approach if QFD is to yield value. In simple terms, the developer may begin not just with a top-down description of the stakeholder requirements, but also details of what are normally derived in later stages of the design process (in other words, the QFD process may combine both the top-down development of needs and requirements with the bottom-up incorporation of existing courses – this is often referred to as a middle-out approach to system design). Some courses may already exist, or there may be some practical constraints, such as the number of courses that can be taught in each year of the degree program. Provided the designers understand these practical factors, QFD can be applied successfully in tertiary program design.
Mapping Program Design Information into the HoQ
The design of tertiary-level programs and courses, in fact, is built around the same information that is required by the QFD process. Biggs (1999), or Biggs and Tan (2011), for example, describe the three key elements of Constructive Alignment in the design of educational programs and course curricula: (a) curriculum objectives (WHAT must be learned); (b) teaching and learning activities (TLAs) to achieve those objectives (HOW the curriculum objectives will be realised), and; (c) assessments to determine if the objectives have been learned (i.e. HOW MUCH has been learned). The basic process of QFD, embodied in the House of Quality, is to capture and link these WHATs, HOWs, and HOW MUCHs, without imposing any specific solutions on the designer.
One of the challenges of applying QFD to tertiary program design, like most narrow market contexts, is understanding what information is available from stakeholders, what is missing, and how to connect this information together. In most universities, program design, in fact, is usually most rigorous and well-defined at the level of individual courses, suggesting that the process is more bottom-up in nature. The design of courses is typically captured in a course, or syllabus, statement that sets out: (a) WHAT the course in question has to achieve (e.g. as a result of studying this course, student will learn basic concepts of digital electronics); (b) HOW the course achieves this (usually through a list of syllabus items – Boolean algebra, logic gates, etc), and; (c) HOW learning in the course is assessed (e.g. 5 fortnightly quizzes, 1 two-hour exam).
The course statements are usually informed by a set of institutional Graduate Qualities that express broader learning outcomes of any program in the university (e.g. is an effective problem solver…), and possibly also more discipline-specific program learning objectives (e.g. demonstrate in-depth understanding of the engineering body of knowledge…). Finally, these are informed by professional competencies, in the case of engineering programs, promulgated by the relevant accreditation body (e.g. Engineers Australia). However, the design process usually begins with the definition of courses and must then work backwards to connect these to the stakeholder needs.
Like any narrow market design – whether submarine, or engineering degree – successful use of QFD is a matter of first understanding how to capture and place the non-linear, non-sequential information obtained from stakeholders into the HoQ.
Of course, the value of QFD is not simply as a means for recording program and course information. With stakeholder requirements correctly entered and connected in the HoQ, QFD’s real strength, as with any product or system design, is the ability to trace the flow of requirements through the system in a top-down manner, from initial need through to delivered courses. It is the ability to identify gaps in this flow, and to rectify these so that stakeholder needs are demonstrably delivered by the final design. It is the ability to interrogate the program design at any point, or level, and ask how will this competency be developed in students, or, why is this assessment item necessary? It is also the ability to explore the impact of changes in emphasis on stakeholder needs – what happens if we place more emphasis on the engineering body of knowledge as opposed to problem solving skills? Finally, QFD and the House of Quality allow us to determine if the weightings given to course assessments accurately reflect the importance of the topics being assessed. Ultimately, QFD and the House of Quality are the means to ensuring that engineering program design meets the needs of stakeholders and is driven by those needs. 
The next sections of this paper explore a case study of the application of QFD and the House of Quality to the design of an engineering program.



Implementing QFD in the Design of an Engineering Program
Step 1 – Capturing Stakeholder Needs & Priorities
In this exercise, like in any system or product design activity, a key early step is to identify stakeholders. In this case, there are the competing needs of stakeholders represented by a set of general University Graduate Qualities, a set of faculty-level Program Learning Outcomes, and finally, a set of Engineers Australia (EA) Stage 1 Competencies that drive engineering program accreditation.
Each university in Australia wishing to deliver an engineering degree accredited by the national body – Engineers Australia – must deliver a program that satisfies the prescribed Stage 1 competencies. However, these competencies are broadly defined (e.g. Effective team membership and team leadership), leaving room for any given university to apply its own style and emphasis to the delivery of these competencies. This is akin to a national standards body specifying that a car must have seatbelts, but not specifying the colour of the seatbelt.
The first step in applying QFD to engineering program design is therefore to define the needs and priorities of the producer (the University’s Graduate Qualities). These are shown in Table 1, with three weighting options that will inform further program design options.
The weighting of Graduate Qualities in Table 1 allows a university to explore the differential impact of an underpinning “style” or philosophy in that institution. For example, one institution might believe that all aspects of graduate qualities are equally important, and weight these the same (Option GQ-A in Table 1), while another institution might value some graduate qualities ahead of others (GQ-B and GQ-C offer two approaches to placing different levels of emphasis on certain qualities). The rationale for GQ-B is one of a broad, moderate bias towards core knowledge, problem solving, teamwork and communications, while GQ-C reflects a narrower strong bias towards core knowledge and problem solving only.

**Table 1: University Graduate Qualities and Weighting Options**

Step 2 – Mapping Graduate Qualities to Program Learning Outcomes
With the institutional style controlled by the weightings in Table 1, the first House of Quality step is a mapping from WHAT (what must the program do, in a broad institutional sense), to HOW (how will the program do this, in a narrower, faculty sense). This reflects the fact that the design and delivery of a university program is a balance between the needs of two internal stakeholders: the entity that, ultimately, owns the program (the University), and the entity that is responsible for the day-to-day delivery and resourcing of the program (the Faculty or School).
Table 2 represents the first House of Quality matrix required for this design process. The Graduate Qualities in this table inherit the weightings set in Table 1 (in this example, for schema GQ-A, expressed here as percentages). The Program Learning Outcomes across the top row specify more explicit requirements for an engineering program. These express how the School or Department interprets the University’s Graduate Qualities. The entries in the body of the matrix (ticks in this case, but usually numbers in a traditional HoQ[footnoteRef:1]) indicate the mapping from Graduate Quality to Program Learning Outcome (or from WHAT to HOW). A tick means that there is an association between a Graduate Quality and a Program Learning Outcome. No tick means no association. [1:  In traditional HoQ methodology, these mappings are indicated at one of three strengths. “1” indicates a weak relationship, “3” a moderate relationship, and “9” a strong relationship. In the example presented here it is assumed that all relationships are strong, and the tick represents this strong relationship. ] 

Thus, GQ1 (Body of Knowledge) will be realised, in the program, through the more specific delivery of an engineering Body of Knowledge (PLO1), the development of Preparation for Professional Practice (PLO5), and the development of Management Skills (PLO9). This is a design decision by the faculty responsible for the development of the new program.
The HoQ matrix is not simply a static map because the ticks translate the weighting of Graduate Qualities through to a weighting of the Program Learning Outcomes. In Table 1, equal weightings applied to the seven graduate qualities result in equal weightings, expressed as percentages, of 14.3% (i.e. 100% divided by 7). Program Learning Outcomes derive their weightings based on the number of graduate qualities they satisfy. Again, expressed as percentages, PLO1, for example, derives a weighting of 9.1% because it satisfies one graduate quality out of the eleven mappings shown in Table 2. PLO4, in contrast, is weighted as 18.2% because it satisfies two graduate qualities. In this manner, the equally weighted graduate qualities of GQ-A flow through to a more differentially weighted set of program learning outcomes.
The precise manner in which PLOs are linked to graduate qualities allows individual units (Schools/Departments) to reflect their particular style/emphasis, within the broader framework of the university GQs. In the example shown in Table 2, a somewhat greater emphasis on Problem Solving Skills (PLO4) and Preparation for Professional Practice (PLO5) will flow through to the design of individual courses, as a result of the decisions embodied in the first two steps of the QFD process.

**Table 2: Mapping Graduate Qualities to Program Learning Outcomes**
Step 3 – Capturing Accreditation Requirements
The next stage of design, using Quality Function Deployment, incorporates the voice of the other key stakeholder – the accreditation body, in this case, Engineers Australia (EA). EA has published a set of Stage 1 Competencies required for entry into professional practice, in the field of engineering. Incorporating these requirements into the design of an engineering program is particularly important because without them, the program may not be accredited. Ultimately, this would make it difficult for graduates to enter the profession and gain individual accreditation as professional engineers.
Table 3 shows the mapping from program learning outcomes to EA competencies. The EA Stage 1 Competencies are grouped into three sets covering broad themes as follows: (1) Knowledge & Skill Base; (2) Engineering Application Ability, and; (3) Professional & Personal Attributes[footnoteRef:2]. [2:  Full details of the Engineers Australia Stage 1 Competencies, and the 16 mandatory elements of competency, can be found at: https://www.engineersaustralia.org.au/sites/default/files/resource-files/2017-03/Stage%201%20Competency%20Standards.pdf] 


**Table 3: Program Learning Outcomes mapped to Engineers Australia Stage 1 Competencies**

The weightings for EA competencies now reflect the design decisions and weightings embodied in Tables 1 and 2, as well as design decisions captured in the mapping from PLOs to EA competencies. The result is a differentially weighted set of EA competencies that now balance the style and emphasis of the university/department, with the professional and accreditation requirements mandated by Engineers Australia.
Returning to the general flow of the QFD process, a particular Graduate Quality (e.g. GQ1 – Body of Knowledge) will be realised through three Program Learning Outcomes (PLOs 1, 5 and 9, see Table 2). These, now differently weighted, PLOs are, in turn, realised through differently weighted (a) EA 1.1, 1.2, 1.3; (b) EA 1.3, 2.3, and; (c) EA 2.4, 3.4, 3.5 respectively (Table 3). The needs and priorities of the University and School/Department are now combined with the needs and priorities of the Accreditation Body.
Step 4 – Balancing Competing Stakeholder Priorities
At this stage of the QFD process, it is possible to make use of the analytical properties of the House of Quality to explore the impact of different weighting schema. The examples shown in Tables 2 and 3 assumed an equal weighting of graduate qualities (GQ-A in Table 1). If the alternative schema (GQ-B and GQ-C) are applied to Tables 2 and 3, with the same mappings, then a more differentiated set of weightings results for the EA Stage 1 Competencies (see Table 4). The House of Quality allows the designer of the engineering program to quickly explore the impact of different design decisions, and philosophies/styles, on the relative weights applied to EA Stage 1 Competencies. These, of course, will have an impact on the most critical part of the program’s design: the individual courses, and their assessments.

**Table 4: EA Criteria Relative Weights based on Graduate Quality Schema**

Step 5 – Mapping Competencies onto Course Objectives
With the particular characteristics, style and philosophy of the institution and department captured in the mappings from GQ through to EA Criteria, it is then possible to proceed to a more explicit design of individual courses. 
Consistent with the philosophy and execution of QFD, the EA Criteria now define WHAT the engineering program must do in order to satisfy the two key stakeholders. From this point forward, however, these WHATs are translated NOT into a more detailed set of WHATs, but into a set of HOWs: how will the EA Stage 1 Competencies be realised in this program? 
In the traditional QFD process, HOWs are, or should be, technical requirements, i.e. functions and features of the system/product. In the present context, these are represented by Course Objectives. Like functional requirements (statements of what the system should do), course objectives are statements of what a student should be able to do as a result of undertaking a specific course. For example, a typical engineering course objective might be: As a result of undertaking the course, a student should be able analyse electronic amplifier circuits.
A good functional requirement (course objective) does not specify the manner in which this outcome will be achieved (e.g. whether through lectures, tutorials or practical exercises), or the manner in which it will be assessed (e.g. through an exam). It only specifies the desired outcome.
Table 5 shows the mapping of EA criteria to course objectives for a single, first year course focused on professional practice.

**Table 5: Mapping EA Competencies to First Year Course Objectives**

Typical program and course development processes proceed from undifferentiated graduate qualities (i.e. Table 1), directly to course statements, and attempt to map GQ directly to Course Objectives (COs). In effect, this default process misses out the reasoning and information contained in Tables 2, 3 and 4 with the result that stakeholder requirements are poorly linked and undifferentiated, and with only a weak connection to EA Stage 1 Competency needs and requirements. Under this default process, engineering programs may only retrospectively acknowledge EA Stage 1 competencies, with the risk that these requirements are not present, or only partly present, in the resulting system. With a properly applied QFD process, however, we maximise the likelihood that all stakeholder requirements are demonstrably present in the final system: in this case, the engineering program.
For the course represented in Table 5 (a first year, professional practice course), we see that there are some blank rows. Normal QFD practice would treat these as a cause for concern. However, at the level of an individual course, the fact that some EA Criteria have not been addressed by course objectives may not be a problem, provided those EA Criteria are addressed in other courses. The proper construction of a single, integrated House of Quality for the entire engineering program permits the designer to make judgements like this.
Of greater possible concern in an individual course is the fact that high priority EA Criteria have not been addressed by course objectives. This means that the course represented in Table 5 does not address, for example, EA 1.3. Given that EA 1.3 is overwhelmingly the highest priority EA Criterion, this should serve, at least, as a signal that the course design should be checked. This, of course, will be influenced by the purpose of the course within the whole degree. The course represented in Table 5 is intended to address issues of professional practice. Therefore, it may be appropriate that relatively little attention is given to Group 1 and 2 EA criteria, with greatest attention given to Group 3. However, in this case, although Group 3 is appropriately the main focus of this course, it is interesting that EA 3.3 (Creative, innovative and proactive demeanour) – the highest priority criterion in Group 3 – is not addressed by this course. Information like this should be used to interrogate the design of individual courses, in the context of the wider program, with possible changes made to ensure that stakeholder requirements are captured in the program as a whole. All of these observations are examples of how the House of Quality provides useful insights to inform the curriculum design process.
Step 6 – Deploying Competency Requirements in Course Assessments
The next step in the QFD process is the specification of the Target Values or HOW WELLs. These specify measurable, or verifiable, criteria for the HOWs. In a physical system a functional requirement might be, for example, “heat water”, and this would be accompanied by a HOW WELL, e.g. “to within +/- 1C of setting”.
In the context of designing a degree program and individual courses, HOW WELL specifies the level of understanding that is to be achieved for any given course objective. In well-written course objectives, this should be indicated by the learning verb used in the syllabus statement. Thus “…analyse electronic amplifier circuits” specifies both the function (WHAT is to be achieved) and the level of understanding to be achieved (HOW WELL) through the use of the word analyse. In accordance with the description of learning verbs in Biggs (1999), Biggs and Tang (2011), analyse indicates a relational level of understanding.
In the House of Quality, this can be represented by shaded cells. In Table 5, light shading indicates a course objective that is characterised by a lower, uni-structural level of understanding. Intermediate shading indicates multi-structural understanding; darker shading indicates a relational level of understanding; the darkest shading indicates extended abstract understanding. These make it possible to track the development of levels of understanding across the program in general, and between related courses.
Another important impact of the QFD process in curriculum design is the ability to explore course assessment weightings. Table 6 shows the ability to determine the appropriate assessment weightings, tracing from Graduate Quality weightings right through the individual course objective weights. In practical terms, what this means is that for a given weighting schema, the HoQ tool shows the most appropriate weightings of assessments to achieve the desired learning outcomes.

**Table 6: Course Objectives mapped to Assessment Items (Year 1 PP Course)**

The assessment mapping in Table 6 reveals the percentage weightings that should be attributed to assessment items in a given course, based on the mapping from Graduate Qualities through to Course Objectives. In general, these figures would be rounded to the nearest 5%, and can be compared to existing percentage allocations for pre-existing courses. For the course represented in Table 6, the assessment allocations prior to the application of the QFD process are shown in Table 7, followed by the rounded weighting suggested by the QFD process and House of Quality.

**Table 7: Existing and Suggested Assessment Allocations**

The suggested QFD weightings better reflect the importance of the topics being assessed. The existing assessment allocation for the course in question significantly under-valued the importance of assessment item 1, allocating this only 10% of the total assessment value. Similarly, assessment item 2 was over-valued. This highlights another important analytical feature of the QFD process applied to program and course design. Any assessment item and its weighting can be traced back to course objective, then to EA criteria, then to program learning objective, and finally to graduate quality. If we ask why a particular assessment item is present, and why it is allocated 10% of the total course assessment, we can answer this question, by tracing back through the House of Quality. The rationale for each design feature of the entire program – course objective and assessment item – and the rationale for design decisions is captured through the QFD process and the House of Quality. This is valuable not only for the development of entirely new programs and courses, but also for the redevelopment, and realignment, of existing programs and courses.
Step 7 – Ensuring that Competency Requirements are Achieved in Assessments
When stakeholder requirements have been captured, integrated and weighted (Tables 1 – 4), and in conjunction with the mapping of EA Stage 1 Competencies to individual courses and assessments (Tables 5 and 6), it is vital that the designers of the program maintain a high-level view of the program. With program design typically configured around as many as 32 courses, and including the progressive development of competencies across year levels, and within major and minor streams, the program design process is a complex exercise. QFD and the House of Quality are vital to tracking and understanding the overall design.
Critical to the process of designing in stakeholder requirements across the entire program is the ability to track the implementation of EA criteria in each course. Program design typically diverges at the point of transition from EA criteria to the design of individual courses. Individual staff take carriage of individual courses, and the impact of their design decisions must be visible in the context of the larger program.
QFD and the House of Quality makes the impact of this transition visible, showing the desired or target EA criteria weightings and the implemented EA criteria weightings, across multiple courses (Table 8).
Table 8 – for illustrative purposes, only four courses across one semester – reveals that, for the four courses in question, there are considerable differences between the target EA criteria weightings and the weightings as implemented (represented by the mappings in the table). The table indicates, for example, that EA criteria 1.1, 1.2, and 1.4-1.6 should be weighted equally among the EA group 1 criteria. However, in the current as-designed implementation, their weightings are considerably different. This is the direct result of the mapping of too many lower priority EA criteria (e.g. EA 1.1 and 1.2) to course objectives, in Courses C and D.
This lack of discernment in the mapping of EA criteria to course objectives – everything maps to everything – is typical of individual course design, particularly without the benefit of the ability to see the impact of this design decision. Individual academics perhaps feel compelled to show that their course is addressing graduate qualities, by suggesting that all graduate qualities are addressed by all course objectives. This may sound logical, but results in overlapping course objectives that, in effect, try to satisfy (and assess) too many things at once. This also distorts and unbalances the program design, with some courses seemingly taking responsibility for too many outcomes, and possibly failing to achieve many of these.
By contrast, Course A and B in Table 8 show more carefully considered mapping from EA criteria to course objectives. These courses have less overlap, covering some different EA criteria, and do so in a more differentiated way, seeking to satisfy different EA criteria in distinctly different course objectives. This likely leads to more targeted and balanced assessments. If courses A and B have been carefully designed, with the EA criteria and assessments in mind, then courses C and D can, using the information in Table 8, be adjusted to achieve a better level of agreement between target and implemented EA criteria weightings, and a more balanced, and logical, program design.
Across groups of courses, whether year levels or major/minor threads, the HoQ allows program and curriculum designers to achieve a balance of EA criteria. EA criteria weightings set by the GQ and PLO tables determine target values, while mappings of EA criteria to individual course objectives indicate the implemented weightings. Designers can see the impact of adjustments to course level designs and maintain an overall balance of weightings across the program.

**Table 8: Combining multiple courses in one HoQ (one Semester)**

Validating Program Design using QFD
Implementing Quality Function Deployment (QFD) in the design of a tertiary-level engineering program offers considerable benefits. However, before implementing a new design based on QFD, a final stage of design validation is necessary. This is typically achieved in QFD through so-called competitive assessments. For the case of tertiary program design, the competition may be engineering programs at other universities. For most institutions, however, the competitive assessment begins with a comparison to the existing engineering program. A key goal of QFD is to achieve “product” improvements, driven by the voice of the customer, and this can be assessed in a variety of ways, using the information generated by the QFD process and the House of Quality.
The first measure of design quality for the QFD methodology applied to engineering program design is to examine the insights obtained from the methodology through a comparison of stakeholder needs and requirements. In step 1 (Table 1), different approaches to weighting the importance of graduate qualities led to three alternative sets of program learning outcome (PLO) weightings. These, in turn, result in three alternative sets of weightings of the Engineers Australia Stage 1 Competencies (Table 4). Before proceeding deeper into the design of the program, these three alternative stakeholder voices must be compared and analysed. Table 4 shows not only the absolute impact of alternative graduate quality weightings on the weighting of EA Stage 1 Competencies, but also the relative impact. In particular, two insights are revealed by the QFD process. First, the impact of alternative GQ weightings on broad EA Competency categories (e.g. EA 1, EA 2, EA 3) is minimal: this can be seen in Table 4 by comparing the percentage contributions of each group of EA criteria to the whole. Second, however, is that the impact on specific EA competencies (e.g. EA 1.3) may be quite substantial: this is seen in the different percentage contributions of specific EA criteria. The relative importance of EA 1.3, for example, changes quite significantly depending on the applied Graduate Quality schema (see Table 4). 
The impact of the weighting differences in EA Stage 1 Competencies (i.e. Table 4) is a key determinant of competitive assessments and design validation in program design. The impact of these differences on individual course objectives is shown in Table 9. 

**Table 9: The Impact of Different Graduate Quality Schema on Course Objective Weightings**

The course in question is a first-year course on Sustainable Engineering Practice. The impact of GQ and EA weighting differences emerges very clearly in the weighting of course objectives in this course. In Table 9, this is illustrated in the differences on Course Objective 3 (CO3). Under the three different Graduate Quality schema (GQ-A, GQ-B, GQ-C), the relative weighting of this course objective varies from 8.7% to 17.7%. In other words, the stakeholder voice, represented by Graduate Qualities, via EA Competencies, may change the course objective weighting by as much as double!  
 The impact of the insights made possible by QFD and the House of Quality can be seen at every stage of the program design process. A given weighting scheme for Graduate Qualities impacts on the relative importance of EA Competencies (Table 4). These, in turn, drive the weighting of course objectives (Table 5, Table 9). At every stage, program designers must use the QFD process to check the impact of design decisions. One very concrete manifestation of the impact of these design decisions, and therefore the impact of design validation, is seen in the weightings attached to course objectives and assessment items in individual courses. 
Table 10 shows a comparison of a single, first-year course (Sustainable Engineering Practice) both before and after the application of QFD and the House of Quality in a redesign process. The original course was built on an assumption of equally weighted Graduate Qualities. The left-hand section of Table 10 shows the derived weightings of individual EA criteria, the ideal weightings of the groups of EA criteria, the actual mapping of EA criteria to Course Objectives, and the resulting weightings of course objectives and EA groups derived from this. What this shows the program designer is a clear mismatch between the weightings of EA criteria groups as they should be (if they are to reflect the voice of the stakeholders) and the weightings of the EA criteria groups as implemented in the actual course. This mismatch must be interpreted cautiously, as it is quite possible that, for the course in question, the focus should be biased towards a specific EA group. In the case of the course represented in Table 10, with a focus on Sustainable Engineering Practice, it makes sense that the course might be biased towards, for example, EA Criteria group 3 (Professional & Personal Attributes). The information derived from QFD and the House of Quality allows the program designer to see the impact of design decisions on the focus of the course.

**Table 10: Validating a Single Course Design using QFD and the House of Quality**

Table 10 provides further design validation insights for the course as it was implemented. Course Objective weightings derived from the mapping of EA Criteria to Course Objectives (bottom, left-hand section of Table 10) show the relative importance of Course Objectives (as percentages) and compares these to the relative importance of these objectives in the assessment items for the course. Here again, design validation is possible by comparing the ideal versus the actual percentages. In this case, CO1, for example, is over-represented in the assessment (23.4% versus 18.1%), while CO6 is under-represented (23.5% versus 36.4%). This information should be used by program designers to drive changes to the design of assessments in the course.
The right-hand section of Table 10 shows the same information as the left-hand section, for the same course, after changes to the design had been made. Those changes, driven by the program design team, might be a modified Graduate Quality schema (i.e. Table 1, to reflect a different institutional emphasis on specific graduate qualities), or changes to the mapping of EA criteria to course objectives (i.e. Table 5, to reflect a desire to emphasise different competencies), with a resulting impact on EA group weightings and course objective weightings. This example shows how program designers have improved the focus of the course, driving it towards a stronger bias on EA group 2 (Engineering Application Ability) and group 3 (Professional & Personal Attributes), consistent with the intent of this course. The mismatch to ideal EA group weightings will be balanced out over the whole program by a greater emphasis in other courses on EA group 1 (Knowledge & Skill Base). In addition, changes to the weightings of course objectives must still be reflected in the actual assessment items: the example in Table 10 shows that this is still a stage that requires further modifications to the design.
Additional design validation for individual courses is possible using the QFD and House of Quality at the level of course assessments. Table 11 compares assessments for the course Sustainable Engineering Practice both for the original design of the course, and after modifications based on the insights derived from the House of Quality. The left-hand section of Table 11 shows the weightings attached to each of three assessment items in the old course, and the activities given to students, along with the ideal assessment weightings for the old course, as derived from the QFD method. These show a significant mismatch between the as-designed assessments, and the suggested ideal. The right-hand section of Table 11 shows the impact of changes made as a result of the insights derived from the QFD and House of Quality. The course has been redesigned with assessment item weightings much more closely matching those recommended by the QFD process, with activities better matching these weightings. An iterative process, using the information also in Table 10, ensures that there is a close match between EA criteria, course objectives, assessment items and allocated assessment activities.

**Table 11: Validating Course Assessment Weightings using QFD/HoQ**

Design validation of single courses is only one step in the overall validation of the program. Courses must be integrated across year levels, and across major and minor streams, always ensuring that the overall program addresses the voices of the stakeholders. The QFD methodology, implemented using the House of Quality, allows this semester-level, year-level, major and minor integration to be achieved. To illustrate, Table 12 shows the example of a House of Quality matrix for a single semester, consisting of four courses. In comparison to Table 8, which showed the integration of four unimproved courses in the program, Table 12 shows the integration of the same four courses, after improvements have been made to EA criteria – Course Objective mappings. As individual courses are integrated into semesters and beyond, Table 12 shows how design validation is achieved at this higher level. In particular, the House of Quality allows the program designer to monitor the impact of course design decisions on the overall achievement of EA group weightings. In Table 12, the four courses in question now reflect much more closely the ideal EA criteria group weightings, compared to the old versions represented in Table 8. Although space does not permit the detail to be shown here, this process can be continued across entire year levels, or through combinations of courses in majors or minors, as well as for the entire four-year program.

**Table 12: Validating Multiple Courses using QFD/HoQ (one Semester) – New Design**

Design validation in QFD and the House of Quality is a matter of comparing the extent to which the implemented solution (in this case, the courses, singly and in combination) reflects the voices of the stakeholders. In practical terms, this is a comparison of courses and program as implemented with the course and programs as they should be. QFD and the House of Quality are established, robust methods for ensuring that the voices of the stakeholders – their needs and requirements – are systematically built into the product. QFD and the House of Quality therefore establish what is, in effect, the ground truth, and create a specification that should guide the designers of individual courses in the program. Course designs are created, and their assumptions, decisions and mappings are then tested against the specification captured in the QFD/HoQ tool. Where the two diverge, the designer can make changes to the course to drive the solution as close as possible to the ideal. The measure of the quality of the design (the courses and the overall program) is the degree to which as implemented matches the specification set in the QFD/HoQ process. The closer this match, the better the program delivers outcomes that reflect the needs of Engineers Australia (through the EA Stage 1 Competencies) and the needs of the University (represented in their Graduate Qualities and Program Learning Objectives).
Additional validation benefits arise in one other important design validation activity. When external program accreditation takes place (e.g. through Engineers Australia), the logic and impact of program- and course-level design decisions are easily communicated to accreditors. Moving from Table 1, through subsequent levels of the QFD process answers the core question how. How is this Graduate Quality manifest in the program? How is an EA criterion implemented in courses? How is this course objective assessed? Equally, questions of why are answered by QFD and the House of Quality. Why is there an assessment item in this course that is worth 30% of the student’s effort? Why is the assessment item worth 30%, and not 50%? Why does this course focus on EA criteria predominantly in group 2? The QFD process, implemented through the House of Quality, captures of the necessary program and course design information in one integrated tool that both informs the design process, and facilitates validation and accreditation.

Conclusions
Quality Function Deployment began as a tool for engineering design. It is perhaps not surprising that it should have a role in the design of tertiary engineering programs. It is, however, surprising that there seem to be few successful attempts to fully implement QFD in this, or indeed any, tertiary education domain. Gonzalez et al. (2008), for example, use QFD and the House of Quality, but only to capture and prioritise stakeholder needs. Other approaches typically apply QFD and the HoQ either for only part of the design of a whole program (e.g. to capture stakeholder needs), or for the entirety of the design of only part of a program (e.g. the design of a single course within a program). Neither approach fully utilises the features of QFD and the HoQ for top-down design, validation and accreditation purposes.
The purpose of this paper has been to illustrate the potential for application of QFD and the House of Quality to the design of an entire tertiary (in this case, engineering) program. In particular, this paper has highlighted the way that QFD can be used to capture key stakeholder requirements, and to ensure that these are designed into the resulting courses. 
Even the example of a single course shows the impact of QFD as a means of setting an ideal specification for the course. EA Competency criteria drive the weighting of course objectives and the selection/design of assessments. The example shown in Tables 9-11) illustrates the misalignments that arise when design is not systematically driven by stakeholder requirements. In the case illustrated, course objectives frequently fail to address the right EA criteria, in the right proportion, with assessments similarly misaligned and misdirected. Conversely, when guided by the QFD process, the design of course objectives and assessments in both individual courses, and across year-levels, majors and minors, can be aligned to ensure that the program truly meets the underpinning needs of stakeholders. Nothing in this process, however, takes away from the individual academics the task of selecting the details of course objectives and assessments. The QFD and HoQ process defines the framework of needs that must be built into the courses but leaves the details of the courses to the individual expert designer. Although illustrated only for single semester in this paper (i.e. Table 8) the process is scalable to an entire program. A single semester has been used only to demonstrate the application of QFD to program design, and because space does not permit showing multiple semesters. The process outlined in this paper establishes WHAT must be achieved, and in what proportion, but the HOW remains the task of the course designer.
This paper has also highlighted the ways that QFD and the House of Quality can be used to inform designers, helping to monitor the allocation of stakeholder requirements, and giving designers a tool to ensure that engineering programs are demonstrably compliant with the needs of accrediting bodies. 
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Table 1: University Graduate Qualities and Weighting Options
	
	Weighting Scheme

	
Graduate Quality
	GQ-A
(Equal Weight)
	GQ-B
(Lo Differential)
	GQ-C
(Hi Differential)

	GQ1 (Body of knowledge)
	1
	2
	3

	GQ2 (Lifelong learning)
	1
	1
	1

	GQ3 (Effective problem solving)
	1
	2
	3

	GQ4 (Work alone and in teams)
	1
	2
	2

	GQ5 (Ethical action)
	1
	1
	1

	GQ6 (Communicate effectively)
	1
	2
	2

	GQ7 (International perspective)
	1
	1
	1




Table 2: Mapping Graduate Qualities to Program Learning Outcomes
	

	GQ Weightings (%, from Table 1)
	PLO1 (Body of Knowledge)
	PLO2 (Lifelong learning for Professional Engineering)
	PLO3 (Contextual Factors of Engineering)
	PLO4 (Problem Solving Skills & Qualities)
	PLO5 (Preparation for Professional Practice)
	PLO6 (Ethical Action)
	PLO7 (Communication Skills)
	PLO8 (Work Independently & in Teams)
	PLO9 (Management Skills)

	GQ1 (Body of Knowledge)
	14.3
	
	
	
	
	
	
	
	
	

	GQ2 (Lifelong Learning)
	14.3
	
	
	
	
	
	
	
	
	

	GQ3 (Effective Problem Solving)
	14.3
	
	
	
	
	
	
	
	
	

	GQ4 (Work Alone & in Teams)
	14.3
	
	
	
	
	
	
	
	
	

	GQ5 (Ethical Action)
	14.3
	
	
	
	
	
	
	
	
	

	GQ6 (Communicate Effectively)
	14.3
	
	
	
	
	
	
	
	
	

	GQ7 (International Perspective)
	14.3
	
	
	
	
	
	
	
	
	

	Derived PLO Weightings (%)
	
	9.1
	9.1
	9.1
	18.2
	18.2
	9.1
	9.1
	9.1
	9.1





Table 3: Program Learning Outcomes mapped to Engineers Australia Stage 1 Competencies
	
	PLO Weightings (%, from Table 2)
	EA1.1 (Knowledge & Skill Base)
	EA1.2
	EA1.3
	EA1.4
	EA1.5
	EA1.6
	EA2.1 (Engineering Application Ability)
	EA2.2
	EA2.3
	EA2.4
	EA3.1 (Professional & Personal Attributes)
	EA3.2
	EA3.3
	EA3.4
	EA3.5
	EA3.6

	PLO1
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO2
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO3
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO4
	18.2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO5
	18.2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO6
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO7
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO8
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PLO9
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Derived EA Competency Weightings (%)
	4.5
	4.5
	13.6
	4.5
	4.5
	4.5
	9.1
	9.1
	9.1
	4.5
	4.5
	4.5
	9.1
	4.5
	4.5
	4.5



Table 4: EA Competency Relative Weights based on Graduate Quality Schema
	EA Competencies
	GQ-A 
(Equal Weight)
	GQ-B 
(Lo Differential)
	GQ-C 
(Hi Differential)

	EA 1.1
	4.5
	5.4
	6

	EA 1.2
	4.5
	5.4
	6

	EA 1.3
	13.6 (37.7% in group)
	16.2 (46.2% in group)
	18 (50% in group)

	EA 1.4
	4.5
	2.7
	2

	EA 1.5
	4.5
	2.7
	2

	EA 1.6
	4.5
	2.7
	2

	EA 1 Weight
	36.3%
	35.1%
	36%

	EA 2.1
	9.1
	8.1
	8

	EA 2.2
	9.1
	8.1
	8

	EA 2.3
	9.1 (28.5% in group)
	10.8 (33.3% in group)
	12 (35.3% in group)

	EA 2.4
	4.5
	5.4
	6

	EA 2 Weight
	31.9%
	32.4%
	34%

	EA 3.1
	4.5
	2.7
	2

	EA 3.2
	4.5
	5.4
	4

	EA 3.3
	9.1 (28.6% in group)
	8.1 (25% in group)
	8 (26.7% in group)

	EA 3.4
	4.5
	5.4
	6

	EA 3.5
	4.5
	5.4
	6

	EA 3.6
	4.5
	5.4
	4

	EA 3 Weight
	31.8%
	32.4%
	30%

	Total Weight
	99.5
	99.9
	100




Table 5: Mapping EA Competencies to First Year Course Objectives
	
	
	Course Objectives (HOW)

	Relative Weight*
	EA Competencies (WHAT)
	CO1
	CO2
	CO3
	CO4
	CO5

	6
	EA1.1 (Knowledge & Skill Base)
	
	
	
	
	

	6
	EA1.2
	
	
	
	
	

	18
	EA1.3
	
	
	
	
	

	2
	EA1.4
	
	
	
	
	

	2
	EA1.5
	
	
	
	
	

	2
	EA1.6
	
	
	
	
	

	8
	EA2.1 (Engineering Application Ability)
	
	
	
	
	

	8
	EA2.2
	
	
	
	
	

	12
	EA2.3
	
	
	
	
	

	6
	EA2.4
	
	
	
	
	

	2
	EA3.1 (Professional & Personal Attributes)
	
	
	
	
	

	4
	EA3.2
	
	
	
	
	

	8
	EA3.3
	
	
	
	
	

	6
	EA3.4
	
	
	
	
	

	6
	EA3.5
	
	
	
	
	

	4
	EA3.6
	
	
	
	
	

	
	Course Objective Weightings
	0.59
	0.59
	0.45
	2.23
	1.34


*Based on hi differential weighting of Graduate Qualities (Scheme GQ-C)

Table 6: Course Objectives mapped to Assessment Items (Year 1 Course)
	CO Weight
	Course Objective
	Assessment Item 1
	Assessment Item 2
	Assessment Item 3

	0.59
	CO1
	
	
	

	0.59
	CO2
	
	
	

	0.45
	CO3
	
	
	

	2.23
	CO4
	---
	---
	

	1.34
	CO5
	
	
	

	
	Assessment Weight (%)
	26.7%
	26.7%
	46.7%




Table 7: Existing and Suggested Assessment Allocations
	
	Existing Allocation
	QFD Weighting

	Assessment Item 1
	10%
	25%

	Assessment Item 2
	30%
	25%

	Assessment Item 3
	60%
	50%




Table 8: Combining multiple courses in one HoQ (one Semester)
	
	Target Relative Weightings
	%
	Semester 1, Course A
	Semester 1, Course B
	Semester 1, Course C
	Semester 1, Course D
	Implemented Relative Weightings
	%

	
	
	
	CO1
	CO2
	CO3
	CO4
	CO5
	CO1
	CO2
	CO3
	CO4
	CO5
	CO1
	CO2
	CO3
	CO4
	CO5
	CO1
	CO2
	CO3
	CO4
	CO5
	
	

	EA1.1
	4.6
	


36%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	30
	


34.2%

	EA1.2
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	33
	

	EA1.3
	13.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	

	EA1.4
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5
	

	EA1.5
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3
	

	EA1.6
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	3
	

	EA2.1
	9.1
	

32%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	36
	

40.2%

	EA2.2
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	28
	

	EA2.3
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	90
	

	EA2.4
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	39
	

	EA3.1 
	4.6
	


32%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	2
	


25.6%

	EA3.2
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	6
	

	EA3.3
	9.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	32
	

	EA3.4
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	33
	

	EA3.5
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	42
	

	EA3.6
	4.6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	8
	




Table 9: The Impact of Different Graduate Quality Schema on Course Objective Weightings
	
	
	
	
	Course Objectives

	EA Competencies
	GQ-A
	GQ-B
	GQ-C
	CO1
	CO2
	CO3
	CO4
	CO5

	EA1.1
	4.5
	5.4
	6
	
	
	
	
	

	EA1.2
	4.5
	5.4
	6
	
	
	
	
	

	EA1.3
	13.6
	16.2
	18
	
	
	
	
	

	EA1.4
	4.5
	2.7
	2
	
	
	
	
	

	EA1.5
	4.5
	2.7
	2
	
	
	
	
	

	EA1.6
	4.5
	2.7
	2
	
	
	
	
	

	EA2.1
	9.1
	8.1
	8
	
	
	
	
	

	EA2.2
	9.1
	8.1
	8
	
	
	
	
	

	EA2.3
	9.1
	10.8
	12
	
	
	
	
	

	EA2.4
	4.5
	5.4
	6
	
	
	
	
	

	EA3.1
	4.5
	2.7
	2
	
	
	
	
	

	EA3.2
	4.5
	5.4
	4
	
	
	
	
	

	EA3.3
	9.1
	8.1
	8
	
	
	
	
	

	EA3.4
	4.5
	5.4
	6
	
	
	
	
	

	EA3.5
	4.5
	5.4
	6
	
	
	
	
	

	EA3.6
	4.5
	5.4
	4
	
	
	
	
	

	Course Objective Weightings
	GQ-A
	.76
	.76
	1.14 (17.7%)
	2.27
	1.52

	
	GQ-B
	.63
	.63
	.63 (11.1%)
	2.31
	1.47

	
	GQ-C
	.59
	.59
	.45 (8.7%)
	2.23
	1.34



Table 10: Validating a Single Course Design using QFD and the House of Quality
	
	Course Objectives (Before)
	Course Objectives (After)

	[bookmark: _Hlk24106752]

EA Competencies
	
Relative Weight
	Ideal Group Weight
	

CO1
	

CO2
	

CO3
	

CO4
	

CO5
	

CO6
	Actual Group Weight
	
Relative Weight
	Ideal Group Weight
	

CO1
	

CO2
	

CO3
	

CO4
	

CO5
	Actual Group Weight

	EA1.1
	4.6
	



36%
	
	
	
	
	
	
	



54.5%
	6
	



36%
	
	
	
	
	
	



12.2%

	EA1.2
	4.6
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	

	EA1.3
	13.6
	
	
	
	
	
	
	
	
	18
	
	
	
	
	
	
	

	EA1.4
	4.6
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	

	EA1.5
	4.6
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	

	EA1.6
	4.6
	
	
	
	
	
	
	
	
	2
	
	
	
	
	
	
	

	EA2.1
	9.1
	

32%
	
	
	
	
	
	
	

21.8%
	8
	

34%
	
	
	
	
	
	

46.3%

	EA2.2
	9.1
	
	
	
	
	
	
	
	
	8
	
	
	
	
	
	
	

	EA2.3
	9.1
	
	
	
	
	
	
	
	
	12
	
	
	
	
	
	
	

	EA2.4
	4.6
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	

	EA3.1
	4.6
	


32%
	
	
	
	
	
	
	


23.7%
	2
	


30%
	
	
	
	
	
	


41.5%

	EA3.2
	4.6
	
	
	
	
	
	
	
	
	4
	
	
	
	
	
	
	

	EA3.3
	9.1
	
	
	
	
	
	
	
	
	8
	
	
	
	
	
	
	

	EA3.4
	4.6
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	

	EA3.5
	4.6
	
	
	
	
	
	
	
	
	6
	
	
	
	
	
	
	

	EA3.6
	4.6
	
	
	
	
	
	
	
	
	4
	
	
	
	
	
	
	

	Course Objective Weightings
	
	
	1.19
	1.34
	0.45
	0.6
	0.6
	2.39
	
	
	
	.59
	.59
	.45
	2.23
	1.34
	

	Ideal Assessed Weight
	
	
	18.1%
	20.4%
	6.8%
	6.8%
	6.8%
	36.4%
	
	
	
	11.3%
	11.3%
	8.6%
	42.9%
	25.8%
	

	Actual Assessed Weight
	
	
	23.4%
	26.4%
	8.9%
	5.9%
	11.8%
	23.5%
	
	
	
	15.3%
	15.3%
	15.3%
	19.3%
	34.8%
	




Table 11: Validating Course Assessment Weightings using QFD/HoQ

	
Assessment Item
	Old Course
	New Course

	
	As Designed
	Activity
	QFD Ideal
	As Implemented
	Activity
	QFD Ideal

	1
	20%
	1500-word report
	35.5%
	25%
	1250-word report
	27%

	2
	50%
	1500-word report, 15’ presentation
	47%
	25%
	1250-word report
	27%

	3
	30%
	1500-word report
	17.5%
	50%
	1500 words report + 15’ presentation
	46%



Table 12: Validating Multiple Courses using QFD/HoQ (one Semester) – New Design
	
	Target Relative Weightings
	%
	Semester 1, Course A
	Semester 1, Course B
	Semester 1, Course C
	Semester 1, Course D
	Implemented Relative Weightings
	%

	
	
	
	CO1
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	12
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	6
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	
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	6
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	
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