Concept Evaluation (a.k.a. Concept Selection) Methodology

Having defined customer needs and other design requirements (i.e., Problem Definition) and generated multiple design concepts (i.e., Concept Generation), the design team must choose a small set of concepts (usually just one) to develop further.  To do so, the design team may use the following evaluation procedure:

Step 1. Screening

Step 2. Comparison

Step 3. Decision-making

Step 1.  Screening

The purpose of screening is to eliminate any concepts that are not feasible or acceptable.

Screening involves comparing concepts to a series of absolute criteria (Dieter, 2000).  Dieter (2000) describes these criteria in detail, but asking the following two questions are usually sufficient for screening concepts:

Question 1. Is the concept currently feasible?  Alternative questions:  Will it work?  Will it require additional technological research and development?

Answer 1. Yes, the concept is feasible.  Proceed to Question 2.

Answer 2. No, the concept is not feasible.  Before discarding the concept, ask “why is the concept not feasible?”  Answering this question may lead to a similar, new concept that is feasible.

Answer 3. Maybe, the concept feasibility is uncertain or conditional.  In other words, the concept might work if something else happens.  Unless strong evidence suggests that a concept is not feasible, err on the side of caution and proceed to Question 2.

Question 2. Will the concept meet each of the customer requirements?  

Answer 1. Yes, the concept will meet each of the customer requirements.  Save this concept for Step 2 and continue screening other concepts.

Answer 2. No, the concept will not meet each of the customer requirements.  If the concept will not meet one or more important customer requirements, discard the concept or adapt it meet each of the customer requirements.  If the concept meets all but some less important customer requirements, err on the side of caution, save this concept for Step 2, and continue screening other concepts.

Answer 3. Maybe, the concept’s ability to meet each of the customer requirements is uncertain or conditional.  Unless strong evidence suggests that a concept will not meet one or more customer requirements, again, err on the side of caution, save this concept for Step 2 and continue screening other concepts.

After screening every concept, proceed to Step 2.

Step 2.  Comparison

The purpose of comparison is to evaluate the relative advantages and disadvantages of each concept.

Several methods exist for evaluating the relative advantages and disadvantages of each concept.  For example, the Pugh concept selection process (Pugh, 1991), weighted decision matrices (Dieter, 2000), and the Analytic Hierarchy Process (Saaty, 1980) may all be used to evaluate design concepts.  The Pugh method is commonly used because it is simple yet effective.

Pugh’s Concept Selection Method

According to Dieter (2000), the first seven steps for using Pugh’s method during concept selection are:

1. Choose the criteria by which the concepts will be evaluated.  These criteria should include the customer needs and other design requirements identified during Problem Definition.  If the initial list exceeds 15 criteria, the least important criteria should be removed to simplify the evaluation.

2. Formulate the decision matrix.  The criteria fill the row headings of the matrix, and the concepts fill the column headings.  Refer to the self-cleaning blender example below for additional illustration.

3. Clarify the design concepts.  The goal of this step is to make sure all team members understand each concept equally well.  This step helps avoid conflict and can lead to new and improved concepts.

4. Choose the initial datum concept.  The datum is the concept with which all other concepts are compared.  It is important to choose one of the better concepts as the datum.  Selecting a poor datum will cause all of the alternative concepts to look good and will unnecessarily delay decision-making.

5. Run the matrix.  During this step, each concept is compared with the datum for each criterion.  Typically, a three-level scale is used:  better (+), worse (-), or about the same (S).  Sometimes, much better (++) and much worse (--) are also used.  Refer to the self-cleaning blender example below for additional illustration.

6. Evaluate the ratings.  Once the comparison matrix is completed, determine the sum of the +, -, and S ratings for each concept.  Do not allow quantification to unnecessarily constrain the evaluation.  If two or more top concepts are close, the advantages and disadvantages of each should be discussed.  Also, be careful about rejecting concepts with highly negative scores.  The few positive elements from these concepts can often be used to improve other concepts.

7. Establish a new datum and rerun the matrix.  The new datum is usually the concept that received the highest rating from the first round.  Using a new datum to rerun the matrix provides a different perspective for each comparison that will help clarify the relative strengths and weaknesses of each concept.  Ideally, the new datum will prove to be the clearly superior concept.  However, in some cases there will be no clear winner.  Regardless, the goal of the Pugh method is to produce the strongest concept or set of concepts for further development.

For additional detail regarding the Pugh concept selection process, weighted decision matrices, or the Analytic Hierarchy Process, refer to Dieter (2000).

Step 3.  Decision-making

The purpose of decision-making is to choose the concept(s) to develop further.

When one design concept is clearly superior to the rest, the decision-making step is usually straightforward:  The design team chooses the superior concept and makes plans for further development.  However, decision-making is more complicated when no clear winner exists.  In this situation, the design team has at least two options:

1. Choose more than one concept for further development and plan to make a final decision later

2. Use the experience gained from Concept Evaluation to generate new concepts for further evaluation

Regardless, the final decision made during Concept Evaluation is how to proceed.

Concept Evaluation Example:  Self-cleaning Blender

Students in an upper division mechanical design course were asked to design a “self-cleaning blender.”  As part of Problem Definition, the students identified the following customer requirements for their self-cleaning blender:

Requirement 1. Cost – The self-cleaning blender must be inexpensive to purchase and operate.

Requirement 2. Durability – The self-cleaning blender must be durable.

Requirement 3. Effectiveness – The self-cleaning blender must blend, chop, puree, and clean itself effectively.

Requirement 4. Noise – The self-cleaning blender must not be too loud.

Requirement 5. Safety – The self-cleaning blender must be safe to use.

The following list contains a small sample of concepts generated by the students:

Concept 1. The Supersonic – A blender that uses ultrasound vibration to dislodge food particles.  This concept was inspired by electric toothbrush designs.

Concept 2. The Sir Mix-a-Lot – A blender with brush attachment.  This concept was inspired by automated carwashes.

Concept 3. The ProBlend 395 – A blender with a water-jet cleaning system.  This concept was similar to conventional dishwasher designs.

Concept 4. The Agitator – A blender that reciprocates its blade to agitate a pool of water for cleaning.  This concept was inspired by top-loading washing machine designs.

The students used the evaluation procedure described in previous sections to select a concept for further development.  The following sections illustrate that procedure.

Step 1.  Screening

Reminder:  The purpose of screening is to eliminate any concepts that are not feasible or acceptable.

In an effort to screen out infeasible and unacceptable concepts, the students asked themselves the following questions for each concept:

Question 1. Is the concept currently feasible?

Question 2. Will the concept meet each of the customer requirements?  

Based on their answers to those questions, the students decided that The Supersonic concept was not feasible for development in the time allowed for the project.  The students were also concerned about the ability of The Sir Mix-a-Lot to clean the blender’s blade effectively and about the noise level of The Agitator.  However, their concerns were not strong enough to eliminate any concepts other than The Supersonic from further consideration.

Step 2.  Comparison

Reminder:  The purpose of comparison is to evaluate the relative advantages and disadvantages of each concept.

To compare the remaining concepts, the students chose to use the Pugh method.  The students based their evaluation criteria on the customer requirements mentioned previously and selected The ProBlend 395 as the initial datum because it operated most similarly to a conventional dishwasher.  The Pugh concept selection matrix shown in Table 1 resulted from the students’ first analysis.

Table 1.  Pugh Matrix for Self-cleaning Blender (Run #1)

	Criterion
	The ProBlend 395
	The Sir Mix-a-Lot
	The Agitator

	Manufacturing cost
	
	-
	+

	Cost of operation
	D
	-
	+

	Durability
	A
	-
	+

	Blending effectiveness
	T
	S
	S

	Cleaning effectiveness
	U
	-
	-

	Noise
	M
	+
	S

	Safety
	
	-
	S

	+
	
	1
	3

	S
	
	1
	3

	-
	
	5
	1


Using the Pugh matrix, the students’ initial conclusion was that The Agitator was the superior concept.  Though the students did not feel The Agitator would be as effective for cleaning itself as the ProBlend 395, the students felt it would be effective enough for the customers’ needs.

Optional Exercise:  Create your own Pugh matrix for these three self-cleaning blender concepts.  How closely do your results compare to Table 1?  If your results differ from Table 1, do your results lead you to select a concept other than The Agitator?

Regardless, in an attempt to clarify the relative strengths and weaknesses of each concept, the students created a second matrix using The Agitator as the new datum.  The second Pugh matrix is shown in Table 2.

Table 2.  Pugh Matrix for Self-cleaning Blender (Run #2)

	Criterion
	The Agitator
	The Sir Mix-a-Lot
	The ProBlend 395

	Manufacturing cost
	
	-
	-

	Cost of operation
	D
	-
	-

	Durability
	A
	-
	-

	Blending effectiveness
	T
	S
	S

	Cleaning effectiveness
	U
	-
	+

	Noise
	M
	+
	S

	Safety
	
	-
	S

	+
	
	1
	1

	S
	
	1
	3

	-
	
	5
	3


Step 3.  Decision-making

Reminder:  The purpose of decision-making is to choose the concept(s) to develop further.

For this example, the students found the results of the second comparison to be very similar to the first comparison.  As a result, the students felt The Agitator was clearly the superior concept and chose to proceed with its development.  However, remember that comparisons of design concepts do not always identify a clearly superior concept and that decision-making is not always this straightforward.

Some students performing this exercise find it difficult to determine differences between The Agitator and The ProBlend 395.  As a result, some students fill the third column of the matrix with “S” scores, or even “+/-“ scores because there is so much uncertainty.  These students often conclude that both The Agitator and The ProBlend 395 should be developed further before a final decision is made.

Remember, do not allow your team to become too constrained by the evaluation procedure described here.  It is intended to help your team make good decisions, not to make decisions for you.  Thoughtful interpretation, additional analysis, or data should always be used to validate these types of results.

