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Knowing Your Customers: Ontological Gathering and 

Analysis Techniques 

Chapter 1 - Introduction
Perhaps the most critical phase of the design process is the early phase of 

gathering and interpreting needs from the customers who the product or service 

is  intended  to  serve.  Multiple  approaches  and  best  practices  exist  to  gather 

customer  needs  and  the  gatherers  can  include  stakeholders  from  within  a 

company  such  as  engineering  design,  marketing,  sales  and  manufacturing. 

Across all of the customer need gathering techniques, little definitive guidance 

exists to inform the need finders when they have found enough of the needs set 

to confidently move forward with the next phases of design. This leads to the 

overarching research question of the work presented in this dissertation: Can a 

validated, systematic approach to adequately explore and enumerate the customer need 

space  be  formulated  to  guide  designers  at  design  project  initiation?  The  research 

completed for  this  dissertation  provides  a  method and tools  that  will  enable 

designers and anyone that spends times talking to customers and analyzing their 

needs a method on how to analyze customer needs and use that analysis to gain 

further  insight  into  the  customer’s  wants.   This  is  critical  as  it  will  provide 
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designers  with  a  greater  understanding  of  the  information  they  are  actually 

gathering  from  their  customers.  The  information  a  designer  acquires  from 

following  this  methodology  will  help  them  find  gaps  in  their  current  list  of 

customer needs, develop further questions to ask customers, and in the future 

provide information on which type of customer need gathering technique they 

should use to help procure the customer information they covet.

1.1 The organization of this dissertation
This dissertation is presented in a way that attempts to help the reader 

understand the relationships between the various research pieces.  A mapping 

between the main concepts and chapters is shown in Figure 1.1.

Figure 1.1: Concept Map of this Dissertation

�
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Chapter 2 presents the main literature review for the work. This includes 

sections presenting work on the big-picture items like the design process,  and 

attempts at understanding customers as well as more focused sections such as 

coding, gathering customer needs, and categorizations methods in design.

Chapter 3 presents the main tool, the customer needs ontology , that is 1

vital to the work presented in Chapters 4 and 5. Chapter 3 presents and discusses 

how the  ontology  was  formed,  the  inter-rater  testing  completed  with  it,  and 

exhibits the final customer needs ontology. 

Chapter  4  presents  the  first  of  two  validation  studies  that  used  the 

aforementioned  ontology.  This  study  used  the  customer  needs  ontology  to 

analyze  customer  needs  that  were  generated  for  possibly  funded  projects  at 

Oregon State University. The validation study presents how to analyze needs and 

information on how to interpret the results of that analysis. 

Chapter 5 presents the second validation study and examines using the 

customer  need  ontology  from  chapter  3  to  analyze  customer  need  gathering 

techniques and tools. In this research three different methods (control, hierarchal 

task  analysis,  and  concept  mapping)  were  used  by  junior-level  engineering 

students to generate customer needs about a university classroom. The needs 

 See Glossary at the end of Chapter 11
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that  were  generated  were  then  coded  using  the  ontology  and  analyzed  to 

determine  if  different  types  of  needs  were  generated  across  the  gathering 

techniques. 

Chapter 6 presents a discussion of the results and findings from chapters 

3, 4, and 5. This chapter examines the relations between the findings and the big-

picture discussion about this work and what it adds to the design community. A 

formal methodology is presented on using the ontology to analyze a current list 

of customer needs, analyze need gathering techniques, and using the analysis of 

those gathering techniques to inform customer need gathering. 

Chapter 7 concludes the dissertation. This chapter recaps the key findings 

of the work and provides a path forward for continuing the research.

It  should  be  noted  that  the  time  sequence  that  this  dissertation  was 

completed in is different than the presentation. Chapter 5 was the first research 

study attempted with the data collected before it was realized that the tools to 

analyze this  data  in  the manner the author intended were not  available.  The 

ontology presented in Chapter  3  was created and developed to provided the 

necessary  tools  to  analyze  the  written  data  in  Chapters  4  and  5.  Once  the 

ontology was tested enough to be viewed as  usable,  the analysis  of  the data 

collected in Chapters 4 and 5 began.
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1.2 Intellectual Merit
This  research  seeks  to  fill  current  gaps  in  customer  needs  research  by 

uncovering knowledge of customer needs classification types that can then be 

used to create a tool that anyone gathering customer needs (marketers, designers, 

engineers) can use to help strengthen their list of customer needs. Currently this 

is not a well defined area with sections in prominent design texts that disagree on 

categories and provide contrasting general guidelines on how to gather and what 

to do with those customer needs. The ontology created for this research aims to 

provide  a  set  of  categories  that  can  be  used  to  assess  customer  needs  in  a 

standardized way as well as provide more insight into what actually is gained 

from using the various customer need gathering techniques. 

1.3 Motivation
The author’s initial curiosity for this work stemmed from two projects that 

he worked on during his time at Oregon State University. In both of these main 

projects he worked with individuals attempting to understand the basic needs 

for the devices being designed and how the devices would be used. While doing 

this, a lack of guidance from design texts and other sources begged the question 

“Is there a better way?”  
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The  main  motivation  for  this  work  stemmed  from  wanting  to  help 

designers  gain  more  understanding  of  their  intended  user  base  as  early  as 

possible in the design process. Having more information available to designers 

early in the process should lead to better design decisions which will ideally lead 

to a better overall product for the customer. Also, by better defining the customer 

needs, one should be able to generate more accurate engineering requirements 

that help define the product. The ability to make more accurate decisions earlier 

in  the  process  should  also  result  in  lower  development  costs  through  less 

iteration  due  to  misunderstanding  customers  or  not  gathering  enough 

information  in  the  first  place.  Time  spent  evolving  complete  engineering 

requirements  before  generating  concepts  saves  time  and  money  and  also 

improves the quality of those concepts [1]. Because requirements are developed 

from and related to customer needs in the House of Quality [1-4], starting with a 

solid understanding of one’s customers and an accurate and well represented 

customer needs list will help generate complete engineering requirements. 

1.4 Definitions
Before the research that has been completed for this topic is presented, it is 

important to ensure that the author and the reader have a similar understanding 

of the main concepts that will be discussed in this dissertation. Below is a list of 
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definitions used by the author of main key words that may stem confusion in the 

reader. 

Customer Needs (sometimes referred to as customer requirements) are the needs 

interpreted from the customer statement by the designer.  Customer needs are 

intended to  use  as  much  original  language  from the  customer  statements  as 

possible however some translation may be required from the designer [2, 4].

Engineering  Requirements  (also  referred  to  as  design  specifications)  are 

quantifiable and measurable requirements that the system must adhere to. These 

requirements are generated by designers,  engineers,  and other team members 

with a purpose to fulfill the needs, wants, and desires put forth by the customers’ 

need statements [1, 2, 4].

Ontology  is  a  shared  vocabulary,  which  can  be  used  to  model  a  domain, 

including the type of objects and/or concepts that exist and their properties and 

relations [5]. In this research the ontology created is used to categorize customer 

needs  across  multiple  categories.  To  do  this  the  ontology  contains  five 

taxonomies that are presented in Chapter 3. 
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Taxonomy (from biology) is the theory and practice of grouping individuals into 

species, arranging species into larger groups and producing classifications [6]. In 

this  work,  current  customer needs categories  are  grouped together  creating a 

classification system or  taxonomy of  those  needs.  These  taxonomies  are  then 

grouped together to form an ontology (see above). 
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Chapter 2 - Literature Review

2.1 The Design Process
Engineering  Design  is  “a  systematic,  intelligent  process  in  which 

designers  generate,  evaluate  and  specify  designs  for  devices,  systems  or 

processes whose form(s)  and function(s)  achieve clients’  objectives and users’ 

needs while satisfying a specified set of constraints” [7].  Simply put, engineering 

design  is  the  application  of  scientific  knowledge  to  the  solution  of  technical 

problems [8].  It is the path from the current state to a more desirable future state.  

Many  have  stated  that  this  “path”  may  be  made  more  efficient  if  certain 

processes  are  applied.   Authors  such  as  Pahl  and  Beitz,  Ullman,  Ulrich  and 

Eppinger, Otto and Wood, Cross, and others [1, 2, 4, 7-11] offer a general recipe 

for  designers  to  follow:  understand  the  customer  to  clarify  the  problem; 

decompose  the  problem into  simpler  sub-problems;  generate  solutions  to  the 

sub-problems and aggregate them into overall  concept alternatives;  iteratively  

evaluate and improve the alternatives; and take the best alternative forward.  

The engineering design process  presented in  most  texts  can be  broken 

down  into  4  distinct  categories:  preliminary  design,  conceptual  design, 

embodiment  design,  and  detailed  design  [12].  Preliminary  design  consists  of 

tasks that are vital to the exploration and learning about the design problem that 
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is being approached. These tasks include generating a problem definition, doing 

research and gathering information on the problem, gathering customer needs, 

and writing engineering requirements [2, 4, 7, 11, 13, 14]. The preliminary design 

phase is  the phase of  focus in  this  dissertation.  The conceptual  design phase 

centers around the designer’s exploration of the solution space. Tasks such as 

ideation,  conceptualization,  developing  concepts,  analyzing  concepts,  and  

concept selection are all endeavors of this phase [1, 4, 13, 15]. The third phase, 

embodiment  design,  consists  of  defining  the  attributes  of  the  product. 

Throughout this phase designers work on product architecture, detailed analysis 

of the chosen concept, modeling, and industrial design [2, 4, 15]. Detail design, 

the  last  phase,  consists  of  activities  centered  around bringing  the  product  to 

market.  Activities in this phase include prototyping, robust design assessment, 

selecting and detailing manufacturing processes,  and final  implementation or 

lock-down of the design [1, 4, 13, 14].  At the end of the activities in the four 

phases, a product can then be delivered to the customer. 

2.2 Understanding Customers
Listening to  and understanding one’s  customers  is  perhaps  one  of  the 

most important steps in creating a product that people want to purchase. The 

means-end  chain  (MEC)  framework  is  one  popular  method  of  helping 
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understand one’s customers [16]. This model (Figure 2.1) produces values from 

culture,  society,  and personality  and combines  those with consumer behavior 

choices to help determine desired and undesired consequences that may exist. 

Consequences of purchasing a product can range from making one feel better 

from obtaining a product, or quenching one’s thirst which happen immediately, 

to consequences such as tooth decay, or not having money for something else 

which may affect the purchaser in the future. These consequences help identify 

product  groupings  and  then  combined  with  use  situations  to  determine  the 

relevant  consequences.  Products  can  be  grouped  and  compared  on  these 

consequences until a choice is made [16]. 

Figure 2.1: Conceptual Model for Means-End Chain [16]

 FIGURE 1
 Conceptual Model for Means-End Chain

 CONSUMER

 SBEHAVIOR
 CHOICES

 i (Cause)
 CULTURE (Produce) CONSEQUENCE
 SOCIETY -VALS
 PERSONALITY Consequences

 Evaluated

 by
 Values

 S(Results In)

 DESIRED (Benefits) AND
 UNDESIRED CONSEQUENCES

 Produce-use Situation

 (Consequences Perceptions Modify SITUATIONS
 Serve as Salience of Consequences

 Criteria for
 (Produces)

 SIRELEVANT CONSEQUENCESl
 Identity Groupings Attributes Imply

 of Products Based on t Products' Ability Product Attributes to Produce Consequences

 j (Produce)
 FUNCTIONAL GROUPINGS

 OF PRODUCTS

 (Comparison

 I Processes)

 which imply their ability to produce the desired con-
 sequences and avoid the undesired consequences.

 Over time, consumers learn to distinguish between
 products they wouldn't use and those they would use
 and in which types of situations they would use those
 products. To understand the linkages between the lev-
 els in the means-end chain, the differences as well as
 the similarities between the products in the functional
 categories have to be studied. The ways in which con-
 sumers describe the diversity of these functionally
 equivalent products can tell us much about their
 means-end chains. This approach also allows us to
 determine why certain products are not chosen or con-
 sidered and the consequences that would be produced
 if they were chosen.

 Consider, as an example, the purchase of a hot
 dog. What consequences are produced by the con-
 sumption of a hot dog and how do these consequences
 relate to values? There are many potential conse-
 quences depending on who is doing the consuming:
 taste experience, type of meat, nutrition obtained
 from meat, preparation consideration, consumption of
 additives, salt, fat, and so forth.

 Relevant values with respect to pleasure, living a
 comfortable life, religion, and good health, among
 others, could play a role in attaching valences and
 importances to these consequences. Different types of
 hot dogs, luncheon meats or sandwich fillings-
 depending on the breadth of alternatives the consumer
 might wish to consider-would be categorized at an

 initial grouping level based primarily on their physical
 characteristics. The usage situation (regular lunch,
 occasional lunch, at a baseball game, etc.) would
 modify the importances of the consequences, produc-
 ing a set of relevant consequences for that consump-
 tion situation. In addition, this set of relevant conse-
 quences would be applied to the product class groupings
 that comprise the categories at the initial grouping
 level. At this point a final choice could be made, if
 more than one choice remained.

 Categorization Processes
 The categorization process is proposed as the method
 of studying how consumers organize their thinking
 about specific product alternatives. It is hypothesized
 that consumers create arrays of products that will be
 instrumental in helping them achieve their desired
 consequences, which in turn move consumers toward
 valued end states. If this connection can be made,

 marketing will be in a better position to understand
 how personal values influence everyday consumer
 choices.

 Categorization processes represent the way in
 which consumers segment their environments into
 meaningful groups by creating equivalences among
 nonidentical stimuli. "The world consists of an infi-

 nite number of potentially different stimuli. Thus a
 basic task of all organisms . . . is a segmentation of
 the environment into classifications by means of
 which nonidentical stimuli can be treated as equiva-
 lent" (Rosch 1978, p. 1). Categorizing is the way
 consumers separate the world into smaller units to
 make it manageable, to limit it to the point where it
 matches their individual capacities.

 The marketplace is full of many more objects than
 individuals have values. Therefore, "ends" are few,
 and "means" are many (Vinson, Scott and Lamont
 1977, p. 46). It is essential for consumers to reduce
 the complexity inherent in the multitude of alterna-
 tives with which they are faced. "When faced with
 a set of stimuli people often organize them in clusters
 to reduce information load and facilitate further pro-
 cessing" (Tversky and Gati 1978, p. 91). To enable
 a person to achieve his/her values, groups or cate-
 gories of products (product classes) have to be related
 systematically to the higher-level ends if the chain is
 to serve its instrumental purpose.

 This occurs because although grouping is deter-
 mined by the object's properties, the choice of prop-
 erties to be focused on is influenced by values. Con-
 sumers group products in different categories depending
 on which features they emphasize and which features
 they ignore. In this manner, the ways in which prod-
 ucts are identified or described by consumers fit their
 subsequent grouping of these products into functional
 groupings (for example, one consumer might have a

 62 / Journal of Marketing, Spring 1982
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This means-end chain approach has been used to study many facets of 

consumer behavior such as consumer recycling goals and the decision to recycle. 

Using  a  laddering  hierarchal  methodology  Bagozzi  and  Dabholker  found  15 

salient goals that placed at various levels.  “Achieve life-sustaining ends,” and 

“provide  for  future  generations”  were  high  level  goals  while  goals  such  as 

“reduce  waste,”  “reuse  materials,”  and  “avoid  filling  up  landfills”  were 

identified as lower level goals [17]. Another study by Pieters, Baumgartner, and 

Allen  used MEC to examine the goals of individuals trying to lose weight [18]. 

The MEC approach found goals and consequences of being attractive to others, 

feeling good about oneself, and living a long and healthy life through the use of 

dieting and exercise.  MEC’s have also been used to study consumer perceptions 

of price, quality and value [19], shopping motivation [20], adolescents cognitive 

structures of retail stores [21], as well as many other facets of consumer behavior. 

Building customer value models is a popular method to understand what 

attributes  the  customer  values  in  a  product  [22].  Work  in  consumer  value 

identified 8 different types of value. These 8 types are efficiency (convenience), 

play (fun),  excellence (quality),  aesthetics (beauty),  status (success,  impression 

management),  ethics  (virtue,  justice),  esteem  (reputation,  materialism),  and 

spirituality (faith,  ecstasy,  sacredness) [23,  24].   Determining the importance a 
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customer  may  place  on  each  of  these  metrics  for  a  given  product  can  be 

important to that product’s success.

A 2001 study by Davenport, Harris, and Kohl examined companies such 

as  Harley-Davidson,  Hewlett-Packard,  3M,  MasterCard,  Frito-Lay,  and  many 

others  in  an  attempt  to  understand  how  those  companies  approach 

understanding  their  customers  [25].  These  companies  constructed  their  own 

repositories  of  customer  data  at  lower  levels  so  as  not  to  interfere  with  the 

company’s already large repositories of other information. Before engaging about 

products with customers, the interviewer started by determining the values the 

customer  had with  that  area  of  products.  3M held  cafeteria  fairs  to  see  how 

various work sites used 3M products and to showcase products those companies 

were not using. This also provided information about how different regions or 

countries may be using the products differently [25].

2.3 Customer Needs
Customer needs are the driving force behind product design, often termed 

as “voice of the customer” techniques.  Products that meet the needs and wants 

of its customers are generally found the most desirable. Gathering information to 

assemble  a  list  of  customer  needs  is  one  of  the  first  things  completed  when 

starting the design process using “voice of the customer techniques” [12].
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! Currently,  the  majority  of  engineering  design  texts  discuss  gathering 

customer statements and creating customer needs lists [1, 2, 4, 11]. These texts 

also  discuss  the  overall  process,  which  contains  gathering  or  representing 

customer needs through the writing of engineering requirements at a high level. 

One  of  the  most  commonly  taught  design  practices  is  Quality  Functional 

Deployment (QFD) that centers around the House of Quality (HOQ) [1, 2, 4, 7, 9]. 

In  this  method  the  engineering  requirements  are  related  to  corresponding 

customer  needs,  and  the  strength  of  that  correlation.  While  this  is  useful  in 

ensuring  that  every  customer  need  is  represented  within  the  engineering 

requirements list as well as a visual aid to help show the relationships between 

customer  needs  and  engineering  requirements,  it  does  not  include  in-depth 

techniques to elicit or analyze the customer need statements. "

 Designers design for their customer; whether it is a specialty product for 

five people or a mass-produced product for the millions, the customer comes first 

in successful products and processes.  The best method to design something for a 

certain group of people is to try to determine what that group wants and needs 

in the product [1, 4, 11]. Customer statements can be gathered using a number of 

different methods, which produce a variety of outcomes (Tables 2.1 & 2.3). These 

outcomes  can  be  analyzed  to  create  a  list  of  customer  needs.  Creating  the 
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customer  need  list  involves  reading  and  inferring  customer  wants  based  on 

information in customer statements [1, 2, 4]. This is a crucial step in the process 

because, once the needs list is completed, the engineering requirements are then 

generated  from  this  finalized  list.  The  product  will  be  built  to  meet  the 

engineering requirements, so the designers need to be careful that all customer 

needs are clearly expressed (and, thus, clearly understood) before relating needs 

to engineering requirements. 

Once  the  needs  list  is  created,  the  designers  start  to  organize  and 

understand the needs that are listed. There are multiple approaches to analyze 

the  needs  including  calculating  the  percentage  of  people  mentioning  a  need, 

sorting by affinity diagrams, designating a customer or designer prioritization, 

analyzing  the  language  used,  and  applying  cluster  analysis  [1,  2,  4].  These 

methods allow a designer to group similar needs together, look at which needs 

are  the  most  important  to  the  customers  and  overall  attempt  to  gain  an 

understanding  of  what  the  customers  said.  One  of  the  procedures  used  to 

examine needs is by looking at the number of people who produced a specific 

need. If several people want the same trait in the product, that need has a higher 

importance  for  its  inclusion  in  the  final  product  than  something  that  was 

mentioned by only a small part of the customer population [2]. Recognizing the 
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differences  between  the  various  types  of  needs  is  important.  The  designers‘ 

decisions and product requirements will vary based on those needs [26].

2.3.1 Gathering Techniques
Customer needs can be gathered in a multitude of manners. These include 

interviews, surveys, focus groups, observation, and customer complaints, just to 

name a few [1-4, 11]. After customer data is collected, it is converted from the raw 

form that was directly elicited from the customer to an easier-to-process list of 

customers’  wants  –  the  customer  need  list.  Creating  the  customer  need  list 

involves reading and inferring customer wants based on information in customer 

statements [1, 2, 4]. This is a crucial step in the process because, once the needs 

list is completed, the requirements will then be generated from this finalized list.  

Care should be exercised at this juncture as all needs must be clearly expressed to 

avoid  misunderstandings.   If  this  cannot  be  achieved,  then further  gathering 

efforts are needed to confirm the correct need is recorded.  The designers need to 

be careful and any misunderstood information needs to be looked at further to 

confirm that the correct need is recorded.

The most popular methods are shown in Table 2.1.  These methods are 

used across multiple design disciplines such as engineering, product, and human 

factors design as well as business. Each method presented here has advantages 
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and disadvantages (shown in that table) and is generally selected based on the 

design  team’s  particular  situation  with  regards  to  the  gathering  of  customer 

needs.  For example, is breadth or depth needed, is more time available, and do 

the  designers  have  sufficient  staffing  to  go  through  the  transcripts,  surveys, 

videos, and other documents from the gathering process?

Table 2.1: Customer statement gathering techniques 

Method Definition Outcome Advantages Disadvantages

Interview 
[2, 3, 4, 11, 30] 

Questioning a 
potential 
customer or 
subject matter 
expert in person. 

Interview 
Transcript 

Good depth of 
information. 
Interviewer has 
control. 

Lacking breadth 
of information, 
can be time- 
consuming

Surveys/
Questionaries  
[1, 2, 11]

Paper/online 
form used to 
collect data.  

List of 
answers, Likert 
scale numbers

Good for breadth 
of information, can 
gather from people 
quickly. 

Hard to get a lot 
of depth. 

Focus groups 
[1-4, 11]

Group interview 
with moderator

Transcript, 
Audio, Video

Customers 
interactions/
brainstorming

Time consuming, 
more breadth 
than interviewing

Be the 
customer 
[2, 3]

The designers 
use the product Personal notes First hand 

experience
Lose customer 
perspective

Observation 
[1, 3, 4, 30]

Watch 
customers use 
the product

Customer 
statements, 
observation 
notes

Opinions not 
recalled from 
memory.

Time consuming. 

Customer 
complaints 
[11]

Analyzing 
customer 
complaints

List of 
problems with 
the product(s)

Tells you faults 
people have felt 
compelled enough 
to report. 

Does not contain 
positives, may 
not allow for 
followup
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2.3.2 Customer needs interpretation/analysis
Affinity diagrams are one of the most common ways to analyze and sort 

customer needs. To construct an affinity diagram firstly the designers put all of 

the customer needs onto Post-it notes. Then the first need is stuck onto a board, if 

the second need is the same as the first need that Post-it is stuck below the first 

need,  if  it  is  different  then a  new column is  started.  This  continues with the 

entirety of the needs [2]. Affinity diagrams can be used to sort items on varying 

levels of abstraction. One could create an affinity diagram for customer needs 

where the same need had to be generated or one could create an affinity diagram 

that grouped needs on a higher level of abstraction such as all of the performance 

needs  and  all  of  the  aesthetic  needs.  Once  an  affinity  diagram  has  been 

completed the team can start brainstorming solutions for those needs. An affinity 

diagram “walk” can be used as each of the groupings are visited one at a time 

and the designers discuss and brainstorm ideas about that need grouping [27]. 

Affinity diagrams are a useful technique that can be used to order many different  

types of artifacts including needs, ideas, anything where small verbal statements 

Benchmark 
studies [1, 2, 
3, 11 ]

Compare and 
study 
competitor 
products. 

List of 
competitor 
performance 
specifications

Lets you analyze 
competitor 
products. 

Have to assume 
what the 
customers want. 

Method Definition Outcome Advantages Disadvantages
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are  to  be  analyzed.  Examining  city  logistics  initiatives,  researchers  used  an 

affinity diagram to help understand the dimensions that were used to rank the 

projects  [28].  The 16 dimensions that  the team had were assembled into four 

main criteria categories containing between two and six sub categories.  These 

main criteria provided the workers with an easier way to show and explain their 

criteria.

The customer sort  method of ranking customer needs involves using a 

selection of potential customers to complete the sorting task. Needs are written 

onto note cards and then shuffled. This deck is provided to a potential customer 

who  is  asked  to  sort  their  cards  into  sub-piles.  Once  sorted  a  co-occurrence 

matrix can be constructed and then represented as a tree diagram [2]. This tree 

diagram, which looks similar to an affinity diagram, can then be used in a similar 

manner.  These  processes,  as  with  many in  design,  are  not  fixated on an end 

product.  The  path  the  designer  takes  by  working  through  these  methods  is 

intended to teach the designer and help them find insight into what the customer 

desires in the product [9]. 

Other methods also exist to help designers understand their customers. 

One  popular  method  from  the  human  factors  domain  is  to  perform  a  task 

analysis [29]. Here the designer attempts to gain an understanding of how the 
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product will be opened, stored, transported, maintained, and most importantly 

used, as well as what conditions the product will be used under. Task analysis is 

done by starting with high level tasks and then breaking those main tasks down 

into  subtasks  and  sometimes  breaking  those  subtasks  down  into  further 

subtasks. The finalized list of tasks helps examine things that must be considered 

that the customer may not have expressed during an interview. By taking the key 

pieces  of  information from the user  the designer  can make educated guesses 

about the rest of the tasks being done to complete the main tasks and gain a 

fuller understanding of how the product will be used.

Concept  maps  are  another  technique  designers  can use  for  knowledge 

elicitation [30]. A concept map is an arc-node diagram that is used to represent 

knowledge  and  show  the  relationships  between  the  concepts  comprising  the 

knowledge.  The  concepts  (nodes)  are  linked  with  arcs  using  linking  words 

(typically verbs or verb phrases) [31].  Originally concept maps were developed 

with educational purposes in mind. The first uses of concept maps were to help 

examine  children's  conceptual  understanding  of  science  concepts  as  their 

education  levels  progressed.  Using  concept  maps,  children  were  able  to 

understand  difficult  science  concepts  earlier  than  originally  thought  [32]. 

Concept maps are also used in curriculum planning. By building the map and 
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examining  the  relationships  between  the  concepts  being  taught,  an  optimal 

sequence  of  material  can  be  constructed  and  because  one  characteristic  of 

meaningful learning is the integration of new knowledge with previous concepts 

teaching  based  on  a  concept  map  can  help  meaningful  learning  occur  [33].  

Concept mapping is also a tool that can be used in the cognitive task analysis 

toolkit [30]. When building a concept map the builder may recall instances in 

which the concepts were salient  and thus can be targets for probe questions [34]. 

Concept  maps can also provide information about the expertise  one has in a 

topic.  Figures  2.2  and  2.3  show  examples  of  student-built  concept  maps  on 

mammals.  Figure 2.2  is  a  sophomore non-science major  while  Figure 2.3  is  a 

biology graduate student [35]. Examining the two maps one can see the distinct 

differences  between  the  sophomore  and  graduate  student  knowledge  of 

mammals. 

2.4 Coding
Coding verbal data is a method used to help quantify qualitative forms of 

data. This method began in the psychology field where researchers attempt to 

understand verbal data that otherwise would be difficult to quantify. This allows 

researchers  to  do both a  quantitive  analysis  and use statistics  to  help inform 
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theories on data that would traditionally fall solely under qualitative methods, 

which can be less scientifically rigorous [36].

�

Figure 2.2: Sophomore Non Science Major Mammal Concept Map [35]

�

Figure 2.3: Graduate Biology Student Mammal Concept Map [35]
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Figure 3 .  Portion of Eileen’s concept map: An example from the majors group. 

(Biology Graduate Student) 

Figure 4.  Portion of Kevin’s concept map: An example from the majors group. 

THE CONCEPT MAP 95 

KELLY 
(Freshman Nonscience Major) 

charaaterlallca 

Figure I. Kelly’s concept map: An example from the nonmajors group, 

BRIAN 
(Sophomore Nonscience Major) 

can 
glv. 

have 

I 

Figure 2. Brian’s concept map: An example from the nonmajors group. 
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These  coding  techniques  often  cross  over  to  engineering  design  when 

attempting to analyze the designer’s thought process. Aurisicchio, Bracewell and 

Wallace  completed  a  study  on  designer  inquiries  used  a  coding  scheme 

consisting of six subsections to help understand the type of inquiries aerospace 

design engineers make when performing design [37]. Another study by Arlitt et 

al. used a slightly altered version of that coding scheme to examine verbal data of 

designers explaining their designs to search for when and how analogies appear 

during the design process [38]. Both of those studies used a numerical scheme, 

where the data is assigned a number or series of numbers that  quantitatively 

represent what that statement characterizes. Using symbols is another method of 

categorizing verbal data.  The chain of symbols can then be examined to help 

understand the types of statements or to create chains of statements to examine 

patterns.  These  can  then  be  analyzed  to  understand  when  a  certain  type  of 

statement is used and how that affects future statements. Research by Sonalkar, 

Mabogunje,  and  Leifer  used  symbols  to  create  a  visual  representation  that 

characterized  a  concept  generation  session  amongst  designers  [39].   Other 

research  has  attempted  to  understand  how  designers  behave  during  design. 

Ullman  et  al.  used  a  self-built  taxonomy  of  6  different  types  of  episodes  or 

behaviors a person completed to analyze how designers progress through the 
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design process [40].  Another study by Arlitt et al. on analogy formation during 

the design process also used a coding scheme to analyze the verbal data gathered 

by the researchers [38]. The coding scheme for this work was derived from two 

previous schemes: one used to analyze analogies[41] and another used to analyze 

conceptual design information handling[42] . 

One of the critical  points of using coding to analyze verbal data is the 

employed  coding  scheme  itself.  Ensuring  that  the  coding  scheme  captures 

everything the designers will be analyzing and has distinct categories with very 

little or no crossover between them is important. Therefore coding schemes in 

engineering design have often been created based on the research question and/

or needs of the researchers. There is also no widely accepted, specific approach to 

coding  verbal  data.  The  various  types  of  verbal  data  (questions,  answers, 

thoughts, paragraphs, statements) coupled with the piece(s) of information that 

the researchers are attempting to capture make this a specialized process [43]. 

The creation of the schemes typically involves an iterative process with multiple 

steps. The first step revolves around the identification of possible codes by the 

researchers. This is followed by using the codes on sample portions of verbal 

data in the domain that is to be analyzed. After the codes are implemented, a 

discussion  among  researchers  ensues  to  determine  the  acceptability  and 
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usefulness  of  the current  codes and then a  reconciliation process  takes  place. 

After the reconciliation process a final list of codes is available to begin analysis 

[44]. 

2.5 Categorization in Design
Ontologies,  taxonomies,  and other  categorization  methods  are  a  useful 

component  for  design.  These  methods  provide  a  path  to  a  repeatable  and 

meaningful  method that  allows all  researchers  using it  to  understand exactly 

what is meant when that specific method is used. 

Development of  a Functional Basis for design began with the intent to 

make function computable. The Functional Basis is a set taxonomy that designers 

can  use  to  create  functional  models  of  objects.  Before  the  Functional  Basis 

functional models were created using natural  language which in turn created 

discrepancies  between individuals  modeling the  same systems as  well  as  the 

actual  words  used  in  the  models[45].  Studies  found  that  functional  models 

lacked consistency from designer to designer, and it was postulated that creating 

consistency  between  the  function  and  flow  terms  used  would  allow  more 

accurate communication of information between people.   Development of  the 

Functional Basis started by analyzing terms used by the methodologies of Value 

Analysis, Pahl and Beitz, Hundal, and subsequent other authors [8, 46, 47].  The 
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first Functional Basis contained terms broken into 3 levels of abstraction: class, 

basic, and flow-restricted, class being the highest level and flow-restricted being 

the lowest [48]. This work was later revisited: the Functional Basis was reconciled 

with a similar effort at NIST [45], and evolved into the list used today, a portion 

of  which  is  shown  in  Figure  2.4.  This  list  contains  the  same  hierarchy  used 

originally with three classes of abstraction: primary (high level of abstraction), 

secondary (medium level of abstraction), and tertiary (detailed abstraction). The 

hierarchy allows designers to align their problem decomposition to a specified 

level  of  abstraction  and  determine  if  their  decomposition  is  complete  by 

expression in a constrained and well-defined vocabulary. The approach and goals 

of  the  Functional  Basis  share  commonalities  with  the  ontology  discussed  in 

Chapter 3.

!

Figure 2.4: Portion of the Functional Basis [45]

mation, the power conjugate complements of effort and
flow can be used.

The reconciled function set in Table 5 has been
modified from having categories of class, basic, and
flow restricted (in the original functional basis) to class
(primary), secondary, tertiary, and Correspondents. The
column labeled as ‘‘Correspondents’’ is provided as an
aid for mapping from terms that are not in the rec-
onciled functional basis to terms that are. In other
words, the terms rigid-body, elastic-body or widget in
some other representation would all be mapped to the
term object in a representation built upon the recon-
ciled functional basis. The words contained within the
Correspondents category are merely a means of com-

parison and are not considered to be a fourth level of
terms in the reconciled functional basis. The italicized
words in Table 5 are repeated correspondents. For
example, allow is a correspondent for both the sec-
ondary functions import and regulate. The combined
function set now contains eight class (primary) cate-
gories with an expanded list of secondary categories
and the creation of new tertiary categories. The eight
secondary categories are branch, channel, connect,
control magnitude, convert, provision, signal, and
support. Clear definitions have been developed for all
flow and function categories (see Appendices A and B).
An illustrative example for each term is also included
for clarity.

Table 5. Functional basis reconciled function set

Class (Primary) Secondary Tertiary Correspondents

Branch Separate Isolate, sever, disjoin
Divide Detach, isolate, release, sort, split, disconnect, subtract
Extract Refine, filter, purify, percolate, strain, clear
Remove Cut, drill, lathe, polish, sand

Distribute Diffuse, dispel, disperse, dissipate, diverge, scatter
Channel Import Form entrance, allow, input, capture

Export Dispose, eject, emit, empty, remove, destroy, eliminate
Transfer Carry, deliver

Transport Advance, lift, move
Transmit Conduct, convey

Guide Direct, shift, steer, straighten, switch
Translate Move, relocate
Rotate Spin, turn
Allow DOF Constrain, unfasten, unlock

Connect Couple Associate, connect
Join Assemble, fasten
Link Attach

Mix Add, blend, coalesce, combine, pack
Control Actuate Enable, initiate, start, turn-on

Regulate Control, equalize, limit, maintain
Increase Allow, open
Decrease Close, delay, interrupt

Magnitude Change Adjust, modulate, clear, demodulate, invert, normalize, rectify, reset,
scale, vary, modify

Increment Amplify, enhance, magnify, multiply
Decrement Attenuate, dampen, reduce
Shape Compact, compress, crush, pierce, deform, form
Condition Prepare, adapt, treat

Stop End, halt, pause, interrupt, restrain
Prevent Disable, turn-off
Inhibit Shield, insulate, protect, resist

Convert Convert Condense, create, decode, differentiate, digitize, encode, evaporate,
generate, integrate, liquefy, process, solidify, transform

Provision Store Accumulate
Contain Capture, enclose
Collect Absorb, consume, fill, reserve

Supply Provide, replenish, retrieve
Signal Sense Feel, determine

Detect Discern, perceive, recognize
Measure Identify, locate

Indicate Announce, show, denote, record, register
Track Mark, time
Display Emit, expose, select

Process Compare, calculate, check
Support Stabilize Steady

Secure Constrain, hold, place, fix
Position Align, locate, orient

Overall increasing degree of specification from left to right

J. Hirtz et al.: A functional basis for engineering design
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The Functional Basis not only allows for designers to communicate more 

effectively with each other using a standard functional modeling language, but 

also offers a suite of computational tools to assist the design through the use of a 

common vocabulary  [45].   A key embodiment  of  this  is  a  Design Repository 

which  currently  holds  function  and  flow  information  for  6,447  components 

found in 167 products from various domains [49].  According to Google Scholar 

this specific research has been cited over 1,000 times and has been used in studies 

examining  product  failures  [50-52],  concept  generation  [53-55][55],  and  bio-

inspired design [55-57]. This variety of issues illustrates the impact that a well 

designed categorization method can have on design.

Another  important  taxonomy  used  in  design  engineering  is  the 

Component Basis [58]. This taxonomy was constructed in an attempt to aid in 

communication between designers by providing a set vocabulary and building 

towards the goal of computational concept generation [59]. The results of this 

effort  produced  a  taxonomy  of  92  terms  that  can  be  used  to  describe  any 

component  that  a  designer  may  want  to  implement  in  their  design.  The 

Component Basis could be combined with the aforementioned Functional Basis 

to create a function- component matrix to map the functions that a product does 

or  contains  to  the  components  completing  those  functions  [58].  Future  work 
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expanded this list to 135 distinct component terms and provided a hierarchy of 

primary and secondary levels to the component basis [60]. 

Ontologies  directed  towards  customer  requirements  have  also  been 

generated.  NASA-supported research created an ontology of  the relationships 

between  the  components  listed  in  requirements  as  well  as  goals,  values, 

operators and booleans found within the requirement [61].  The results of this 

work found that nearly all of the customer requirements provided resulted in 

one of four templates that could be assembled from these ontologies. 

Texts  have  also  produced  categories  for  engineering  requirements. 

Specifically Pahl and Beitz presented 17 categories in their checklist for drawing 

up a requirements list (Table 2.2) [8]. These categories were first developed by 

Franke and was intended as a decomposition strategy for a team that is currently 

generating  engineering  requirements  [62].  While  some  of  the  items  on  this 

checklist correspond to categories with in the created ontology it is important to 

remember  the  differences  between  customer  needs  and  engineering 

requirements.  The thought behind the checklist was to allow engineers to divide 

up  the  engineering  requirements  for  easier  digestion  [8].  Engineering 

requirements  need  to  be  quantifiable,  practical,  and  are  the  specifications  to 

which the product will be built [4]. 
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Table 2.2: Pahl and Beitz Requirement Checklist [8]

 

Main Headings Examples

Geometry size, height, breadth, length, diameter, space requirement, number, 
arrangement, connection, extension

Kinematics type of motion, direction of motion, velocity, acceleration

Forces direction of force, magnitude of force, frequency, weight, load, 
deformation, stiffness, elasticity, stability, resonance

Energy output, efficiency, loss, friction, ventilation, state, pressure, 
temperature, heating, cooling, supply, storage, capacity, conversion

Material physical and chemical properties of the initial and final product, 
auxiliary materials, prescribed materials (food regulations etc)

Signals inputs and outputs, form, display, control equipment

Safety direct safety principles, protective systems, operational, operator and 
environmental safety

Ergonomics man-machine relationship, type of operation, clearness of layout, 
lighting, aesthetics

Production factory limitations, maximum possible dimensions, preferred 
production methods, means of production, achievable quality and 
tolerances

Quality Control possibilities of testing and measuring, application of special 
regulations and standards

Assembly special regulations, installation, siting, foundations

Transport limitations due to lifting gear, clearance, means of transport (height 
and weight), nature and conditions of dispatch

Operation quietness, wear, special uses, marketing area, destination (for 
example, sulfurous atmosphere, tropical conditions)

Maintenance servicing intervals (if any), inspection, exchange and repair, painting, 
leaning

Recycling reuse, reprocessing, waste disposal, storage

Costs maximum permissible manufacturing costs, cost of tooling, 
investment and depreciation

Schedules end date of development, project planning and control, delivery date



!30

2.6 Current Customer Need Categorization Methods
Currently  many  design  texts  provide  some  categories  for  organizing 

customer  needs  [1,  2,  4,  10,  63,  64].  However  each  of  these  texts  presents  a 

different  set  of  categories  and  none  of  the  sets  are  exhaustive.  Research  has 

shown that the categorization and analysis of needs can preserve the intended 

context [65, 66] as well as improve the requirements that stem from those needs 

[66]. A patent has even been issued for a computer system to analyze customer 

needs [67].  Despite  all  of  these positive steps and the work of  researchers  to 

categorize needs, a universally accepted ontology for the categorization of needs 

does not exist.

The ability to categorize customer needs can be a key stage in the design 

process as it provides the designers with an understanding of their current list of 

customer data. Many researchers provide possible categories for customer needs  

[1, 2, 10, 63, 64]. This list of categories can be found in Table 2.3.  Ideally, the 

customer need categorizations allow designers to categorize their customer data 

and analyze it for gaps (in terms of type of product need) and opportunities to 

seek out more data and improve their product for the customer.  However none 

of these categories are defined in a mutually exclusive manner,  which creates 

overlap  between  categories,  nor  do  their  sources  agree  on  which  categories 

should be used under what conditions.



!31

Table 2.3: Categories of Needs 

Need Category Definition Need Category Definition

Direct [2, 10]
Direct needs are easily 
uncovered talking to 
customers.

Resource 
Concerns [1, 63] 

Resource needs are about 
money, time, and materials 
needed to produce the 
product

Latent [2, 10]
Latent needs are not 
directly expressed by 
customers.

Manufacturing 
Requirements [1]

Manufacturing needs are 
about how the product will 
be made.

Constant [2]

Constant needs are 
consistently intrinsic to 
the task of the product 
and do not change over 
time.

Physical 
Requirements [1, 
63] 

Physical needs are the 
geometric qualities of the 
product

Variable [2]

Variable needs are 
technology-dependent 
and may change over 
time.

Reliability/Safety 
[1, 63]

Reliability needs are about 
how long until product fails, 
what happens at failure.

General [2]

General needs are 
applicable to every 
person in the customer 
population.

Life cycle [1, 63] 

Life cycle needs are about 
distributing, testing, 
installing, maintaining the 
product.

Niche [2]

Niche needs are 
applicable to only a 
small market in the 
customer population

Operating 
Environment [63]

Operating Environment 
needs are about where the 
product will be used.

Functional 
Performance 
[1, 2, 10, 63, 67] 

Functional performance 
needs are how the final 
product will perform 
its‘ function

Appearance [63]
Appearance needs describe 
the aesthetic qualities of the 
product.

Human Factors 
[1, 63] 

Human factors needs 
are about the usability 
of product. 

Needs [64] Needs are a high level 
descriptor of quality.

Solutions [64]
Solution needs are a 
solution for the 
problem

Benefits [64]

Benefits are statements that 
describes the value the 
customers would like to see 
in the product. 
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The  Kano  Model  is  one  of  the  most  popular  methods  of  analyzing 

customer needs. This model examines needs about the functionality of a product 

versus the satisfaction that it brings to the customer needs [68]. The needs can be 

broken down into three main categories: attractive, one dimensional, and must 

be  needs.  The  Kano  model  has  been  used  by  many  researchers  to  analyze 

customer needs at multiple places and in multiple stages of the design process 

such as during the House Of Quality and Failure Modes and Effects Analysis 

(FMEA)[69-72].

Work completed by Ulwick found that customer needs typically come in 

the  form of  four  different  types  of  data:  solutions,  specifications,  needs,  and 

benefits [64]. Solutions are the customer providing the tangible features that they 

would  like  to  see  in  the  problem  such  as  a  rubberized  handle  on  a  razor. 

Specifications are customers providing information on what they would like to 

see  in  a  design  characteristics.  Customer  needs  about  the  product  being 

lightweight,  having a  sleek look,  or  having a  wider  base  are  all  specification 

Specification 
[64]

Specification needs are 
design parameters for 
the product

Need Category Definition Need Category Definition
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needs. “Needs” are typically adjectives that the customer wants in a product or 

service.  Statements  such  as  reliable,  effective,  and  resilient  are  all  “needs.” 

Benefits are statements that customers use to describe the value that is desirable 

to them. Easy to use, better, and faster are all words that may signal a benefit 

type of need [64]. 

Recent  research  into  customer  needs  analysis  has  shown  positive 

influences when designers  take the time and effort  to  analyze their  customer 

needs.  One method of need interpretation has been proposed using a human 

centered system architecture (HCSA) [73]. Using HCSA to interpret needs from 

the customer and then shape the needs into requirements was shown to help 

designers and other team members have a similar understanding of those needs. 

This method helped keep the knowledge on structural, functional, operational, 

and contextual characteristics of a product aligned among the design team.

Other  studies  also  found  that  analyzing  customer  needs  helped  to 

produce  better  engineering  requirements  [66].  Multiple  studies  found  that 

analyzing customer needs also helps illuminate the context of that need and why 

the customer found it important [65, 66].

The  5  Whys  is  another  technique  that  designers  can  use  to  get  to  the 

bottom of the customer need [74]. Designers can use the five whys in an attempt 
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to  uncover  the  root  cause  of  the  need.  Uncovering  this  root  cause  can  help 

provide insight into what the customer actually wants. 

Khalid  and  Helander  completed  a  study  that  used  factor  analysis  to 

determine  categories  for  customer  needs  [26].  The  researchers  found  three 

dimensions  of  the  customer  needs  for  the  chosen  product:  holistic  design, 

product  styling,  and  functionality.  The  researchers  noted  that  needs  for 

unfamiliar devices tended to align with the holistic and styling aspects. While 

this approach worked to categorize needs for a certain product the work was 

unable to generate categories that were generalizable for all customer needs.

2.7 Creating Engineering Requirements from Customer Needs
The translation of customer needs to engineering requirements is one of 

the key limitations in designing products that meet customers’ needs [75]. Some 

customer needs are directly measurable, however others are abstract and without 

more information the designer can be guessing as to what the customer need 

actually meant [3]. One currently taught method is an attempt to find as many 

engineering parameters as possible that will satisfy each need. In this method a 

need “easy to attach” would have the requirements: number of steps, amount of 

time, number of parts, and number of tools required. A designer should make 
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every  effort  to  determine  as  many  ways  as  they  possibly  can  to  satisfy  and 

measure each customer need [3].   

Another approach used is generating the engineering requirements from a 

functional  abstraction  of  the  customer  needs  [2].  Functions  can  be  generated 

directly from the customer needs list. Understanding the functions required by 

the device aids in concurrent engineering tasks as the team is moving forward 

with what the product must do. This also aids in concept generation because 

while the team is moving forward no form decisions are made, which enhances 

creativity.  The  functions  generated  from  the  customer  needs  can  be  used  in 

engineering requirement creation as they state the functions that the device must 

perform [2]. Mapping customer needs to function first allows for more solutions 

to be generated because a form has not been chosen [3].

The House of Quality used in Quality Function Deployment (QFD) is the 

most popular method in current use to correlate customer needs and engineering 

requirements.  This  tool  was  brought  to  popularity  with  the  Voice  of  the 

Customer movement in the 1970’s [13]. One advantage to the QFD approach is 

that  it  allows  the  products  being  designed to  meet  real  customer  needs  and 

allowed the entire design team to understand which needs were being used [14]. 

A completed House of Quality shows the designer many relationships including: 
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correlations  between  different  engineering  requirements,  correlations  between 

customer needs and engineering requirements,  the  requirement  target  values, 

customer need importance ranking, and competitors benchmarking data [1-3]. 

However the QFD and VoC methods are not without their limitations as these 

methods tend to be ambiguous and the amount of detail implemented in those 

methods is determined by the designers [64].

Another customer need examination method, value analysis, determines 

the value of needs based on the desire of the customer to have that need and the 

cost of producing the feature. The value of each need can be computed and a 

decision can then be made, usually to include the most valuable needs and not 

consider  the  least  valuable  needs.  This  analysis  can  be  performed  in  a  very 

thorough  manner  including  the  cost  of  subassemblies  and  components  of  a 

product.  Value  analysis  is  not  without  limitations.  The  desire,  typically 

quantified in revenue, can be very difficult to predict accurately. Because of the 

way customers express needs,  features that seem appealing can be rated as a 

higher desire over items that are necessary [2]. 

2.8 Literature Gaps
None of the methods in Sections 2.6 and 2.7 discuss or present a procedure 

to ensure the completeness of a customer needs list or provide a designer with a 



!37

comprehensive  method to  examine  their  customer  needs.   Without  a  way to 

analyze  the  list,  designers  can  start  the  requirement  process  without  an 

encompassing  and/or  well  defined  set  of  customer  needs.  Generating 

requirements from this incomplete list of needs is an arduous task that may not 

represent the customers desires in the product. Providing designers with a tool 

and methodology to ensure they have a comprehensive needs list covering many 

categories  at  different  levels  of  creativity  will  provide  confidence  in  the 

knowledge of the customers wants and assist the designer when moving forward 

through the design process. 
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Chapter 3 - The Creation of an Ontology
This  chapter  describes  the  creation  of  the  ontology  that  was  used  to 

categorize gathered customer needs. This chapter discusses the origins, assembly, 

iterative refinement, and finalized version of the ontology. 

The  work  presented  here  is  adapted  from  an  International  Design 

Engineering  Technical  Conference  paper  to  be  presented  in  Cleveland,  Ohio 

August 2017 [76].

The research presented in this chapter involves the creation, iteration, and 

testing of  an ontology to allow designers to categorize and analyze customer 

needs.   The ontology and its  accompanying methodology can help designers 

determine if the various need categories are represented in their current need 

collection  or  if  there  is  more  collection  in  certain  need  areas  that  should  be 

undertaken  before  moving  forward  in  the  design  process.  The  ontology 

presented  can  also  be  used  to  assess  customer  need  gathering  techniques  to 

determine if there are techniques that produce more of a certain type of need 

than others.

The customer need ontology presented in this chapter is compromised of 

five  taxonomies:  Who,  What,  Message,  Innovative,  and  Target  Market.  These 

taxonomies  describe  who  the  need  is  about,  what  the  need  is  about,  what 
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message that need is providing to the reader, how innovative the need is, and 

what portion of the consumer population this need will affect. 

3.1 Building the Ontology
The  creation  of  the  ontology  began  with  the  analysis  of  the  current 

categories presented in engineering design texts which can be found in Table 3.1 

below ( and similarly Table 2.3, Chapter 2). A variety of categories exist, some of 

which are agreed upon by several authors. This wide variety includes needs such 

as Functional Performance: How the final product will perform its function and 

satisfy the need [1, 2, 10, 63] and Reliability/Safety: How long until the product 

fails and what happens at failure [1, 63]. This variety of categories brings many 

different ideas and viewpoints to how needs can and should be categorized. 

Table 3.1: Types of Needs 

Need Type Definition Relation to the Ontology

Direct [2, 10]
Direct needs are easily 
uncovered talking to 
customers.

Part of the Innovative taxonomy 

Latent [2, 10]
Latent needs are not 
directly expressed by 
customers.

Used to help inform the Un-beneficial category 
within the Innovative taxonomy

Constant [2]

Constant needs are 
consistently intrinsic to the 
task of the product and do 
not change over time.

Used to help inform the Basic category within 
the Innovative taxonomy
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Variable [2]
Variable needs are 
technology-dependent and 
may change over time.

Not part of the ontology

General [2]

General needs are 
applicable to every person 
in the customer 
population.

Part of the Target Market taxonomy

Niche [2]
Niche needs are applicable 
to only a small market in 
the customer population

Part of the Target Market taxonomy

Functional 
Performance [1, 
2, 10, 63, 67] 

Functional performance 
needs are how the final 
product will perform its‘ 
function

Split into Main Function and Supporting 
Function and used in the What taxonomy

Human Factors 
[1, 63] 

Human factors needs are 
about the usability of 
product. 

Part of the What taxonomy

Solutions [64] Solution needs are a 
solution for the problem Part of the Message taxonomy

Specification 
[64]

Specification needs are 
design parameters for the 
product

Part of the Message taxonomy

Resource 
Concerns [1, 63] 

Resource needs are about 
money, time, and materials 
needed to produce the 
product

Helped inform other stakeholders in the Who 
taxonomy

Manufacturing 
Requirements 
[1]

Manufacturing needs are 
about how the product will 
be made.

Helped inform other stakeholders in the Who 
taxonomy

Physical 
Requirements 
[1, 63] 

Physical needs are the 
geometric qualities of the 
product

Is part of the Performance and Aesthetic 
categories in the What taxonomy

Reliability/
Safety [1, 63]

Reliability needs are about 
how long until product 
fails, what happens at 
failure.

Re-name Safety and included in the What 
taxonomy

Need Type Definition Relation to the Ontology
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The first step in building the customer need ontology was to take the list 

of text categories and group them based on the information they were providing 

about the need. Needs such as general and niche provide information on the 

customer population. The needs such as functional performance, human factors, 

physical requirements, and appearance provide information on the main idea of 

the need – or what that need is about. This process continued until each need 

provided category was grouped with  categories  that  described the  need in  a 

similar  manner.  The  majority  of  these  categories  are  represented  in  the  final 

ontology (Section 3.4 & Appendix A). After the needs were grouped the next step 

Life cycle [1, 
63] 

Life cycle needs are about 
distributing, testing, 
installing, maintaining the 
product.

Helped inform other stakeholders in the Who 
taxonomy

Operating 
Environment 
[63]

Operating Environment 
needs are about where the 
product will be used.

Re-named Environment and included in the 
What taxonomy

Appearance 
[63]

Appearance needs describe 
the aesthetic qualities of 
the product.

Re-named Aesthetic and included in the What 
taxonomy

Needs [64] Needs are a high level 
descriptor of quality. Not part of the ontology

Benefits [64]

Benefits are statements that 
describes the value the 
customers would like to 
see in the product. 

Not part of the ontology

Need Type Definition Relation to the Ontology



!42

was to determine what that group represented and how it  contributed to the 

designers’ understanding of the customer. Each of these groupings represented a 

taxonomy for that type of need. At the end of this grouping process the ontology 

contained five different taxonomies. The Who, What, Message, and Target Market 

(population) taxonomies, which are similar to their final versions, and the Benefit 

taxonomy that underwent many changes throughout the iteration process. This 

category finally became the Innovative taxonomy.

3.2 Development and Iteration
After the original creation step an extensive iteration process began with 

the  testing  and  revising  of  the  ontology.  The  ontology  went  through  five 

individual testing procedures where the researchers coded a collection of forty to 

seventy customer needs that were gathered from design texts including Otto & 

Wood, Ulrich & Eppinger, Ullman, and others [1,  2,  4,  7,  9,  63, 77].  Each trial 

began with the author combining needs into an Excel spreadsheet that the other 

coders used to code the needs. The selection of needs was an important process 

as  selecting a  large  variety  of  needs  from different  areas  generated points  of 

confusion  and  helped  the  coders  identify  areas  of  improvement  within  the 

ontology.  The  needs  to  be  coded came from a  variety  of  products  such as  a 

vacuum  cleaner,  digital  camera,  car  door,  restaurant,  child’s  toy,  fingernail 
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clippers  and other  commonly used products.  After  the  spreadsheet  had been 

assembled it was emailed to the coders who then coded the needs individually. 

After the coding process the coders came together to discuss and reconcile any 

coding differences that arose. This process started with the Who taxonomy as the 

raters  went  through  and  discussed  and  reconciled  any  differences  in  that 

taxonomy; this was followed by the What, Message, Innovation, and Target Market 

taxonomies until each discrepancy had been discussed.

The example in Table 3.2 demonstrates this process. This table contains the 

codes from a need about a restaurant. In the reconciliation process upon arriving 

at this need the researchers would go through and discuss any differences. As 

shown there was a discrepancy in the Message category as Coder 1 rated the need 

as a Specification while the other two coders rated the need as an Objective need. A 

discussion then took place about why Coder 1 categorized it in this manner and 

why Coders 2 and 3 categorized it differently. After the discussion the coders 

would discuss if this was a case of coder error or ontology error. If it was decided 

that  an ontology error  occurred then further  examination and changes to  the 

ontology were undertaken. The codes were reconciled taxonomy by taxonomy 

instead of need by need to assist in keeping the discussions about a particular 

taxonomy together. 
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Table 3.2: Reconciliation Example

When  reconciling,  new  terms  and  definitions  were  added  when  the 

current terms and definitions did not provide full coverage of some needs. The 

possible addition of a new term was discussed amongst the researchers to ensure 

that  it  was mutually  exclusive from the other  terms and that  no other  terms 

could be slightly altered to add this coverage. If the addition of a new term was 

not found to be mutually exclusive then the researchers discussed and analyzed 

the  new  term  and  the  term  it  was  overlapping.  The  team  examined  and 

discussed the possible options: 

1) Is the original term’s coverage area too broad?

2) Can the original term’s definition be altered to cover this area? If Yes 

revisit option 1) 

Need (about a restaurant): The customer should have a short wait for food

Coder 1 Coder 2 Coder 3

Who User User User

What Performance Performance Performance

Message Specification Objective Objective

Innovative Direct Direct Direct

Target Market General General General
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3) Upon creation of a definition for the new term, is this term’s coverage 

too broad/narrow? 

4) Can other customer needs be generated that would be coded using this 

new term? 

Once those options and questions had been exhausted either a new term 

was created or a current term’s definition was altered to create more coverage. 

While this was taking place notes were taken on any changes or faults 

with the coding scheme. After the researchers finished and all the codes were 

reconciled, there was a discussion on (1) the current version of the ontology, (2) 

how well it captured the needs, (3) how easy it was to code, and (4) any thoughts 

or  issues that  came up throughout the process.  The inter-rater  reliability  was 

calculated  using  the  pre-reconciled  data  to  examine  the  agreement  of  the 

researchers. This data is further discussed in the next section. Significant changes 

to the ontology were made during this process and are shown in Table 3.3. On 

the  left  of  Table  3.3  the  ontology  is  listed  with  separations  between  the 

taxonomies. The numbers across the top of the table illustrate the version of the  

ontology.  The inter-rater  reliability  numbers  (Fleiss’  Kappa)  are  posted at  the 

moments when those trials took place. The version of the ontology immediately 

to the left of the Kappa value in the top row is the version that was used for that 
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trial. Changes to the ontology are noted by using a color coding system where 

yellow is a definition change, green is a category addition, and red is a category 

deletion.  X’s  mark a  category that  was removed and no longer exists  in  that 

iteration  of  the  repository.  This  shows  the  progression  of  the  ontology 

throughout the iteration process.  The Who  taxonomy was the only untouched 

taxonomy throughout the process. The What  taxonomy went through multiple 

definition changes as well as category addition and deletion. The Target Market 

(population) taxonomy only required a more rigorous definition. The other three 

taxonomies  within  the  ontology  underwent  category  addition,  deletion,  and 

further definition refinement. The What taxonomy lost the benefits category and 

gained  a  supporting  function  category.  The  Message  taxonomy  lost  the  need 

category and underwent significant definition changes. The Innovative taxonomy 

gained  the  un-beneficial  category  and  went  through  3  distinct  definition 

iterations with the definitions changing dramatically multiple times. The Target 

Market  taxonomy  only  underwent  slight  definition  changes  throughout  the 

iteration process. The final definitions and ontology is presented in Section 3.4. 
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Table 3.3: Ontology Iterations with Inter-rater reliability

Ontology Iteration 1
Fleiss’ 
Kappa 
Test 1

2 3 4
Fleiss’ 
Kappa 
Test 2

5
Fleiss’ 
Kappa 
Test 3

6 7
Fleiss’ 
Kappa 
Test 4

8 9
Fleiss’ 

Kappas 
Test 5 1

10

W
h 
o

User

0.31 0.83 0.78 0.40 0.58

Purchaser

Manufacturer

Seller

Investor

W
h 
a  
t

Function

0.52 0.47 0.58

x x

0.69

x x

0.43

x

Main 
Function

x x x x

Supporting 
Function

x x x x

Environment

Human 
Factors

Aesthetic

Performance

Safety

Benefits x x x x x x

Features

M
e  
s  
s  
a 
g 
e

Solution

0.41 0.61 0.32 0.67 0.25

Specification

Objective

Constraint

Need x x x x x x x

Ontology Iteration
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3.3 Testing and Inter-rater Reliability
Inter-rater reliability is a very important aspect in the creation of a coding 

scheme that is intended to be used by many people. Inter-rater reliability was 

I  
n 
n 
o 
v 
a  
t   
i  
v 
e

Basic/
Disguster

0.09 0.26 0.25 0.62 0.22

Direct/
Normal

Exciting/
Delighter

Latent x x 2 3 x x

Unbeneficial x x x x x x 3

R 
e  
c   
i  
p  
i  
e 
n  
t

General

0.13 0.30 0.43 0.45 0.34

Niche

Definition Change Removed Category Added Category

Ontology Iteration 1
Fleiss’ 
Kappa 
Test 1

2 3 4
Fleiss’ 
Kappa 
Test 2

5
Fleiss’ 
Kappa 
Test 3

6 7
Fleiss’ 
Kappa 
Test 4

8 9
Fleiss’ 

Kappas 
Test 5 1

10Ontology Iteration

1: Trial 5 was run with 3 coders who had not participated in the previous trials

2: Latent was previously combined with Exciting/Delighter in versions 1, 2, & 3
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captured at multiple places in the iteration process discussed in Section 3.2 and 

can be tracked in Table 3.1. The first four trials consisted of the same three coders: 

the author, a post doctoral student, and masters student. All of the coders were 

Design Engineering Lab researchers and had previous experience with coding 

audio  and  video  transcripts  of  designer  protocol  studies  and  generating  or 

altering categorization schemes [38, 61, 78].  Each of these four trials contained 

40-60  customer  needs.  The  fifth  trial  was  conducted  by  one  member  of  the 

original coding group (the author) and added three graduate students studying 

engineering  design  for  a  further  validation.  These  additional  three  coders 

received approximately 15 minutes of training and discussion about the coding 

scheme before being asked to code a set of 75 customer needs. This trial followed 

the same procedure as the previous trials. 

All of the inter-rater reliability statistics were generated in Microsoft Excel 

using  Fleiss’  Kappa.  The  first  step  in  calculating  the  inter-rater  reliability 

involved all of the raters emailing their individually completed spreadsheets to 

the  author  who  then  compiled  them  into  one  Excel  spreadsheet  that  then 

calculated the inter-rater reliability. All of the numbers reported are for the pre-

reconciled data and therefore lower than what one might find in studies that 
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report post-reconciled inter-rater reliability data. Table 3.4 shows the calculated 

Fleiss’ Kappas for each of the 5 testing trials.  

Table 3.4: Inter-rater Reliability Statistics

(Bolded numbers indicate substantial or greater agreement)

Calculating the inter-rater reliability throughout the process provided the 

researchers with insight on which of the taxonomies they were in agreement on 

and which were providing confusion throughout the iteration process and added 

another discussion point while iterating the ontology. Table 3.2 in the previous 

section shows the improvements and issues that the coding scheme faced as it 

was shaped throughout the coding reconciliation trials. The two taxonomies that 

improved the most throughout the coding trials were the Innovative and Target 

Market. In the first trial both were at a slight agreement but in the fourth trial they 

were at substantial and moderate agreement [79]. Trial 4 was completed on the 

current  iteration  of  the  ontology  shown  in  Section  3.4.  The  coders  achieved 

Taxonomy
Trial 1

(Fleiss’ 
Kappa)

Trial 2
(Fleiss’ 
Kappa)

Trial 3
(Fleiss’ 
Kappa)

Trial 4
(Cohen's 
Kappa)

Trial 5
(Fleiss’ 
Kappa)

A) Who 0.31 0.83 0.78 0.40 0.58

B) What 0.52 0.47 0.58 0.69 0.43

C) Message 0.41 0.61 0.32 0.67 0.25

D) Innovative 0.09 0.26 0.25 0.62 0.22

E) Target Market 0.13 0.30 0.43 0.45 0.34
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substantial agreement for three of the taxonomies. Trial 4 also contained a more 

diverse  and difficult  need set  than the  previous  trials,  such as  needs  from a 

restaurant and a car door which are quite different than the typical example need 

about a consumer product. The only differences between trials 4 and 5 were the 

addition  of  the  definitions  of  the  individual  categories  themselves  to  help 

designers who had not used the ontology to code needs before. The coders in 

trial  five  were  able  to  generate  fair  to  moderate  reliability  despite  not  being 

experts in any of the products or having any prior experience with the ontology 

or customer needs coding. Because the coders were not experts in the fields of the 

respective products the needs arose from, it was expected that the Innovative and 

Target Market  categories would have lower inter-rater reliability for these tests. 

The  Message  taxonomy was the surprise of this trial as it went from being the 

most agreed upon taxonomy in trial  3 to second least agreed upon in trial  4. 

Examination of the codes reveals confusion on the coders’ part of the difference 

between a Solution (Message taxonomy, 1) and an Objective (Message taxonomy, 3). 

Further discussion of the differences between Solution  and Objective  before the 

coding commenced would have been beneficial  and improved the agreement 

between the raters.
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3.4 Final Customer Needs Ontology
The final customer needs ontology is shown in Tables 3.5-3.9. A completed 

table of this coding scheme can be found in Appendix 1. 

3.4.1 Who Taxonomy
The  Who  taxonomy  (Table  3.5)  describes  who  the  customer  need  is 

intended to satisfy. The stereotypical customer need is about the user, however, 

they are not the only stakeholders in the product. This taxonomy is unique in 

that it did not stem from categories taken from texts. Instead a deeper reading 

into the texts revealed who the customer needs might be about. For instance “For 

example,  beyond  the  consumer,  the  designer’s  management,  manufacturing 

personnel,  sales  staff,  and  service  personnel  must  be  considered  as 

customers.” [1] Another example is “Sometimes the purchaser of the product is 

not the same as its user (e.g. gym equipment, school desks, and office desks).” [1]  

Using statements like these the list of people in the who category was formed. 

Stakeholders  in  the  product  such  as  investors,  sellers,  manufacturers,  and 

purchasers can also have customer needs. The purchaser is a key special case for 

instances  where  the  individual  buying the  product  may not  be  the  user.  For 

instance  a  parent  buying  a  toy  for  their  toddler  or  a  news  station  buying  a 

helicopter. The parent or news station in that example have different needs than 
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the user, in this case the toddler or pilot/reporter. The toddler (user) may have 

different values when it comes to the sound levels and lights flashing than the  

parent (purchaser). The same thing is evident in the helicopter example where 

the purchaser (news station) may value things such as price and serviceability 

whereas the user (pilot) would value handling qualities higher.  This taxonomy 

can typically be identified from the source of the need.

Table 3.5: Who Taxonomy

3.4.2 What Taxonomy
The  What  taxonomy  (Table  3.6)  can  be  viewed  as  the  “meat”  of  the 

customer need. It is the largest of the five taxonomies with eight subcategories 

(or codes) and contains information on what the need pertains to. The first two 

categories are about the function of the product. The Main Function refers to the 

function that  one would place in  a  black box model.  For  example a  vacuum 

cleaner’s main function would be to collect solid material [45]. A customer need 

Who Category: Who is this need intended for?

A1 User The person (people) using the product

A2 Purchaser The person (people) buying the product

A3 Manufacturer The person (people) making the product

A4 Seller The person (people) selling the product

A5 Investor The person (people) who are monetary stakeholders in the products success
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stating that “a vacuum cleaner should pick up debris” would be an example of a 

Main Function need. 

The  next  category  in  the  What  taxonomy  is  Supporting  Function.  The 

Supporting Function needs would be functions outside of the main function that 

the device must  complete.  Returning to the vacuum cleaner example,  storing 

solid material, guiding solid material, and separate gas-solid mixture would all 

be examples of supporting function needs which related to the dirt bag, tubing to 

move dirt  from the head to the bag,  and filtering the air  before it  leaves the 

vacuum cleaner and re-enters the room. These needs are important to the user 

experience of the product. These needs may identify sub-functions of the device 

before a proper functional decomposition has been completed.

Needs coded as Environment pertain to the environment or setting that the 

product will be used in and how they interact. An example of this would be a 

statement about needing to use the vacuum outdoors or on a variety of surfaces 

and describes the environment/vacuum relationship. This category also stems 

from a text about wanting to identify where the product will be used [63].

The fourth code, Human Factors, is a need that contains information about 

the user interaction with the product and how the product may enhance the user 

experience and was derived from multiple texts [1, 63]. An example would be 
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“the vacuum cleaner should be lightweight so I can take it upstairs.” While this 

need contains a performance variable the overall message the need is conveying 

centers around how the user will interact with the product, therefore making it a 

Human  Factors  needs.  A performance  version  of  this  need  would  read  “the 

vacuum cleaner should be lightweight.”

Aesthetic  needs contain information about  the  visual  appearance of  the 

product [63]. This can range from information about color, to shape, to texture, 

and others. This can also related to how the product evokes emotion in someone 

when they look at  it.  Aesthetic  needs can be  difficult  to  relate  to  engineering 

requirement.  Therefore  it  is  imperative  that  the  design  team  gathers  an 

understanding of the user’s intent when describing the aesthetics they desire.  

The sixth category in the What taxonomy is about product performance. 

These needs are strictly about the performance variables of the product and do 

not relate to human interaction with the product. For example a need stating “the 

product  should  be  lightweight”  is  a  Performance-based  need.  However  as 

discussed previously, the need “the product should be lightweight so I can carry 

it  upstairs” is  a human factors need because it  states specifics about the user 

interaction with the product.  Other  vacuum cleaner-related Performance  needs 

could be,  “picks up X% of  debris”,  “is  under X inches tall”,  or  “only uses X 
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volts.” All  of these needs are about performance, are measurable,  and do not 

contain any information about the user’s interaction with the product. 

Safety is the seventh category in this taxonomy. This need group is very 

important  and was also mentioned in multiple  texts  [1,  63].  This  grouping is 

about how the product may or should prevent injury or protect the user. Needs 

about sharp edges, pinch points, or exposed moving parts could all be classified 

as Safety needs. Safety of the users should be paramount in nearly all designs so 

it is very important that the design team confirms that it has Safety needs in their 

customer needs list. 

The last category in the What taxonomy is Features. This category provides 

information on attributes  or physical features the product should have such as 

ways  (or  partial  solutions)  to  accomplish  a  function,  or  features,  e.g.,  “have 

Bluetooth connectivity.” Back to the vacuum cleaner example,  a need such as 

“the vacuum should have a hose and hose attachments” would be classified as a 

Feature need. Features needs often provide a way to accomplish a certain function 

or behavior the user would like to see in the product. 

Table 3.6: What Taxonomy
What: What is the need about?

B1 Main 
Function

The main function the product will complete. The function that would be found in 
a black box model of the device. These needs are directly about the function and 
NOT how it will be accomplished.

B2 Supporting 
Function

The supporting functions that the device completes. These needs directly describe 
the function and NOT how it will be accomplished.
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3.4.3 Message Taxonomy
The third taxonomy, Message, relates to Ulwick’s work on customer needs 

as outcomes [64] and is shown in Table 3.7. The information examined by this 

taxonomy  looks  at  what  message  is  being  conveyed  by  the  need.  The  first 

category is solution. Solutions provide a specific way to accomplish the “what” 

taxonomy. Solutions typically are ways that a customer envisions a need being 

solved and are very specific in nature. Returning to the vacuum cleaner, a need 

stating “The product should use 18 volt lithium batteries” would be an example 

of a Solution need as would “the vacuum cleaner should use nylon bristles”.  One 

B3 Environment The environment(s) the product will be used in. The boundary must contain entire 
product. This would be the boundary around black box model flows.

B4 Human 
Factors

The user interaction with the product. These needs may also contain judgement on 
user experience or needs for the human experience or performance variables or 
aesthetic information that explains HOW it will enhance the user experience. 

B5 Aesthetic
The visual appearance of the product, including but not limited to color, shape, 
texture. These needs may relate with the study of the mind and emotions in 
relation to the sense of beauty with the product. 

B6 Performance

The performance objectives of the product (speed, lightness, quickness). These 
needs typically include adjectives describing product performance and are 
measurable (possibly after more defining). These are not to be confused with 
human factors needs where a performance metric directly enhances the user 
experience. These needs may or may not contain a target or number.

B7 Safety

How the product may injure/protect the users or other people near it during 
operation. These needs may sound similar to human factors but when coding 
safety supersedes human factors. Safety needs may contain performance variables 
that explain HOW it will enhance the safety of the product. 

B8 Features
A way to accomplish a function. These needs will not always contain the function 
being accomplished but will provide information on how it will be accomplished. 
Solutions (from the Message taxonomy are typically features).

What: What is the need about?
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thing  discovered using  this  category  is  that  it  is  important  for  the  designers 

doing the coding to have a shared understanding of what specificity something 

needs to be to be categorized as a solution. The design team may categorize the 

previous 18v example as  a  Solution  but  how would they categorize  a  similar 

statement “The product should use batteries”? The line between Objective (how 

the author would categorize the previous statement) and Solution is very fine and 

having a clear understanding of that line before coding will benefit the design 

team.  Another  important  feature  about  Solutions  is  that  they  require  further 

inquiry to fully understand. Unpacking the 18V lithium battery need, does the 

customer need 18 volts, does the customer need a lithium battery, or are they 

projecting their knowledge (my weedeater uses an 18v lithium battery) onto the 

product,  maybe  in  hope  that  they  can  use  one  set  of  batteries  for  multiple 

applications? Because of this, if the design teams comes across a Solution need, 

they should make notes to determine the root of that need as customer needs are 

about what the customer wants and now how that should be completed. 

The next category is Specification needs. Specification needs are measurable 

target values for the product. In a Specification need there are boundaries on both 

sides of the target that would be acceptable by the designers. Speed, size, and 

weight are all specifications that are easily imaginable in customer need form, 
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“The vacuum cleaner should weigh 4lbs.” The customer would probably buy a 

3lb or 5lb vacuum if the rest of his/her needs were met. 

The third category, Objective needs, are expressions of attributes the user 

would like to see in the product. An example of an Objective need could be “The 

vacuum cleaner should be able to remove pet hair from a couch cushion.” This is 

an attribute that the user would like to see in the vacuum. Many of the needs 

coded  with  this  scheme  have  been  found  to  be  objective  needs  as  this  is  a 

common way for the user to state what they are looking for in a product.  

The last category in the Message taxonomy is Constraints. Constraints set a 

hard boundary that the product must fall  on one side of.  They are similar to 

Specifications  in  that  they are  measurable,  however  the  measurable  value  is  a 

boundary instead of a target. “The vacuum cleaner must have at least a twenty 

foot power cord” is an example of a constraint need because the user wants a 

cord that is no shorter than twenty feet. Phrases such as “at least” or “more than” 

are triggers for Constraint needs. 
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Table 3.7: Message Taxonomy

�

3.4.4 Innovation Taxonomy
The fourth taxonomy, Innovation (Table 3.8), contains four categories and 

describes how innovative the need is. This category bears some resemblance to 

the Kano Model (Figure 3.1) [80].  The customer being discussed in this category 

relates to the group chosen in the Who Taxonomy for that need, not necessarily 

the user. 

Figure 3.1: Kano Model [81]

Message: What message is the need conveying?

C1 Solution A specific way to accomplish the "what". They are typically ways a customer 
envisions a need being solved. 

C2 Specification
A measurable target value for the product. There are acceptable bounds on both 
sides of a specification. The target may or may not be numerical at this phase in the 
process.

C3 Objective An expression of the attributes and behaviors that the client or potential users 
would like to see in the product.

C4 Constraint
A restriction or limitation that will result in a boundary. These differ from 
objectives in that exceeding or not meeting this boundary is not an option. The 
boundary may or may not be numerical at this phase in the process.

in: Preprints Volume I of the IX. International Working Seminar on Production Economics, 
Innsbruck/Igls/Austria, February 19-23 1996, pp. 313 -327 
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demand them. Must-be requirements are in any case a decisive competitive factor, and if they are 

not fulfilled, the customer will not be interested in the product at all. 

 

Requirement
not fulfilled

Requirement
fulfilled

Customer dissatisfied

One-dimensional
requirements

Attractive requirements
- not expressed
- customer tailored
- cause delight

- articulated
- specified
- measurable
- technical

- implied
- self-evident
- not expressed
- obvious

Must-be requirements

Customer satisfied

 

Fig. 1: Kano’s model of customer satisfaction (Berger et al., 1993) 

One-dimensional requirements: With regard to these requirements, customer satisfaction is 

proportional to the level of fulfillment - the higher the level of fulfillment, the higher the customer’s 

satisfaction and vice versa. One-dimensional requirements are usually explicitly demanded by the 

customer. 

Attractive requirements: These requirements are the product criteria which have the greatest 

influence on how satisfied a customer will be with a given product. Attractive requirements are 

neither explicitly expressed nor expected by the customer. Fulfilling these requirements leads to more 

than proportional satisfaction. If they are not met, however, there is no feeling of dissatisfaction. 

The advantages of classifying customer requirements by means of the Kano method are very clear: 

• priorities for product development. It is, for example, not very useful to invest in improving must-

be requirements which are already at a satisfactory level but better to improve one-dimensional 

or attractive requirements as they have a greater influence on perceived product quality and 

consequently on the customer’s level of satisfaction. 
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The first category is Basic needs. Basic needs are expected by the customer 

and almost assumed. In the Kano Model these needs would fall at the origin. In 

the current competitor product landscape nearly all successful products at least 

address these ‘basic’ needs. Typically these needs relate to the core functionality 

or operability of the product and may not be readily expressed by a customer. A 

potential user may not state “The vacuum should remove dirt from the floor” as 

it is expected that a vacuum will pick up dirt off the floor. It is important that 

when using this taxonomy that the customer mentioned in the code descriptions 

is the customer from the Who category, not necessarily the user. 

The second category is Direct  needs. These are needs that the customer 

will have little issue declaring that they want. If one was to map these needs onto 

the Kano Model they would be located in the lower left of quadrant one with a 

partly  satisfied  customer  and  a  partly  fulfilled  requirements  product.  Direct 

needs are useful in that they provide insight into what the customer would like 

in the product, however they will not be as imaginative as the exciting needs. 

Examining competitor products would find products that both meet and do not 

meet Direct needs. This need could be about a feature not currently available on 

all products, such as the ability for a vacuum to specialize in picking up pet hair 
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or may be a  feature that  costs  more to implement and therefore is  not  in all 

products. 

Exciting  needs  make  up  the  fourth  category  and  are  where  the  most 

innovation can stem from. These needs would map to a fully satisfied customer 

and a fully functional product in the Kano model. Exciting needs are rare as the 

customer may have trouble expressing them because they do not know yet that 

they need or want this capability or feature. This could be due to technologies or 

materials that the customer does not have knowledge of or of a feature that the 

customer  has  not  had  the  necessary  insight  to  ask  for.  When  examining 

competitor products one will find very few to no products that currently meet 

this need. 

The  last  category  is  Un-beneficial  needs  which  map  to  dissatisfied 

customers and dysfunctional products in the Kano Model. These are needs that 

are un-beneficial to the user even if the product meets them. These needs are 

typically confusing to the designers and not expressed by multiple customers. An 

example  would  be  “The  vacuum  cleaner  should  have  a  built-in  bluetooth 

speaker.” When encountering an un-beneficial need the design team may want to   

inquire further into what the user was hoping to accomplish with that need.  
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Table 3.8: Innovation Taxonomy

3.4.5 Target Market Taxonomy
Target  Market,  the  last  taxonomy,  illustrated  in  Table  3.9,  examines  the 

customer population or segment of the market that would benefit from this need. 

The first category is General need which affect a majority of the population [2]. 

For the use of this research General needs are defined as a desirable expectation of 

over seventy five percent of the intended user population for this product. These 

needs are stated by multiple people and are features or functionality that nearly 

everyone will use. 

The other category in the customer population taxonomy is Niche needs 

which affect  a small  fraction of the population [2].  This ontology has defined 

Niche needs as features or functionality that less than twenty five percent of the 

customer base will use. These needs may manifest themselves in optional extras 

Innovation: How innovative is the need

D1 Basic Needs expected by the customer and assumed to be available. One would be 
unable to buy a current product that does not already meet this need. 

D2 Direct

Needs that the customer will have no trouble declaring because it is something 
they are concerned about and the better the need is met, the more satisfied the 
customer is. Products that meet this need are currently available on the market 
and products that do not meet this need are still currently available on the market.

D3 Exciting
Needs the customer will typically have difficulty expressing because they may not 
have had the necessary insight, however these needs are very beneficial. Products 
that currently meet this need are typically not on the market or are extremely rare.

D4 Un-beneficial Needs that are Un-beneficial to the product even if the product meets them. 
Products on the market currently do not meet these needs for good reason.
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in the case of vehicles or downloadable content when examining video games. 

They are not crucial to the main function or use of the product and may add costs 

either to the price, size, shape, or other aspects of the device.

For this research it was decided to break this into two categories as those 

are the two mentioned in the design text [2]. However if the design team wanted 

to break this taxonomy into more discrete categories (i.e. affects 10%, affects 25%, 

affects 50%, affects 100% of users) this can easily be adjusted to accommodate the 

design team’s preferences. 

Table 3.9: Target Market Taxonomy

3.5 Ontology Use
The use of this ontology is very similar to other coding schemes. Once a 

need statement has been identified the coder assigns the need a number from 

each of the five taxonomies. For example, a vacuum cleaner need such as “The 

vacuum cleaner should weight less than 5lbs” would be classified as a 1 (User) in 

the Who  taxonomy because that is a need that the user would look for in the 

vacuum,  a  6  (Performance)  in  the  What  taxonomy  because  this  is  about  the 

Target Market: How much of the customer population does this need affect?

E1 General A desirable expectation to most of the users (>25%) in the customer population for this 
product. 

E2 Niche

A desirable expectation to a smaller segment (<25%) of the customer population. They 
may restrict the customer population or only affect power users of the product. May 
drive a customer to purchase a different similar product because they do not want this 
capability. 
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performance of the vacuum, a 4 (Constraint) in the Message  taxonomy because 

this is an attribute the user would like to see in the product, a 2 (Direct) in the 

Innovative  taxonomy because  this  is  something  the  user  would  be  concerned 

about, and lastly a 1 (General) in the Target Market  taxonomy because this is a 

need that would affect over 75% of users. Putting this together yields a final code 

of 16421 which can then be entered into a database or other digitized tool to 

allow for easier categorization of the needs as one could search for all Performance 

needs that have been gathered, or all Objectives. This searching mechanism also 

allows for a multiple category analysis as well, such as “show me all of the users 

providing Solutions on Human Factors.” The needs in Table 3.10 will be used as an 

example. This fictional example of a vacuum cleaner needs set will explain how a 

design team may use these codes to help understand what information they are 

lacking and what that means about their product. 

Table 3.10: Vacuum Example Needs

Who What Message Innovative Target 
Market Need

1 1 4 3 2 1 Low weight to carry up stairs

2 1 4 3 2 1 Easy to maneuver 

3 1 8 4 2 1 Retail price should be less than $30

4 1 6 3 2 2 Quiet operation

5 1 6 3 2 1 Energy efficient

6 1 6 3 2 1 Good dirt pickup
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Examining  this  list  of  needs  provides  information  to  the  designers  on 

what they currently have from the customers and types of needs they may want 

to  seek out.  Currently  all  of  the  needs  are  about  the  User.  Therefore  gaining 

insight  and information from the other stakeholders in the product  on issues 

such  as  retail  price  and  manufacturing  price  may  be  beneficial.  In  the  What 

taxonomy there is a larger variety, as Human Factors  needs, Performance  needs, 

Features, and Supporting Functions are all represented. Gathering information on 

the aesthetics the users would like to see in the product, Safety needs, and the 

Environment  the users will  be operating in is something the design team may 

want to seek out.  The Message  category is  dominated by Objective  needs.  The 

current customers have not provided any Solutions or Specifications, and only one 

Constraint  about  the  product.  Searching  out  some  of  these  needs,  especially 

Specifications  and  more  Constraints  possibly  through  product  demonstrations 

would allow the design team to gain knowledge in what the users mean by “low 

weight” or “good dirt pickup” as those needs are still slightly unclear. Currently 

all the needs are Direct needs in the Innovative category. While none of these are 

7 1 6 3 2 2 Fast cleaning of the device

8 1 2 3 2 2
Multi functional (can clean stairs, 
has attachments, hose etc…)

Who What Message Innovative Target 
Market Need



!67

groundbreaking  the  design  team  should  be  able  to  find  example  needs  in 

competitor  products,  and benchmarking those  products  with  respect  to  these 

needs may provide some insights. If the team is looking to produce an innovative 

new vacuum cleaner there is still work to do as none of those needs are Exciting 

needs. However if the team is just trying to fill a market gap amongst existing 

vacuum cleaners without adding new functionality or a new way of completing 

the task then this is not troublesome. There is a mix of Niche and General needs as 

not  all  of  these needs may be cared about by every user.  This  can aid when 

completing the  House  of  Quality  room of  assigning weights  to  the  customer 

requirements. 

3.6 Ontology Discussion
The research completed here has the potential to help designers improve 

their ability to accurately assess and analyze the data they have gathered during 

the  customer  needs  process.  This  ontology  can  provide  researchers  with 

information on what type of needs they have gathered so far and areas of needs 

that  require  more gathering.  Some of  the codes are  also indicators  that  more 

work is  required to  fully  understand the need.  Performance  needs are  a  good 

example of this. If a potential customer indicates that they would like the device 

to be under five pounds the designer should seek more information as to why. 



!68

While knowing that the device should be under that weight limit it is important 

to understand why the customer desires that. More need finding will likely lead 

to a better fundamental understanding of what the customer wants. 

Solution coded customer needs offer a similar opportunity. For example, 

when the customer states a  specific need such as “the device should use AA 

batteries” the designer should delve deeper into why the customer thinks AA 

batteries are necessary. Maybe the customer wants easily replaceable batteries, 

maybe they want it to be a common battery type, or maybe the customer has 

another reason for this need. A similar approach is the 5 Why’s [74] except this  

method can help the designers pinpoint  the areas where more information is 

needed.

The creation and goals of the customer need ontology presented in this 

chapter contains parallels with the creation of the Functional Basis discussed in 

Section 2.5 [45]. The creation of the Functional Basis began with the analysis of 

various prominent methodologies used in function based design [45]  and the 

creation  of  the  customer  need  ontology  began  with  the  analysis  of  various 

customer need categories put forth by prominent design texts. By providing an 

ontology the coding and analysis of a customer need by a designer can be more 

consistent.  This consistency will  allow designers to communicate about needs 
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more  effectively  and  also  could  allow  for  the  use  of  computational  tools  to 

automatically produce analysis on the codes one has entered. 

The ontology can be used on two main fronts in engineering design. First, 

it can be used to analyze the needs that a designer has currently collected from 

customers. This analysis can provide information on gaps in the customer needs 

and influence  further  customer  interviews  as  the  designer  can  target  specific 

areas to examine. Second, the ontology can be used to examine need gathering 

techniques. Needs can be gathered using the various need gathering techniques 

and then coded to see if some techniques provide a higher quantity of needs in 

certain  categories  when  compared  to  others.  This  in  turn  can  influence  the 

designer when they realize that a specific type of need is lacking in their current 

collection of customer needs.
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Chapter 4 - Validation Study: Analyzing Needs
This chapter examines the use of the created ontology to assess a current 

list of needs and how needs change as designers progress through the design 

process.  The needs examined were gathered by members of the Oregon State 

University Innovation Initiative Team examining opportunities to better meet the 

needs  of  unserved  and  underserved  audiences  to  gain  access  to  learning 

opportunities . The goal of this Oregon State Innovation Initiative Team was to 2

identify  disruptive  ideas  that  will  have  a  positive  impact  on  unserved  and 

underserved audiences. To accomplish this goal the Team first identified eight 

populations in the explore phase of the process that met their criteria of unserved 

or  underserved.  The  team  interviewed  members  of  those  populations  and 

members of the university that would be critical in providing resources to these 

populations. Throughout the process the number of considered populations was 

reduced to three in the converge phase. These three populations received further 

research and need gathering. These needs serve as the basis for the research done 

in this chapter. 

 The term learning opportunities is specifically chosen to encompass both traditional offerings of 2

an institution of higher learning as well as new approaches to support learning in post traditional 

learners and corporate stakeholders
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4.1 Ontological Assessment of Needs
With  the  customer  need  ontology  defined  and  initial  validation  on  its 

reliability completed, it was used to review customer needs gathered in the first 

“exploration”  phase  of  the  process  used  in  the  Oregon  State  University 

Innovation Initiative by the six-member Innovation Team. The Innovation Team 

gathered  needs  from  direct  interviews  with  unserved  and  underserved 

audiences, review of literature describing challenges facing higher education and 

through visits  (both  in  person and via  phone)  with  higher  education change 

professionals  at  research  and  consulting  firms  serving  non-profit  higher 

education institutions [82-84]. The customer needs were gathered following an 

approach that identified the audience, their pain point that needed a solution and 

the benefit that the audience could achieve if  a solution was found. The pain 

point is an area of need that the audience has and once solved will help them 

benefit. The statements take the form:

How might we assist <Audience> solve <Pain point> so that they <Benefit>?

The  needs  generated  by  the  Innovation  Team  were  evaluated  by  the 

customer need ontology presented in Chapter 3. Each need was assigned a code 

in every taxonomy within the ontology. For example, a need such as “A non-

degreed  construction  worker  needs  to  gain  understanding  of  construction 

management  and  theory”,  the  Who  code  assigned  was  user  (1)  because  the 
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construction worker is the user of the program. The What need follows under the 

main function  (1)  classification  because  the  program’s  main  function  was  to 

provide this information to the construction worker. Under the Message category, 

this is an objective (3) because the goal of the program is trying to provide this 

information to the worker. It is a direct (2) need in the Benefit taxonomy because 

although it may not be expected by the construction worker, programs currently 

exist to provide this knowledge. In the Population taxonomy, this is a general (1) 

need because it applies to any non-degreed construction worker that may seek 

this information. After this process,  was completed for each of the needs,  the 

codes were then analyzed to help provide insight on the types of needs that were 

collected by the team. 

4.2 Method
The first step in this process was to gather and record the customer needs 

generated by the Innovation Team members. This process was completed twice, 

once in the first phase using eight different programs that the innovation team 

investigated and then later during the “converge” phase with the three programs 

the team had decided to move forward with. The team members used a Human 

Centered  Design  approach  and  a  workbook  in  Excel  that  captured  multiple 

pieces  of  information  from  the  interviewee.  Pain  points  were  the  focus  of 
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generated needs for the first phase. To generate a need one would read the pain 

point and then identify a customer need that aligned with that pain point. For 

example,  the  pain  point  “The  current  education  system  is  not  designed  to 

support the new entrepreneur” would be translated into a customer need stating 

“The new entrepreneur needs an education system to support their knowledge 

needs.” The translation was completed for all 45 pain points that were identified 

in  phase  one.  For  both phases  the  author  translated the  pain  points  into  the 

customer  needs  with  the  help  of  Dr.  Rob  Stone,  the  author’s  advisor  and  a 

member of the Innovation Team. 

The converge phase of the Innovation Team’s process contained three of 

the original eight possible programs. At this stage more thought and resources 

were being devoted to each individual project building a more comprehensive 

understanding of the possible projects. When identifying the customer needs in 

the converge phase two main areas of  the Team’s Excel  workbook the -  How 

Might  We  (HMW)  and  Value  Proposition  -  were  identified  as  containing  the 

majority of the information that could be used to decipher customer needs. The 

HMW sheet contains information such as the current area of opportunity, barriers 

that get in the way, reasons this matters, and why no one else had solved this 

problem.  The  Value  Proposition  sheet  in  the  workbook  focused  on  how  this 
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program would bring value to the customer in the form of “Our service delivers 

this  value that  relieves  these  pain points  and delivers  these  benefits.”  The pieces of 

information in  these  statements  provided the  foundation for  customer needs, 

especially the “relieves these pain points” and “ and delivers these benefits.”  A total of 

51  customer  needs  were  developed  from  the  3  programs  that  were  being 

analyzed in the converge phase. 

4.3 Results 
At the mid-point of the needs gathering process, 45 need statements had 

been developed for the explore phase and 51 needs for the converge phase.  A 

sample  of  needs  statements  generated  is  shown  in  Table  4.1.  After  their 

generation all need statements were subjected to the customer need ontology as 

described in Chapter 3. 

Table 4.1: Example audience, pain points, benefits, and the needs generated

How might we assist 
<audience> Solve <pain point> So that they 

<Benefit> Customer Need

CEOs and HR 
departments of 
Fortune 500 
technology companies

Continuously train 
their workforces to 
keep up with fast 
changing technology

Effectively compete 
with their peers and 
start-ups

Large companies need 
to compete with peers 
and start-ups

Technology workers 
in Fortune 500 
companies

Keep up with fast 
changing technology

Be more highly 
employable and truly 
fulfilled in their 
careers over time

The company needs 
the workforce to stay 
current with 
technology

Life long learners Workforce lagging 
behind skills demand

Earn a micro-
credential

The workforce needs 
to update their skills



!75

The coding of the customer needs provided several insights to the level of 

the need exploration by the Innovation Team early in the design process and 

later in the design process. The results of the coding are shown in Table 4.2. 

Table 4.2: Need Category Comparisons Early (45) vs Late in Project (51)

Life long learners/
current workforce/
applicants

Current employees 
lack funds, time and 
employer support to 
acquire certification 
and training

Obtain credential that 
makes them 
competitive in their 
field

Current employees 
need funds to acquire 
certification and 
training

Current worker or job 
seeker with time/
place constraints

Need to earn 
credential while 
maintaining current 
job

Move up to a better 
job

Employees need to 
earn credentials while 
maintaining current 
jobs. 

Creative professionals 
in Portland area

Need to maintain local 
employment 
obligations while 
updating their skills

Have up-to-date user 
experience design 
theory to support their 
practice and 
employment 
ambitions

Employees need to 
maintain local 
employment 
obligations while 
updating their skills. 

How might we assist 
<audience> Solve <pain point> So that they 

<Benefit> Customer Need

Who What Message Innovative Target Market

Early Late Early Late Early Late Early Late Early Late

1 84.5% 92% 27% 18% 0% 2% 7% 4% 73% 96%

2 11% 8% 33% 14% 0% 6% 87% 59% 27% 4%

3 0% 0% 4% 8% 100% 90% 7% 37%

4 0% 0% 9% 10% 0% 2% 0% 0%

5 4.5% 0% 0% 4%

6 27% 16%

7 0% 4%

8 0% 27%
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The Who  category  shows that  most  of  the  needs  at  both  points  in  the 

process are directed to the User. A few of the needs in each group were devoted 

to the Purchaser.  

The What  category shows where differences start to appear in the early 

and later phase needs.  The early needs primarily focus on three things:  Main 

Function, Supporting Function, and Performance (87% of all needs). However in the 

later phase that subset of needs only captures 48% of the need population. The 

largest change between the two populations occurred in the Feature category as 

the later population contained 27% of the captured needs in Features while the 

early population contained 0%. There was also a small increase in Environment, 

Aesthetic, and  Safety. 

In  the  first  phase  all  the  needs  provided  Objective  information  in  the 

Message  category  while  90% of  the  later  phase  needs  fell  within  the  Message 

category. Three Specification needs were generated in the later phase as well as 

one Solution and one Constraint. 

Under the Innovative category, a shift between the two phases was evident. 

In the first phase, the majority (87%) of needs were Direct – implying that other 

institutions may be implementing some of these ideas, however they were not 

currently expected by the users. There were a few Exciting needs that the team 
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may want to examine further to help their  programs stand out  from what is 

currently  being  offered  on  the  market.  The  converge  phase  contained  more 

Exciting needs (37% compared to 7%) and less Basic needs (4% compared to 7%). 

One reason for this could be that as the projects became more defined the team 

gained more  understanding into  the  goals  of  the  program they  were  able  to 

generate more innovative needs. 

In the Target Market category, many needs applied to their entire intended 

population in both phases. There were more General needs in the later phase with 

more Niche needs considered initially (27% explore compared to 4% converge). 

This indicates that the customer focus narrowed as the projects became better 

defined. Early, when the project was less defined, a large variety of customers 

existed; as the project became more defined and the focus narrowed, some of 

those  possible  customers  would  no  longer  be  served.  This  is  due  to  the 

fulfillment of needs that some members of the original, larger customer base do 

not have or need fulfilled. 

Overall the codes provided by the needs show the needs gathered for the 

projects  changed  from  the  explore  phase  to  the  converge  phase.  In  the 

exploration phase, likely because the projects are still  abstract without precise 

goals and implementations, it would be troubling to already find needs that were 
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focused on the Manufacturer, Aesthetic, or Features of the programs. These needs 

would imply that the team was already thinking about the implementation of the 

program and solutions for ideas that may or may not be moved forward, which 

would be a waste of time and resources. By focusing on the users and functions 

in an objective manner the team helped ensure that when they are ready to move 

forward into more concrete ideas and solutions they will have a solid base of 

information about what the customer wants to accomplish with their product, 

and in turn that should help them create a quality program.  The opposite is true 

with the later phase: by having a more diverse set of customer needs including 

features it  shows that the team is currently thinking more in-depth about the 

projects and focusing on how to implement them. 

4.4 Discussion
The customer need ontology is a useful addition to existing techniques for 

analyzing customer needs.  It provides a way to evaluate how well a design team 

has  explored  its  potential  audiences  and  if  the  underlying  needs  have  been 

identified (vs. incomplete solutions or features).  Based on a review of the current 

best practice customer needs gathering methods, it builds on existing expertise in 

need  finding  and  offers  a  more  comprehensive  look  at  the  fundamental 

constructs of the customer need statement.
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The  use  of  the  customer  need  ontology  as  a  checklist  for  audience 

coverage and need type during the need finding process proved valuable. This 

tool  shows that  the  team’s  focus  shifted throughout  the  design process  from 

uncovering  high  level  function/performance  oriented  needs  to  more  specific 

features  and targets  of  the  program.  This  would  be  excepted of  a  successful 

design team. As the team made decisions on the main function and supporting 

functions  the  programs would provide,  they could then move into  gathering 

more detailed information on program construction and features that it should 

offer.

Examining the early phase shows the the Team had not focused on the 

details of solutions and had therefore not wasted time and resources by trying to 

start the conceptual design phase of this product too soon.  It appears that the 

Team is first doing a detailed examination of the functions the users would like 

to  find  in  the  new  higher  education  solutions.  It  also  points  the  Team  to 

important  users  who  need  to  be  considered  as  the  project  progresses  –  in 

particular  the  University  customers  that  will  be  involved  in  developing  and 

delivering the new products and services (i.e.,  manufacturers and sellers).   In 

terms of the type of needs,  one interesting finding is  that the majority of the 
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needs may lead to solutions that are currently unexpected by customers but not 

many are deemed ‘exciting’ (therefore a possible area on which to concentrate).

Examining the later phase shows the Teams’ collected needs have shifted 

with respect  to the type of  information they are gathering,  specifically in the 

What and Innovative taxonomies. Comparing the later phase need set to the early 

phase shows better coverage in the What taxonomy for the later phase with every 

category  being  represented.  One  of  the  largest  differences  between  the  two 

phases  was  the  addition  of  needs  about  features  (+27%  later  phase).  This 

addition illustrates that the team sought to refine their understanding of what the 

customers want in these programs. 

This study also illustrates that the more ideas a team generated the more 

novel they became, especially the needs occurring later in the generation process 

[85].  Examining  the  Innovative  Taxonomy in  Table  4.2  one  can  see  the  needs 

germinated in the later phase produced a higher percentage of exciting needs 

when compared to the earlier phase of the work. 
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Chapter 5 - Validation Study: Analyzing and Comparing 
Gathering Techniques

Another use of the customer need ontology is to analyze various types of 

customer  need  gathering  techniques  on  how  thoroughly  they  explore  the 

customer need space. These analyses can provide insight to the designers on how 

they should collect their missing needs.  For example,  if  a designer is missing 

Human Factors needs and it has been found that focus groups tend to yield more 

Human Factors needs, then the designer can take that information into account 

when  attempting  to  gather  more  needs.  Therefore,  knowing  the  results  of 

comparisons of many gathering techniques, the designer can use the ontology to 

determine which needs are not well represented in their current list and which 

techniques may be the most productive when trying to uncover these needs. 

5.1 Using the Ontology to Analyze Gathering Techniques
As  posited  above,  analyzing  specific  need  gathering  techniques  and 

characterizing  their  typical  customer  need  production  by  the  customer  need 

ontology can offer guidance to the designer in their quest to find all  relevant 

customer needs. The research in this chapter begins to build the customer need 

gathering  characterization  knowledge  base.  Here,  two  treatments  of  need 

gathering from the human factors domain designed to further understand the 
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customer  are  examined:  concept  mapping  and  hierarchical  task  analysis 

(discussed in Section 2.3.2). These treatments were compared against a control of 

participants just  writing down the needs that came to mind in the fabricated 

questionnaires.  

5.2 Study Procedure
5.2.1 Population

The  population  for  this  study  consisted  of  junior  level  mechanical 

engineering students. All of the participants were currently enrolled in ME 382: 

Introduction to Design at Oregon State University. This population was chosen 

because  in  ME  382  the  students  learn  about  writing  customer  needs  and 

engineering requirements. The familiarity with the material resulted in a shorter 

training time and less confusion with the tasks at hand. 

5.2.2 Delivery
The data collection took place during the first hour and fifteen minutes of 

a  two-hour  lab  that  is  part  of  the  course.  The  first  15  minutes  of  the  study 

involved  the  researcher  covering  the  material  that  the  students  needed 

knowledge of to complete the study. All students received an introduction (or 
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reintroduction)  to  the  treatment  they  would  be  using  and  then  completed  a 

practice trial involving needs for an electric toothbrush. 

At the end of the practice trial the participants where handed a fabricated 

questionnaire  (located  in  Appendix  B).  This  questionnaire  was  developed  by 

students  of  The  Design  Engineering  Lab  at  Oregon  State  University.  The 

questionnaire  was  then  curated  and  prepared  by  the  researchers.  The 

questionnaire contained five questions about a classroom and an interviewee’s 

opinions on a classroom. Two of the four questionnaires were filled out by Ph.D. 

students  who  have  lectured  multiple  classes.  These  two  questionnaires  were 

filled  out  from  an  instructor’s/professor’s  point  of  view.  The  other  two 

questionnaires were completed from the student’s point of view. 

After receiving the questionnaire the participants were given one hour to 

complete their treatment and write as many customer needs as they could find 

throughout the questionnaire. They were asked to not impose their own feelings 

into the needs and adhere to the needs found in the questionnaire or ones that 

could be pulled from their assigned need gathering method. To help with this the 

participants were asked to write the page line number and/or the task analysis 

line  number/concept  map item number  as  illustrated in  Figures  5.1-5.6.  This 

helped the researchers track where the individual needs came from in case any 
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questions  arose.  After  the  participants  were  finished  they  turned  in  their 

materials to the researcher. None of the participants used the entire hour allotted 

to them. The following figures (5.1 - 5.5) show portions of the deliverables that 

participants submitted. Figure 5.1 illustrates the deliverable of a control group 

participant, Figures 5.2 and 5.3 show the task analysis and needs generated by a 

task analysis participant, and Figures 5.4 and 5.5 provide a participant’s concept 

map the the needs generated from it. 

Figure 5.1: Needs Generated by Control Example

�
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Figure 5.2: Needs Generated by Task Analysis Example

�

Figure 5.3: Participant Generated Hierarchal Task Analysis

�
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Figure 5.4: Needs Generated by Concept Mapping Example

!

Figure 5.5: Participant Generated Concept Map

�
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5.2.3 Coding
The next step after collecting the needs was coding the needs using the 

ontology from Chapter 3. To do this the needs were digitized and prepared. The 

first step, digitizing the needs, was completed by placing all of the statements the 

participants listed line by line and using their own exact wording. This was done 

in an Excel workbook as that allowed easy access to this information for the other 

coders and could also be used to complete the major part of the analysis. The 

statements were grouped first  by participant and second by treatment group. 

After the needs had been digitized they were processed lightly by the author. 

Compound needs such as “the classroom should have large whiteboards and 

arrangeable chairs” were split into two needs. After this process was over the 

needs were sent to the coders to begin coding. For this research the coders were 

the original coders from trials 1, 2, 3, and 4 described in Chapter 3. One was a 

post doctoral student, one a masters student, and one the author - all of whom 

study engineering design.  The needs were not randomized; however the coders 

all progressed through the treatments in a different manner. If a need was viewed 

as incomprehensible or not a valid need, then the coders were asked to do their 

best  to  code it.  However,  if  it  was deemed not  possible  to code (such as  the 

provided need, “arrangeable”), then the coders used 0. The coders then coded all 

of the needs and sent their codes to the author. 
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The next step was the reconciliation of any conflicting codes. Due to the 

coders  being physically  remote from one another  and one without  consistent 

internet access it was not possible to reconcile the codes in person. The first step 

in reconciliation was making the assertion that if two of the three coders agreed 

on a code that was the correct code. After that step there were 124 instances of all 

three coders disagreeing on statements (that had passed the quality check - 774 

needs - discussed in the next section) which accounted for only 3.2% of all codes. 

Due to the circumstances for those 124 needs the author chose the code based on 

of the definitions of the categories and the codes of the three the coders originally 

provided. After a final set of codes was obtained the analysis began on the data. 

A selection of the finalized raw data is shown below in Table 5.1. 

Table 5.1: Selection of Raw Data

Who What Message Innovative Target 
Market Quality

Sufficient size tables and 
chairs for comfort and 
efficiency

1 4 3 2 1 10

Big whiteboard for easy to 
read information

1 4 3 2 1 9

Sufficient space for the 
professor

1 4 3 2 1 9

small, cozy classrooms but 
plenty of personal space

1 4 3 2 1 9

clear view of professor and 
whiteboard

1 4 3 2 1 10

Comfy temperature 1 6 2 2 1 8
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5.3 Analysis
The analysis contained three main components: 1) a descriptive statistics 

analysis;  2)  a  quality  analysis;  and 3)  an analysis  of  the  resulting codes.  The 

analysis   in  each  component  was  done  on  a  participant-by-participant  basis 

instead  of  individually  examining  all  of  the  needs  in  one  treatment  versus 

another.  It  was  done  participant  by  participant  because  the  individual  needs 

generated  by  the  participants  could  not  be  presumed  to  be  completely 

independent. That is, the first need a participant wrote could affect the next need 

they wrote. 

Windows 1 8 1 2 1 5

well lit rooms with clean air, 
comfy temperature, and 
windows

1 4 3 1 1 9

room to store supplies 
comfortably near desk

1 4 3 2 1 10

outlets in classroom for 
charging laptops

1 8 1 2 1 10

projectors in classrooms for 
presentations

1 8 1 2 1 10

teacher should clearly be 
able to see a raised hand

1 4 3 2 1 10

sufficient amount of left 
handed desks

1 4 1 2 2 8

Have quizzes at beginning of 
class

0 0 0 0 0 7

classrooms that aren't filled 
to capacity

1 6 3 2 1 8

Who What Message Innovative Target 
Market Quality
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5.3.1 Descriptive Statistics
The  main  descriptive  statistic  for  this  study  is  quantity.  Quantity  was 

measured and looked at multiple times throughout the study. Because this was a 

student-by-student comparison the first step was counting the number of needs 

each  student  wrote.  After  this  had  been  figured  a  simple  t-test  was  used  to 

determine  any differences  in  the  quantity  of  needs  generated by  each  of  the 

treatments. 

5.3.2 Quality
A quality analysis was deemed necessary after examining the needs the 

participants produced. Quality was assessed in two different assessments. For 

assessment one a set of rules (discussed below) was implemented by the author. 

In the second measure, quality was assessed of the original needs lists using a set 

of metrics that have been used in other research to assess the quality of verbal 

data.  

The first  assessment  was initially  chosen as  a  time efficient  method to 

prepare the needs for analysis. The intention of this assessment was to remove 

needs that were not complete or showed a lack of thought to reduce the amount 

of noise in the data. For this assessment five need elimination rules were chosen 
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by the author.  Meeting any of these rules would result in the elimination of the 

need from the final analysis set. The rules are as follows:

R.1 Un-codable needs:  the first  step was to remove any needs coded as 0 

(discussed in Section 5.2.3).

R.2 Noun-only needs: Any need that was just a noun, such as “electricity” or 

“windows”, was removed because the author provided no specificity on 

how to change the noun given. 

R.3 Same-person duplicate needs: If a participant wrote the same need several 

times, all but one of them was removed. 

R.4  Need has  more than one word:  Single-word needs (of  which R.1  is  a 

special case) do not generally provide sufficient specificity to be useful. 

R.5 Need irrelevant to system being considered: In this particular case, the 

needs  should  have  been  about  the  physical  room  and  not  about  the 

instruction.  Needs such as  “The professor  should give the quiz at  the 

beginning  of  class”  were  removed  because  the  room  has  little  to  no 

bearing on when a quiz is given. 

Examining the large number of needs removed by the first assessment, a 

second assessment was conducted. The goal of this assessment was to quantify  
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the  quality  of  the  needs  to  examine  any  differences  in  quality  between  the 

treatments.  The second quality  assessment  involved rating the  original  set  of 

needs  against  four  categories:  clarity,  scope,  usefulness,  and  novelty. 

Combinations  of  these  metrics  have  also  been  used  previously  to  assess  the 

quality of ideas and concepts [86, 87].  For the purpose of this work, clarity  is 

defined as the specificity of the who, what, and why of the customer need [88].  

Scope is defined as the applicability of the customer need to the stated problem 

[88]. The most common scope error was needs that related to how the instructor 

taught the class such as “quizzes should be at the end of class.” This need bears 

little relation to the classroom itself. Usefulness is defined as the degree to which 

the generated need could solve a potential problem in relation to the classroom. 

Novelty refers to how uncommon the need was in terms of both the rarity of the 

problem identified and the uniqueness of the solution suggested [89-91]. The four 

quality metrics of this measure were applied to the original need set including all 

of the needs with zeros and needs that were removed due to the rules above. A 

1-3 Likert  scale was used to score the metrics.  Each need was read and then 

assigned a score of either one, two, or three creating a maximum quality score of 

12 points and minimum of four points. The final metrics were summed and a 

threshold count quality assessment was completed on each participant to assess 
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how many needs they created that passed threshold [92]. A t-test was performed 

to  compare  any  differences  between  the  treatments  based  on  the  number  of 

above threshold needs. 

5.3.3 Resulting Codes
The next assessment involved examining the three treatment groups to 

test for differences. Because when creating needs the previous need can affect the 

next  written  need,  a  standard  t-test  examining  the  codes  between  the  three 

groups  could  not  be  used  because  the  requirement  for  independence  was 

violated. To accurately examine the differences between groups the needs had to 

be  examined  on  a  participant-by-participant  basis.  The  need  to  assess  on  a 

participant-by-participant  basis  instead of  a  need-by-need basis  required each 

student’s  codes  to  be  represented  as  a  proportion  table.  For  example:  a 

participant writes 15 needs that divide across the What taxonomy into two main 

function  needs,  zero  supporting  function  needs,  one  environment  need,  five 

human factors needs, zero aesthetic needs, three performance, one safety, and 

three features. The corresponding proportion table for this example is shown in 

Table 5.2.
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Table 5.2: Example Proportion Table for What Taxonomy

A proportion table for each taxonomy was completed for each participant 

(giving each participant five tables:  Who, What,  Message,  Innovative,  and Target 

Market).  Once  these  tables  were  completed  the  populations  were  compared 

across the treatments using a multivariate statistical test. All of the statistical tests 

examining categorical differences were completed using the proportion tables. 

For this research Hotelling’s T2-Test was used assuming unequal variance. This 

test  allows  for  the  comparison  of  multiple  variables  [93].  A traditional  t-test 

would  compare  differences  in  one  category  between  populations  (such  as 

height), however a multivariate t-test examines differences in multiple categories, 

such as height and weight. In the What taxonomy alone there are eight different 

variables. Using Hotelling’s T2-Test allowed for the researcher to see if differences 

between the treatments existed within a taxonomy instead of comparing each 

category using a standard t-test (which would have resulted in 40 standard t-

tests).  Each taxonomy was tested separately to assist in identifying where the 

differences  existed.  If  a  difference  between  two  treatments  was  found  in  a 

taxonomy, a  traditional  t-test  was then administered to determine where that 

Code 1 2 3 4 5 6 7 8

# of Occurrences 2 0 1 5 0 3 1 3

Proportion 0.133 0.0 0.067 0.333 0.0 0.200 0.067 0.200
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difference lied between the individual categories in that taxonomy. Once that t-

test was administered, the information produced informed the researcher which 

treatment produced more needs in that category. 

5.4 Results
The  results  section  is  divided  into  four  sections:  descriptive,  quality, 

descriptive after quality, and results of the coding. This breakdown was chosen 

because of the large amount of data produced by this study. 

5.4.1 Descriptive Statistics
The descriptive statistics help provide a baseline for the data gathered.  

Table 5.3 shows the mean, median, and standard deviation for each of the three 

treatments. The 61 participants generated a total of 986 needs. The control group 

generated on average about 10 more needs than the HTA group and over 13 

more needs than the concept mapping group. A t-test showed that a statistical 

difference exists between all three groups when it comes to quantity (Table 5.4). 

The control group produced more needs than the HTA treatment and the HTA 

group produced more needs than the CM.  Another statistic to make note of is 

the standard deviation of the control group. The 7.38 deviation is 3 needs larger 

than the HTA and 4 needs larger than the CM group. 
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Table 5.3: Descriptive Statistics

Table 5.4: Quantity T-test Comparison

The inter-rater reliability statistics for the entire group are shown in Table 

5.5.  It  is  important to remember that the coders for this were not coding 986 

distinct  needs as  many of  the  needs appeared several  times.  Therefore  if  the 

coders disagreed on a need that appeared 40 times that would negatively alter 

the Kappa value just as the coders agreeing on a need 40 times would alter it 

positively. The Who, What, and Target Market taxonomy kappas all fall between a 

Total Particpaints 61

Total Needs 986

Control

Mean 22.24

Median 22.0

Standard Deviation 7.38

Hierarchal Task Analysis

Mean 12.86

Median 11.5

Standard Deviation 4.31

Concept Mapping

Mean 9.06

Median 8.0

Standard Deviation 3.44

Control > HTA Control > CM HTA > CM

P-value 0.00008 0.00000007 0.00936
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0.2 and 0.4 which illustrate a fair agreement. Message has moderate agreement 

between the raters, while Innovation shows slight agreement [79]. 

Table 5.5: Fleiss’ Kappas for Entire Need List

A word count was conducted to provide insight into the common themes 

throughout the entire need list. Many needs were repeated, which is not taken 

into account for the inter-rater reliability calculations described above. The most 

common words that appeared in the needs are listed below in Table 5.6.  For 

example, if the coders disagreed on how to code a need featuring a projector and 

were consistent with that disagreement that need has a disproportional affect on 

the Fleiss’ Kappa when compared to a need that appeared less such as  one about 

temperature but which was consistently agreed upon by the coders. Considering 

that there were 61 participants that means that the word “projector” appeared on 

average 2.37 times per participant and made up 14.71% of all needs. Many of 

these needs were about either the number of projectors or the brightness of the 

Fleiss’ Kappa Kappa 
Value

Who 0.32

What 0.29

Message 0.42

Innovation 0.10

Target Market 0.28
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projector. Needs about desks, lights, and air also appeared on average of more 

than once per person. 

Table 5.6 Top Keywords in Created Needs

5.4.2 Quality
The quality metrics  discussed in this  section relate to the quality score 

from the clarity, scope, usefulness, and novelty scores assigned on the 1-3 Likert 

scale.  A threshold was set  at  8  points  with any need meeting or exceeding 8 

points passing. This was chosen by the author based on his assessment of the 

needs that scored an 8 as well as the total number of needs with an 8 point or 

higher score was similar to the number of  needs that passed the first  quality 

assessment (Section 5.3.2). This assessment allowed the examination of how well 

the coders coded the needs based on the quality rating. The data shown in Figure 

Keyword Instances Percent of Needs

Projector 145 14.71

Desk 125 12.68

Light 75 7.61

Air (temperature, quality) 74 7.51

Space 58 5.88

Whiteboard 49 4.97

Window 48 4.87

Table 47 4.77

Chair 45 4.56

Temperature 33 3.35
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5.6  and Table  5.7  illustrate  this.  An interesting finding out  of  this  is  that  the 

coders agreed on the poor quality needs (4 and 5) and then again on needs with a 

quality of 10.  Figure 5.6 shows that the kappa value patterns across the different 

taxonomies follow a similar pattern.

!  

Figure 5.6 Comparison of Fleiss’ Kappa vs Quality Scores

Table 5.7: Average Fleiss’ Kappa per Quality Score
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Of the total need set of 986, 775 needs passed the threshold test of eight points. 

Table 5.8 shows the descriptive statistics for the quality measurement which are 

similar to the pre-removal need statistics, just fewer in total quantity. 

Table 5.8: Descriptive Statistics of Quality Measurement

Examining  the  quantity  of  needs  that  passed  statistically  show similar 

results to the pre-quality quantity assessment (Table 5.9). There was a statistical 

8 218 0.099

9 190 0.150

10 230 0.237

11 126 0.093

12 20 0.115

Number of 
Instances

Average 
Kappa

Quality 
Score

8 Point Threshold Passed 
Threshold Total Percentage 

Passed

Control Group

Average 17.72 22.24 81.3%

Median 18 23 85.2%

Standard Dev. 6.53 7.38 17.3%

Heirarchial Task 
Analysis Group

Average 10.57 12.79 81.0%

Median 10.50 11.50 89.2%

Standard Dev. 5.36 4.46 22.3%

Concept 
Mapping Group

Average 6.72 9.11 71.6%

Median 6.00 8.50 76.0%

Standard Dev. 4.18 3.43 27.4%
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difference between the number of needs that passed the threshold between all 

three of the treatments. Considering that a difference was significant before the 

quality  assessment  this  is  not  a  surprising  result.  There  was  no  statistical 

difference  between  the  groups  in  the  percentage  of  needs  that  passed  the 

threshold or the average quality scores of the needs in that treatment. 

Table 5.9: P-Values of Quality Assessment

5.4.3 Descriptive after Removal
The  descriptive  statistics  from the  first  quality  assessment  (rules)  help 

provide a  baseline for  the data  used in the analysis  in  the following section.  

From the original set 217 needs were removed by the first quality assessment 

(Table 5.10) resulting in 768 needs to be analyzed. Table 5.11 shows the mean, 

median, and standard deviation for each of the three treatments for these 768 

needs.  Similar to the pre-removal assessment,  the control group generated on 

average 9.5 more needs than the HTA treatment and over 13 more needs than the 

concept  mapping  treatment.  A t-test  shows  that  a  statistical  difference  exists 

8 Point Threshold Passed Threshold Percentage Passed Average Quality 
Score

Control vs HTA 0.00097 0.95506 0.474

Control vs CM 0.0000001 0.140 0.096

HTA vs CM 0.0296 0.304 0.470
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between all  three groups when it  comes to quantity (Table 5.12) which is  the 

same finding as the pre-removal test. The control group produced more needs 

than the HTA treatment and the HTA group produced more needs than the CM 

group.  Another statistic to make note of is the standard deviation of the control 

group, which remained consistently higher than the treatments,  similar to the 

pre-removal statistics. 

The similarities between the pre-and post-removal assessment is a positive 

factor for the analysis moving forward. This shows that despite removing 217 

needs, the treatments uniformly lost needs, therefore not altering the results of 

the  other analyses. 

Table 5.10: Need Totals

Table 5.11: Descriptive Statistics of Passing Quality

# of Participants Toal # of Needs # of Needs Removed

61 986 768

Participants 61
Before

Needs after Removal 768

Control

Average 17.75 22.24

Median 19 22.0

Standard 
Deviation 6.83 7.38
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Table 5.12: Quantity T-test Comparison of Passing Quality

5.4.4 Coding Results
Hotelling’s  T2  test  was  again  used to  examine differences  between the 

treatments.  This  test  was  completed  on  the  individual  proportion  tables  that 

were  generated  for  each  participant.  Table  5.13  shows  that  one  of  the  five 

taxonomies in one of the three categories was statistically significant with many 

of the other categories showing no signs of any differences. Investigating those 

differences,  a  t-test  was  performed  (Table  5.14)  on  categories  within  the 

Innovation taxonomy to  determine where  differences  exist.  After  the  analysis 

was  completed,  it  was  determined that  the  control  group produced a  higher 

proportion of needs in the basic category compared with the task analysis group. 

Hierarchal Task 
Analysis

Average 9.79 12.86

Median 10 11.5

Standard 
Deviation 5.26 4.31

Concept Mapping

Average 6.56 9.06

Median 6 8.0

Standard 
Deviation 3.68 3.44

Control vs. HTA Control vs. CM HTA vs. CM

P-value 0.00040 0.00000009 0.0500
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Table 5.13: Taxonomy Differences Assuming Unequal Variance

Table 5.14: Innovative Taxonomy Differences

5.5 Discussion
The first issue to examine when looking at all of these statistics is the large 

difference in quantities between the groups. There are several possible reasons 

for this. The first is the control group not having to complete an additional task 

such as completing the task analysis or the concept map. Despite not using the 

entire time, this extra area of concentration may have altered the participants 

perception on how much work they should complete for this task. The quantity 

differences persisted after the quality check as well. This was expected because of 

the difference in the number of needs before the quality assessment. 

P-Values Control vs HTA Control vs 
CM CM vs HTA

B) What 0.480 1 1

C) Message 0.253 1 1

D) Innovation 0.000421 1 1

E) Target 
Market 1 1 1

Innovation 
Taxonomy P-Values

1 0.000563

2 0.328

3 0.748

4 N/A
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The  inter-rater  reliability  numbers  for  this  study  were  less  than  the 

numbers  achieved  in  the  trials  done  when  building  the  ontology.  One 

explanation for that could be the quality of the needs coded in this study. Very 

few  of  the  needs  provided  by  the  participants  were  equal  in  clarity  and 

usefulness when compared to the needs from the initial trials. Another issue with 

the inter-rater reliability in this study was that these were not 986 unique needs.  

Going back to Table 5.5 it is shown that some need topics appeared very often. If 

there was a discrepancy on how to code these then that magnified over the entire 

set of needs.  This makes it hard to draw much insight from the overall inter-rater 

reliability numbers for this study. 

One of the interesting differences that arose from the quality scoring was 

the  change  in  Fleiss’  Kappas  between  the  various  quality  scores.  The  kappa 

scores were higher for the low-level needs and then at a quality score of 10 than 

they were for the other scores. This shows that lower and higher quality needs 

were possibly easier to categorize than the middling quality level set of needs. 

Two different quality methods were used to examine the quality of these 

needs. Originally the rule-based quality assessment was completed to provide a 

set of needs to use for further statistical analysis. The quantified quality scores 

were decided upon after deciding that a more rigorous quality analysis should be 
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completed.  A comparison between the  two techniques  showed that  the  rules 

generated a total of 775 passing needs while the quantifiable method showed 784 

passing needs. 82% of the needs caught by the quantifiable method were also 

caught by the original four rules. These metrics did not produce a discernible 

difference between the treatments illustrating that the needs generated were of 

similar quality regardless of the treatment used to generate them. 

One of the most interesting findings of this study was the difference in 

basic needs captured between the control and hierarchal task analysis treatments. 

The quantity assessment showed that the control group produced significantly 

more needs than the other groups. However the assessment on proportions of 

where those needs went showed that the control  group was generating more 

Basic needs (Innovation taxonomy) than the HTA treatment.  This is important as 

Basic needs do not provide much information to the designer. One example of a 

Basic need about a vacuum cleaner is “The vacuum cleaner should pick up dirt”.  

While this is an important need and is the main function of a vacuum cleaner this 

does not provide new information to the designer. Upon deciding to design the 

vacuum the design team would know that the device needed to “pick up dirt”. 

Therefore the extra Basic needs that the control group generated, while accurate 

did not provide new information to the design team. 
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This study also contains some limitations that should be acknowledged. 

The main limitation is the participant population for this study. All participants 

were junior-level engineering students enrolled in a design class. While they had 

received training  on  how to  generate  customer  needs  and should  have  been 

competent in that activity, no screening of participants was done to ensure this. 

Another  limitation  that  relates  to  the  population  chosen  is  their  lack  of 

knowledge  in  the  two treatments  being  administered.  There  was  not  a  large 

population available that was proficient in concept mapping, task analysis, and 

customer need generation. The participants were provided with information on 

their need gathering technique and participated in an example before starting on 

the main exercise. However the 15 to 20 minutes that this took was not enough 

for  them  to  become  experts  in  their  treatment,  as  most  students  had  little 

knowledge  about  these  treatments  beforehand.  One  last  limitation  about  the 

participants  was  motivation.  This  lab  exercise  was  not  graded  nor  was  any 

external motivation provided to the students. 

There are also other limitations that affected this research. The coders only 

had  reference  to  the  participants’  written  statements.  Because  this  was  done 

anonymously,  asking  the  participant  about  their  intent  was  not  possible. 

Therefore needs like “Windows” or “easy technology” could not be expanded on 
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any  further.  One  last  limitation  was  the  number  of  participants.  While   61 

participants  produced  986  needs,  because  some  of  the  statistics  had  to  be 

completed  on  a  participant-by-participant  basis,  that  was  reduced to  61  data 

points.  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Chapter 6 - A Customer Need Gathering and Analysis 
Methodology

In  this  chapter,  the  results  and  findings  of  the  previous  chapters  are 

analyzed  and  then  synthesized  into  a  new  Customer  Need  Gathering  and 

Analysis methodology to support engineering design activities in particular and 

design in general.

6.1 Analysis of Results
The research presented in this dissertation shows the creation, iteration, 

and uses of an ontology that can be used to assess customer needs. Chapter 3 

presented the creation of the ontology that was then used in validation studies to 

analyze needs in Chapter 4 and need gathering tools in Chapter 5. The research 

presented  revolves  around  this  ontology  as  a  means  to  not  only  categorize 

customer needs but also as a tool that can be used to analyze the needs which is 

the most important contribution of this research. 

Chapter 3 presented the creation, iteration, and testing of the customer 

need ontology. The ontology went through several iterations and rounds of inter-

rater reliability testing before a finalized version was produced.  Throughout the 

process four of the five taxonomies contained within the ontology were subject to 

substantial  agreement  between  the  raters  in  at  least  one  instance.  The  other 
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taxonomy showed moderate agreement. Once these positive inter-rater reliability 

results were obtained the taxonomy moved forward into two validation studies 

to  validate  the  ontology’s  intended  uses:  analyzing  customer  needs  and 

analyzing need gathering techniques. 

Chapter 4 described the first  of the two validation studies. The research 

conducted for this study involved the analysis of customer needs generated at 

two different  points  in  the design process,  one where eight  alternatives  were 

being explored and another later on where only three of the original alternatives 

were being examined. Using the ontology to code the needs generated at these 

two  phases  in  the  design  process  and  then  analyzing  the  results  produced 

differences in the types of needs generated at these two stages. The early stage 

yielded very function-based needs that lacked innovation while the later-stage 

needs contained more needs examining how to solve the functions and what 

features could be added. These differences were expected and exposing them by 

coding the customer needs with the ontology assisted in the validation of the 

customer need ontology. 

Chapter 5 described use of the ontology to examine three different types 

of  customer need gathering techniques:  straight  from an interview transcript, 

using  the  transcript  to  generate  a  hierarchal  task  analysis,  and  using  the 
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transcript to generate a concept map. The ontology was used to code the needs 

generated  by  each  of  those  three  treatments.  Differences  between  these 

treatments  were  then  examined both  through descriptive  statistics  and codes 

assigned  by  the  ontology.  The  study  found  that  the  straight-from-interview 

technique  generated  more  needs  than  the  hierarchal  task  analysis  treatment 

which in turn generated more needs than the concept mapping treatment. It was 

also  found  that  the  straight  from  transcript  treatment  generated  more  Basic 

(Innovative taxonomy) needs than the HTA treatment. This is noteworthy because 

while  still  important,  basic  needs provide little  or  no new information to the 

design team. While few differences were found between the treatments the study 

shows the ontology’s worth and capability when being used in this manner. This 

process set  forth a methodology to analyze other gathering techniques in the 

future using the customer.

6.2 A Methodology for Customer Needs Analysis in Engineering 
Design

Given  the  findings  presented  above,  a  formalized  methodology  for 

utilizing the customer needs ontology to analyze existing sets of customer needs, 

analyze customer need gathering techniques, and use that information to inform 

customer need collection is presented in this section.
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6.2.1 Analyze Existing Customer Need Sets
One of the uses for the customer need ontology presented in this research 

is to analyze a current list  of customer needs that a designer has obtained. A 

flowchart on this process is shown in Figure 6.1 

Figure 6.1: How to analyze customer needs using the ontology

The first step in using the ontology to analyze a current needs list is to 

code all of the needs. This is done by reading the need then providing it with a 

code from each taxonomy (Who, What, Message, Innovative, Target Market). This is 

repeated until every customer need in the list has been assigned a a code from 

each of the taxonomies. After all the needs are coded the designer can examine 

the needs to search for gaps. This is done on a taxonomy-by-taxonomy basis. The 
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designer should first analyze the Who taxonomy looking for gaps in their needs 

list. After the Who taxonomy has been analyzed, the designer then proceeds to 

the What taxonomy and so on until all of the taxonomies have been analyzed and 

any under- or non-represented categories are noted. Once this analysis is finished 

and the gaps are identified, the designer can move forward and attempt to gather 

needs in the missing categories. The newly collected needs should then be coded 

and analyzed to ensure that they have adequately filled the missing categories. 

This  process  continues  until  the  designer  determines  that  the  breadth  of  the 

needs is appropriate to move forward in the design process. 

6.2.2 Analyze Gathering Techniques to Classify Their Taxonomy 
Focus

The next methodology presented examines how to analyze need gathering 

techniques with the goal of classifying the taxonomy (or taxonomies) that the 

technique’s needs represent from the customer needs ontology. The analysis of 

gathering  techniques  is  important  since  knowing  which  categories  from  the 

ontology are most likely to be represented in a specific gathering technique can 

guide the designer’s choice and save time and effort when attempting to gather 

needs  of  a  certain  category  to  create  a  more  encompassing  needs  list.  The 

flowchart for this process is shown in Figure 6.2. 
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Figure 6.2: How to analyze need gathering techniques using the ontology

The first step in this process is coding the needs one has obtained from 

their customers. It is important to ensure that the various gathering techniques 

used  are  kept  separated.  Once  the  needs  are  coded  for  a  given  gathering 

technique, a proportion table should be created for each individual customer for 

each taxonomy (for an example see Table 5.1). An individual customer should be 

associated with five proportion tables, one for each taxonomy. It is important to 

create  the  proportion  tables  because  the  previous  need  or  line  of  thought 

generated may influence the next need, therefore the needs from one individual 

cannot  be  treated  as  separate  entities.  Once  the  proportion  tables  have  been 

created  for  all  of  the  individuals  one  can  begin  the  statistical  analysis.  If  a 

researcher has 13 interviews and 16 observations they should have 65 interview 

proportion tables and 80 observation proportion tables. Using a Hotelling’s T2 

test the researcher should compare the 13 Who taxonomy proportion tables from 

the interviews to the 16 Who taxonomy proportion tables from the observations. 
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This should be repeated for each of the five taxonomies. Hotelling’s T2 is used as 

a first pass to help determine if a difference exists in a taxonomy. If any one of the 

comparisons shows a statistically significant difference (p ≤  .05) the researcher 

should then compare the individual categories (still using the proportion table) 

using a standard t-test. This step will find where the exact differences between 

the  gathering  techniques  lie.  This  information  can  then  be  used  to  guide 

designers looking to gather missing needs.

 

6.2.3 Match Customer Need Gathering Technique to Desired Result
The last  method presented instructs  designers  on how to  use  the  data 

gathered from analyzing the gathering techniques presented above. Returning to 

the end of Figure 6.1, if one has missing categories an attempt should be made to 

fill  those  categories.  Using  the  information  gathered  from  the  gathering 

technique  analysis  can  help  one  find  needs  to  fill  those  categories  more 

efficiently. Figure 6.3 shows this process.
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Figure 6.3: Guide to gathering missing needs

The first step to an encompassing needs list is in two parts: determining 

what missing categories the current customer needs list has, and knowing what 

gathering technique has the highest likelihood of providing customer needs that 

fill  those  categories.  Once  those  two  pieces  of  information  are  known,  the 

designer can select the need-gathering technique that will help them find needs 

that relate to the categories that are under-represented in their current customer 

needs list.  

Using the classroom need data presented in Chapter 5,  knowledge can 

begun to be assembled on which technique is best to gather a specific type of 

data.  Table  6.1  shows  the  average  proportion  of  needs  gathered  by  the 

participants in each technique. While only the control vs HTA treatments showed 

statistical significance between the proportion of basic categories generated these 
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proportions can still provide insight into which technique to use. For example, 

those looking to gather more human factors might would want to use the HTA 

approach as the proportion for this is higher than the other techniques. This is 

consistent with what one would expect as completing an HTA involves thinking 

about  the users’  interaction with the products.  If  one wanted to gather  more 

feature-based  needs  the  concept  mapping  group  might  be  the  best  choice. 

Eventually this table could be expanded to include information for other need-

gathering and analysis techniques. 

Table 6.1: Proportion of Need Categories by Technique

Taxonomy - Category Reading & Writing Heirarchal Task 
Analysis Concept Mapping

Who - User 100% 100% 100%

Who - Purchaser 0 0 0

Who - Manufacturer 0 0 0

Who - Seller 0 0 0

Who - Investor 0 0 0

What - Main Function 0.26% 0 0

What - Supporting 
Function 1.5% 2.5% 1.7%

What - Environment 0.16% 0.07% 1.7%

What - Human Factors 30% 39% 24%

What - Aesthetic 0% 0 0

What - Performance 34% 29% 33%

What - Safety 0% 1.1% 0%

What - Features 34% 29% 40%

Taxonomy - Category
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Message - Solution 20% 19% 19%

Message - Specification 1.2% 0.11% 1.9%

Message - Objective 78% 80% 78%

Message - Constraint 0.16% 1.2% 0.93%

Innovation - Basic 3.3% 0.18% 2.7%

Innovation - Direct 95% 98% 95%

Innovation - Exciting 1.6% 2.3% 2.5%

Innovation - Un-
beneficial 0 0 0

Target Market - General 87% 84% 86%

Target Market - Niche 13% 16% 14%

Reading & Writing Heirarchal Task 
Analysis Concept MappingTaxonomy - Category
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Chapter 7 - Conclusion
7.1 Major Conclusions

The  main  research  question  addressed  in  this  dissertation  was:  Can  a 

validated, systematic approach to adequately explore and enumerate the customer need 

space  be  formulated  to  guide  designers  at  design  project  initiation?  Research  into 

existing customer needs approaches and underlying information representation 

theory led to the creation of a customer need ontology as a step towards the 

answer to this question. Two validation studies showed that the ontology could 

be used to help explore the customer need space and help designers understand 

the types of needs that they currently have gathered and point them to gaps they 

need  to  fill.  Following  that,  a  new  customer  need-gathering  and  analysis 

methodology  was  formulated  to  generalize  the  results  for  application  by 

engineering designers or anyone working with customer data. 

Chapter 3 presents and discusses the creation and testing of an ontology 

that  can  be  used  to  assess  customer  needs.  This  is  the  key  fundamental 

contribution of this dissertation. The first step was the accumulation of current 

customer need categories that are presented in engineering design texts. These 

categories were then grouped based on what message they provided about the 

need. That grouping step led to five taxonomies that could be used to assess 

customer needs:  Who,  What,  Message,  Innovative  (originally  Benefit),  and Target 
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Market. The categories within the taxonomy were generated using the categories 

currently  presented  in  the  texts  as  well  as  examining  any  gaps  that  those 

categories  would  not  cover  in  the  taxonomy.  Following  this  the  testing  and 

iteration of  the ontology began on customer needs contained in design texts. 

After each test a Fleiss’ Kappa was calculated for the coders and a discussion 

took  place.  Throughout  this  process  the  ontology  was  molded  into  the  final 

version presented in Chapter 3  of this dissertation. 

Chapter 4 presented a study using the ontology to examine needs at two 

different phases in the design process. The process taking place during this study 

was the attempt to identify educational programs for Oregon State University to 

locate and provide resources to underserved populations. In the first phase eight 

possible programs were being considered and the needs for those programs were 

at a very early development stage with each program only having a few needs 

resulting in 45 total needs. In the later phase only three programs were still being 

considered and the number of  needs generated for  each program had grown 

considerably, totaling to 51 customer needs. The results of this analysis found 

that the types of needs generated differed based on the phase in which they were 

generated.  The later  phase  contained needs that  were  typically  more feature-

based, more innovative, and affecting a greater proportion of the population. The 
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earlier-phase  needs  tended  to  be  more  function-based  and  lower  in  the 

innovative category. This study demonstrated how the ontology could be used to 

analyze  customer  needs  and  how  changes  in  customer  need  lists  could  be 

examined and documented. 

Chapter 5 described a large study with 985 student-generated needs for a 

classroom. In this study participants used one of 3 customer analysis treatments 

(control, hierarchal task analysis, concept mapping) to generate customer needs 

from  fabricated  interview  transcripts.  This  study  found  that  while  writing 

customer needs as one came across them in the transcript produced more needs 

than compared to the task analysis methodology those needs were at a lower 

score in the innovative taxonomy. This research set up an initial protocol and 

research  methodology  that  can  be  followed  when  using  the  customer  need 

ontology to examine various customer needs gathering techniques and analysis 

methods. 

Chapter 6 brought the pieces of the puzzle together in the first formulation 

of  a  customer  needs  gathering  and  analysis  methodology.   Analysis  of  the 

research findings – from the exploration and development of the customer need 

taxonomy to the two validation cases that examined analysis and gathering of 
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customer  needs  –  provided  the  map  to  arrange  the  pieces  into  an  overall 

methodology with three distinct paths. 

This research shows that a using an ontology to systematically explore and 

enumerate the customer need space can be useful for designers. By taking the 

time to analyze and understand the gathered customer needs and the gaps in the 

customer need space not analyzed designers can ensure they have a larger body 

of knowledge on their customer needs before proceeding to the next stage in the 

design process.  

7.2 Future Work
Two categories of future work exists in relation to this ontology. First is 

work still to be completed on the ontology. The ontology should be subjected to 

further validation studies. In the early use and validation stages the coders did 

not  encounter  needs  the  ontology  could  not  categorize,  however  as  work 

continues it  is  possible that  other categories may be required.  One validation 

study for the ontology to undergo is  examining the ontology using a reverse 

approach. This study would involve handing participants a list of need codes 

from the ontology, the ontology coding definitions,  and a target product.  The 

participants would then generate needs from those codes. Then new  participants 

would be given the task of coding the needs generated by the first group. The 
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codes generated could then be compared to the original set of codes provided to 

examine how closely the two sets  of  codes match.  This study would provide 

strong evidence of validity and reliability to the ontology.  Another validation for 

the ontology to undergo is using it to code and analyze customer needs gathered 

from companies and actual products instead of design texts is another future test 

for  this  work.  One  taxonomy  that  can  be  influenced  the  most  with  future 

examination  is  the  Target  Market  taxonomy.  This  taxonomy  could  contain 

additions and further information on market splits like: enthusiast, professional, 

base consumer, and others depending on the amount of definition desired by the 

designers. The addition of other researchers reviewing the ontology and offering 

additions or corrections will strengthen the confidence in its ability to both span 

the customer needs space and have a set of mutually exclusive categories.  

The  second  category  of  future  work  for  this  project  pertains  to  the 

application of the ontology, specifically the analysis of gathered customer needs 

and the analysis of customer need gathering techniques. While this dissertation 

analyzed  many  customer  needs,  analyzing  more  needs  will  provide  greater 

insight into the strengths and weaknesses of the ontology. This will also allow for 

the gathering of more inter-rater reliability numbers that can be used to gain 

more understanding and insight into the ontology.
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Many  different  customer  gathering  and  analysis  techniques  were 

reviewed  in  this  work  (Chapter  2).  Collecting  needs  from  these  different 

techniques, coding them using the customer need ontology, and then analyzing 

the results is one of the major next steps into this research. This work began with 

the study in Chapter 5,  and is now formalized in a methodology that can be 

followed to analyze and characterize the different techniques.

7.3 Overall Concluding Thoughts
This is new work in the customer needs space. Prior to this research no 

data existed based on what needs a designer would expect from administering a 

need gathering technique. Guidance on knowing if the customer need space has 

been covered is new and needed knowledge.  An approach to analyzing existing 

customer need gathering techniques is valuable to assess their capabilities and 

also  play  a  role  in  crafting  new  gathering  techniques  that  are  specifically 

designed to achieve the desired ontology coverage.  

This research is an important contribution to engineering design that adds 

a level of  formalization to the very front end of the design process.  It will help 

engineering  designers,  designers  in  general  and  marketing  specialists  by 

informing them not only of  the type of  needs currently gathered but also by 

providing guidance on how to get types of needs not yet gathered.  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Appendix A: Customer Need Ontology
Who Category: Who is this need intended for?

A1 User The person (people) using the product

A2 Purchaser The person (people) buying the product

A3 Manufacturer The person (people) making the product

A4 Seller The person (people) selling the product

A5 Investor The person (people) who are monetary stakeholders in the products success

What: What is the need about?

B1 Main 
Function

The main function the product will complete. The function that would be found in 
a black box model of the device. These needs are directly about the function and 
NOT how it will be accomplished.

B2 Supporting 
Function

The supporting functions that the device completes. These needs directly describe 
the function and NOT how it will be accomplished.

B3 Environment The environment(s) the product will be used in. The boundary must contain entire 
product. This would be the boundary around black box model flows.

B4 Human 
Factors

The user interaction with the product. These needs may also contain judgement on 
user experience or needs for the human experience or performance variables or 
aesthetic information that explains HOW it will enhance the user experience. 

B5 Aesthetic
The visual appearance of the product, including but not limited to color, shape, 
texture. These needs may relate with the study of the mind and emotions in 
relation to the sense of beauty with the product. 

B6 Performance

The performance objectives of the product (speed, lightness, quickness). These 
needs typically include adjectives describing product performance and are 
measurable (possibly after more defining). These are not to be confused with 
human factors needs where a performance metric directly enhances the user 
experience. These needs may or may not contain a target or number.

B7 Safety

How the product may injure/protect the users or other people near it during 
operation. These needs may sound similar to human factors but when coding 
safety supersedes human factors. Safety needs may contain performance variables 
that explain HOW it will enhance the safety of the product. 

B8 Features
A way to accomplish a function. These needs will not always contain the function 
being accomplished but will provide information on how it will be accomplished. 
Solutions (from the Message taxonomy are typically features).
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Message: What message is the need conveying?

C1 Solution A specific way to accomplish the "what". They are typically ways a customer 
envisions a need being solved. 

C2 Specification
A measurable target value for the product. There are acceptable bounds on both 
sides of a specification. The target may or may not be numerical at this phase in 
the process.

C3 Objective An expression of the attributes and behaviors that the client or potential users 
would like to see in the product.

C4 Constraint
A restriction or limitation that will result in a boundary. These differ from 
objectives in that exceeding or not meeting this boundary is not an option. The 
boundary may or may not be numerical at this phase in the process.

Innovation: How innovative is the need

D1 Basic Needs expected by the customer and assumed to be available. One would be 
unable to buy a current product that does not already meet this need. 

D2 Direct

Needs that the customer will have no trouble declaring because it is something 
they are concerned about and the better the need is met, the more satisfied the 
customer is. Products that meet this need are currently available on the market 
and products that do not meet this need are still currently available on the market.

D3 Exciting
Needs the customer will typically have difficulty expressing because they may not 
have had the necessary insight, however these needs are very beneficial. Products 
that currently meet this need are typically not on the market or are extremely rare.

D4 Un-beneficial Needs that are Un-beneficial to the product even if the product meets them. 
Products on the market currently do not meet these needs for good reason.

Target Market: How much of the customer population does this need affect?

E1 General A desirable expectation to most of the users (>25%) in the customer population for this 
product. 

E2 Niche

A desirable expectation to a smaller segment (<25%) of the customer population. They 
may restrict the customer population or only affect power users of the product. May 
drive a customer to purchase a different similar product because they do not want this 
capability. 
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Appendix B: Questionnaire
Classroom Questionnaire 

Name: Jane  Smith

Year: Junior

Describe your ideal classroom.

I like classes with the long desks and chairs and a big whiteboard up front 

and a projector/space for the professor. I like it when everyone is relatively close 

and  intimate,  but  not  squished.  We  should  all  be  close  enough  to  see  the 

professor easily. I prefer small, intimate classes to large lecture halls. I also like it 

when  the  room  has  good  lighting,  clean  air,  and  good  temperature.  Rooms 

without windows tend to get stale and stuffy and makes it hard to focus. 

What do you take with you to every class?

Laptop, notebook, pens, phone, cup of tea, backpack, and my satchel with 

gum/candy, etc…

Discuss a time when the classroom positively affected your learning/teaching 

(i.e. what do you enjoy about the room and technology within it)?
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Technology in terms of a projector that you can show your paper on or 

hook up to a computer is good. Teacher’s use slides all the time on a projector 

but I often prefer writing on a white/black board. But my favorite is rooms w/ 

lots of plugins so we can have laptops because I like hands-on cs classes. 

Discuss a time the classroom negatively affected your learning/teaching (i.e. 

what do you find annoying about the room and technology within it)?

Classrooms where they only work w/ slides or tons of videos so the room 

is really dark puts me to sleep. 

Describe a typical classroom experience from stepping in the door to leaving 

the room when the class activities involve a typical lecture as well as a quiz. 

Well, I come in and find a seat in the desk nearest to the door, or off to the 

side or something. If there are left-handed desks, I go for those, because it's easier 

to take notes that way.

The teacher usually starts just a liiiiittle bit late, so I read on my phone 

until then. Teachers generally like to do lecture then quiz so that we have to rush 

through it or something, so I'd sit and either take notes or try to not fall asleep 

during the lecture, usually eating my oatmeal. Sitting off to the side, even if I 
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raise my hand (which I  find terrifying anyway) they usually don't  notice me 

anyway. Then if there's a quiz, they pass out papers or have us pull out paper to 

fill out the quiz that's on the projector. Then I turn it in up front and leave as 

quickly as I can. 
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Classroom Questionnaire 

Name: Fred Jackson

Year: Senior 

 

Describe your ideal classroom.

About 20 to 50% more chairs than needed, large windows than can be 

opened or blocked by shades, and a large desk area for each student. Enough 

desk space for a three ring binder and a book, ideally. 

The projection system should not require lights to be turned off, but if required, 

the lights should be able to be turned off in any one area without affecting other 

areas.

What do you take with you to most class periods?

Water  bottle,  backpack,  notebook,  laptop,  pen,  pencil,  long  board, 

textbook, sunglasses, chap stick, headband, coat or sweatshirt, snacks, 

Discuss a time when the classroom positively affected your learning/teaching 

(i.e. what do you enjoy about the room and technology within it)?
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Two large lecture rooms. Two walls full of windows, and a full wall of 

whiteboard, along with dual projectors. I think every class I’ve taken there went 

well.

Discuss a time the classroom negatively affected your learning/teaching (i.e. 

what do you find annoying about the room and technology within it)?

A room  in  an  older  building:  small  windows  in  one  wall,  and  sun 

streaming in from them. There were blackout shades, but they were ripped. The 

projector  was  faint,  and  its  color  was  faulty,  so  some  presentations  were 

unreadable. The blackboard was hard to read, the room temperature was never 

right, and the desks were creeky. 

Describe a typical classroom experience from stepping in the door to leaving 

the room when the class activities involve a typical lecture as well as a quiz. 

After walking in the classroom, I would look for a spot to sit.  I would at 

first look for a cute chick to sit next to, but I usually end up sitting next to my 

engineering buddies.    After sitting down, I usually say, "What’s up" and they 

usually  say  the  same  thing.    Then  I  start  unpacking  my  backpack  while  a 

pointless conversation starts either about class, football,  or quiz questions.  We 
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would chat until the teacher speaks up.   Then we all shut up and start taking 

notes or take a quiz.  When the teacher asks questions sometimes I raise my hand 

(if I know the answer). Sometimes during lecture we have to do an exercise with 

the people next to us. Teachers these days usually wait until the end of lecture for 

the quiz because it forces student to stay during the lecture.   After I turn in my 

quiz, I pack my bag and say my farewell, hopefully to a cute chick. 
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Classroom Questionnaire 

Name: Professor Smith

Position: Professor

Describe your ideal classroom.

My  ideal  classroom  has  large  desks  and  multiple  projectors.  The 

technology  should  just  work,  the  students  should  be  comfortable,  and  there 

should be enough room to give an exam without worrying about cheating.

What do you take with you to most class periods?

Laptop, Display adapter to connect my computer to the projector, Coat, 

Water Bottle

Discuss a time when the classroom positively affected your learning/teaching 

(i.e. what do you enjoy about the room and technology within it)?

I like to show lecture slides and code examples at the same time. The best 

rooms that I’ve taught in have had multiple projectors that can show multiple 

sources. So I could show code on my laptop and slides on the computer in the 

lecture hall without switching back and forth.
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Discuss a time the classroom negatively affected your learning/teaching (i.e. 

what do you find annoying about the room and technology within it)?

Every  classroom  projector  that  I’ve  used  requires  you  to  push  a  few 

buttons on a touchscreen to turn it on. This is pretty convenient, but the login 

process is tied to the school’s network. If we’ve had a recent network or power 

outage, the projector can’t  detect my laptop. I  can’t  use the projector without 

calling the help desk and asking them to restart the projector remotely. This has 

happened several times, and it always wastes 5-10 minutes of class time.

Describe a typical classroom experience from stepping in the door to leaving 

the room when the class activities involve a typical lecture as well as a quiz. 

The first  thing  I  do  is  unpack  my laptop and VGA adapter.  I  tap  the 

touchscreen on the desk at the front of the room to turn on the projector. It takes 

about a minute to turn on. While that’s happening I lower the projector screen 

and find the VGA cable for the projector. There are also other types of cables (e.g., 

HDMI), but I don’t have the right adapters to use them. After the projector is on, 

I plug in my laptop and use the touchscreen to activate the VGA input. At this 

point I deliver an extremely entertaining yet insightful lecture. Sometimes during 
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the lecture I will have the students do group work with the people next to them 

that might require re-arranging the classroom a bit. With ten minutes remaining 

in the class, I end the lecture and distribute a printed quiz to each student. As the 

quiz begins I unplug my laptop, turn off the projector, raise the projector screen, 

and put my laptop back in my bag. After finishing their quiz, each student places 

their quiz in a pile in the front of the room and leaves. After 10 minutes have 

elapsed, I harass everybody for their unfinished quizzes. When all quizzes are 

finished, I put them in my bag with my laptop and leave the room.
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Classroom Questionnaire 

Name: Janet

Position: Instructor

Describe your ideal classroom.

As an instructor I need everybody in the class to be able to see and hear 

me. I also need to make sure that the presentation material can be easily visible 

from every seat in the classroom, sometimes this is accomplished by multiple 

monitors, other times by using a really big viewing screen. The best classrooms 

adapt  to  the  day  and  allow students  to  easily  switch  from a  normal  lecture 

setting to group work. I need to be able to get my slides up and switch from 

lecture to group work quickly and easily as to not take time away from class. 

Distractions such as students arriving late, squeaky chairs, loud fans need to be 

minimized through room design. I also want all of the students attending class to 

be comfortable and to have enough space to take notes easily. 

What do you take with you to every class?

I  take  my  laptop,  water  bottle,  notebook,  and  bag  to  every  class. 

Depending on the weather I may have a coat ranging from heavy to light as well 
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as  an  umbrella.  Sometimes  I  forget  my  adapter,  but  most  of  the  time  I  do 

remember it or can use the provided computer. 

Discuss a time when the classroom positively affected your learning/teaching 

(i.e. what do you enjoy about the room and technology within it)?

The best classroom I have taught in had a projector that shown onto a 

white board. This allowed me to mark on slides and work problems on the board 

without moving a projector screen up and down. 

Discuss a time the classroom negatively affected your learning/teaching (i.e. 

what do you find annoying about the room and technology within it)?

Classrooms next to the animal barns have had a negative affect from time 

to time because of the smell. Air quality is more important than it seems. Another 

issue I’ve had is when classes are to hot or cold, the seats are so small that it’s 

hard for  the  students  to  put  or  take  off  jackets  without  elbowing the  people 

around them 

Describe a typical classroom experience from stepping in the door to leaving 

the room when the class activities involve a typical lecture as well as a quiz. 
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First of all I walk in and immediately touch the control screen so that I can 

log on to the computer. Between the control screen, computer, and projector, just 

signing in takes 3-5 minutes. After everything is up and running I go through my 

lecture slides and then work problems on the blackboard or through the dot cam 

thing that projects a paper and my hand and what I am writing. At about 20 

minutes left in class I start the quiz by putting up a slide with the day’s quiz 

problem.  The  students  bring  their  quiz  to  the  front  of  the  class  sometimes 

stepping over/around/ and through rows to try and navigate to the front while 

other students are still working. Then I collect the quizzes, log off the computer 

and the control center, and then leave




