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Abstract 

 

An Empirical Study of the Effects of Priming on Crowdsourced 

Evaluations of Design Concepts 

 

Michelle Audrey Pang, M.S.E. 

The University of Texas at Austin, 2016 

 

Supervisor:  Carolyn C. Seepersad 

 

As product development teams begin utilizing crowdsourcing as a means of 

ideation, the evaluation of large numbers of design concepts becomes a time consuming 

and resource intensive process that drives development activities and impacts the design 

of the final product created. Crowdsourcing the evaluation of design concepts has been 

examined in previous work as a means to reduce the demands on expert raters, while 

achieving similar evaluation results. In prior crowdsourcing studies, successful use of 

novice evaluators required detailed, in-person training that can be time and cost 

prohibitive. This thesis research explores the fidelity of a pairwise comparison method 

for evaluation that requires minimal training of novice raters. In a pilot study the pairwise 

method for crowdsourcing evaluations is compared with crowdsourced evaluations using 

non-pairwise rating scales and with the evaluations of expert raters. The analysis of pilot 

study responses indicates that the pairwise comparison method is a promising alternative 

to the other methods. Another focus of this thesis is to examine the impact of priming 

novice raters prior to their evaluations of alternative design concepts. A follow-on study 
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incorporates written and empathic priming strategies to determine their impact on novice 

raters’ evaluation of concepts. Raters are asked to consider several criteria, including 

novelty, feasibility, clarity (of the concept), usefulness, ease of use, and overall 

worthiness of further development. Results offer insight into the criteria that are most 

relevant to novice raters and the effect of priming on those evaluations. Specifically, 

empathic priming focused on ergonomics and ease of use is shown to positively influence 

the raters’ emphasis on those criteria when evaluating concepts.   
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Chapter 1:  Introduction 

1.1 MOTIVATION 

The process of evaluating design concepts is a critical aspect of engineering 

design and innovation. Brainstorming and ideation sessions often result in large quantities 

of ideas that require careful evaluation and analysis in order to assess their quality and to 

extract useful results. Meaningful evaluation of design concepts is often tasked to experts 

(senior level engineers and/or managers) whose knowledge of the field and market are 

superior to the average layperson. However, these individuals represent an expensive 

resource; especially in the case of crowdsourced design concepts when it may not be 

viable for expert raters to evaluate all of them. To alleviate the burden of concept 

evaluation, research explores the potential of using non-expert, novice raters to evaluate 

design concepts. While the average layperson likely does not possess the knowledge or 

personal experience to mimic the evaluations of an expert, perhaps at some critical mass 

the general public can successfully produce evaluation results that are comparable with 

experts.  

Another facet of concept evaluation considers how design concepts are interpreted 

and to what extent a rater’s interpretation of the concept’s design features or the 

underlying market need can be influenced in order to cater evaluations towards a specific 

end result. While the overall concept’s score (or perceived worthiness) is important, it is 

often of interest to determine what factors influence this score and how scores can change 

based on the rater’s interpretation of customer needs, usage factors, or other features 

deemed to be desirable. Often in product development, the designers themselves are not 

the end-use customers, thus it can be difficult to fully understand all of the considerations 

of the end-users who determine the overall success of the product. As such, it is 
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beneficial for (novice) raters to be attuned, or primed, to the specific characteristics or 

design attributes that would be classified as ideal or attractive to the end-user.  

This begs the question: to what extent can experts be replaced by novices in these 

tasks without compromising the reliability of the evaluation results? In addition, if 

innovators are particularly interested in enhancing specific characteristics of a product, 

such as ergonomics, cost, or sustainability, can novice raters be primed, or otherwise 

exposed to motivating experiences, such that they weight those criteria more heavily in 

their evaluations of concepts? These questions motivate research into the viability of 

crowdsourcing design concept evaluation, as well as the effects of priming novices prior 

to evaluating concepts. 

1.2 CONCEPT EVALUATION IN THE ENGINEERING DESIGN PROCESS 

Product development relies as much on the generation of innovative concepts as it 

does on properly identifying and selecting the right concept with which to move forward. 

In early stage product development, emphasis is placed on brainstorming and concept 

generation activities that facilitate the creation of large quantities of potential ideas. 

Nobel prize-winner Linus Pauling once said, “The best way to have a good idea is to 

have a lot of ideas.” Many studies have linked idea quality with quantity [1, 2, 3]; thus, it 

has become common practice to focus design team efforts on concept generation to 

generate a large quantity of ideas. Once generated, these ideas are iterated, revised, and 

sorted in an effort to determine a subset of “best” ideas with which to move forward [4]. 

The process of evaluating a potential plethora of concepts is both tedious and critical in 

the design of the final product; thus, it is important to carefully execute evaluations in 

order to identify the most worthy concepts and separate them from those that are ill-

suited to solve the problem at hand or fail to meet customer expectations. This task is 
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often earmarked as an activity that must be conducted by senior-level managers or 

engineers with superior experience and knowledge levels.  

Concept selection often marks the beginning of potentially expensive 

expenditures such as prototyping, concept refinement, and research and development 

activities. In order to best utilize resources and minimize unnecessary development costs 

to refine or prototype concepts that are not worthy of development, selecting the best 

concept or a small group of most likely to succeed concepts is important. Various 

techniques, such as Pugh charts [4, 5], decision matrices or decision trees [6], have been 

presented as means of systematically analyzing design concepts in order to evaluate their 

overall potential for success or worthiness. The Pugh method evaluates different concepts 

with respect to datum concepts  on the bases of various criteria often relating to product 

usage, manufacturing expense, ergonomics, or specific feature-level attributes that have 

been specified to have value by the design team [5]. By identifying concepts that have a 

higher potential for success designers can focus their efforts more effectively from an 

early stage in product development and reduce the amount of time or resources needed to 

flesh out a concept. If this task can be transferred to novices with relative success 

(comparable results to expert evaluators), then the resources that would otherwise be 

spent on concept evaluation by experts can be preserved and allocated elsewhere in the 

development timeline.  

1.3 PRODUCT DEVELOPMENT METHODS AND PRIMING 

As previously mentioned, designers creating new products are often not the end 

use customers for whom they create products. This separation between designer and end 

user poses a complex and important knowledge gap that must be bridged to facilitate the 

creation of appropriate and adoptable products with the greatest likelihood of success. In 
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product innovation it is important to access a variety of customers and potential users of a 

product so that a wide range of needs can be collected to best facilitate understanding 

between designers and customers. Research by Griffin and Hauser finds that by 

performing at least nine one-on-one customer interviews roughly 95% of the customer 

needs can be successfully identified [7]. While typical users are often widely available, 

they sometimes provide feedback that is more geared towards incremental or feature-

level changes, rather than innovative or groundbreaking revisions.  

Conversely, lead or extreme users can provide insights into latent needs, those 

that the average user likely does not yet realize and therefore cannot articulate. Lead 

users, as defined by Von Hippel, are those who use a product in an extreme manner or in 

a context outside of the product’s designed usage environment; these users experience 

needs before the average user [8]. The wants and suggestions of these users often drive 

immense innovation in a product because they push the limits of the designed product 

and in doing so enhance the way that the product can be used by the masses. Von Hippel 

interviews lead users to collect insights that are used as a source of innovation [8, 9]. 

However, lead users are often difficult and expensive to recruit for ideation and 

evaluation tasks.  

The empathic experience design (EED) methodology has been utilized in design 

research and product development studies as an effective means of creating simulated 

lead users. It serves as a priming tool in needs gathering and concept generation activities 

by promoting empathy in average users by subjecting them to extreme usage conditions. 

The use of EED can create simulated lead users by providing an average product user or 

designer with unique product experiences that help them experience lead user conditions. 

A detailed overview of the EED process can be found in Chapter 2. The unique 
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experiences of lead users compared with average users is evident in the differences in 

customer needs, the importance or strength of the needs identified, and ultimately the 

effect on how designers view the overall market need and prioritize specifications in 

product development efforts.  

The use of empathic priming in concept evaluations has yet to be tested; however, 

prior work suggests that it may have beneficial effects on evaluations similar to those in 

customer needs gathering and concept generation. Psychological priming has been used 

to increase designers’ awareness of sustainability in product development by providing 

them with various stimuli designed to help overcome design fixation and promote 

cognizance towards sustainable product features or concepts [10]. In She and 

MacDonald’s two-prong experiment designers complete one of two pre-concept 

generation activities: either a visual collage or a written survey designed to promote 

environmental consciousness and sustainability [10]. Visual primes have been used in 

web-design to influence visitors’ inclination towards various product features or 

attributes such as comfort, cost, or safety [11]. Innovators from MIT [12] and Ford Motor 

Company [13] have utilized physical priming instruments such as age suits to help 

designers understand how elderly consumers interact with products. By priming 

evaluators with simulated experiences or information prior to concept evaluations, the 

raters’ decisions may be influenced towards selecting concepts that seem best suited to 

address the needs elicited by the priming activity. The use of various primes would 

potentially facilitate increased empathy with specific usage contexts, user needs, and/or 

product characteristics.  

 It is of interest to determine how raters evaluate concepts on a range of design 

criteria or metrics in order to better understand decision making in product development. 
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The use of EED as a priming method would provide insight into not only how raters 

perceive design concepts, but also the value that they place on various evaluation metrics 

when determining which concept is most preferred for further development. This research 

explores how the design community can best set the context for decision making in order 

to produce successful and innovative products in a resource effective manner.  

1.4 RESEARCH OPPORTUNITIES  

 The focus of this research is twofold: to determine the ability of novice raters to 

serve as proxies for experts in concept evaluation activities and to better understand the 

effects of priming on conceptual design evaluations. By investigating the use of novice 

raters to produce comparable evaluation results to experts, resources can be preserved 

and allocated elsewhere in the development process. The impact of various priming 

methods in design evaluations will help provide a better understanding of how concepts 

are perceived, what value is placed on various product characteristics in the evaluation 

process, and whether (and how) those perceptions and values can be influenced by 

priming experiences.  

 Two studies were designed and conducted to first investigate the ability of novice 

raters to produce comparable results with expert raters and second to determine the 

effects of priming on evaluation outcomes. The first study uses a pairwise comparison 

method for evaluating a set of ten design concepts for the development of a new product. 

The results from the study are analyzed to produce a rank ordering of the evaluated 

concepts and compared with scores determined by expert evaluators in a previous study. 

Additionally, the pairwise study asks novice raters to evaluate the concepts on numerous 

additional criteria to gain a clearer picture of what type of concepts were more preferred 

and why.  
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 A second study includes the use of two primes—written and empathic 

experiences—with raters prior to evaluating product concepts for further development. 

The two primes are designed to promote ergonomics, cost, and overall product 

adaptability in a number of usage environments. A control group of raters evaluates the 

same concepts, without either prime, so that differences between the three groups can be 

examined. It is predicted that the two groups of primed novice evaluators will place 

higher preference on concepts that appear to satisfy the focus of the primes to which they 

were subjected. Of the primed groups the empathically primed group will exhibit stronger 

preferences for primed attributes than raters in the written prime group. 

1.5 THESIS OVERVIEW  

To highlight the impact that priming can have on concept perception and 

evaluation processes, the thesis begins in Chapter 2 with a review of relevant engineering 

design processes and evaluation methods in product development. As described in 

Chapter 3, the research begins by validating the effectiveness of an untested pairwise 

concept evaluation method. The pilot study seeks to understand the ability of novice 

raters to serve as proxies for expert evaluators in concept evaluations using a pairwise 

method that eliminates the need for scoring rubrics. The pairwise method has the 

potential to reduce the amount of training needed prior to concept evaluations. Results of 

this study are provided in Chapter 4.  After the pairwise evaluation method is tested a 

second study is described in Chapter 5.  This study, which incorporates priming (both 

empathic and written), is conducted to determine how priming influences the outcome of 

concept evaluations. Results are discussed in Chapter 6. Overall conclusions and 

recommendations are provided in Chapter 7.  
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Chapter 2: Literature Review and Background 

2.1 PRIMING  

Priming describes a broad set of techniques for increasing cognitive accessibility 

to particular mental content or associated information [14, 15]. Primes can be artifacts, 

experiences or other stimuli that encourage a primed individual to access information that 

already exists in their mind [11, 14]. Conceptually, information or priming exemplars rise 

to the forefront of an individuals’ memory or are anchored as standards for comparison 

that users can more easily access [14]. Psychology research into priming methods often 

uses verbal stimuli; however, research shows that priming is also successful with 

nonverbal information such as shapes and images [16]. By priming individuals the 

likelihood increases that the exemplar and/or the characteristics of the primed category 

are accessed first in their memory [14]. This technique has the ability to influence how 

individuals assess and evaluate information, such as design concepts in product 

development exercises. 

An example of priming in engineering design is the exposure of customers or 

designers to empathic experiences, via empathic experience design (EED) methods 

described in the following section. Empathic experiences are demanding product 

interaction tasks intended to help a design engineer empathize with customers (even lead 

users) who use a product under a variety of challenging conditions [17].  Prior research 

indicates that incorporating empathic experiences prior to customer needs analysis can 

help customers identify more latent customer needs and suggestions for redesign [18, 19].  

These types of experiences are often used as primes to help designers empathize with 

lead users, including those with disabilities [12, 13, 20] and customers who use products 

in extreme conditions. Empathic priming also provides an opportunity for designers or 
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customers to experience or interact with a product in a way that they normally would not 

(potentially in a way that a lead user would interact with the product), which can be 

effective in breaking preconceived notions of product limitations and overcoming design 

fixation [8]. 

Empathic priming can take on various forms depending on the product function or 

types of product-user interactions that are of particular interest to the design team. 

Sensory, environmental, cognitive, and physical empathy are a few of the primary 

interaction categories that can be influenced in order to prime a user or designer. Sensory 

empathy focuses on sensory interactions such as reduced or restricted vision, hearing, 

tactile feel (touch), taste, or smell. Usage environment and conditions or characteristics of 

a specific use scenario, such as setting up a tent at night (limited lighting) or in the cold, 

can be altered if the goal is to impart environmental empathy. Various situational 

distractions or complex usage procedures can be implemented if cognitive empathy is of 

interest. Users can be asked to multitask (shifting between interacting with the product 

and completing other tasks) or to use the product in a distracting environment (such as a 

room with a loud television or while having a conversation with someone) as a form of 

cognitive empathic priming. Physical empathy can be achieved in a number of ways, but 

it is commonly associated with dexterity, physical strength, or overall mobility. Often 

these capabilities are restricted or reduced by simply having users wear specific clothing 

or accessories (heavy clothing or immobilizing gloves), however various entities have 

invested in more advanced robotic mechanisms, such as age suits [12, 13, 21], that can 

affectively aid in physical empathic priming. Based on the selected product and the type 

of user or user interaction that is of interest a specific experimental priming condition can 

be designed and implemented in order to influence user interactions. 
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Prior research investigates the effectiveness of empathic priming in various 

capacities, often with results that indicate the practice’s ability to increase innovation or 

enhance more traditional needs gathering methods. A study by Hannukainen and Hölttä-

Otto shows that average users subjected to vision and hearing restrictions can provide 

similar needs as lead users [20]. The use of simulated environments has been used 

successfully to help customers and designers assess needs in a manner that engages 

senses and usage contexts that may normally only be accessible to lead users. A follow-

up study conducted by Lin and Seepersad utilized EED by providing average users 

(engineers and non-engineers) with extreme physical usage conditions prior to need 

generation activities and showed that EED can effectively generate an increased number 

of latent customer needs in a camping tent redesign activity [18]. The results found that 

regardless of educational background the students who were exposed to an empathic 

experience identified more latent customer needs than students in the control group who 

did not undergo an empathic experience [18]. Engineering students in the experimental 

(EED exposed) group identified 7.1 latent customer needs on average, whereas their 

control group counterparts only averaged 1.3 latent customer needs [18]. Additionally, 

Johnson et al. found that EED can be used in concept generation activities to produce 

concepts that are more novel and original (as evaluated by experts) than those created by 

average users [17]. The overarching benefit of EED is that it provides designers with an 

opportunity to understand a wider array of customer needs without necessarily interacting 

directly with lead users, and it has potential to be utilized in product development 

activities other than needs finding and concept generation.  

Written and visual stimuli have also been shown to increase the quantity of need 

statements articulated by customers [22].  In addition to the effect on customers, exposing 
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designers to empathic experiences prior to concept generation tasks has been shown to 

help them generate concepts with greater overall levels of originality and with more 

features that enhance user interactions in a novel way [17].   Sustainability-related primes 

have also been used to enhance the sustainability or perceived sustainability of design 

concepts [10, 23].  Also, visual [11] and/or written priming [10] have had positive effects 

on a subject’s preference towards products, features, or ideas that are coordinated with 

the primed attribute.  However, little research has been done on the effects of empathic 

priming on concept evaluation or decision making in product development. Accordingly, 

this thesis seeks to investigate the impact of priming on concept evaluation, particularly 

when those evaluations are crowdsourced from a large number of novice evaluators.  

2.2 CROWDSOURCING IN CONCEPTUAL DESIGN 

The use of crowdsourcing for gathering innovative ideas is an increasingly 

common practice in product development, although the literature does not always refer to 

it as “crowdsourcing”. Companies, such as Dell (http://www.ideastorm.com/) and BMW 

(https://www.bmwgroup-cocreationlab.com/cocreation/project/trunk-contest), have made 

use of this concept, creating online forums or contests where anyone can submit new 

product ideas for consideration. These forums help democratize innovation because novel 

ideas are proposed by consumers, rather than more traditional design teams composed of 

marketers, engineers, and/or professional designers [9, 24]. Crowdsourcing methods for 

idea generation easily result in thousands of ideas that must then be evaluated in order to 

identify the most promising concepts.  

While open forum idea generation provides a wealth of concepts, the process of 

getting valuable results from the masses is often a difficult, time consuming, and resource 

intensive task. Often idea evaluation is conducted by experts, or those deemed to have 
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extensive formal training and/or expertise—which increases the cost and time associated 

with the concept evaluation process. Recent research has investigated the feasibility of 

replacing expensive expert raters with large numbers of novice raters.  Green et al. (2014) 

asked large numbers of novice raters to evaluate the originality of concepts using a 

predefined rating scale [25].  They extracted composite ratings from the novice raters by 

identifying the most commonly awarded rating (or mode) for each concept. They found 

that the composite novice ratings exhibited strong inter-rater agreement with expert 

ratings when roughly 40 raters were used to form the composite novice rating.  While this 

previous crowdsourcing study shows promise for the abilities of novice raters to provide 

reliable results in place of experts, the required training prior to participation restricts the 

method’s ability to be truly autonomous. Much smaller numbers of novice raters could be 

used if the novice raters showed excellent inter-rater agreement amongst themselves [25]. 

Gosnell and Miller [26] also test the ability of novices to provide comparable results to 

experts by utilizing a qualitative evaluation approach (TASC) in which raters describe 

concepts with adjectives selected from a pre-determined list; the adjectives selected by 

novices are then converted into a quantitative creativity score. The average scores from 

each rater, for each concept, are used to rank order the concepts based on rater perceived 

innovation. They found that only 11 raters were needed to serve as a proxy for experts 

using this evaluation method [26]. 

The use of crowdsourcing, however, can have mixed results, especially in cases 

where non-subjective metrics are the subject of evaluation and the participant pool is 

truly ambiguous (with both qualified and un-qualified raters) [27]. Prior research tasked 

raters with evaluating the structural integrity of various designs of simple load bearing 

brackets that had been created using topology optimization. In this case, it made a great 
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difference how truly novice (or un-qualified) the rater was because the concepts 

presented had a non-subjective rank ordered solution, based on quantitative metrics such 

as the strength of a bracket under a specified loading condition [27]. Researchers 

attempted to generate more accurate evaluations from the crowdsourced raters by 

applying Bayesian network models and giving more weight to the scores reported by 

raters that most closely matched the true scores of the designs (labeling these evaluators 

as having more expertise than their peers). The results found that the crowd consensus 

model did not provide a more accurate evaluation than simply averaging all evaluations 

[27]. However, in conceptual design evaluations, in particular those focused on subjective 

metrics such as originality and creativity, crowdsourced evaluation methods show 

promise that novice raters can serve as proxies for experts in generating useful 

evaluations. 

This thesis investigates the impact of priming on crowdsourced concept 

evaluations.  It builds directly on the previous study by Green et al. [25] in which two 

pilot studies were conducted at two universities— Singapore University of Technology 

and Design (SUTD) and The University of Texas at Austin (UT). Evaluators from SUTD 

were freshmen engineering and architecture students who participated voluntarily as part 

of a design course. The 64 UT students were senior-level students who voluntarily agreed 

to participate by evaluating 10 design concepts in exchange for extra credit. The design 

concepts were borrowed from prior research conducted at UT in which engineering 

students were asked to design a next-generation alarm clock as part of a 6-3-5/C-Sketch 

concept generation activity [17]. The study utilized a 5-point scale to rate originality and 

a 4-point scale for feasibility—the two metrics that raters were asked to evaluate. The 

training included verbal explanation of the rating scale by researchers in which examples 
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of feature level attributes were presented along with their expertly determined score. The 

novices from UT were provided a slightly more intensive training which included 

participating in sample concept evaluations followed by explanations of how the 

evaluated concepts were scored by experts, which added roughly 5 minutes to the overall 

instruction period. Participants were instructed to consider originality from a feature level 

and provided with examples of how features of existing alarm clocks would be scored 

using this methodology. Once training was completed, the students rated the design 

concepts individually without any interaction with one another or the researchers. 

The results from the second pilot study conducted at UT showed that students at 

this institution exhibited higher inter-rater agreement with their peers as well as with the 

expert benchmark ratings. The improved results could be indicative of either the 

additional training that novice raters at UT received (in comparison with novices at 

SUTD) or the level of education of participants at the two universities (freshmen at 

SUTD versus seniors at UT), or a combination of the factors. The study provided 

evidence that crowdsourcing of novice ratings can potentially alleviate the need for 

expert raters; however, this method required a (minimal) level of training prior to concept 

evaluation procedures. While the TASC method proposed by Gosnell and Miller (2016) 

removes the requirement of training, it requires a carefully pre-selected adjective word 

bank for use in the evaluations process [26]. The word bank needs to be populated to 

ensure that the adjectives selected represent an unbiased and uniformly encompassing 

range of perceptions.  

The research in this thesis investigates the use of a simplified pairwise 

comparison method to serve as a substitute for the pre-determined scales in crowdsourced 

concept evaluations by Green et al. Then, the pairwise method is used to investigate the 
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impact of priming on the crowdsourced concept evaluations. Because the pairwise 

comparison method asks raters to compare concepts relative to one another, as opposed to 

a pre-determine scale or set of adjectives it requires no formal training prior to 

evaluations. The removal of required training and the need to determine an appropriate 

adjective word bank (as required in TASC) would allow this method of evaluation, if 

successful, to leverage platforms such as Amazon Mechanical Turk. The proposed 

evaluation method would help relieve the burden (financial and otherwise) that 

companies face when tasked with sifting through copious amounts of potential ideas 

(often collected using crowdsourcing platforms) to find promising concepts for new 

products or advancements to existing technology.  

2.3 DESIGN METRICS FOR CONCEPT EVALUATION 

Metrics are needed for comparing and evaluating concepts in the experiments 

presented in this thesis.  Various metrics are used to evaluate the effectiveness of ideation 

and concept generation techniques based on the resultant concepts [1, 2, 17, 23, 28]. 

Much existing research on design metrics references the definition and methodology for 

evaluating novelty at both feature and concept levels provided by Shah et al. [1, 28]. 

According to Shah and coauthors, novelty equates to unusual or unexpected 

characteristics inherent in the feature or concept. At the feature level, subgroups of 

concepts with similar features are compared to the overall set of concepts being assessed 

to obtain a novelty score, ��������, as follows: 

 

 �������� =

 − �



∗ 10 (2.1) 

where 
 represents the total number of designs generated and � equals the number of 

concepts with similar ideas in a subgroup or bin. To normalize �_������� similarly to 
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other evaluation metrics the right side of the equation is multiplied by 10. At the concept 

level, scoring can be calculated similarly with groups formed based on similar concepts.  

 Originality is another metric commonly used in design and ideation research as a 

means of qualifying the quality or creativity of the concepts generated. Charyton et al. 

define a concept’s originality based on an eleven-point scale [29]. This metric is defined 

as novelty and uniqueness of idea [30], thereby encompassing the novelty metric defined 

by Shah et al. We use originality as the defining metric to qualify creativity in the 

concepts being evaluated primarily because it is a more inclusive metric, and prior work 

[31] indicates that novelty (when evaluated using the methodology prescribed by Shah et 

al.) is not as effective in capturing the level of creativity in a given design. Shah’s 

equation to calculate novelty is largely affected by how ideas and features are grouped, 

therefore scores can inadvertently be inflated. If the bins are defined too broadly 

evaluators risk undercutting feature creativity and inaccurately describing features; 

conversely, being too specific results in a large number of different combinations that can 

inflate the novelty score, ��������. Furthermore, in complex or multi-functional systems, 

evaluating concept level creativity is nearly impossible because users interact with 

various features and components making it difficult to pinpoint exactly how concept 

groups should be formed.  

 Feasibility is also often included in the assessment of the design concepts. In our 

previous research, feasibility was evaluated using a method by Linsey [32] based off of 

prior methodology created by Shah et al. [1]. Most commonly, feasibility is measured on 

the feature level, because the overall feasibility of a product hinges on its least feasible 

aspect; thus the minimum score given to a specific feature indicates the concept’s overall 

feasibility score [33]: 
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 ������������ = min	(������������) (2.2) 

where the uppercase and lowercase variables correspond with concept and feature level 

scores, respectively. The high level method used in this thesis is based roughly on 

equation 2.2 because novice raters are asked to compare the feasibility of concepts 

without assigning quantitative ratings to each concept’s feasibility level.  

Originality and feasibility metrics are used in this thesis because they have been 

shown to be consistently repeatable by expert raters [23, 34], and they capture a 

combination of creativity and implementability that is often essential to innovation. In 

addition to the originality and feasibility metrics, novice raters are asked to evaluate 

concepts based on their usefulness, ease of use, clarity (of presentation), and worthiness 

of further development. Usefulness is defined by practicality given a pre-specified 

problem statement or theme for the design [2], including reliability, adaptability to 

various scenarios of use, and relevance to likely applications [30]. Ergonomics and 

overall usability are taken into consideration in the ease of use metric because product 

success is heavily influenced by enhanced user interactions, such as improved comfort or 

intuitive interfaces [35]. A concept clarity metric seeks to understand how well novice 

raters understood the information presented in the concept sketch, so that evaluations of 

outlier concepts (those that were difficult to interpret) can be tracked and assessed 

accordingly. The final metric, worthiness of further development, mimics Kudrowitz and 

Wallace’s product-worthy metric [2] as an indicator of how raters felt about a concept as 

a whole and the likelihood that they would select the concept to be advanced further in 

the development process. The second evaluation study incorporating empathic priming 

also features a preference metric intended to help shed light on feature level attributes 
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that influence rater preferences towards specific concepts. Complete details on scoring 

procedures for each metric will be discussed in Chapter 3. 
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Chapter 3:  Pilot Crowdsourced Pairwise Study: Experimental 

Procedure 

The idea of using a pairwise evaluation method for crowdsourcing design concept 

evaluations stems from a desire to reduce the need to provide training on more traditional 

scoring scales. In previous work [25] novice evaluators used a pre-determined Likert 

scale scoring system to evaluate a set of design concepts on the bases of originality and 

feasibility. Novices were given formal, in-person training to educate them on scoring 

practices, with examples of how experts scored concepts using the same scoring system. 

In an attempt to reduce the required formal, in-person training, a pairwise comparison 

method is introduced. This pairwise evaluation method removes the need for a pre-

determined scoring scale and for training on how to use it. The advantage of the pairwise 

evaluation method, if successful at mimicking expert scores, is that it provides a method 

of evaluating design concepts that largely eliminates the need for in-person training and 

could theoretically be accomplished completely remotely. This opens doors to utilizing 

existing virtual platforms, such as Amazon Mechanical Turk, to conduct concept 

evaluations and further reduces the resources required to extract reliable and useful 

information.  

3.1 PILOT STUDY SURVEY 

In order to assess the fidelity of the crowdsourced pairwise comparison evaluation 

method an initial pilot study was conducted in Spring 2015 at UT Austin1. Ten concepts 

were selected for evaluation. The concepts selected for this initial pilot study are identical 

to those used in the crowdsourced concept evaluation study by Green et al. [25], so that 

                                                 
1 This study is in compliance with guidelines outlined by UT Austin’s Institutional Review Board (IRB). 

Details for Study Number 2015-03-0053 were submitted for review and approved in Spring 2015, prior to 

recruiting participants for this study. 
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the results of the two studies could be compared. Two sample concept sketches used in 

the study are shown in Figure 3.1.  

 

  

Figure 3.1: Two sample concepts from the pilot study. 

All concept sketches were created by undergraduate engineering students as part of a 

previous UT Austin design study in which students were tasked with developing a next-

generation alarm clock [17].  In the previous crowdsourcing study by Green et al. [25] 

the sketches were shown to evaluators without any alterations or modifications to the 

concepts although the concepts exhibited a broad range of clarity and sketching abilities. 

The concepts used in this pilot study were shown to novice participants in the same 

manner so that the results from the pilot study could be compared with Green et al.’s 

work without biasing the evaluations or results of our study. 

Concept evaluations were enabled using a digital survey created and hosted on 

Qualtrics, an online survey tool. The entire evaluation process was conducted 
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individually, with participants bringing and using their own personal laptops to access the 

evaluation survey using a URL and password provided by researchers. Because the 

survey was hosted on the Qualtrics website, evaluators did not need to download or 

install any software programs prior to participating.  

Following an initial participant information page2 the survey presents each 

participant with a series of 20 unique question modules. Each question module begins by 

presenting two concepts shown side-by-side, as illustrated in Figure 3.2.  

 

 

Figure 3.2: Display of a pair of sample concepts from the pilot study Qualtrics survey. 

                                                 
2 Participant information is collected and used solely for the purposes of awarding extra credit and for 

administrative use. No specific participant information is used in the evaluation or analysis of the survey 

responses, nor are any participants’ named in any manner with regards to the results of this research study 

or thesis work.  
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Each pair of concepts is chosen randomly from the library of ten selected design 

concepts. The survey is designed to randomly select the 20 concept pairs that each 

reviewer sees and to evenly distribute the pairings so that each concept appears roughly 

the same number of times over the course of the administered study. Since 10 individual 

concepts are used in this study, 45 combinations of concepts exist. In the previous Green 

et al. studies, each reviewer evaluated all 10 of the concepts.  Because the concepts are 

presented in a different manner in this study, each participant does not necessarily 

evaluate all ten concepts. Instead they evaluate 20 unique concept pairings, which feature 

a diverse subset of the 10 concepts used in this study. Asking each rater to evaluate all 45 

pairing combinations would be exceptionally time intensive and tiring for each novice to 

complete individually in a single sitting, so the survey was programmed to show only 20 

unique concept pairs to each participant and to vary the selected pairs evenly amongst all 

participants in the study. 20 unique concept pairs is defined to mean that no single 

reviewer will see the same concept “A”-concept “B” combination (or inverse 

combination) pairing more than once in a given session.  

Following each concept pair, a list of six criteria-specific evaluation questions 

appears. Each evaluation page (or module) of the survey features a concept pairing and 

six evaluation questions that are to be answered based on the concept pair at the top of 

the screen. Raters are asked to select how strongly they prefer one concept to the other on 

the basis of each specific criterion, with a discrete preference scale ranging from 

“strongly prefer concept 1” to “moderately prefer concept1” to “no preference” to 

“moderately prefer concept 2” to “strongly prefer concept 2,” as illustrated in Figure 3.3. 

The six metrics for pairwise comparison include originality and feasibility, which are 

common metrics for evaluating concepts [1, 23]. They are used in the Green et al. (2014) 
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study as well.  Additionally, clarity (of concept presentation), usefulness (of the concept 

given the intended purpose proposed by the problem statement) [2], and ease of use (or 

ergonomics) are added as evaluation criteria. The final question in each module asks the 

raters to select which concept they would choose for further development. More formal 

definitions of these metrics can be found in the next sub-section. These additional criteria 

were added to the evaluations process as a means to further understand how concepts are 

interpreted and what factors lead to positive and negative perceptions of their worthiness 

for further development. Results gathered also allow correlations between metrics to be 

calculated to further assess how decisions are made when evaluating design concepts. 

 

Figure 3.3: Sample evaluation questions presented to novice evaluators in pilot study. 
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In addition to presenting 20 different concept pairs, the survey also included three 

validation questions periodically placed throughout the survey to ensure that participants 

were actively engaged and paying attention. These questions were either dummy 

questions that required the participants to select a specific answer choice listed (Figure 

3.4), or short answer questions that requested a description one of the concepts shown on 

the most recent pairing (Figure 3.5).  

 

 

Figure 3.4: Sample dummy validation question. 

 

Figure 3.5: Sample concept description validation question. 

Students could not revisit concept pairs after they submitted the evaluations for a given 

concept pair. This eliminated the chance that a rater who was not actively paying 

attention would review his/her most recent concept pairing to correctly answer a 

validation question. Lastly, the survey was programmed to timeout if participants were 

inactive more than 5 minutes to further ensure that students remained focused throughout 

the duration of the evaluations.  

3.1.1 Evaluation Metrics 

 As noted in Chapter 2, the pilot study asked novice evaluators to assess the 

concepts on the basis of originality, feasibility, clarity, ease of use, usefulness, and further 

development. The originality and feasibility metrics were used by Green et al. [25] and 
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the definition used in both the current pilot study and the prior study are based on work 

by Shah et al. [1] and Charyton [29]. These two metrics are previously defined in Section 

2.3. 

The additional metrics used in this pilot study provide information that can be 

used to investigate correlations between various evaluation criteria. The intent of 

collecting this information is to better inform research on how decisions are made and 

what characteristics are of particular importance to (novice) evaluators when assessing 

design concepts. This information ultimately sheds light on what motivates the overall 

perception of a particular concept’s worthiness as a viable idea in the product 

development process.  

The metric of clarity was included so that concepts that were confusing and/or 

difficult to interpret could potentially be flagged for further evaluation by researchers. By 

nature of the 6-3-5 process, concepts produced using this concept generation strategy 

include a series of iterative design changes and modifications that can potentially be 

difficult to interpret or decipher, especially by novice evaluators. Because concepts that 

were confusing to raters likely were not well received, it is of interest to collect data on 

which concepts novice raters thought were most difficult to understand so that trends in 

the results can be identified. For example, concepts that were frequently marked as being 

less clear may also tend to be selected for further development less frequently. 

Participants evaluated clarity based on which concept was easier to understand as a 

whole, taking into account overall presentation (sketched and written descriptions).  

Raters were also asked to consider the usefulness of a design concept in the 

context of the specific problem statement. Because originality is more commonly 

evaluated on the basis of novelty or uniqueness (of feature-level characteristics), it is not 
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necessarily the most effective criterion for assessing the overall potential of a design 

concept. A concept is likely to be assessed as more valuable if it successfully 

accomplishes a desired task while doing so in a novel or unique way, not just if it features 

unique, but otherwise ineffective, means of providing a solution.  

An ease of use metric was also introduced in the pilot study to help gauge to what 

extent raters considered ergonomics and comfort in a variety of different product usage 

contexts. This metric is of interest because it helps assess how much importance is placed 

on designs that include features or characteristics that enhance overall user interactions. 

While the evaluations of concepts based on this metric can be affected by the wording 

and details of the design problem presented to raters, it is of interest to see how much 

value novice raters, on average, place on ergonomics when asked to evaluate concepts 

without any explicit priming or biasing prior to evaluating concepts. 

 The last metric asked raters to select which design concept they thought was 

more suited for further development. This metric is intended to parallel the “product 

worthy” metric that Kudrowitz and Wallace [2] use in their work, which seeks to identify 

concepts raters deem to have the greatest marketable success while still being feasible. 

Kudrowitz and Wallace’s metric takes into consideration a host of qualifications 

including cost, safety, manufacturability, and the limits of existing technology. Instead of 

using such a complex and advanced metric such as “product worthy” the final evaluation 

metric asks raters simply to select the concept they believe is more worthwhile to bring 

forward for further product development. Asking novices to pick the most “product 

worthy” concept would be asking too much of raters who likely lacked the technical 

expertise or market knowledge to make such a high-level assessment. Instead they are 

asked to select the concept they think would be a better choice to continue refining and 
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revising so that it could potentially be market worthy in the future, which removes some 

of the burden and complexity of being “product worthy.” This metric achieves the goal of 

determining which concept novice raters felt was more worthy of continued devotion of 

time and resources. 

3.2 PILOT STUDY PARTICIPANTS 

Students were recruited from a senior-level mechanical engineering design course 

and offered extra credit for voluntary participation in the study, which was held outside 

of class. Green et al. used freshman and senior-level engineering students, respectively, 

in two separate pilot studies, with the more reliable results being attained from the senior-

level students in the second of their two studies. (In this previous work, however, the 

senior-level students were also given slightly more training than the initial freshmen-level 

pilot study group, which likely also influenced the results of the evaluations [25].) In 

order to best match the participant group used in the more reliable Green et al. study, this 

pilot pairwise study was conducted using senior-level engineering students. The results of 

this pairwise pilot study are compared with the results of the prior study conducted using 

senior-level students in Chapter 4. 

In total, 64 students participated in the survey, and 59 sets of responses were 

incorporated in the study. Students must have answered all three of the previously 

described validation questions correctly in order to receive full extra credit points and for 

their results to be included in the study. The responses of the students who did not 

correctly answer the validation questions were removed from the data set prior to 

analysis.  
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3.3 PILOT STUDY TRAINING 

Prior to beginning the online survey, students were given minimal training, which 

consisted of a short verbal introduction to the study and a sheet of written instructions 

that included criteria definitions in the form of clarifying questions. The verbal 

introduction was conducted primarily for administrative purposes and to answer any 

questions regarding participation and extra credit. This introduction did not serve to 

provide survey or evaluation instructions that could not otherwise be communicated in 

written form. However, for research purposes, conducting the study in-person was 

necessary so that researchers could collect signed consent waivers from each participant 

and ensure that participants were completing the survey in a controlled and documented 

environment to avoid introducing unknown biases or errors. 

Once the verbal introduction was conducted and signed consent forms collected, 

participants were given a single printed page of written instructions that provided full 

details on how to successfully complete the study. On the instruction sheet was a set of 

questions to which they could refer to best understand how each evaluation metric was 

defined and how to evaluate the metric. For example, regarding originality, the questions 

included “Is the concept unique, unusual, or novel?” and for usefulness, “Is the concept 

useful for the intended purpose?” These questions are presented in full for each 

evaluation metric used in this study in Figure 3.6. 
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Figure 3.6: Clarifying questions for evaluation metrics provided to novice participants. 

In addition to the written instructions, students were also provided a full color 

packet of all of the concept sketches included in the study with one concept displayed per 

sheet to avoid confusion. Students were given 10 minutes to review the concept packets 

independently and to ask researchers clarifying questions regarding the written 

instructions or concept drawing labels, but researchers did not help with interpreting the 

design concepts. After the independent review was completed, each participant was given 

a password to access the online Qualtrics evaluation survey. The surveys were completed 

individually with no interaction between participants or researchers. No questions were 

answered once a participant started his/her survey, unless it was with regards to a 

technical issue3.  

In total the process to prepare raters for the concept evaluation activity lasted 

approximately 15 minutes, including the 10 minutes of independent concept review. 

Students spent, on average, about 30-40 minutes evaluating 20 concept pairs. A copy of 

                                                 
3 During the pilot pairwise evaluation study detailed in this chapter, no participants experienced any 

technical difficulties with the online survey. 
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the written instructions provided to the participants in this pilot study can be found in 

Appendix A. 
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Chapter 4:  Results of the Pilot Crowdsourced Pairwise Comparison 

Study 

The intent of the initial pilot study conducted in Spring 2015 was to determine the 

efficacy of using a crowdsourced pairwise comparison method to accurately mimic 

expert ratings in the assessment of design concepts. As stated in Chapter 3, the same ten 

concepts that Green et al. used in prior work were used again in this pilot study so that 

the results of the proposed method could be compared with the previous study. 

Additionally, these ten concepts were also previously scored by expert evaluators.  

The results of the Green et al. study showed that novices were largely able to 

replicate expert level evaluations, and that a composite rater comprised of roughly 20 

novices with high inter-rater reliability was able to serve as a reliable proxy for expert 

evaluators. Both the Green et al. and the pairwise comparison methodologies seek to 

alleviate the need for expert raters and reduce the amount of training required to prepare 

novice raters to complete concept evaluation tasks. The proposed pairwise method further 

reduces training time, however, because it does not require training on the proper use of a 

multi-point rating scale to prepare novices to complete these evaluation tasks.  

The analysis of this pilot pairwise comparison study first compares results against 

the novices raters used in Green et al. and then the expert evaluator scores in order to 

validate the effectiveness of the pairwise comparison method. Then, the results are 

analyzed to examine correlations between various evaluation metrics. This information is 

useful in understanding how raters weigh the relative importance of various metrics and 

interpret the relationships between them and how priming can be introduced to influence 

or enhance the evaluations process.  The latter concept is explored and discussed in 

Chapters 5 and 6. 
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4.1: QUANTIFYING RATER RESPONSES 

After the surveys are completed, numerical scores are applied to the responses to 

quantify the results for analysis and comparison. The numerical values represent the 

strength of the rater’s preference for a particular design concept quantitatively, so that the 

concepts could be rank ordered quantitatively. Both a linear and non-linear scoring scale 

are applied to the results. Two scales are used to investigate whether any major 

differences in the rank ordering of the concepts would arise as a result of using a linear 

versus non-linear scoring scale. Often in engineering design non-linear scoring scales are 

preferred because they more clearly reflect differences in the strength of a concept or idea 

over its competitors. For example, the scoring scale used in the relationship matrix of a 

House of Quality analysis is non-linear (exponential) because strong relationships (either 

positive or negative) between stated customer needs and engineering specifications hold 

much more importance when determining the value of an engineering specification than 

moderate or weak relationships. These non-linear, often exponential, scales are also used 

to provide quantitative values to otherwise qualitative assessments. For example, if an 

engineering specification has a strong positive relationship with a stated customer need it 

receives more value in the House of Quality because its inclusion has a much larger 

positive impact on the successful design of the product as a whole.   

Linear and nonlinear scales are used to quantify the ratings.  In the linear scale, a 

concept that is “Strongly Prefer(red)” received 2 points, while “Moderately Prefer(red)” 

concepts receive 1 point. With a non-linear scale, a “Strongly Prefer(red)” concept is 

allocated 3 points versus 1 point for a “Moderately Prefer(red)” concept. A “No 

Preference” response receives 0 points on either scale. Scores are applied to each 

evaluated pairing such that only one concept per pairing could receive a positive score; 
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conversely, both concepts could receive zero points if the evaluator indicated no 

preference between the two concepts for the given evaluation metric.  A sample scoring 

is shown in Figure 4.1 (using both linear and non-linear scales).  

 

 

 

 

Figure 4.1: Sample concept scores using linear (top) and non-linear (bottom) scoring 

scales. 

A normalized concept score is generated by summing the total number of points each 

concept received and dividing that sum by the total number of times a concept was rated 

(as part of a pair). These scores are used to rank order the library of 10 concepts on the 

basis of the six different evaluation metrics.  

The results for concept originality and feasibility are compared with the 

crowdsourced results from the Green et al. (2014) study as well as the individual concept 

ratings provided by expert evaluators, both of which utilized individual concept scores 

with 5-point originality scales and 4-point feasibility scales. The rank ordering of the ten 

concepts is used to compare the results of the two crowdsourced evaluation methods 
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because the individual concept scores are based on different scoring scales for the 

different studies and thus cannot be directly compared with one another.  

When the nonlinear scoring scale is used the individual concept scores are 

roughly 16% greater than when evaluated using the linear scale. For originality, the rank 

order of the concepts does not change depending on the scoring scale. One concept 

switches places with another in the rank order for feasibility, but the difference in score 

between the two concepts in each scale is minimal (1% or less). Since the difference 

between nonlinear and linear scoring is minimal, and the rank order of the concepts does 

not change drastically regardless of scale, the results of the pairwise pilot study are 

presented using the linear scoring scale because this scale better matches the linearity of 

the 5-point scale used in previous studies.  

4.2: ORIGINALITY RESULTS BASED ON PAIRWISE COMPARISON METHOD 

Originality is one of the primary metrics used in design research to evaluate the 

quality of design concepts [1, 2, 17, 25, 33]. Table 4.1 compares the rank ordering of the 

concepts according to the originality metric as determined by expert evaluations using the 

5-point scale (column 1), crowdsourced evaluations from Green et al. [25] using the same 

5-point scale (column 2) and crowdsourced pairwise comparisons from this pilot study 

(column 3). While each individual novice in Green et al. uses the same defined 5-point 

originality scoring scale to rate the concepts, the concept scores are calculated by 

averaging the collective scores given by each novice rater from the study conducted at 

UT Austin [25]. Several concepts have the same expert score because their scores were 

agreed upon by expert raters (mechanical engineering faculty and PhDs at UT Austin). 

The 5-point scale used in the previous study ranged from 0 for no originality to 10 for 
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exceptional levels of originality in increments of 2.5. The points allocated for various 

levels of originality are shown in Figure 4.2.   

 

 

Table 4.1: Originality concept rank order (and scores) based on various evaluation 

methods. 

 

Figure 4.2: 5-point originality scoring scale used in Green et al. study [25]. 
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In column 1 of Table 4.1, the values in parentheses represent the expert ratings for each 

concept, as agreed upon by expert raters [17]. In column 2, the values in parentheses 

represent the average 5-point scale score for the concept from the Green et al. [25] study. 

In column 3, the number in parentheses represents the average normalized concept score 

based on the linear scoring approach described in the previous section. Concepts are 

grouped based on substantial differences between concept scores (average or 

normalized); discussion of this grouping strategy is detailed below. 

Results from Green et al. (columns 1 and 2) indicated that novice raters (column 

2), when provided adequate training including a description of how sample concepts were 

scored by experts, were able to provide similar concept scores as expert raters (column 

1). While the results of the novices did not perfectly match with experts, the overall 

scores for the most original and least original concepts were aligned. Concept 11A was 

rated by experts to be the most original, receiving a score of 7.5 out of a possible 10, and 

it is similarly reviewed by the novices who collectively gave the concept an average score 

of 6.92. Additionally, the three lowest scoring concepts determined by the novice raters 

were 35C, 12C, and 16C, which had scores of 1.73, 1.16, and 0.69, respectively. 

Similarly, these three concepts were assigned originality scores of 0 and ranked at the 

bottom of the set by expert raters. The relative agreement of these scores indicates that 

novices can successfully serve as proxies to experts, returning similar evaluations that 

can be used to filter design concepts. While the precise concept scores may be difficult 

for novices to mimic, the results indicate that at the very least they can successfully 

identify the highly original and unoriginal concepts identified by experts.  

The next step is to compare the ratings from the pairwise comparison study to the 

novice and expert results from the Green et al. study.  The results of the two studies using 
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novice raters (shown in columns 2 and 3 of Table 4.1) are compared to determine the 

efficacy of the proposed pairwise method. While differences exist across the three 

evaluation groups, the overall ordering of the concepts is similar. One way to interpret the 

ordering is to create broader groups of concept rankings with High, Medium, and Low 

originality scores. If we instead compare the results of the two evaluation methods to the 

expert raters based on this grouping principle, there is very good agreement between the 

experts and novice evaluators from either study. When comparing the groups of similarly 

scored concepts, the novices who participated in the Green et al. study again match the 

expert results relatively well.  

 Although a few concepts move from the mid-level grouping to the lowest and 

vice versa, the bulk of the concepts fall into similar groupings for both crowdsourcing 

studies.  Specifically, the most highly ranked concept (11A) is consistent across all three 

methods. Concept 27A falls into the lowest originality grouping in the crowdsourced 

pairwise comparison study, but is only one concept below its ranking in the novice 5-

point scale study. As a whole concept 27A is always rated to be interesting with 

moderately original feature-level characteristics, and consistently hovers in the middle of 

the rankings, receiving an expert score of 5 and ranking as either the 5
th

 or 6
th

 most 

original concept out of the pool of 10. The results from the crowdsourcing studies do not 

deviate significantly from the expert evaluation. Conversely, concept 48B is included in 

the mid-level originality grouping by the pairwise raters, but it was scored as a low 

originality concept by the expert raters. However, its absolute ranking, relative to the 

other ten concepts is still relatively consistent across the studies. Overall, the concepts 

that are evaluated to have the lowest originality scores by experts (44C, 48B, 12C, 16C, 

and 35C) and by raters in the crowdsourced 5-point scale study (35C, 12C, and 16C) are 
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still ranked poorly by the novice raters in the crowdsourced pairwise study (27A, 35C, 

44C, 16C, 12C). In particular both groups of novice raters evaluate concepts 16C and 

12C to be the least original concepts in the group. These two concepts receive scores of 0 

from experts as well. Similarly, other concepts move one or two spots in the rankings, but 

there are no major reversals of rankings (i.e., low-ranked expert evaluations shifting to 

highly-ranked crowdsourced evaluations). Accordingly, the crowdsourced results from 

the pairwise comparison study approximately mimic the results from the expert and 

crowdsourced 5-point scale evaluations.   

4.3: ORIGINALITY RESULTS BASED ON PAIRWISE COMPARISON METHOD 

Feasibility was the second metric evaluated by novices in the Green et al. [25] 

study. All 10 concepts were rated by experts to be highly feasible—a rating of 10 on a 4-

point scale, where 10 indicates that the technology can be based on an existing solution in 

a closely related product. The method for determining feasibility follows the flow chart 

shown in Figure 4.3. 
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Figure 4.3: Flow chart used to determine scores for feasibility metric [33]. 

However, this metric, as defined, may be difficult for novices to glean as it requires 

knowledge about the existing market and the technology available, which may not be as 

easily applied to new or non-traditional applications. In both the Green et al. [25] study 

and the crowdsourced pairwise pilot study the results show a relatively distinct grouping 

of highly feasible and moderately feasible concepts. In the Green et al. study most 

concepts are rated as highly feasible with only three concepts (33B, 11A, and 25A) 

earning average feasibility scores less than 9. On the 4-point scale for feasibility, a 

concept earns a score of 7 if it is not technically difficult, but no existing solutions are 

available in closely related products; a concept earns a score of 10 if it is not technically 

difficult and existing solutions are available to be borrowed. Since all of the concepts 

earn an average score of 6.5 or higher, it is possible that the novice raters are less familiar 

with available technology than the expert raters, which would account for the lower 
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scores. Yet the general scoring average for each concept evaluated by novices using the 

5-point scale indicates that raters believe the design concepts are generally feasible.  

The crowdsourced pairwise comparisons indicate more varying degrees of 

perceived feasibility (Table 4.2), ranging from almost always more feasible (concepts 

12C, 44C, 35C, 16C, and 27A) to almost never more feasible than other concepts (11A).  

 

 

Table 4.2: Feasibility rank order (and concept scores) from various evaluation methods. 

By its very nature, the pairwise comparison approach asks raters to compare concepts to 

one another and indicate which one is more feasible. The wording of the evaluation 

questions, in addition to comparative nature of the evaluation method, is likely 

introducing a subliminal bias, especially to novice raters, that one of the concepts being 
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presented is “supposed” to be more or less feasible. Even though the raters had the option 

of indicating “no preference” when evaluating feasibility (or any of the other metrics), 

they may have been inclined to take note of more subtle differences in perceived 

feasibility. Furthermore, the clarifying question asks raters, “Will it be difficult to 

successfully design and manufacture the concept?” without explicitly focusing on 

whether the concept employs available technology or simply re-imagines an existing 

product in a new usage context. In contrast, novices trained to use the 4-point scale for 

feasibility are asked to evaluate concepts independently, potentially reducing (or 

removing) the hesitation to give concepts similar scores. The novices in Green et al. are 

also subjected to a more in-depth training session that details how to evaluate concepts, 

including discussion of example concepts scored by experts with explanations of why 

particular scores are given. The minimal training that is provided in the pairwise 

comparison method makes it difficult to assess or influence the raters’ definition of 

feasibility and what counts as a significant difference in feasibility. The intent of the 

clarifying question perhaps needs to be more detailed in order to direct the raters’ main 

considerations when evaluating feasibility, such that it better aligns with how the expert 

raters defined feasibility when discussing concept scores. While the differences (in 

concept score) are subtle, the pairwise comparison approach still leads to a rank ordering 

of concepts. The nature of a pairwise comparison indicates which concept is preferred but 

not by how much, aside from a gross indication of “strong” versus “moderate” 

preference. Additional testing is still needed to determine if novices can mimic accurate 

ratings when concepts presented have varied feasibility scores.  (The concepts in this 

study are all rated highly feasible by experts.) This does not necessarily indicate a lack of 

fidelity in the method, but instead highlights that concepts that deserve similar scores 
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may be difficult to assess by this means of evaluation or that slightly more training is 

needed in order to gain more appropriate results, or both. 

4.4: CORRELATIONS BETWEEN EVALUATION METRICS 

In addition to originality and feasibility, the pairwise comparison study asks raters 

to evaluate concepts on four additional metrics (usefulness, ease of use, novelty, and 

potential for further development).  Using the results of these comparisons it is possible 

to calculate correlations between the metrics; especially between a concept’s rating on 

various metrics and its evaluated potential for further development.   

Scores for all six metrics were analyzed using the same linear scale utilized for 

originality above (i.e., “Strongly Prefer(red)” receives 2 points, while “Moderately 

Prefer(red)” receives 1 point). A normalized concept score for each metric for each 

concept is generated by summing the total number of points each concept receives for 

that metric and dividing that sum by the total number of times a concept is rated (as part 

of a pair). Based on the normalized scores for each of the concepts, aggregate correlation 

scores (r) are calculated (using equation 4.1, computed using a script written in R 

(Appendix B)) for all six evaluation metrics and recorded in Table 4.3. 
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Table 4.3: Metric correlations from crowdsourced pairwise study (using a linear scale). 

Metrics with the highest positive correlations to ‘further development’ are 

‘usefulness’ (r = 0.72) and ‘originality’ (r = 0.47), indicating that the perceived novelty 

of an idea and its effectiveness in use (given a pre-stated problem statement) are strongly 

related to the concept’s perceived potential for further development. As such, 

‘usefulness’ and ‘originality’ are also highly positively correlated with one another (r = 

0.53). ‘Ease of use’ and ‘feasibility’ also exhibit a strong positive correlation with one 

another (r = 0.49), indicating that raters’ think that concepts that are easier to use also 

tend to be perceived as easier to design and manufacture.  

These correlation statistics also indicate that ‘feasibility’ and ‘originality’ have a 

strong negative correlation to one another (r = -0.43). This result is not surprising, 

however, because previous research has shown that novice raters often associate high 

levels of originality or novelty with low levels of feasibility [36]. In other words, if the 

concept is easy to develop, in the minds of the novice raters, it must exist already.   

Another assessment of the correlation coefficients was conducted by looking 

specifically at results where raters indicated strong preferences only. Strong preferences 

would disregard the subtle or minor nuances between concepts that likely contribute to 
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moderate preferences of one concept over another. The results of this second correlation 

analysis are shown in Table 4.4. 

 

 

Table 4.4: Metric correlation scores (r) when only strong preference responses from the 

crowdsourced pairwise comparison study (using a linear scale) are used.  

The correlation coefficients are calculated using the same method as describe above 

(equation 4.1), however the responses from novice raters are assessed such that only 

strong preferences are given numerical scores. Again the linear scoring scale is used and 

strongly preferred concepts receive a maximum score of 2 while both moderately 

preferred concepts and no preference responses receive a score of 0. Using this evaluation 

technique the same trends persist, with originality and usefulness still being positively 

correlated with further development; however, the magnitude of the correlations changes. 

The correlation scores when only strong prefer responses are considered decrease, often 

substantially, between the various metrics. There is a 20% decrease in the strength of the 

positive correlation between ‘usefulness’ and ‘further development.’ Other previously 

strong correlations such as ‘usefulness’ and ‘originality’ and ‘feasibility’ and ‘ease of 

use’ both see a substantial reduction in strength of 28% to r = 0.322 and r = 0.3544, 

respectively. The previously strong negative correlation between ‘originality’ and 
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‘feasibility’ also decreases significantly when only strong preference responses are 

considered. The correlation coefficient experiences a 64% change from r = -0.4334 to r = 

-0.1545. Overall, the strong correlations previously shown decrease when only strong 

preferences are considered, indicating that the pairwise method of evaluation may 

highlight differences between concepts that are in reality not significant because the 

evaluation scale is narrower than explicit scoring methods, such as the 5- and 4-point 

scales used by Green et al.  

4.5: CREATING A COMPOSITE RATER 

 One of the primary advantages of crowdsourcing design evaluations is that, if the 

evaluations can successfully mimic expert evaluations, companies can be spared from 

using expert-level raters to assess copious numbers of crowd-sourced concepts. The range 

of concept scores produced by non-expert raters is broad and thus it is unlikely that a 

single rater, chosen at random from the group, can reliably serve as a proxy for an expert. 

However, the results above indicate that a group of novice raters can provide similar 

evaluation results as experts. The question now becomes, how many novice raters are 

needed to produce consistently comparable ratings? To address this, a sensitivity study is 

conducted by randomly selecting &	raters to form subgroups that can be regarded as a 

composite rater.  

An x rater composite score for a particular concept is calculated by choosing x 

raters randomly from the pool of raters and averaging all of their scores for that concept.  

Every score between 0 and 2 that a particular concept receives from a specific rater is 

averaged to represent the concept’s “average score” as evaluated by the novice rater. 

These rater specific average scores are then averaged across x raters to determine a mean 

composite score. The process can be repeated by choosing another x raters from the pool 
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of raters.  The analysis is completed using MATLAB (the code written to achieve this is 

shown in Appendix C), conducted for composite rater subsets ranging from 1 to 59 

novice raters (the total number of participants in the study), and repeated five times for 

each number of composite raters. The composite rating score can be compared to the 

mean score for that concept across all raters, and the percent difference between the 

composite rating score and the overall mean can be calculated.  The percent difference in 

originality concept score as a function of the number of raters included in the composite 

rating are shown for Concepts 11A, 25A, and 48B in Figures 4.4, 4.5, and 4.6, 

respectively.  

 

  

Figure 4.4: Originality score convergence for concept 11A as additional participants are 

used to create a composite rater, sampled 5 times.  
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Figure 4.5: Originality score convergence for concept 25A as additional participants are 

used to create a composite rater, sampled 5 times. 
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Figure 4.6: Originality score convergence for concept 48B as additional participants are 

used to create a composite rater, sampled 5 times. 

Concepts 11A, 25A, and 48B are shown because they represent the first, third, and fifth 

most original concepts as assessed by novice raters. The convergence trend is similar 

across all three concepts, which collectively represent the top concepts based on 

originality. As the number of raters used to create a composite rater increases, the percent 

difference between the composite rater’s score for the given concept and the average 

composite score (based on all 59 raters’ individual average scores) decreases. The 

convergence to zero is expected as increasing the number of raters in the composite group 

reduces the possible variation in average scores because the sample size converges to the 

complete data set. In all three cases we see that when the size of the composite rater 

group reaches 25 to 30 raters, the calculated composite average score is roughly within 
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10% of the overall average concept score. There is further evidence of this if the number 

of trials for each size of composite rater group is increased to 1000 so that the standard 

deviation (σ) of each composite rater subgroup can be calculated. Using ±2σ we can 

capture 95% of the average scores at each composite rater group size for the same three 

concepts (11A, 25A, and 48A); this is plotted in Figure 4.7, 4.8, and 4.9 as two lines, 

representing the 95
th

 and 5
th

 percentiles of the 1000 trials, which converge to 0 when all 

59 novice raters are used to create a composite rater. The data is sampled 1000 times, or 

the maximum possible number of combinations for x raters, whichever is smaller. Again, 

the three concepts are chosen as examples because they collectively represent the top five 

concepts rated to be highly original. The trends that are evident in these three plots are 

consistent across the remainder of the concepts used in the pilot study as well.  
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Figure 4.7: Convergence of average concept originality score (95
th

 and 5
th

 percentile) for 

x composite rater subgroup (concept 11A), based on 1000 trials of possible composite 

rater groups or maximum number of combinations possible. 
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Figure 4.8: Convergence of average concept originality score (95
th

 and 5
th

 percentile) for 

x composite rater subgroup (concept 25A), based on 1000 trials of possible composite 

rater groups or maximum number of combinations possible. 
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Figure 4.9: Convergence of average concept originality score (95
th

 and 5
th

 percentile) for 

x composite rater subgroup (concept 48B), based on 1000 trials of possible composite 

rater groups or maximum number of combinations possible. 

This sensitivity study provides evidence that consistent and reliable novice ratings 

can be achieved with roughly 25-30 crowdsourced, novice evaluators. The number of 

novices needed for the evaluation method does not differ greatly from the number needed 

for consistent results when using a pre-defined scoring scale [25], but other advantages 

for using the pairwise evaluation method exist. For example, the pairwise evaluation 

method requires little to no formal training; additionally, all required training can be 

provided remotely in written form, further reducing resource requirements. Without 

requiring (non-expert) participants to learn the scoring rubric, the concept evaluations 

resulting from the pairwise method are still well aligned with experts and with the results 
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of the prior crowdsourcing study [25]. The simplicity of the method also allows raters to 

review concepts in more depth (on the basis of multiple criteria, in addition to originality 

and feasibility) without experiencing fatigue. While the same 10 concepts are evaluated 

in both the prior study and this pilot, we are able to collect a broader range of information 

about the concepts because raters in this pilot also evaluated concepts on metrics such as 

usefulness and ease of use, among others. This information is used to calculate 

correlation coefficients between various metrics that can be used to design priming 

strategies as well as provide insight into how feature-level characteristics of design 

concepts are not only perceived, but evaluated and valued. The results of this pilot study 

are promising and inspire further exploration into the use of the pairwise evaluation 

method for assessing design concepts. 
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Chapter 5:  Crowdsourced Pairwise Comparison Study with Empathic 

Priming: Experimental Procedure 

The results of the pilot pairwise comparison study are indicative of the potential 

for novice raters to serve as evaluators of concepts in place of expert raters. The ability of 

non-experts to mimic expert evaluations and provide meaningful results is promising as a 

means to alleviate the necessity of relying on expert evaluations which can be costly, 

time-intensive, and potentially infeasible when the number of concepts is large. However, 

another focus of this research is to better understand the impact that priming, in the form 

of a modified empathic experience design (EED) procedure, can have on the evaluation 

of concepts. Whereas the pilot study confirms that pairwise comparisons have the ability 

to yield reliable crowdsourced concept rankings, the second study investigates the effect 

of priming on those crowdsourced rankings from pairwise comparisons.  

5.1: EMPATHIC EXPERIENCE DESIGN METHODOLOGY 

The application of EED methods has yet to be investigated in the context of 

concept evaluations. The EED methodology proposes the use of simulated user 

environments to help designers better understand challenging product-user interactions 

prior to concept generation. It can also be used to elicit a more in-depth set of customer 

needs from typical customers.  Most commonly, EED is executed by following the 

procedure depicted in Figure 5.1: 
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Figure 5.1: Empathic experience design methodology flowchart. 

The process begins by identifying a prototype of a product selected for redesign 

and defining the problem statement for consideration in the redesign effort. Next, typical 

and lead users are identified, and the characteristics and usage environments of interest 

are identified. This information is used in step 3 when designing the empathic experience 

scenarios and simulated conditions. The empathic experiences are then implemented on 

average participants, in a systematic and repeatable process so that all participants are 

subjected to the same simulated experience. Lastly, in traditional EED methodology, 

participants are asked to either complete concept generation activities in an effort to 

create innovative ideas or to express customer needs, often in the form of interviews with 

researchers or designers.   

To apply EED to concept evaluation a slightly modified EED procedure is used in 

which the last step (previously defined as either concept generation or needs gathering) is 

replaced with concept evaluation. The intent is to influence the selection of innovative 

product concepts when determining which concept to retain in the product development 

process. A flowchart for the altered EED method is shown in Figure 5.2; this 

methodology is followed for the experiments conducted as part of this research.  
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Figure 5.2: Revised empathic experience methodology. 

5.2: PRIMING STUDY SURVEY  

The revised methodology is incorporated into a second experimental study that 

was conducted in Fall 2015 at UT Austin4. This study again asks novice raters to evaluate 

a series of design concepts using a pairwise evaluation method, but incorporates priming 

into the concept evaluation process as well. Priming in engineering design has been 

shown to effectively influence designers to think more critically about specific user 

groups, usage scenarios, and design features or characteristics in a given context [10, 13, 

17, 18, 19, 20, 31, 37]. In a concept evaluation setting, priming can potentially impact 

each rater’s personal assessment of the stated design problem and associated customer 

needs, and/or influence overall concept perception (especially with regards to product 

worthiness, or other evaluation metrics such as ergonomics and usefulness). With 

carefully designed primes it may be possible to promote or elevate the importance of 

                                                 
4 This priming study complied with guidelines outlined by UT Austin’s Institutional Review Board (IRB) 

and followed a detailed procedure that was submitted for review and approved in Spring 2014 (Study 

Number 2015-03-0053). Complete documentation (including all instructions and details regarding the 

empathic priming procedure) for the proposed study was submitted and approved prior to recruiting any 

participants for this priming study or conducting the concept evaluations procedure detailed in this chapter. 
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certain product characteristics or inspire evaluators to consider design concepts in a 

specific context.  

The priming study utilized 15 concept sketches generated from a previous design 

study in which participants were asked to design a next generation litter collector for 

roadside litter collection [17]. In the previous research study [17], the concepts were rated 

by experts on the basis of originality and feasibility. The majority of the concepts created 

as a result of the study were highly feasible, with scores of 7 or 10 out of 10 (again using 

the 4-point scale discussed in Section 4.3). To introduce variability into the feasibility 

metric, expert ratings for cost of development, which is similar to feasibility but also 

considers the cost of implementing the design in the specified manner, was used to rate 

the 15 concepts selected for the study. Concepts were also evaluated by experts on the 

basis of ergonomics (or ease of use). Expert evaluators scored each concept individually, 

using a 5-point scale for originality, but a 3-point scale (low, medium, and high) for cost 

of development and ergonomics. The 15 concepts were selected to represent a wide 

variety of scores for each of the evaluation criteria, as shown in Table 5.1.  
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Table 5.1: Expert ratings for the evaluation metrics: originality, cost of development, and 

ergonomics. 

The litter grabber concepts were generated during a sketch-based 6-3-5/C-Sketch 

activity and featured multiple edits in different colors, by different designers, some of 

which contradicted the initial design presented. Evidence from the pilot study showed 

that the collaborative editing that is inherent in these group-based concept generation 

activities created confusion for the (novice) evaluators. The concepts used in the pilot 

were shown without any modifications (to match the procedure used in Green et al. [25]), 

and researchers were often asked which particular concept should be the “focus” or 

“main concept,” leading to an unknown number of unique interpretations regarding 
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which version of a concept was actually being evaluated by the participants of the pilot 

study.  

Concepts that featured extensive revisions or simultaneously presented multiple 

ideas received lower clarity scores, and prior research has indicated that sketch quality 

can affect the assessment of originality as well as the overall perception of a concept’s 

quality or worthiness [38, 39]. A study conducted by Kudrowitz et al. in 2010 found that 

even when multiple design concepts featured similar ideas, the concepts that were 

evaluated as unclear routinely received lower originality scores [38]. The inconsistency 

of demonstrated sketching ability creates untraceable biases that likely affect the overall 

evaluations of the concepts in the prior alarm clock design studies. To combat this and 

encourage more transparent and consistent interpretation of the ideas presented in each 

sketch, the 15 selected litter grabber concepts were re-drawn. The re-drawn sketches 

presented only the most well developed idea from the original sketch without providing 

any conflicting features. Revised design sketches were re-evaluated by the expert raters 

to confirm that the correct idea(s) were being presented and that the new drawings did not 

add any additional information or create any unintended evaluation biases. The re-

evaluation also re-confirmed the scoring of the design concepts chosen on the basis of 

originality, cost of development, and ergonomics. The re-sketching of the concepts by a 

single individual also unifies the sketch quality across all concepts presented for review, 

reducing the potential that sketching ability would affect the rater evaluations [38]. 

Figure 5.3 shows a sample design concept in its original form and as a re-drawn sketch 

used in the priming survey. 
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Figure 5.3: Original design concept sketch (left) and re-sketched version used in priming 

study survey (right). 

The survey was again hosted on Qualtrics, using the same format as the pilot 

study in which a participant is shown two concepts, chosen at random, side-by-side and 

then asked to evaluate the concepts relative to one another on a number of evaluation 

metrics. In addition to the evaluation metrics used in the pilot (detailed in Chapter 3), the 

priming study survey also featured an overall preference metric. This question was 

included to investigate the impact of specific primes on the raters’ choices. In particular, 

would a concept be personally less preferable to the evaluator, but chosen as more worthy 

of further development as a result of the priming effects? The concept preference 

question makes no mention of feasibility, marketability, or any other traditional 

evaluation criteria. Instead, the intent of this metric is merely to determine how potential 

priming can impact the decision making process for novice evaluators and lead them to 

make decisions based on priming experiences as opposed to personal preferences or 

interpretations.  
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Raters were shown 20 randomly selected concept pairs and asked to evaluate 

them on specified metrics that followed the concept pairing. Similar to the pilot study, the 

Qualtrics’ Survey Flow tool was used to program the survey such that the concept 

pairings were distributed evenly amongst the raters who participated in the study. A 

detailed description of the design of the Qualtrics evaluation survey can be found in 

Section 3.1. On average, each concept pair was evaluated 16 times, by all three 

participant groups, with each individual concept being evaluated roughly 75 times over 

the course of the research study. 

5.3: PRIMING STUDY PARTICIPANTS 

Participants were recruited again from a senior mechanical engineering design 

course at UT Austin and given extra credit in exchange for their successful completion of 

the study. The study was conducted outside of class time and participation was 

completely voluntary. A total of 88 participants were recruited to participate in the 

research study, and evaluation data provided by 84 of the participants was analyzed. In 

accordance with the procedure for assessing the competency of participants described in 

Chapter 3, four participant’s responses were removed because they failed to correctly 

answer a set of simple validation questions interspersed between the survey questions. 

Whereas in the pilot study all participants completed the survey under the same 

conditions, the priming study included three district participant groups each with slightly 

modified training instructions. Participants were placed into one of three groups: control 

(no prime), written prime, and empathic experience prime. There were 29 novice 

evaluators in the control group, 28 in the written prime group and 27 in the empathic 

experience prime group. Study sessions were limited to approximately 12 participants to 

account for room size and to allow for a streamlined training period. Each participant was 
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given the opportunity to test out a litter grabber and including too many participants at 

any given time would have created too crowded of an environment with too much chatter 

amongst participants while they waited for their turn with the litter grabber. Participants 

were instructed not to chat with their peers about the concepts themselves during the 

review period and to limit their communications with one another regarding product 

usage to avoid biasing one another. 

5.4: PRIMING PROCEDURES AND PARTICIPANT TRAINING 

Participants were given a similar verbal introduction as is described in Section 3.3 

and asked to sign a consent form prior to beginning the study. All three groups received a 

brief explanation of the study and were provided the opportunity to use or to watch other 

participants use a traditional, hand powered litter grabber (Figure 5.4) to pick up a variety 

of items (empty aluminum soda cans, plastic and glass bottles, paper/tissue, candy 

wrappers, miscellaneous cardboard packaging, and disposable utensils).  

 

 

Figure 5.4: A traditional, mechanical litter grabber used by participants in all three survey 

groups. 

The items for pick-up were selected to represent a variety of potential trash items that a 

user might find during a typical Adopt-A-Highway or park clean up activity. Participants 
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were also given a packet containing the 15 design concepts to be evaluated and given 15 

minutes to study these concepts individually prior to beginning the online survey. The 15 

concepts were each presented individually on a separate sheet to avoid confusion. Each 

participant group was conducted independently without explicit mention that participants 

in other survey groups would be subject to different scenarios. Control group participants 

only participated in the survey in a setting with other control group participants, and the 

written and empathic prime groups followed the same construct. It was ideal to separate 

participant groups so that no inherent biases would be introduced by having multiple 

participant types overlapping and potentially sharing training instructions with one 

another. 

The control (no prime) group was given a set of written instructions similar in 

detail and content to the pilot study (reference Chapter 3 for detailed instructions). The 

instructions included a simply stated problem statement for the design concepts to satisfy: 

“Design a litter collection system for use by student groups in volunteer “Adopt-A-

Highway” activities,” as well as directions to evaluate each concept pair on the basis of 

the various evaluation criteria. Similar to the pilot study, the criteria (metrics) were 

defined using clarification questions (see Section 3.1.1).  

Participants in the written prime group were given the same printed instructions as 

the control group, with the addition of a set of explicitly stated customer requirements 

that they should consider as they evaluated the concepts. These requirements focused not 

only on basic usage conditions and product effectiveness, but also included requirements 

that highlighted ergonomics, cost, and usage in a variety of environments and conditions. 

The requirements were displayed as a bulleted list, shown in Figure 5.5, with no 

indications on relative importance or weight.  
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Figure 5.5: Customer needs list provided to raters in the primed participant groups. 

Once raters in this group read through the instructions and the customer requirements, 

they were given time to use a traditional litter grabber prior to beginning the evaluation 

survey. The intent of the written prime was to determine the effects of carefully 

constructed customer requirements on evaluations and the importance of various metrics 

in the overall perception of a design concept.  

In the empathic prime group, participants received instructions that were identical 

to the written prime group (including the customer requirements list) and provided an 

opportunity to use the litter grabbers, either individually or in small groups (2-3 people). 

To enhance their physical interaction with the litter grabbers they were also subject to an 

empathic experience designed to promote empathy with users of varying physical ability 

as well as simulate fatigue and reduced mobility after several hours of litter grabber use5. 

                                                 
5 Participants were asked to inform researchers of any existing physical conditions that might hinder or 

prevent them from safely participating in the empathic prime simulation. Anyone who indicated inability to 

participate in or concern with the priming experiment were provided an alternative method to participate 

for extra credit. No one requested an alternative method of participation. 



 

 

65 

The empathic experience consisted of wrapping a participant’s dominant hand, wrist, and 

elbow using an Ace bandage (Figure 5.6) in order to restrict joint mobility and provide an 

experience that would be similar to a tired or a physically challenged user. The wrapping 

was performed for each willing participant prior to their usage of the litter grabber so that 

they could experience the reduced dexterity that the prime was designed to simulate. 

Participants in the empathic prime group also had the chance to use the litter grabbers 

with their unwrapped, non-dominant hand and compare the experiences prior to 

beginning the evaluation survey.  

 

 

Figure 5.6: Empathic prime hand, wrist, and elbow wrapping using an Ace bandage. 

Each participant group experienced training that built incrementally on the initial 

control (no prime) group of participants. In this fashion, the potential differences in 

evaluation results could be easily tracked and associated with the changes in training and 

priming stimuli. 

In total the time required to complete the administrative procedures (signing of 

the consent forms for voluntary participation) and instructions lasted 20-25 minutes. The 

empathic prime group generally required a slightly longer training period because of the 

added time associated with wrapping participants’ joints prior to testing the litter 
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grabbers. Additionally, there were five more concepts included in this evaluation study, 

so participants were given an additional minute per concept to review them prior to 

beginning the survey. However, most participants (regardless of group) used less than the 

15 minutes allotted to review the concepts. This is likely a result of the re-sketching of 

concepts, because there was less ambiguity in the presentation of the individual concepts 

and each concept was much easier for the novice reviewers to interpret. The average time 

that each participant spent completing the concept evaluation survey was approximately 

35 minutes. The control group generally finished a few minutes faster than either the 

written or empathic priming participant groups, but the average difference was 1 to 3 

minutes, respectively. The differences in time spent completing the evaluation survey 

were considered to be negligible.  

A complete set of instructions for each rater group (control, written prime, and 

empathic prime) are shown in Appendices D, E and F, respectively. The basis of each set 

of written instructions is standard, following a similar format to those used in the pilot 

study (Appendix A). However, slight modifications in the written instructions are made 

for each participant group in this study to account for different priming instantiations.  

The results are described in Chapter 6. 
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Chapter 6:  Results of the Crowdsourced Pairwise Comparison Study 

with Priming 

6.1: APPLYING QUANTITATIVE SCORES TO RATER RESPONSES 

Results were evaluated separately for the three different priming categories. 

Ratings (strength of preference) for each unique evaluation metric for each individual 

concept were translated into quantitative scores using the both the linear and non-linear 

scoring scales described in Chapter 4, and scores were normalized for each concept and 

metric as they were in Chapter 4. The normalized average score for each concept based 

on the two scoring scales is shown in parentheses following the concept identification 

number in Table 1.   

As in Chapter 4, the linear versus non-linear scales had negligible impact on the 

overall rank ordering of the concepts selected for further development. A few minor rank 

ordering changes occurred in each participant group when the scoring scales were 

changed, but the differences in average concept scores tended to be very small when 

these switches occurred. One such example of this occurred in the rank ordering of 

concepts for further development determined by raters in the written prime group.  The 

top concept, 8052, based on the linear scale became one of five top concepts with the 

nonlinear scale, as shown in Table 6.1, although its quantitative score based on the linear 

scale was not significantly different from the next three highly ranked concepts.  
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Table 6.1: Changes in rank ordering of concepts selected by written prime evaluators for 

further development based on linear and non-linear scoring scales. 

The differences separating each of the top 5 concepts when the linear scale is used are 

less than 3%, and only one concept moves from outside the top 5 into the top 5 when the 

scoring scale is changed. Concept 5122 is ranked 6
th

 when the linear scale is used, 

however, its score is less than 1% (0.9%) lower than the 5
th

 ranked concept.  
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As a whole the changes that occur when the scoring scale is altered are not 

significant, so the linear scoring scale is used for analysis in order to maintain 

consistency with the scoring methodology used in the pilot study. Analysis of the 

participant responses using a linear scale best matches traditional scoring methods used in 

concept evaluation processes. Using these linear normalized scores, the concepts can be 

rank ordered for each metric, and differences between the rank orderings of the various 

priming groups can be observed.  

6.2: COMPARING NOVICE RATINGS AGAINST EXPERT EVALUATIONS OF ORIGINALITY  

The first step in the evaluation process is to compare the concept rankings from 

the control group raters with those of expert raters to determine whether there is good 

agreement.  As shown in Table 6.2, expert ratings are grouped into Low, Medium, and 

High originality.  Concepts are grouped because expert scores are agreed upon by 

evaluators and thus multiple concepts can theoretically be given the same score. Because 

the novices are rating each concept as a subset of a pair, their results produce a distinct 

rank ordering based on the average score of each concept. The results of evaluation on 

the basis of originality from the two rater groups are shown in Table 6.2.  
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Table 6.2: Originality rank order (and scores) as determined by expert (left) and novice 

evaluators from the control group (right). 

Overall, there is good agreement between the novice and expert evaluators.  As a 

whole the novice raters reached similar results as their expert counterparts, despite 

differences in experience and expertise. A few of the concepts (8082, 7032, and 5041) 

were evaluated by novices to be less original than their expert scores claim, and one 

concept (3031) was rated more novel, but as a whole the concepts with high originality 



 

 

71 

hovered in the appropriate group. Concept 5101 (Figure 6.1), however, was evaluated by 

novices in the control group to be highly original, although experts gave this concept an 

originality score of 0. 

 

 

Figure 6.1: Concept 5101 was rated to be highly original by novices. 

The design of this concept resembles a solar powered vacuum, which facilitates 

automated litter collection using motor enabled suction power. It is the only concept 

included in the study that is completely automated, which potentially explains why 

novices felt that it was exceptionally novel. Experts considered not only the novelty of 

the feature-level characteristics, but also the application and embodiment of the 

technology used. In the case of this concept, while solar powered vacuums are not widely 

popular, they are available as consumer products. Additionally, the inclusion of a 

motorized vacuum, regardless of power source, is not particularly novel nor is the 

architecture of the design, which is similar in form to a standard leaf blower, but with 
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inverse capabilities. The differences between concept 5101 and the exemplar traditional 

litter grabber as well as other sample concepts included in the study are large, which 

likely explains why novices felt the concept was novel. However, based on the definition 

of originality used for this study the concept is unoriginal. This was the most pronounced 

difference between expert and novice evaluations, but the overall rank ordering of 

originality for the concepts was otherwise well aligned between the two groups. Similar 

to the pilot study, the results from this second evaluation study provide evidence that 

novice raters can serve as proxies for experts in concept evaluations when using a 

pairwise evaluation technique to assess design concepts. 

6.3: ASSESSING CONCEPT FEASIBILITY USING A PAIRWISE EVALUATION METHOD 

In the pilot study, all 10 of the concepts were rated by expert evaluators to be 

highly feasible (with a score of 10 out of 10 on a 4-point scale), which was difficult for 

novices to mimic because the pairwise method explicitly asks raters to select which 

concept is more feasible. Of the 15 concepts used in this study, 2 had expert feasibility 

scores below 10. These two concepts (5012 and 8082) were still evaluated to be very 

feasible by experts, receiving scores of 7. Table 6.3 shows the expert feasibility scores 

compared with the evaluated results from novice raters in the control group—scores for 

novices are calculated as normalized averages.  
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Table 6.3: Feasibility rank order and scores assessed by expert and novice raters (control 

group). 

Concept 8082 receives a higher feasibility score by the non-expert evaluators, as 

shown in Table 6.3, and there is a wide variety of scores for the concepts assessed by the 

novice raters. The feasibility metric appears to be ill-suited for evaluation by the pairwise 

comparison method because it allows raters to focus on potentially subtle differences that 

make one concept slightly more feasible than another, but does not provide an 
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opportunity to track the magnitude of the differences in feasibility as in the 4-point scale. 

The nature of the pairwise methodology makes it difficult to score concepts that are equal 

or comparable to one another, even though raters have the option to select “No 

Preference” when evaluating concept pairs. Novice evaluators using this methodology 

likely hone in on subtle design differences and justify feasibility evaluations on these 

nuances, especially because they are provided little guidance and instruction on how to 

evaluate feasibility. One of the potential advantages of the pairwise comparison method 

is that it reduces the required training needed of a score based evaluation method, such as 

that which is used in Green et al. However, with the removal of these training procedures, 

it becomes difficult for novice evaluators to assess particular metrics, such as feasibility.  

6.4: EFFECT OF PRIMING ON PERCEIVED CONCEPT WORTHINESS 

In evaluating design concepts, it is of particular interest to determine which 

concepts rise to the top of the list and are considered to be more worthy of further 

development. From a product design standpoint, these are the concepts that would be the 

focus of engineering efforts and development expenditures such as design refinement, 

testing, and eventually manufacturing. Table 6.4 shows the rank ordering of the 15 

concepts based on crowdsourced evaluations of their potential for “further development” 

from all three participant groups, with the normalized concept score in parentheses for 

each concept. The rank ordering of concepts changes slightly based on which group of 

participants evaluated them. Any substantial change in rank ordering could indicate that 

priming affects the evaluators’ emphasis on various requirements and evaluation criteria. 
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Table 6.4: Rank ordering of concepts selected for further development based on 

participant group. 

In general, the top concepts identified for further development hovered in the top 

5 positions between the control and empathic prime groups; however, a few concepts 

make noticeable rank changes between the two groups’ responses. The concepts with 

noticeable changes in ranking were closely affiliated with the level of hand/arm/elbow 

effort required from the user, which aligns closely with the priming conditions. For 

example, concept 5101 (Figure 6.1) jumps 5 spots from the control to the empathic 

ranking, becoming the top concept for further development in the empathic group. This 
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concept requires no mechanical input by the user to actuate the litter collection process, 

acting as a solar powered litter “vacuum” with the addition of magnets to attract metallic 

litter. Raters in the empathic prime group experienced using the example litter grabber 

with their hands, wrists, and elbows wrapped. This supplemental physical experience 

prior to conducting evaluations primed them to put emphasis on concepts that minimized 

the amount of human input. Concept 5101 is the only concept included in the study that 

features a completely motorized collection method. While other concepts featured 

partially automated or mechanized collection methods, all of these concepts also included 

some physical input from the user. The empathically primed novice raters experienced 

using the traditional litter grabber with limited/restricted mobility in addition to reading a 

set of customer requirements that highlighted the importance of being able to use the 

proposed product comfortably over a prolonged period. The change in most preferred 

concept between the control group and the empathically primed raters reflects a change 

of perspective that may be caused by exposure to a prime designed to elicit empathy with 

physical handicaps and focused on human mobility. 

Concepts 6082 and 7031 remained as the 2nd and 3rd concepts most worthy of 

further development in all three rater groups, and concept 6082 consistently ranked 4th in 

both the control and empathic prime groups. The principle characteristic of these three 

concepts (Figure 6.2) is that each focuses on a push cart design that requires users to 

physically push the cart forward to initiate litter collection but does not require 

exceptional hand/arm/elbow movement as required by the original design (Figure 5.4).  
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Figure 6.2: Litter grabber concepts, clockwise: 6082, 7031, and 8052. 

The effects of priming on evaluation results are further evidenced by the reduced 

performance of concepts that require significant user input in the form of arm dexterity in 

order to accomplish the task of collecting trash. Concept 6023 (Figure 6.3) is an example 

of this, in which the user of this particular concept actuates the collection mechanism by 

use of a human powered bellows. These bellows, as depicted in the design, are 

compressed by the user’s elbow or bicep; in light of the designed empathic prime, this 

type of motion would be difficult to produce and even more so to sustain, comfortably, 

over an extended period of usage. 
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Figure 6.3: Concept 6023 which features a manually powered bellows to facilitate litter 

collection using suction. 

Due to the empathic experience prime, excessive use of arm joints and the physical 

strength required to compress the bellows would be perceived as overly strenuous. The 

human input required to effectively use this litter grabber concept was received poorly by 

both of the primed novice groups. These primed raters evaluated concepts with an 

increased awareness of and empathy for users who were tired after a day of volunteer 

work, or those who lacked physical abilities of more able-bodied peers. As shown in 

Table 3, concept 6023 progressively receives lower scores and ultimately drops from 

being just outside the top 5 concepts selected for further development (by the control 

group) to one of the bottom 5 concepts worthy of further development (in the empathic 
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prime group). These movements within the rankings signify that empathic priming has 

significant effects on user perception and evaluation of design concepts. 

It is also notable that the average concept score for the top 5 concepts is highest in 

the empathic prime group, signaling that priming affects how strongly raters feel about 

their evaluations. The average score for the top 5 concepts most worthy of further 

development are 0.78 (control), 0.80 (written prime), and 0.87 (empathic prime). While 

the differences in average concept scores between the control and written prime groups 

are minimal, the average concept score is roughly 10% higher in the empathic prime 

group, when compared with the control. Conversely, the average score of the bottom 5 

(or least preferred concepts for further development) is lowest in the empathic prime 

group (average = 0.29), compared with the written prime and control groups (average = 

0.37 and 0.39, respectively). This indicates that empathically primed raters exhibited 

stronger opinions about the concepts evaluated, likely because they had first-hand 

experience to support their perceptions of the design concepts. 

6.5: CORRELATING CONCEPT WORTHINESS AND EASE OF USE 

The effects of priming are also evident based on how “worthy for further 

development” a concept is evaluated to be and how well it scores in terms of the ease of 

use metric. The normalized scores are plotted to show correlations between the two 

evaluation metrics. In the plots below (Figures 6.4 and 6.5) the average normalized scores 

for the “worthy of further development” metric are used to rank order the concepts for 

different rater groups (control and empathic prime). The scores for further development 

are plotted in blue using the primary y-axis. A secondary axis is used to plot the 

concepts’ normalized scores for ease of use (shown in red). The coefficient of 

determination (+,) is calculated for the ease of use data relative to a linear fit to that data. 



 

 

80 

For the control group that received no priming there is a relatively linear 

relationship between a concept’s rated ease of use and its worthiness for further 

development. However, there are some large deviations from the linear trend, shown in 

red on Figure 6.4, and the trend line (black) (R
2
 = 0.4063) indicates that only 40% of the 

variation can be explained by a linear fit to the ease of use data. 

 

 

Figure 6.4: Correlation between worthiness of further development and ease of use 

among raters in the control group. 

 In the empathically primed rater group (Figure 6.5), there is a more consistent 

linear trend (R
2
 = 0.6349). As the perceived worthiness for further development of a 

particular concept increases to the right, that same concept’s ease of use score also 

generally increases. For the evaluators in this group, it was more important that a concept 

be easy to use if it were also to be recommended for further development. The increase in 

R
2
 from control group to empathic prime indicates these raters gave additional value to 

R² = 0.4063
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concepts that demonstrate improved user interactions, often in the form of reduced 

manual, human input. The priming experience that these non-expert raters participated in 

prior to evaluating the design concepts emphasized the importance of ergonomics, which 

seems to have affected their concept ratings.  

 

 

Figure 6.5: Correlation between concept ease of use and worthiness of further 

development, as assessed by empathically primed raters. 

The physical empathic prime was designed to restrict participants’ physical abilities in 

order to inspire them to think critically and empathetically about users with limited 

physical ability or physical handicaps. The increased correlation between ease of use and 

worthiness of further development suggests that the physical empathic prime was 

successful in engaging novice raters to evaluate design concepts or make decisions 
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regarding concepts with a mindset geared towards enhanced product usability for users 

with a range of physical abilities. 

6.6: EFFECTS OF PRIMING ON CONCEPT PREFERENCE 

 In addition to asking each participant which concept was more worthy of further 

development, the survey also asked each participant which concept was most preferred.  

In Figures 6.6 and 6.7, concepts are rank ordered according to normalized preference 

scores, and then a plot of average ease of use score is added as a secondary axis.  Figure 

6.6 illustrates a strong positive correlation between rater preference and concept ease of 

use. This plot shows that raters who underwent the empathic prime essentially only 

preferred concepts that they also evaluated to be very easy to use (those with good 

ergonomic designs). 
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Figure 6.6: Correlation between rater preference and ease of use of concepts by 

empathically primed novice raters. 

The ease of use scores determined by the empathically primed raters follow rater 

preference very closely, indicating that for raters in this participant group preferred 

concepts were also those with high ease of use scores.  

 While the control group exhibited a similar positively correlated trend, it is not as 

stark as the results for the empathic prime group. In Figure 6.7, correlation between the 

two metrics is evident, but there is more fluctuation in the ease of use scores. The 

unprimed novice raters generally preferred concepts that were also evaluated to be easy 

to use, but the correlation to preference is less linear.  
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Figure 6.7: Correlation between rater preference and ease of use of concepts by control 

group raters. 

When provided with an empathic priming experience focused on enhancing 

ergonomics and physical product interactions prior to performing concept evaluations, 

novice raters were prompted to emphasize the importance metrics such as ease of use 

more strongly than when the rater is not primed. Correlations coefficients for the various 

metrics evaluated by the three participants groups are also calculated and shown in 

tabular form in Appendix G. 

6.7: SHORTCOMINGS IN WRITTEN PRIMING 

 Throughout the analysis of the results of this priming study, the data collected 

from novice raters who participated in the written prime group have exhibited 

inconsistent results. Trends in the evaluations from this rater group have been difficult to 
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determine. This is likely due to cognitive differences among the participants. The written 

prime consisted of a set of customer requirements that were included in the instruction 

sheet for the survey. Whether or not participants in this group placed value on these 

requirements in their evaluations is unknown, and the varied evaluation results indicate 

that while some participants in this group likely put emphasis on the specified 

requirements, others did not. Because verbal instructions were kept to a minimum with 

all three participant groups, it was never formally stated that raters should pay special 

attention to the customer requirements. As such, it became difficult to draw concrete 

conclusions about the effects of the written prime on concept evaluations because it was 

unknown whether each rater read the requirements carefully and then considered them 

carefully when evaluating the design concepts. 

The empathically primed rater group was subject to an empathic experience 

which directly impacted their interaction with the litter grabber, whereas the written 

prime group’s interaction with the litter grabber was physically the same as the control 

group raters. The uncertainty of how much the written prime affected evaluators was 

evident in Figure 6.8 which plots the correlation between concepts preferred for further 

development and ease of use. In the previous section, plots of this relationship were 

drawn for both the control and empathic prime rater groups (Figure 6.4 and 6.5), and 

there was at worst a moderate linear correlation between a concept’s ease of use score 

and its evaluated worthiness of further development. In the written prime group, a trend 

line could not be fit to the data as there was no apparent correlation between the two 

metrics. The average concept scores for ease of use changed sporadically as worthiness 

for further development increased. 
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Figure 6.8: Correlation between ease of use and worthiness of further development, as 

assessed by written prime raters. 

The mixed evaluation results collected from raters in the written prime group 

indicate that additional work is needed to determine how to best facilitate a written prime 

when novice evaluators are used. Potentially, an improvement to the research procedure 

would be as simple as explicitly directing the novice raters to consider the provided 

customer requirements as they assess the concepts. In the current research study the 

presence of customer requirements on the instructions sheet was not highlighted by 

researchers during participant training. Another possibility is that written priming is not 

very effective in this case study.  More research is needed to investigate these 

conjectures. 
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Chapter 7:  Conclusion 

7.1: SUMMARY 

Two experiments were conducted to test the effectiveness of a pairwise 

comparison method for evaluating design concepts, and then to determine the impact of 

priming (written and empathic) on concept evaluation and rater perceptions of design 

concepts. A total of 152 senior mechanical engineering undergraduate students 

participated voluntarily in the two experiments. Data from 143 of these students were 

analyzed and included in the research6. The students were given brief written and verbal 

instructions in addition to a printed packet of design concepts to review independently 

prior to completing an online evaluation survey. The survey presented each participant 

with 20 unique concept pairs and asked them to evaluate the concepts relative to one 

another on a number of design metrics. In the second study, which revolved around the 

evaluation of litter collection devices, participants interacted with a prototype litter 

grabber prior to evaluating concepts. Roughly two-thirds of the participants in the second 

experiment were subjected to written or empathic primes during the pre-evaluation 

training process to determine the effects of priming on novice rater evaluations.  

The results of the pilot study are analyzed and compared against past work 

conducted by Green et al., which investigates the ability of crowdsourced novice raters to 

provide comparable evaluation results as expert raters. Results from the priming study are 

used to investigate the impact of primes on novice evaluations of design concepts. In both 

experiments, qualitative evaluations provided by novice raters are translated into 

quantitative scores which are used to rank order the evaluated concepts on various 

                                                 
6 Data from some of the participants in both studies were removed and excluded from analysis because 

there was concern regarding the reliability of these participants’ responses. This is detailed in Chapters 3 

and 5. 
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metrics. Correlations between the metrics are investigated to provide insight into how 

design concepts are perceived and how the perceived importance of the metrics changes 

as a result of priming. 

The results of the two research studies carried out in this thesis provide evidence 

that a pairwise comparison survey crowdsourced to novice evaluators can effectively 

return results mimicking expert evaluations for concept originality. This indicates the 

potential for novice raters to serve as proxies for expert raters when evaluating design 

concepts. The evaluation of feasibility, however, is more difficult for novices to assess 

using pairwise comparisons. Furthermore, the use of pairwise comparisons reduces the 

need for training relative to the use of 5-point scales, which is an important consideration 

for crowdsourced studies with limited opportunities for training.  

Results from the priming study suggest that empathic priming impacts how 

(novice) raters perceive and evaluate design concepts. Specifically, differences in rank 

ordering of the concepts between primed and unprimed participants provide evidence that 

priming has the ability to influence decision making and raters’ perceptions of design 

concepts. Raters in the empathic prime group were subject to a physical prime designed 

to promote empathy with product users of varying physical abilities. The evaluation 

results from the empathically primed group favored concepts that were also evaluated to 

be highly ergonomic, with a strong positive correlation between overall concept 

preference and ease of use ratings. 

7.2: POTENTIAL IMPACT  

The results from the two experiments provide insight into the fidelity of a 

pairwise comparison methodology for evaluating design concepts. The ability of novice 

evaluators to use this method to generate results that are comparable with experts is 
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promising as it can reduce costly resource expenditures. Expert raters can be difficult to 

access, and it can be infeasible to have experts devote countless hours to sifting through 

ideas—especially in instances where there are many ideas to evaluate. The use of novices 

can help alleviate the need for experts in these scenarios. While concept feasibility was 

more difficult for non-experts to evaluate with the pairwise comparison method, evidence 

shows that originality can be quite reliably assessed. While it is unlikely that novice 

raters will replace expert opinions in product development activity, the use of novices can 

greatly assist in expediting early stage development processes. The results of the 

experiments show that novices can be used to sort through large volumes of concepts 

ahead of experts, minimizing the time that would otherwise be required of experts to 

determine concepts that are novel and potentially worthy of further development.  

The pairwise method reduces the amount of training or preparation needed, which 

increases the likelihood that it can be adapted to virtual crowdsourcing mediums, such as 

Amazon Mechanical Turk and similar sites. In the experiments, novice evaluators were 

only required to participate in-person so that the experimental set-up could be carefully 

controlled and monitored. However, the formal instructions provided to raters prior to the 

evaluation activity could otherwise have been facilitated remotely. Because the pairwise 

method asks raters for relative comparisons as opposed to numerical scores, the method 

does not require explicit training in a particular scoring rubric. Instructions provided to 

participants in the experiments featured a simple problem statement that the designs were 

meant to satisfy and a set of short clarifying questions to help define the metrics with 

which raters would evaluate the concepts. These instructions were provided to raters in 

the form of a handout, and researchers were on hand primarily to answer administrative 

questions and address technical difficulties relating to the online survey. It can therefore 
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be concluded that it is feasible for concept evaluations to be conducted completely 

autonomously, with corporate websites or third-party crowdsourcing sites hosting 

evaluation activities. While the second study included in-person interaction with the 

product, especially for the empathic priming, evaluations by non-experts can still be 

facilitated by utilizing commonly available items or third-party contractors who could 

solicit crowdsourced participation for evaluation sessions.  

One drawback of the proposed evaluation methodology is that concept scores 

cannot be determined because ratings are performed qualitatively and must be considered 

relative to the respective pool of concepts being evaluated. The primary assessment 

comes in the form of a definitive rank order of the concepts as opposed to individual 

concept scores for each metric. However, the reduced training that is required to generate 

these assessments, which are still useful in reducing the burden of experts, can be 

justified. 

The results also indicate the influence of priming on rater perception of design 

concepts, providing insight into rater preferences and a better understanding of how 

decisions are made during evaluations. In general, when asked to select a concept to 

recommend for further development, non-experts preferred concepts that they also 

believed were useful given the context of the design problem. Raters were more inclined 

to favor usefulness over originality despite being aware that designers were attempting to 

create a novel product. This result holds true across both experiments, and is in fact more 

pronounced in the results of the primed rater groups. Perceived ease of use of a given 

concept was also strongly correlated with product worthiness in the second study, 

especially for primed raters. The raters who were exposed to an empathic prime tended to 

select concepts that had strong ease of use scores for further development, most likely 
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because the prime was designed to create empathy with lead users with limited physical 

ability. The capability of priming to enhance or emphasize the importance of certain 

design characteristics or product requirements is interesting, as it indicates that novice 

raters can be influenced into assessing concepts with a particular mindset. Raters can 

therefore be primed to consider target areas of innovation, such as improved user 

interactions, ergonomics, or sustainability. The written priming produced more mixed 

results, as raters in this participant group did not necessarily respond to the prime as 

consistently as those in the empathic prime group. Additional research is needed to 

improve the implementation of written primes to determine the true impact on novice 

raters. 

Understanding how design concepts are perceived and evaluated is critical in 

product development. Designers are constantly seeking innovative ways to create 

universally accepted products. While novelty is an important consideration, enhanced 

product interactions are often more indicative of product success [35]. With this in mind, 

priming can be an effective means of influencing rater perception of design concepts, 

encouraging reviewers to consider concepts within the context of a specific usage 

scenario or for a given user group—lead users or even general users with broader needs. 

Concepts that are evaluated from this perspective are more likely to satisfy universal 

design principles and may result in products with a greater user base. 

7.3: FUTURE WORK 

The research confirms that a pairwise comparison method for concept evaluation 

can be crowdsourced to novice evaluators and highlights the impact that priming can 

have on evaluations of these design concepts. The success of the experiments raises new 
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questions and unexplored opportunities in design research and validation of techniques 

that can improve the product development process.  

Novice evaluators have been shown to be capable of using the pairwise method to 

produce design concept evaluations that mimic expert ratings. The evaluation method 

requires little training or preparation for the novice evaluators, and concept originality 

can be reliably assessed. The use of this evaluation method insulates novices from 

learning a specific ratings system.  Because the method uses qualitative assessment to 

compare concepts against one another, however, there is still additional work needed to 

understand how to best utilize this method as a replacement for traditional point-scale 

evaluation methods.  

One of the advantages of the pairwise method is that it requires evaluators to 

undergo little to no prior training, which is promising as a way to automate evaluations 

and successfully return meaningful design assessments remotely. In the case of the pilot 

study, the product of interest was an alarm clock which is widely recognized by users 

(novice or experienced) and likely does not require prior interaction to glean meaningful 

evaluations. However, for design concepts that are less familiar to potential novices it can 

be important, or potentially necessary, for evaluators to have first-hand access to product 

prototypes prior to beginning evaluations. The design concepts used in the priming study 

revolved around a litter collection device or system, which while seemingly mundane, is 

not necessarily a product with which users are universally familiar. A future study could 

explore the success of evaluations for less commonplace products without the inclusion 

of product interaction prior to evaluations. 

Additional research is still needed to truly understand the implications of the 

extent to which priming affects ratings outcomes. More extensive studies are needed with 
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additional raters and various priming conditions. The current research engages novice 

raters with physical and written primes prior to evaluation to gauge how these primes 

affect concept perception and criteria importance. The current work illustrates that 

primed raters more favorably evaluated concepts that counteracted the effects of their 

empathic experience. However, while the results of the empathic prime show more 

distinctly quantifiable trends, the results of the written prime, as currently implemented 

are difficult to conclude. It would be advantageous to continue improving the protocol for 

implementing written primes in a crowdsourced setting because this method of priming 

can potentially be conducted without direct access to raters, unless product interaction is 

required.  On the other hand, it is possible that written primes are simply not as effective 

as experiential primes.   

The impact of fixation has yet to be investigated in this research although it is 

suggested in the results of the priming study. Fixation has been shown to negatively 

impact novelty in concept generation research, where designers who have access to 

existing solutions tend to replicate the features and architecture of existing products [40, 

41]. Exemplars shown to the novice raters appear to influence how originality and 

novelty are measured—such that designs that are less similar to the exemplars are rated to 

be more original. One concept featured in the study was wholly different in design and 

usage than the traditional litter grabber with which novices interacted prior to completing 

the evaluations. This concept was evaluated to be highly novel, despite receiving an 

originality score of 0 from the expert evaluators because it is already available in the 

marketplace. The inclusion of a variety of exemplar prototypes could help mitigate the 

effects of design fixation, or the exclusion of all prototypes prior to evaluations could 

address this issue. However, as described above, additional research is needed to 
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determine how necessary it is to provide novice raters with sample products in order to 

get reliable results. It may depend strongly on how universally available the product is.   

Finally, while the current research seeks to explore priming effects on novice 

raters in a crowdsourcing context, future work can also be extended to understand the 

effects of empathic priming on experts and decision-makers with different backgrounds 

(e.g., business managers versus team engineers). Novices for these two studies were 

recruited from senior mechanical engineering courses, whereas in corporate settings final 

product development decisions are often made by managers who may or may not have an 

engineering background. It would be beneficial to explore the extent to which empathic 

priming can be effectively applied with these decision makers. 
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Appendix A: Pilot Study Instruction Sheet 

The following was provided to the participants in the pilot pairwise comparison study as 

a printed handout that they were allowed to reference throughout the study. 

 

 

Thank you for participating in this study. 

 

The concepts you are about to review have been generated to as solutions to the 

following design prompt: 

 

Design a next-generation alarm clock 

 

Please review each concept thoroughly before proceeding to the survey.  You will be 

given 10 minutes to review the concepts before beginning the survey, please feel free to 

ask clarifying questions during this period, we will be unable to answer questions once 

you begin the survey.  You have as much time as you need to complete the survey, but 

the system will time out if you are inactive for more than 5 minutes. 

 

The survey will consist of a series of pair-wise comparisons of the concepts, you will be 

asked to rate each pair on criteria such as originality, feasibility, clarity (of presentation), 

and usefulness.   To aid in your ratings, please refer to the following definitions: 

 

Originality – Is the concept unique, unusual, or novel?  

Feasibility – Would it be difficult to successfully design and manufacture the concept?  

Clarity – Is the concept clear and intelligible?  

Usefulness – Is the concept useful for the intended purpose?  

Ease of use – Which concept would be easier to use from an ergonomic or user-

interaction perspective? 
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Appendix B: R Script 

 

The following is an R script used to calculate the correlation coefficient, r, of each metric 

evaluated in the concept evaluation study. It uses the built in cor function in R. The script 

imports data from a .txt file (in a specified location) that contains all data for a given 

participant group, categorized by each individual evaluation metric. This code, or a 

variant of it, is used to create the r values in Tables 4.3, 4.3, and G.1. 

 
#Pull and attach data from .txt file 

#Data used is the aggregate scores for all concepts on each individual 

metric that is evaluated in the study; the data is metric specific, 

*not* concept specific, 

data = read.table("C:/Users/Michelle/Desktop/Study 1 Research R 

Code/Data/Aggregate_Linear.txt",header=TRUE) 

attach(data) 

 

#Scatterplot of Aggregate Data with a Best-Fit Line Attached 

#Uncomment out the lines below and use to plot the correlation between 

two metrics, change the metrics compared as desired 

#plot(Feasibility~Originality, main="Aggregate: Linear Scale") 

#abline(lm(Feasibility~Originality), col="red") 

 

#Correlation Coeff. Compared with FD 

 

#Calculate Cor Coeff, Originality vs FD 

cor(Originality,FD) 

 

#Calculate Cor Coeff, Feasibility vs FD 

cor(Feasibility,FD) 

 

#Calculate Cor Coeff, Clarity vs FD 

cor(Clarity,FD) 

 

#Calculate Cor Coeff, Ease of Use vs FD 

cor(EaseofUse,FD) 

 

#Calculate Cor Coeff, Useful vs FD 

cor(Useful,FD) 

 

#Correlation Coeff. Compared with Originality 

 

#Calculate Cor Coeff, Feasibility vs Originality 

cor(Feasibility,Originality) 

 

#Calculate Cor Coeff, Clarity vs Originality 

cor(Clarity,Originality) 

 

#Calculate Cor Coeff, Ease of Use vs Originality 
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cor(EaseofUse,Originality) 

 

#Calculate Cor Coeff, Useful vs Originality 

cor(Useful,Originality) 

 

#Correlation Coeff. Compared with Feasibility 

 

#Calculate Cor Coeff, Clarity vs Feasibility 

cor(Clarity,Feasibility) 

 

#Calculate Cor Coeff, Ease of Use vs Feasibility 

cor(EaseofUse,Feasibility) 

 

#Calculate Cor Coeff, Useful vs Feasibility 

cor(Useful,Feasibility) 

 

#Correlation Coeff. Compared with Clarity 

 

#Calculate Cor Coeff, Ease of Use vs Clarity  

cor(EaseofUse,Clarity) 

 

#Calculate Cor Coeff, Useful vs Clarity  

cor(Useful,Clarity) 

 

#Correlation Coeff. Compared with Ease of Use 

 

#Calculate Cor Coeff, Useful vs Ease of Use  

cor(Useful,EaseofUse)  
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Appendix C: MATLAB Code 

The following MATLAB Code is used to calculate and plot the percent differences as a 

function of the composite rater subgroups, as well as the convergence of scores within 

two standard deviations. It is used to create Figures 4.4 – 4.9. 

 

Input ‘a’ represents the average concept score given by each individual participant in the 

study for a given concept, usually the length of ‘a’ equals the total number of participants 

in the study (see the comment in the line above the data entry). ‘a’ is input manually as an 

array of scores and changes each time a new concept is evaluated.  

 
% 'a' is the data set for the given concept (the data is comprised of 

the 
% average score that any individual rater gave to the specific concept) 
% a = 11A 
a = 

[2;0.833333333;0.75;1.4;1;1;1.2;1.333333333;0.75;1.75;1.75;1.333333333;

1;1.666666667;1.714285714;1;0;1.5;1.5;1.4;1.5;1.666666667;1.5;1.8;1;1.5

;2;0;1.25;0.75;1.666666667;1.666666667;1.75;2;0.25;1.2;1.6;1.4;1;1.8;1.

833333333;1.75;1.4;1;0;1;2;2;2;1.2;1.25;1.333333333;0.666666667;1;1.2;1

;2;0.5;1.5]; 
trials = 1000; 
astore = zeros(length(a),trials); 
n = linspace(1,length(a),length(a)); 
av = zeros(1, length(a)); 

  
for j = 1:trials;    %repeats the loop j times 
for i = 1: length(a)     
y = randsample(a,i); 
av(i) = mean(y); 
end 
percdiff = (av-mean(a))/mean(a); 
astore(:,j) = percdiff; 
hold on 

  
%Comment out below line for std deviation convergence lines only 
%plot(n,percdiff*100,'.','color',rand(1,3)); 

  
end 

  
xlabel('Number of Raters (out of 59) Used to Create Composite Rater'); 
ylabel('% Difference from Mean of Raters'); 
standardDeviation = std(astore,[],2); 
avg = mean(astore,2); 
upper = avg+2*standardDeviation; 
lower = avg-2*standardDeviation; 

  
%Comment out below (5 lines) for points only 
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plot(n,upper*100,'color',rand(1,3)); 
plot(n,lower*100); 
legend('95th Percentile', '5th Percentile'); 
title('Concept Score Standard Deviation of Composite Rater Subgroups 

(Concept 11A)'); 
hold off 
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Appendix D: Priming Study Instruction Sheet, Control Group 

The following was provided to the control group participants in the primed pairwise 

comparison study as a printed handout that they were allowed to reference throughout the 

study. 

 

 

Thank you for participating in this study. 

 

The concepts you are about to review have been generated to as solutions to the 

following design prompt: 

 

Design a litter collection system for use by student groups in volunteer ‘Adopt-A-

Highway’ activities 

 

Please review each concept thoroughly before proceeding to the survey.  You will be 

given 15 minutes to review the concepts before beginning the survey, please feel free to 

ask clarifying questions during this period, we will be unable to answer questions once 

you begin the survey.  You have as much time as you need to complete the survey, but 

the system will time out if you are inactive for more than 5 minutes. 

 

The survey will consist of a series of pair-wise comparisons of the concepts, you will be 

asked to rate each pair on criteria such as originality, feasibility, clarity (of presentation), 

and usefulness.   To aid in your ratings, please refer to the following definitions: 

 

Originality – Is the concept unique, unusual, or novel?  

Feasibility – Would it be difficult to successfully design and manufacture the concept?  

Clarity – Is the concept clear and intelligible?  

Usefulness – Is the concept useful for the intended purpose?  

Ease of use – Which concept would be easier to use from an ergonomic or user-

interaction perspective? 
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Appendix E: Priming Study Instruction Sheet, Written Prime Group 

The following was provided to the control group participants in the primed pairwise 

comparison study as a printed handout that they were allowed to reference throughout the 

study. 

 

 

Thank you for participating in this study. 

 

The concepts you are about to review have been generated to as solutions to the 

following design prompt: 

 

Design a litter collection system for use by student groups in volunteer ‘Adopt-A-

Highway’ activities 

 

Consider following list of customer requirements when evaluating the concepts. 
Customer Requirements: 

Effectively picks up roadside litter 

Effective for a variety of roadside conditions 

Easy to maneuver 

Intuitive to use 

Comfortable for extended use through the day 

Durable 

Low cost 

Portable 

 

Please review each concept thoroughly before proceeding to the survey.  You will be 

given 15 minutes to review the concepts before beginning the survey, please feel free to 

ask clarifying questions during this period, we will be unable to answer questions once 

you begin the survey.  You have as much time as you need to complete the survey, but 

the system will time out if you are inactive for more than 5 minutes. 

 

The survey will consist of a series of pair-wise comparisons of the concepts, you will be 

asked to rate each pair on criteria such as originality, feasibility, clarity (of presentation), 

and usefulness.   To aid in your ratings, please refer to the following definitions: 

 

Originality – Is the concept unique, unusual, or novel?  

Feasibility – Would it be difficult to successfully design and manufacture the concept?  

Clarity – Is the concept clear and intelligible?  

Usefulness – Is the concept useful for the intended purpose?  



 

 

102 

Ease of use – Which concept would be easier to use from an ergonomic or user-

interaction perspective? 
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Appendix F: Priming Study Instruction Sheet, Empathic Prime Group 

The following was provided to the control group participants in the primed pairwise 

comparison study as a printed handout that they were allowed to reference throughout the 

study. 

 

 

Thank you for participating in this study. 

 

The concepts you are about to review have been generated to as solutions to the 

following design prompt: 

 

Design a litter collection system for use by student groups in volunteer ‘Adopt-A-

Highway’ activities 

 

First, use the next 10-15 minutes to interact with this traditional litter collection device 

individually or in small groups—test out your ability to use the device as well as the 

effectiveness of the device as a litter collection system.  Try to pick up a bottle and place 

it into a garbage bag using the device, or observe a peer completing this task. 

 

Consider following list of customer requirements when evaluating the concepts. 
Customer Requirements: 

Effectively picks up roadside litter 

Effective for a variety of roadside conditions 

Easy to maneuver 

Intuitive to use 

Comfortable for extended use through the day 

Durable 

Low cost 

Portable 

 

Please review each concept thoroughly before proceeding to the survey.  You will be 

given 15 minutes to review the concepts before beginning the survey, please feel free to 

ask clarifying questions during this period, we will be unable to answer questions once 

you begin the survey.  You have as much time as you need to complete the survey, but 

the system will time out if you are inactive for more than 5 minutes. 

 

The survey will consist of a series of pair-wise comparisons of the concepts, you will be 

asked to rate each pair on criteria such as originality, feasibility, clarity (of presentation), 

and usefulness.   To aid in your ratings, please refer to the following definitions: 
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Originality – Is the concept unique, unusual, or novel?  

Feasibility – Would it be difficult to successfully design and manufacture the concept?  

Clarity – Is the concept clear and intelligible?  

Usefulness – Is the concept useful for the intended purpose?  

Ease of use – Which concept would be easier to use from an ergonomic or user-

interaction perspective? 
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Appendix G: Calculated Correlation Coefficients for Each Rater Group 

in the Priming Study 

 

The linear scoring scale was used to quantify the responses of novice evaluators in each 

participant group of the priming study (control, written prime, and empathic prime). The 

correlation coefficients are calculated using the aggregate scores for each metric based on 

responses from raters in each participant group. The resulting correlation coefficients 

calculated for each participant group is shown in Table G.1. 

 

 

Table G.1: Correlation coefficients between metrics based on participant priming groups. 
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