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Abstract 

 

Does A Deeper Level Of Empathy Help High School Engineering 

Students Generate More Innovative Consumer Products? 

 

Bobby Jo Garcia, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  David Allen 

Co-Supervisor:  Carolyn Conner Seepersad 

 

Secondary level engineering education is a relatively new field of study.  

This report evaluates an activity in which high school students experience 

simulated disabilities as they interact with and redesign consumer products.  These 

activities are also known as empathic experiences, in which the designer is 

challenged to place himself or herself in the position of a lead user who pushes a 

product to its extremes and experiences various customer needs sooner and more 

acutely than the typical user.  The purpose of this study is to determine whether or 

not these types of empathic experiences help high school students develop more 

innovative product ideas in a concept generation activity.  The results of this study 

are compared with similar studies that use college students for the subject pool.  
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Differences between subject pools are examined to identify implications for 

secondary engineering education and assessment. 
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Chapter 1: Introduction 

Secondary-level engineering education is a relatively new field of study.  In 

researching this field, it is easy to find literature giving comprehensive overviews of 

various initiatives and proposals to get engineering into the secondary educational 

setting.  It is also relatively easy to find research evaluating classroom practices, 

activities and assessments for college-level programs. It is difficult, however, to find 

literature focusing on engineering classroom practices, activities and assessments 

at the high school level.  This report evaluates an activity in which high school 

students experience simulated disabilities as they interact with and redesign 

consumer products. These activities are also known as empathic experiences, in 

which the designer is challenged to place himself or herself in the position of a 

lead user who pushes a product to its extremes and experiences various customer 

needs sooner and more acutely than the typical user.  The purpose of this study is 

to determine whether or not empathic experiences help high school students 

develop more innovative product ideas in a concept generation activity.  The 

results of the experiment in this study are compared with similar studies conducted 

with college students as subjects.  This report includes recommendations for 

implementing this type of concept generation activity in a secondary engineering 

classroom.  The recommendations include suggestions for pre and post-activities, 

suggestions for running the empathic design activity, as well as assessment 

examples that are appropriate for this age group. 
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Chapter 2: Review Of The Literature 

2.1 – HOW IS “INNOVATION” DEFINED? 

The term “innovation” has different meanings depending on context, 

however, it is important to differentiate between innovation and creativity.  Milne & 

Leifer describe a framework for studying innovation in engineering design that 

makes this important distinction and defines creativity as generating new ideas or 

concepts (Milne & Leifer, 1999).  In contrast, innovation is defined as the act of 

applying creative ideas or applying familiar ideas in new contexts.  The authors 

also argue that with respect to design, the act of innovation is more focused on 

applying “solution concepts to fulfill a set of stated and unstated design 

requirements.” 

In terms of consumer products, researchers have discovered commonalities 

amongst products that have been labeled as “innovative” (Saunders et al., 2009). 

Ninety-five innovation award-winning products were analyzed for features in five 

categories: Functionality, Architecture, Environmental Interactions, User Interactions, 

and Cost.  According to the study, most of the products had features that were 

considered innovative in multiple categories.  Over 70% of the products were 

identified as having at least one innovative user interaction feature, offering the 

end user improvements in either physical, sensory or cognitive demands.  Similarly, 

over 75% of the products were identified as having environmental interaction 
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advantages over competing products, offering improvements in material, energy or 

information flows, or interactions with infrastructure. 

Identifying innovative features on products may appear to be a familiar task 

for most consumers, however, evaluating how innovative a product feature is can 

provide some challenges.  Charyton & Merrill developed an eleven-point scale 

based on the work of Shah et al. (Shah et al., 2003) to rate originality ranging from 

descriptors such as “Dull” to “Genius” in the CEDA, or Creative Engineering Design 

Assessment, and used this metric in a study of first year engineering students 

(Charyton & Merrill, 2009).  The study consisted of primarily college freshmen and 

sophomores, and is particularly relevant because this subject pool was close in age 

to the subject pool for this research paper.  In a search for studies involving the 

assessment of innovation in engineering design, no studies for rating the 

originality of engineering concepts generated by secondary students were found. 

It is important to note that a design may include original characteristics and 

effectively address the problem, but may also be technically infeasible.  Shah et al. 

argued that effective designs should not only be evaluated for originality or 

“novelty,” but that design evaluations should also consider how effectively a 

design addresses the desired needs, defining this dimension of concept generation 

as “quality.” Based on this description of concept quality, Linsey developed a metric 

that evaluated technical feasibility on a three-point scale that was used to rank 

concepts as infeasible, feasible but technically difficult, or feasible (Linsey, 2007).  
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Variants of both Linsey’s quality metric and Charyton & Merrill’s originality metrics 

were subjected to inter-rater reliability tests, and researchers discovered that 

reliability was higher for both originality and quality ratings when scales with 

fewer ranking descriptors were used (Srivathsavai et al., 2010).  The same study also 

revealed that originality ratings applied at the product feature level, as opposed to 

the product concept level, also had higher inter-rater reliability scores.  Genco et al. 

conducted a study with similar findings, examples of the metrics used are below 

and on the subsequent page. 

 

Figure 1:   Sample Originality Metric (Genco et al., 2011) 
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Figure 2:   Sample Quality Metric (Srivathsavai et al., 2010). 

 

2.2 – INNOVATION & THE DESIGN PROCESS 

Wormald argued that expectations have been placed on university design 

students to be “innovative, creative, and ‘clever,’” and that design students must 

learn skills to operate at the “fuzzy front end” of the design process to do so 

(Wormald, 2010).  Generally speaking, Wormald states that for most industrial 

designers, the process of developing new products begins with a design brief, a 

document that clearly outlines a problem or problems and provides contextual 

background information, and the designer is expected to generate solutions to the 

problem(s).  The contextual background information may consist of research, 
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branding, user research, and market research, all of which, Wormald states, have 

primarily been in the areas of business, marketing, manufacturing and technology 

research literature.  Wormald presents a case study of how fuzzy front end skills are 

being taught at the university level in a new product development course, and 

argues that these types of activities can help provide design students with 

opportunities to develop thinking and research skills that can be used for 

generating innovative product concepts.  His students also created process 

deliverables and documentation that corporate partners of his study considered to 

be valuable intellectual property. 

2.3 – HUMAN-CENTERED DESIGN 

There are different approaches for research at the fuzzy front end.  In a 

review of different methods, Steen et al. proposed a two-axis model for describing 

fuzzy front end activities that map these approaches according to design 

intentions and emphasis on knowledge and expertise under the term “human-

centered design” (Steen et al., 2007).   The authors examine six different approaches 

for researchers and designers to work collaboratively and constructively with end-

users.  Along the horizontal axis of this map, approaches are differentiated 

between those that place a high emphasis on end-users’ knowledge of design 

activities versus the knowledge of researchers and designers understanding the 

wants and needs of end-users.  Along the vertical axis of the map, approaches are 

differentiated between those that emphasize a current problem or situation, and 
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approaches that emphasize addressing potential or future needs, situations or 

opportunities.  Empathic design, which is the focus of this paper, offers several 

benefits to classroom instruction according to this model.  When viewed through 

the lens of this model, empathic design classroom activities would emphasize the 

development of researcher and design knowledge for the student while 

developing a first-hand understanding and perspective of the customer. 

 

Figure 3:   Human-Centered Design Methods (Steen et al., 2007). 
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2.4 – EMPATHIC DESIGN 

Steen et al. state that although variety in the application of empathic design 

exists, a common theme is the attempt by researchers and/or designers to 

empathize with end-users’ experience with products on an emotional level.  This 

experience is then used in an attempt to discover hidden needs that someone 

without a design background would be unable to articulate, and someone from a 

design standpoint would otherwise not consider.   

In developing empathic experiences, it is important to consider whether 

differences among end-users would lead to differences in design concepts 

generated.  Von Hippel argued that “lead users” are good “forecasters” of strong 

needs that eventually become commonplace (Von Hippel, 1986).  Lead users are 

defined as product users that push a product to its extremes and experiences 

various customer needs sooner and more acutely than the typical user.  Von 

Hippel’s framework for using lead-user data consists of the following four steps: 

1. Identify an important market or technical trend; 
2. Identify lead users who lead that trend in terms of (a) experience and (b) 

intensity of need; 
3. Analyze lead user need data; 
4. Project lead user data onto the general market of interest. 

 
How can researchers identify lead users and market or technical trends? 

Hannukainen & Hölttä-Otto argued that disabled persons are an important 

population to consider for lead-users (Hannukainen & Hölttä-Otto, 2006).  Their 

research compared observations of people who underwent situational disabilities, 
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such as operating cell phones in dark places to simulate vision problems or in loud 

places to simulate hearing problems, and compared those observations of product 

use to observations made by deaf and blind participants in the study.  Results 

showed similarities between needs expressed by disabled users and needs 

expressed by users experiencing situational disabilities, particularly in the fact that 

there was a general consensus that keypads needed to be improved.  One blind 

user in the study suggested that useful innovation in cell phones would be the 

ability to unlock one’s home, which would address the problem of not being able 

to find one’s keys.  Addressing this type of latent need would benefit both blind 

users and ordinary users; however, the authors caution that other needs expressed, 

such as the desire for a Braille keypad, would only serve to benefit that particular 

population, whereas typical users might be less likely to suggest such 

improvements (Lin & Seepersad, 2007).  Hannukainen & Hölttä-Otto also argue “it 

was not difficult to construct corresponding situational disability environments,” 

and, as Lin & Seepersad point out, such lead-users who live with particular 

disabilities may be difficult to locate.  Results of the Lin & Seepersad study show 

that typical users respond with richer feedback about product use, such as latent or 

typically unarticulated needs, when exposed to empathic experiences, thereby 

potentially reducing the need to interview lead users. 

Beyond helping to discover latent product needs, empathic experiences 

offer design students several benefits.  One study showed that college design 
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students generated twice as many re-design concepts for a product when empathic 

experiences were incorporated into customer interviews, relative to typical 

customer interviews without empathic experiences (Green et al., 2010).  The authors 

pointed out that the increase in quantity of generated concepts occurred in spite 

of the fact that brainstorming sessions are generally presumed to help designers 

exhaust possibilities.  Survey responses from this study’s student participants also 

showed that students felt that they better understood customer needs as a result 

of this activity and that they felt the experience helped to inspire ideas that were 

better for average users as well.  The survey results also showed that student 

participants enjoyed the activity, and that students felt confident enough to use 

this method in the future. 

2.5 – LEARNING & STUDENT ENGAGEMENT 

Another aspect of empathic design of interest with respect to secondary 

students is the inherent role-playing nature in simulating situational disabilities 

and the impact this could have on student engagement.  Bergen argued the idea 

of “play” is important for helping children develop as scientists, mathematicians 

and engineers because play provides a means of taking risks and interacting with 

materials and techniques in novel contexts (Bergen, 2009).  Playing and playful 

thinking may help develop the type of abstract thinking that builds the confidence 

to explore alternative possibilities by drawing on existing knowledge (Parker-Rees, 

1997).  Putting this type of play into a design context could provide a positive 
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learning framework.  Brophy et al. argue that design provides learners with 

opportunities to be generative, reflective and adaptive with their thinking (Brophy 

et al., 2008).  More specifically, empathic design could easily be incorporated into 

the model of design-based inquiry learning proposed by Brophy et al., meeting a 

variety of objectives for the framework such as critically evaluating multiple 

perspectives and developing cognitive models. 

Different models of inquiry-based learning have been incorporated into 

science, mathematics and engineering design contexts, and could easily 

incorporate activities such as empathic design.  Pellegrino & Brophy’s model of 

anchored instruction consisted of modules in which students solved basic 

problems as scaffolding activities, and then were given analog or extension 

problems that changed parameters of problems that had already been mastered 

(Pellegrino & Brophy, 2008).  A metabolism laboratory course based on the 

challenge-based learning model was designed to help students make connections 

between preconceptions and new experiences  (Linsenmeier et al., 2008), which 

parallels the idea of the extreme experience in empathic design.  Frank et al. 

conducted a study of a project-based learning engineering course and argued that 

students successfully constructed knowledge and developed intuition through 

active and experiential learning (Frank et al., 2003), also noting increases in 

motivation to study and student perceptions of ownership of learning.   
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2.6 – DEVELOPING DESIGN EXPERTISE 

Learning in the context of design does have its own challenges, however.  In 

a study of undergraduate engineering students, Atman et al. compared designs 

submitted by freshman and senior students, and collected data throughout the 

design process (Atman et al., 1999).  Results of the study indicated that the 

hypothesis that designs submitted by seniors would be of higher quality than 

those of freshmen was confirmed, and on average, seniors spent more time 

problem scoping and researching at the beginning of the process and evaluating 

designs at the end of the process than the freshmen in the study.  The researchers 

thus argued that students need more learning experiences iterating through all 

steps of the design process.  This could highlight a potential problem with 

engineering at the secondary level. 

Data suggests that high school students that enroll in engineering courses 

most enjoy hands-on activities such as building, designing and constructing 

(Zarske et al., 2005), however in a survey of practicing engineering professionals, 

these activities were ranked among the least important sets of skills for the 

engineering profession (Mosborg et al., 2005).  Ranked among the top of skills 

deemed important in this study were problem scoping, understanding constraints, 

communicating and seeking information, skills, which coincide with the aims of the 

empathic design method.  The disparity between high school engineering 

student’s interests and professional engineering practice raises a serious question.  
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Should the aim of engineering education at this level be to engage student 

interests, or to reflect professional practice?  If secondary education focuses on 

engaging student interests, what does the path to engineering expertise look like? 

Perhaps the key lies in understanding fundamental differences between 

novices and experts.  Bransford et al. lay out a framework for understanding these 

differences from the cognitive psychology standpoint and based on the 

constructivist theory of learning (Bransford et al., 2000), which is the underlying 

theory for the anchored instruction, challenge-based learning and project-based 

learning models described above.  According to Bransford et al., experts have a 

great deal of content knowledge that is not organized as isolated facts, but is 

organized into contexts of applicability, and that knowledge is used to notice 

meaningful patterns of information not easily recognized by novices.  The 

development of this type of “adaptive” expertise could be necessary for 

engineering graduates to be able to apply and extend the content knowledge 

acquired at the university level (Fisher & Peterson, 2001).  Fisher and Peterson 

designed a tool to measure the development of this expertise focusing on four 

domains: consideration of multiple perspectives, metacognition for the evaluation 

of understanding and performance, approaching challenges as opportunities for 

growth (goals and beliefs), and seeing knowledge as evolving and not static 

(epistemology). 
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Redish & Smith argue that the skills needed to develop adaptive 

engineering expertise include creativity, teamwork, design, global collaboration, 

communication, management, economics, and ethics (Redish & Smith, 2008).  The 

authors lay a theoretical framework for using model-based reasoning in the 

development of adaptive expertise by drawing comparisons to mathematical 

modeling.  Penner et al. argue that while model-based reasoning is central to 

mathematics and science practice, it is not adequately taught at the elementary, 

secondary or college levels (Penner et al., 1996).  Their research showed that a 

majority of 7th and 11th graders believed that models were primarily for describing 

physical characteristics, as opposed to the representations of function.  The 

experience of empathic design itself could arguably be considered a form of 

engineering modeling in the sense that designers use situational disability 

interactions as representational systems (Lehrer & Schauble, 2006) to create an 

analogy to facilitate the understanding of the wants and needs of others. 

2.7 – ASSESSING STUDENT LEARNING 

Perhaps one of the greatest challenges to implementing successful model-

based learning in the classroom lies in administering quality assessments.  Brophy 

et al. argue that assessments such as standardized tests may be reliable indicators 

of knowledge acquisition and conceptual application, however these types of 

assessments do not account for the learning outcomes described above, nor do 

they assess innovative thinking (Brophy et al., 2008).  The authors also state that 
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new assessment methods should provide formative feedback as part of the 

learning process, which concurs with assertions made by Davis et al. that 

assessments should target desired educational outcomes of the engineering 

design process at specific points in the curriculum and should serve as a 

mechanism for regular feedback and review of student performances (Davis et al., 

2002).  Black and William argue that formative assessments produce significant and 

substantial gains, and that improved formative assessments have been shown to 

help low-achieving students reduce the range of achievement while raising 

achievement overall (Black & William, 1998).  To make the case for raising standards 

through classroom assessment, Black & William also argue that most teachers say 

they want to encourage understanding, yet use tests that encourage rote 

memorization and superficial learning.  They also state that feedback from these 

types of assessments serves more “social and managerial functions” at the expense 

of learning in the sense that giving grades takes priority over giving valuable 

feedback on the learning process. 

The learning outcomes described above can adequately be assessed 

through the use of rubrics.  Rubrics are useful for evaluating the extent to which 

criteria have been met through judgments of quality (Moskal, 2000).  Rubrics assign 

numerical scales that can be used as grades to qualitative assessments in the form 

of descriptions of the quality of work.  The descriptions are important, Moskal 

argues, because numerical values do not provide the student with feedback on 
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how to improve performance.  Moskal presents different types of rubrics such as 

analytic versus holistic and general versus task-specific and provides examples of 

when the using the different types of rubrics are appropriate.  The article also 

provides resources for both K-12 and college rubrics, as well as a more 

comprehensive review of literature on these types of assessments. 

2.8 – HYPOTHESES BASED ON RESEARCH 

Based on this research, hypotheses were developed concerning secondary 

classroom practice.  The first hypothesis is that empathic design experiences would 

help students develop a deeper understanding of product user interaction 

features.  As a result of this deeper understanding, students would be able to 

generate concepts for user interaction features that are more innovative than 

would be generated otherwise.  Another hypothesis is that empathic design would 

provide students with an authentic and highly engaging experience.  Empathic 

design employs hands-on learning, which is favored by students, and focuses on 

problem definition, which is cited by many professionals as one of the most 

important engineering activities. 
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Chapter 3: Methodology 

The activity used in this study was a combination of the experiments 

referenced in the literature review of this paper.  The Hannukainen & Hölttä-Otto 

study compared user feedback from disabled persons and typical product users in 

special situations using cellular phones.  The Green et al. study evaluated an 

empathic design activity in which first and third year college students redesigned 

common consumer products such as alarm clocks, blenders and digital cameras for 

persons with fine motor disabilities.  The Saunders et al. study focused on 

identifying the characteristics of innovative mechanical products.  Subjects in the 

Genco et al. study interacted with alarm clocks while undergoing visual impairment, 

limited hearing and limited dexterity simulations.  Both the Genco et al. and 

Saunders et al. studies also used inter-rater reliability methods for the purpose of 

data analysis. 

The Saunders et al. study found that consumer products that won awards 

for innovation more often than not had improvements in user interaction features 

when compared to similar competitive products.  Results from the Hannukainen & 

Hölttä-Otto study showed that disabled persons can offer key insights as lead 

users. The Genco et al. study found that empathic experiences led to a statistically 

significant increase in the originality of the resulting concepts.  In the Green et al. 

study, subjects made twice as many redesign suggestions during an empathic 

design experience as compared to during a benchmark experience, and participant 
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surveys from the study indicated strong agreement that empathic design 

experiences “inspired ideas that are better for average users as well.”  While these studies 

focused on undergraduate students, this study focuses on high school students 

with more limited exposure to engineering. 

3.1 – PARTICIPANTS 

The subjects in this study were seventeen students of a Science-Technology-

Engineering-Mathematics (STEM)-focused high school.  All students at the school 

are required to take Project Lead The Way (PLTW) pre-engineering courses.  In their 

freshman year, students at the school take a course titled “Introduction To 

Engineering Design,” which focuses on teaching students basic computer-aided 

design modeling skills.  In their sophomore year, students are enrolled in a course 

titled “Principles Of Engineering,” which focuses on applied physics and simple 

machines.  In their junior year, students have the option of taking a course titled 

“Digital Electronics,” which focuses on basic electronic and programming skills. The 

students ranged from students having completed their freshmen year to students 

having completed their junior year.  All students had at least taken the freshman-

level course, and had a basic understanding of technical sketching and the design 

process.  Instruction in all courses in the school is predominantly project-based or 

problem-based learning, so all students at the school experience inquiry-based 

learning to solve open-ended problems in all of their courses as the primary mode 

of instruction.  The students were recruited from the school’s FIRST Robotics 
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Competition club, and had either expressed interest in joining or were members of 

the club.  The experiment was conducted as an ice breaker/warm-up activity at a 

club meeting. 

3.2 – EXPERIMENTAL DESIGN 

At the beginning of the meeting, students were assigned a number.  

Students who had been given an odd number conducted the activity in one 

classroom (Group A), while the students that were given an even number 

conducted the activity in a separate classroom (Group B).  All students were told 

they were going to take part in a design activity, and were instructed to get into 

smaller groups of two or three. The students were also given paper and writing 

tools and told to record any notes or observations they found meaningful.  Of the 

seventeen students in this study, two arrived after the activity had begun and did 

not participate in the first half of the study, but were allowed to participate in the 

second half of the study.   

Students in Group A were instructed to have one person in each sub-group 

log in to a computer.  Students were told to imagine they had a disability and 

could not use their hands and fingers as they normally would.  Each person in the 

sub-group was given three minutes to type out an e-mail that included driving 

instructions to get from another nearby high school to the students’ high school.  

The students typed this out in turns, with one student typing while the other sub-

group member(s) observed.  Students were told that after each person in the sub-
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group went through the timed typing assignment, they would be designing 

assisted-living devices that would help people with dexterity or range-of-motion 

problems be better able to complete this task.  Students in Group B were given a 

similar task, however, instead of typing directions on a keyboard, they were 

instructed to simulate writing a text message with driving directions.  The students 

were given the option of using clamshell cellular phone that used T9 technology, a 

phone with a QWERTY keyboard, or the cell phone of someone in their sub-group.  

All students decided to use either their own phone or one that belonged to 

someone in their sub-group.   

Each sub-group in both Groups A & B was given a set of four transparency 

sheets with different colored vis-à-vis markers to collaboratively brainstorm 

product concepts using a modified 6-3-5 method, a method with which the 

students in this experiment were not familiar.  Each person was instructed to draw 

and annotate 3 concept sketches in five minutes on the top transparency sheet.  

After five minutes, the students gave their sketches to another member in their 

sub-group, and were told to put a blank transparency sheet on top of their 

partner’s drawings and expand on their partner’s drawings and annotations by 

adding more details.  Students were given three minutes to complete this task.  The 

sub-groups did two more rotations of this in three-minute intervals until all sets of 

drawings made it back to the person who began the set.  Groups of two were 

instructed to continue rotating even after the person who had originated the set 
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annotated them, so, in these sub-groups, both persons had a second round of 

drawing/annotation on each set. The drawings from this part of the design activity 

will be referred to as the control drawings for the rest of the paper. 

For the second half of the experiment, Group A was given the cellular 

phone/text-messaging task, and Group B was given the keyboard/e-mail task.  

During this part of the design activity, the student interacting with the keyboard or 

cellular phone wore oven mitts to simulate dexterity problems as would be done in 

an empathic design activity.  Each student took turns interacting with the products 

as their sub-group members observed and took notes.  Students were then 

instructed to conduct a second set of concept generation drawings and 

annotations following the same procedures and time limits as they did for the 

control drawings.  This second set of drawings will be referred to as the 

experimental drawings for the rest of this paper. 

3.3 – EVALUATION OF CONCEPTS 

In order to evaluate the concepts generated for this study, I created a simple 

Black Box model to identify key user interactions that would determine and help 

define the feature categories I would use to apply the quality and originality 

metrics. 



 23 

 

Figure 4:   Black Box Model For Cellular Phone & Computer Keyboards. 

Based on the model above, I identified three product features for these 

types of devices that affected user interactions: 

• Method of Input – How the user enters information into the device. 
• Architecture – Shape and layout of the device. 
• Feedback – How the device responds to the user’s input. 

 
Each concept was evaluated by identifying user interaction features in each 

of the three categories listed above.  The scales used to rate concepts at the 

feature-level were the five-point originality metric used in the Genco et al. study, 

and the four-point quality scale that was used in both the Genco et al. and 

Srivathsavai et al. studies. Concepts were then compared by using the minimum 

score of the three user interaction feature quality scores, and by using the 

maximum score of the three user interaction feature originality scores. 
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3.4 – ASSESSMENT TRAINING 

In order to assess these drawings, Dr. Carolyn Conner Seepersad and Danny 

Johnson (two of the co-authors of the Genco et al. study) provided training on how 

to use the five-point originality metric used in the Genco et al. study, and the four-

point quality scale that was used in both the Genco et al. and Srivathsavai et al. 

studies.  The samples used for training were 33 drawings from a similar study.  In 

the first round of assessment, ten sample concepts were evaluated.  After 

evaluating the concepts, the trainers requested verbal justifications to be used as 

indicators of understanding.  Rating scores were then compared against the rating 

scores of Danny Johnson and feedback that focused on similarities and differences 

in ranking was given.  The process was then repeated with a second round of 

thirteen sample concepts to evaluate, and followed by rating comparison and 

feedback.  On the third round, ten more sample concepts were evaluated, and the 

rating scores met a satisfactory level of inter-rater reliability, one that was 

consistent with the level of inter-rater reliability in the Saunders et al. study. 
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Chapter 4: Results 

Below are samples of concept sketches generated during this activity and 

the results of this experiment.  Results are organized by a comparison of originality 

ratings and a comparison of quality ratings. 

  

Figure 5: Group A Control Sample 
 

Figure 6: Group A Experimental Sample 

  

Figure 7: Group B Control Sample Figure 8: Group B Experimental Sample 
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6.3 – ORIGINALITY 

 For assessing concept originality, design concepts were compared by using 

the maximum feature-level originality score for each concept.  The mode maximum 

originality score for all groups, as shown in Figure 9, was 2.5 (Somewhat 

Interesting).  This score was given to designs that had a user interaction feature 

that was not common amongst competitive consumer products, or a user 

interaction feature that had not been widely adopted by the general public.  

Examples include touch screen keyboards, vertical-mounted keyboards, speech-to-

text entry, predictive text assistance, changes in keyboard size and layout, and 

Swype technology. 

 

Figure 9:   Comparison Of Max Originality Scores Per Concept Generated 
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Figure 10 shows a comparison of the average maximum originality scores 

for each group.  A t-test comparing originality ratings for Experiment A versus 

Control A yielded a p-value of .18, and a t-test comparing originality ratings for 

Experiment B versus Control B yielded a p-value of .48.  Typically, a p-value below 

.05 or .1 is considered statistically significant.  The only notable difference between 

control and experimental groups that can be seen in this study is the fact that, as 

Figure 9 shows, the only concepts that had features rated with scores of 10 

(Innovative) were generated in the experimental set of drawings.  Both were similar 

concepts that proposed using drawing-to-text as the means of user input.  One 

concept was recorded in Group A for cellular phones, and the other was recorded 

in Group B for computer keyboards.  Online research could not find an example of 

this technology in either cellular phones or computer keyboards that were 

commercially available to the public. 
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Figure 10:   Comparison Of Average Max Originality Scores With Error Bars That 
Represent One Standard Deviation Above And Below The Mean. 

6.3 – QUALITY 

 For assessing concept quality, design concepts were compared by using the 

minimum feature-level quality score for each concept.  As shown in Figure 11, the 

mode minimum quality score for all groups was 10 (Existing Solution).  This means 

that most of the features of the generated concepts were technologies that are 

commonly available in computer and cellular phone keyboards or similar devices. 

There were only two concepts that included features that were scored 0 (Not 

Technically Feasible).  Both were concepts generated for computer keyboards.  In 

Group B Experimental, one subject proposed the idea of a computer that could 

record a person acting out directions using a camera, and converting that video 

into a text format.  An online search of video technologies did not reveal any 

similar technologies either commercially available to the general public, nor as a 

niche product for sign language interpretation for deaf consumers.  The concept 

rated technically infeasible from Group A Control was a “Magic Michael Jackson 

Glove” that was not controlled by any technology other than “magic.” Figure 12 

below shows a comparison of the average minimum quality scores for each group. 

A t-test comparing feasibility ratings for Experiment A versus Control A yielded a p-

value of .039, which is statistically significant, however, a t-test comparing feasibility 
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ratings for Experiment B versus Control B yielded a p-value of .41, which is not 

statistically significant. 

 

   

 

Figure 11:   Comparison Of Min Quality Scores Per Concept Generated 
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Figure 12:   Comparison Of Average Min Quality Scores With Error Bars That 
Represent One Standard Deviation Above And Below The Mean. 

Chapter 5: Discussion 

5.1 – EXPERIMENTAL FACTORS 

There are several experimental factors that may have affected the data in 

this study.   First of all, the students in this study were asked to imagine they had a 

disability during the control interaction.  In other studies, the control subjects 

interacted with products without considering disabilities.  The outcome may have 

also been affected by the fact that in this study, students were asked to specifically 

design devices for persons with disabilities, as opposed to being prompted to 

design innovative product concepts for the general public as in other studies. The 

subject pool consisted of seventeen students who generated 91 concept drawings, 

and perhaps a larger sample size of subjects and drawings for this experiment is 
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needed.   As a result of the low number of subjects, the same students were used 

for control and experiment groups. 

5.2 – EDUCATIONAL FACTORS 

In terms of educational factors that may have affected this study, the 

students involved in this study were not told that their designs would be 

evaluated for originality and feasibility.  Students were also unaware of the user 

interaction feature categories that would be used to analyze their designs.  Based 

on previous teaching experience, I will argue that students at this level need more 

explicit instructions and clearly defined expectations than were given for this 

experiment.  Secondly, this activity was not done for a grade in a classroom setting, 

and some of the students may not have taken it as seriously as they would have 

otherwise.  For example, in one group, one student left the same comment for two 

different partners’ ideas: “Needs more bacon.”  Students may have also struggled 

with doing this activity out-of-context, as the students in this subject pool are 

accustomed to a project-based learning environment and did not have scaffolding 

activities for this experience. 

5.3 – ENGINEERING FACTORS 

Another contributing factor could be the fact that students at this level lack 

engineering domain content knowledge.  While the subject population had 

previous coursework in engineering and had at least shown an interest in joining 
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the school’s robotics club, none of the students were familiar with the concept 

generation technique used.  Few of the students had previous coursework that 

covered topics such as electronics or simple machines. While engineering 

professionals and undergraduate students may be adept at organizing their 

thoughts and reflecting on their experiences, these students may have needed a 

broader design process structure to help contextualize this experience.   Placing 

this activity in the context of the design process may help increase motivation by 

building confidence in learning.    

Finally, high school students may not have developed a sufficient degree of 

“design fixation” (Jansson & Smith, 1991).  Design fixation is defined as a mental 

block that limits the output of conceptual design due to “mechanized thought,” or 

thinking that follows previously laid out patterns, ideas or concepts.  Jansson & 

Smith measured design fixation effects on advanced undergraduate engineering 

students and engineering design professionals.  One of the intentions of empathic 

design is to help designers break away from preconceived or previously observed 

ideas through the experience of an authentic user context.  The high school 

students in this experiment have less exposure to engineering fundamentals and 

practice than undergraduate engineering students and professionals, and may not 

have developed sufficient design expertise and engineering domain content 

knowledge for design fixation to be a factor that could be affected by techniques 

such as empathic design. 
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Chapter 6: Applications To Practice 

The following chapter is a set of recommendations for using the empathic 

design technique in a high school classroom setting as well as suggestions for 

further research.  These recommendations are aimed at providing high school 

students the educational and engineering support they need to be able to 

generate product concepts that are more original and of higher quality.  The four 

UTeach Engineering Outcome Dimensions will be used to contextualize the 

following recommendations.  The following suggestions are compiled and 

organized into a suggested sequence for incorporating an empathic design activity 

into a fuzzy front end design project in Appendix A. 

6.1 – DEVELOPING ENGINEERING AWARENESS 

To develop high school student’s awareness of engineering careers and 

practices, students should engage several projects that explore the different 

methods of Human-Centered Design.  The Steen et al. model above could be 

incorporated into design curriculum for this purpose.  The variety of learning 

experiences would help students better understanding the differences between 

the knowledge and experiences of users and designers.  Students would also have 

a broader understanding for comparing differences in designing solutions to 

existing problems as well as designing original product concepts.  Specific to this 

activity, students could have benefitted from using multiple methods of problem 
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definition such as ethnographic fieldwork research or through participatory design 

interactions. 

Another way to develop awareness of engineering practice is through the 

development of oral and written communication skills.  As the Mosborg et al. study 

shows, engineering professionals overwhelmingly cite “communication” as the skill 

most important to their career.  Students should engage in projects that offer them 

multiple opportunities for both formal and informal presentations of their work.  

For this experiment, collaboration in sub-groups could potentially have benefitted 

by giving the students the opportunity to explain their designs to their partners 

before rotating drawings and annotations.  Some students would benefit from a 

presentation to the rest of the group after the normal interaction because it might 

help them verbalize and mentally process ideas that they had difficulty drawing.  

This presentation would also help the dissemination of ideas through the group, 

possibly inspiring someone in a different sub-group to build on an idea shared.  

Finally, a culminating and formal presentation to engineering professionals would 

also give students extra motivation to produce quality work. 

6.2 – DEVELOPING ENGINEERING HABITS OF MIND 

The Mosborg et al. study also highlighted the importance engineering 

professionals place on understanding project constraints.  For this study, students 

did not know that their concepts would be evaluated for originality and feasibility.  

Had those expectations been clear at the beginning of the activity, students might 
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have incorporated features might have been higher in both categories.  Students 

were also unaware that the concepts would be examined at the feature level, and 

more specifically, did not explicitly know which user interaction features were the 

focus of this study.  A better understanding of both of these constraints might 

have been helpful to the students. 

The students had limited time to interact with the products and generate 

their concepts.  In order to provide a more meaningful learning experience, 

students should be given the time to participate in model-based reasoning 

activities tied to empathic design.  The students could have benefitted from 

drawing predictive black box models and functional models, as well as predicting 

mechanical parts in the device because these activities are helpful for breaking 

down and understanding user interactions.  By making predictive models, students 

have reference points for notes they take of observations made during product 

interaction, and students could reflect on their thinking and thought-processes 

after the activity.  These types of predictions and observations could also be useful 

for guiding and framing future research in the design process. 

Other important engineering activities, according to the Mosborg et al. 

study, include evaluation, considering alternatives and identifying trade-offs.  

Students could have benefitted from activities that employed this type of critical 

thinking.  There are several types of scaffolding activities students could do for the 

evaluation of trade-offs between alternative user interaction features.  Students 
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could have an informal comparison as a journal entry after normal interaction and 

empathic lead user interaction concept generation activities as an individual 

assignment.  Students could also collaboratively complete a design matrix that 

ranks features according to how well the feature meets a design criteria or 

constraint.  Students could also send out surveys to lead users and consumers in 

the general public asking for feedback on features to compare the data using 

qualitative and quantitative means.  A more formal analysis of trade-offs could be 

done through either an oral presentation or a technical report.  Students could also 

extend their higher-level thinking skills if given the opportunity to perform critical 

analysis of each other’s presentations. 

6.3 – DEVELOPING AN UNDERSTANDING OF THE DESIGN PROCESS 

High school students would benefit if empathic design activities were 

placed in the context of a broader design project.  Aside from other benefits of 

running this activity within the context of a design project mentioned earlier in this 

chapter, scaffolding activities could also be put in the context of a design project to 

help organize student assignments and learning about the design process itself.  

This type of model would lead to a hybrid of project-based learning and design-

based learning.  This model would assess not only the end products, but activities 

throughout the process as well.  Running a project through the context of the 

design process and using the steps of the design process for formative 

assessments and intermediate deadlines would give the student and the teacher 
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multiple points for academic feedback.  As mentioned earlier, a simple framework 

for lesson plans and assessments in a fuzzy front end project-based learning unit 

that incorporates empathic design and the recommendations in this chapter can be 

found in Appendix A. 

6.4 – DEVELOPING KNOWLEDGE FOR AND OF ENGINEERING TEACHING 

There are several directions for research about the role of empathic design 

in secondary engineering education.  First of all, this study could be repeated with 

a larger subject pool.  Studies could group students by age level and engineering 

coursework and knowledge, using either homogenous or heterogeneous 

grouping.  Studies could also be done on the comparison of results when this 

activity is taken for a grade versus conducting an empathic design activity in an 

extracurricular activity, or as a non-graded activity.  Further research should also 

consider clarity of assessment criteria and expectations regarding the evaluation of 

concepts generated at the feature level, as well as whether or not placing this 

activity in the larger context of a design process would help students generate 

more innovative product concepts.  Research could be done on design fixation and 

secondary level students.  Future research should also examine the different 

methodologies for Human-Centered Design and compare applications in the 

secondary engineering classroom. 
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Chapter 7: Conclusion 

Secondary engineering education is a relatively new field with many 

opportunities for research and discovery.  This paper examined a very focused 

experience in teaching engineering at the secondary level.  Although the results 

were inconclusive, the argument can easily be made that empathic design merits 

further examination in the secondary classroom setting, because instructional 

design, much like product design, should be iterative by nature.  There are many 

other parallels that could easily be drawn between the teaching and engineering 

professions.  Perhaps the most important, and most appropriate parallel to draw is 

the idea that good teachers, like good engineers, strive to understand problems, 

standardize as much as possible, and constantly innovate, evaluate, reflect and 

communicate. 
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Appendix – Proposed Sequence For An Empathic Design Project  

This appendix integrates suggestions mentioned earlier in Chapter 6 for 

incorporating an empathic design activity into the context of a fuzzy front end 

design project. 

Design Process Step 1: Define A Problem 

Activity Assignment Assessment 
Type Learning Outcomes 

1. Knows & Need-To-
Knows Chart 

Graphic 
Organizer Group Critical Thinking 

2. Predictive Customer 
Needs Journal Entry Journal Entry Individual Written 

Communication 
3. Predictive Black Box 

Model 
Notebook 

Sketch Individual Critical Thinking 

4. Predictive Functional 
Modeling Diagram 

Notebook 
Sketch Individual Critical Thinking 

5. Empathic Product 
Interaction 

*Hands-On 
Activity N/A N/A 

6. Empathic Lead User 
Needs/Observations 
Journal Entry 

Journal Entry Individual  Written 
Communication 

7. Final Functional 
Modeling Diagram 

Computer 
Illustration Group Critical Thinking & 

Technology Literacy 

8. Final Black Box Model Computer 
Illustration Group Critical Thinking & 

Technology Literacy 
9. User Interaction 

Features Journal 
Entry 

Journal Entry Individual  Written 
Communication 

10. User Interaction 
Features & Customer 
Needs Chart 

Graphic 
Organizer 

Group 
Informal 

Presentation 

Critical Thinking, 
Technology Literacy & 
Oral Communication 

11. Collaboration 
Evaluation Rubric Peer 

Assessment Collaboration 

Table A1:  Proposed Sequence For Assignments In The First Step Of The Design 
Process In A Project-Based Learning Unit
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Design Process Step 2: Brainstorming 

Activity Assignment Assessment 
Type Learning Outcomes 

1. Group Brainstorm 
User Interaction 
Features List 

Graphic 
Organizer Group Critical Thinking 

2. Determine Trade-
Offs Between User 
Interaction Features 

Journal Entry Individual Written 
Communication 

3. 6-3-5 Product 
Concept Generation Graphic 

Organizer Group 
Critical Thinking & 

Written 
Communication 

4. Black Box Models 
For Product 
Concepts 

Notebook 
Sketch Individual Critical Thinking 

5. Functional Models 
For Product 
Concepts 

Notebook 
Sketch Individual Critical Thinking 

6. Concept Generation 
Group Presentation PowerPoint 

Presentation 

Group 
Informal 

Presentation 

Critical Thinking, 
Technology Literacy & 
Oral Communication 

7. Collaboration 
Evaluation Rubric Peer 

Assessment Collaboration 

Table A2:  Proposed Sequence For Assignments In The Second Step Of The Design 
Process In A Project-Based Learning Unit 
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Design Process Step 3: Research 

Activity Assignment Assessment 
Type Learning Outcomes 

1. User Surveys 
Survey Group 

Critical Thinking & 
Written 

Communication 
2. Product Concepts – 

Customer Needs 
Assessments 

Graphic 
Organizer Individual Critical Thinking & 

Numeracy 

3. Product Concepts – 
Originality & Quality 
Assessments 

Graphic 
Organizer Individual Critical Thinking & 

Numeracy 

4. Research Data & 
Source Charts 

Graphic 
Organizer Group Critical Thinking & 

Technology Literacy 
5. Bibliography Document Group Written 

Communication 
6. Product Concept 

Assessments Group 
Presentation 

Informal 
Presentation 

Group 
Informal 

Presentation 

Critical Thinking, 
Technology Literacy & 
Oral Communication 

7. Collaboration 
Evaluation Rubric Peer 

Assessment Collaboration 

Table A3:  Proposed Sequence For Assignments In The Third Step Of The Design 
Process In A Project-Based Learning Unit 
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Design Process Step 4: Identify Criteria & Constraints 

Activity Assignment Assessment 
Type Learning Outcomes 

1. Design Decision 
Matrix 

Graphic 
Organizer Group Critical Thinking & 

Numeracy 
2. Criteria & 

Constraints List 
Journal Entry 

Journal Entry Individual Critical Thinking & 
Written Communication 

3. Performance 
Metrics Chart 

Graphic 
Organizer Individual Critical Thinking & 

Numeracy 
4. Design Brief Document Group Critical Thinking & 

Written Communication 
5. Technical Report Document Group Critical Thinking & 

Written Communication 
6. Final Presentation PowerPoint 

Presentation 
Group Formal 
Presentation 

Critical Thinking, 
Technology Literacy & 
Oral Communication 

7. Collaboration 
Evaluation Rubric Peer 

Assessment Collaboration 

Table A4:  Proposed Sequence For Assignments In The Fourth Step Of The Design 
Process In A Project-Based Learning Unit 
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