
Paper ID #37127

Evaluating the Impact of a One-Week Human-Centered Design Engineering
Summer Camp on Pre-College Students’ Learning Outcomes (RTP)

Miss Taylor Tucker, University of Illinois Urbana-Champaign

Taylor Tucker earned her bachelor’s in engineering mechanics and master’s in curriculum & instruction
from the University of Illinois Urbana-Champaign. Her research focuses on promoting teamwork in
complex engineering problem solving through collaborative task design. As a Fellow at the Siebel Center
for Design, she currently co-leads the integration of human-centered engineering design principles within
select courses across the Grainger College of Engineering.

Dr. Saadeddine Shehab, University of Illinois at Urbana-Champaign

Saadeddine Shehab is currently the Associate Director of Assessment and Research at the Siebel Center
for Design (SCD) at the University of Illinois at Urbana-Champaign. He works with a group of under-
graduate and graduate SCD scholars at SCD’s Assessment and Research Laboratory to conduct research
that informs and evaluates the practice of teaching and learning human-centered design in formal and in-
formal learning environments. His research focuses on studying students’ collaborative problem-solving
processes and the role of the teacher in facilitating these processes in STEM classrooms that feature the
learning of STEM through design.

©American Society for Engineering Education, 2023



Evaluating the Impact of a One-Week Human-Centered Engineering  

Design Summer Camp on Pre-College Students’ Learning Outcomes 

 

Taylor Tucker, Siebel Center for Design, tdtucke2@illinois.edu 

Dr. Saadeddine Shehab, Siebel Center for Design, shehab2@illinois.edu 

 

Engineering summer camps provide pre-college aged students with the opportunity to experience 

topics or activities that may not be offered at school. These opportunities can help students to 

diversify their learning and explore personal interests. In this study, we developed and 

implemented a week-long camp that guided 30 high school students (15 females and 15 males) 

through a collaborative human-centered engineering design task to explore the relationship 

between engineering design and human-centered design. Human-centered design (HCD), is an 

important characteristic of the future direction of engineering education. Indeed, the 

Accreditation Board for Engineering and Technology, Inc. (ABET) includes teamwork and 

empathic thinking among its student outcomes. Literature has defined six human-centered design 

mindsets that include collaboration, a key component of problem solving. Our previous work has 

stressed the importance and impactfulness of fostering collaboration in engineering education; in 

the same vein, we structured our camp activities around the collaborative mindset. In this paper, 

we report results from pre/post surveys to understand the impact of our camp on students’ 

awareness of what engineers do in engineering careers and their interest in engineering as a 

career as well as their awareness of the role of HCD in engineering. Findings indicated that 

students’ awareness of what engineers do, their interest in engineering, and their awareness of 

the role of HCD in engineering all improved. This can lead students to make a more informed 

decision regarding engineering as a potential career path. Future work will more deeply explore 

the camp’s outcomes, especially regarding students’ development of the collaborative (i.e., 

teamwork) mindset.  

 

Introduction 

 

Within the realm of STEM-related topics, human-centered design (HCD) is relatively young in 

its own right. Aptly named, HCD is an empathic approach to solving complex problems that 

focuses on identifying the direct needs of the end-user or stakeholder and employing a 

collaborative and iterative design process to achieve a customized solution [1]. This is a different 

approach than the more traditional design methods typically taught in undergraduate engineering 

courses, which focus on process efficiency and product optimization [2]. Empathy is recognized 

as an important element of students’ emotional engagement [3], both with their design task and 

their teammates. Furthermore, the development of empathy is necessary for promoting emotional 

intelligence [4], making HCD valuable for students’ personal development. To effectively 

prepare engineering students for navigating the demands and nuances of the workplace while 
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being mindful of their users’ needs, it is necessary to train them to consider the design problem 

through both technical and human-centered perspectives. 

 

The Siebel Center for Design offers multiple undergraduate-level courses that expose students to 

elements of HCD and its iterative design process [5]. However, our team’s scope goes beyond 

making HCD accessible to students already in college. It is equally important to consider ways in 

which the world of STEM can be made accessible to high school students who are navigating the 

post-high school planning process. As educators, it is our duty to expand students’ horizons and 

help them discover different educational opportunities and potential career paths. One way that 

our team can fulfill this duty is by exposing high school students to the world of human-centered 

engineering design (HCED) and supporting them in exploring related interests. We designed a 

week-long summer camp that uses principles of human-centered design, engineering design, and 

teamwork to help students explore and experience an authentic human-centered engineering 

design project. The purpose of this paper is to evaluate the impact of the camp on students’ 

awareness of what engineers do in engineering careers and their interest in pursuing an 

engineering career as well as their awareness of the role of HCD in engineering.  

 

Background 

 

STEM, which represents topics within, connections among, and products of the realms of 

science, technology, engineering, and math, is becoming increasingly prevalent in modern 

education. However, the scope of STEM as an educational focus is still developing. Indeed, a 

2011 study of graduate students and administrators in a STEM education & leadership program 

found that the concept of “STEM” was not well understood—despite being trained in STEM, 

more than half the participants were unable to accurately explain the concept [6]. Thus, even 

though STEM has gained considerable ground in the past decade, it is necessary to continue 

exploring the concept in a variety of educational settings, and to make such an education 

accessible to more students. It is also important to support students’ inherent interest in STEM, 

including during their pre-college careers. Radunzel et al.’s recent study [7, p. 1] found that 

“students with both expressed and measured interest in STEM were more likely to persist and 

complete a STEM degree than those with either expressed or measured interest only, as well as 

those with no interest in STEM.” Furthermore, research is investigating the troubling phenomena 

of extended time to finish college and higher drop-out rates for STEM programs as compared to 

others [e.g., 8].  

 

STEM by the numbers 

 

Pines [9] writes that “one of the greatest and most enduring strengths of the United States has 

been its ability to attract global talent in science, technology, engineering, and mathematics 

(STEM) to bolster its economic and technological competitiveness.” However, he also reports 



that “while the US Bureau of Labor Statistics predicts STEM jobs will grow twice as fast as 

other occupations by 2029, research continues to show high school students have declining 

interest in STEM fields” [9]. According to the National Science Foundation (NSF)’s National 

Science Board (NSB)’s “The State of U.S. Science and Engineering 2022” report, the USA leads 

on the world stage for research and development [10] and also awards the most science and 

engineering doctorates of any nation. Furthermore, STEM careers represent 23% of the total US 

labor force. However, the NSB reports that “disparities in K-12 STEM education and student 

performance across demographic and socioeconomic categories and geographic regions are 

challenges to the US STEM education system” [10]. External education resources (like summer 

camps) have the potential to assist educators in addressing these challenges.  

 

Within the realm of STEM, technology and engineering education are significantly less 

accessible than that of math or science. A 2021 census report tabulated 23,882 public high 

schools, plus 2,845 private schools, in the US, with 16.9 million students enrolled (1,539,000 

private) for the 2020-2021 school year [11]. Of the total student population, 89% (15,041,000) 

completed Algebra II or higher in math. 79% (13,351,000) took at least one general science 

course. However, only 15% (2,535,000) earned any engineering or technology credits [11]. Thus, 

there is still a great discrepancy among students’ exposure to the four different realms of STEM 

during secondary education. In turn, STEM degrees are not as prevalent in post-secondary 

education as those from more established, traditional fields of study.  The National Center for 

Education Statistics (NCES) reports that of the 2 million bachelor’s degrees conferred during the 

2018-2019 period for US colleges, 6% (126,700) were in engineering, following behind business 

(19%), health-related programs (12%), and social sciences and history (8%) [12]. Similarly, 

more than 66% of the 1 million associate’s degrees awarded during the same period focused on 

one of three major areas of study: liberal arts and sciences, health professions, and business [13]. 

There is a clear need to continue exposing students to STEM education, and to do so on a 

broader scale. One way that centers like ours can contribute to this movement is through summer 

camps, which can leverage existing cultural constructs to provide relatively low-cost educational 

opportunities nation-wide.  

 

Our university’s college of engineering offers a plethora of STEM-related summer camps 

through its summer camp program, Worldwide Youth in Science and Engineering (WYSE) [14]. 

Our organization already collaborates with many of these summer camps to design and facilitate 

campers’ explorations in STEM topics. However, there is not yet a summer camp that provides 

an authentic, collaborative HCD-focused experience. Our new camp, People Designing for 

People: Exploring Relationships Between Human-Centered Design and Engineering, focused 

specifically on helping students develop teamwork and empathic design skills through 

participation in a collaborative, week-long project. 

 

 



Importance of collaboration for students’ development and learning outcomes 

 

It is already understood that collaboration is an important element for strong learning outcomes 

in STEM education.  Indeed, collaborative problem solving is prominently featured in face-to-

face constructivist STEM classrooms [15]. Research also continues to show the positive impact 

of collaborative problem solving on STEM students’ engagement in STEM fields and their 

readiness to successfully participate in the workplace [16], [17]. Collaboration is especially 

important for engineers, who typically work not only with their colleagues but also peers from 

other disciplines and experts in other fields [18]. We have been working to promote collaborative 

problem solving in engineering at the college level in a number of ways, including by 

implementing scaffolded, collaborative design tasks [19], [20]. We know from these studies that 

students experience and learn about collaborative problem solving by working on authentic, ill-

structured engineering tasks. Our findings showed that students achieve stronger learning 

outcomes when they successfully engage in four necessary collaborative problem-solving 

processes: explore the problem, plan how to solve, attempt to solve and justify solutions, and 

evaluate solutions and consider alternatives [19]. Furthermore, scaffolding students’ participation 

in these four processes impacted their engagement with the task at the cognitive level, which 

helped us to understand why our task design was effective [20]. In our scaffolding study, we 

hypothesized that each of the four problem-solving processes can be considered individual 

realms that require specific cognitive engagement for effective participation. Thus, students’ 

engagement with the task and with one another would be motivated according to the realm in 

which they were collaborating.  

 

Implementing human-centered design in a collaborative engineering design challenge 

 

Human-centered design (HCD) is a problem-solving approach that uses design thinking 

processes and tools to identify the unmet needs of a population in order to collaboratively and 

iteratively develop solutions [1]. It provides individuals with a flexible structure for navigating 

ill-structured challenges [21] and generating creative and meaningful solutions [22]. When using 

HCD, individuals focus on humans in the design journey by emphasizing with and understanding 

stakeholders, collaborating with them to explore and define problems [23], [24]. They also 

engage the stakeholders in iterative cycles of prototyping, testing, and reflecting to develop and 

sustain solutions [1]. HCD practices include documenting biases and assumptions, interviewing, 

identifying themes, communicating ideas, creating low-fidelity prototypes, and developing plans 

to bring final designs to the market [25], [26]. Figure 1 is a model that outlines the five major 

spaces and processes of HCD [27].  



 
Figure 1: The Human-Centered Design Spaces and Processes 

 

The idea of engineering design as a prescribed, linear process does not necessarily capture its 

true nature. Indeed, human-centered design recharacterizes the design process as iterative and 

empathic [28], [29]. It follows that human-centered design embodies a crucial component of a 

well-rounded engineering education, which should support the development of students’ design 

skills [30]. Engaging students in human-centered design can also help them develop human-

centered, metacognitive, collaborative, experimental, creative, and communicative mindsets [31], 

[32]. Thus, it is important to support human-centered design as a core component of engineering 

curricula. Doing so can better prepare students for a diverse, collaborative workplace in industry 

as well as help them to balance their technical and subjective design decisions. 

 

Researchers argue that students can benefit from learning about and implementing HCD 

processes to become lifelong learners and problem solvers [33], [32]. Research studies continue 

to show that engaging students in activities to learn about and implement the HCD processes in 

the context of a collaborative design challenge positively influences their knowledge of 

performing these processes and their development of mindsets such as collaboration and 

communication [34]. Other studies have also shown that engaging students in activities to learn 

about and implement the human-centered engineering design (HCED) process in the context of a 

collaborative design challenge positively influenced students’ understanding of the role of HCD 

in engineering [35] and interest in engineering [36]. In light of the positive impact on students' 

learning, we structured the camp’s collaborative engineering design challenge around the HCD 

process presented in Figure 1. We believe that engaging students in learning about and 

implementing HCED can increase their engagement in the four collaborative learning processes 

in a more structured and authentic fashion. The camp’s challenge constituted a set of hands-on 

activities that engaged groups in learning about and implementing two major HCED activities: 

understanding the challenge and iterating on a concept.  

 

 



Significance of hands-on learning 

 

Research has shown that hands-on learning, or learning by doing, is more effective than simply 

listening to the lecture [37]. Hands-on learning is a cohesive pedagogy for collaborative work 

because it inherently supports productive failure [38]. When students are moved to struggle 

together, they enter the zone of proximal development. This is defined as “the distance between 

the actual developmental level as determined by independent problem solving and the level of 

potential development as determined through problem solving under adult guidance, or in 

collaboration with more capable peers” [39 p. 86]. Learners are considered to be in their zone of 

proximal development when they can accomplish a task or master a skill set with assistance [40]. 

In the context of undergraduate education, this can be done in collaboration with peers. Thus, 

engaging students in collaborative, hands-on learning can support their mastery of task content 

and related skills.  

 

Overview of the summer camp 

 

Our design task included a hands-on learning element in the form of product dissection. The 

dissection process, in which students work on reverse-engineering a product through physical 

deconstruction, provides experiential opportunity for practicing design [41], [42]. Also known as 

“disassemble, analysis, assemble,” dissection has become a common pedagogy for providing 

students with practical experience in the classroom [e.g., 43]. Indeed, research has found that 

reverse engineering is a valuable and common design method in the workplace [44], making 

dissection tasks a fitting pedagogy for authentic work for students. Previous work explored the 

impact of dissection on students’ learning outcomes in a collaborative, open-ended design task 

[45]. Initial findings indicated that students’ learning outcomes were directly impacted by their 

participation (or lack thereof) in small group-level dissection of an object during their design 

task.  

 

We want to expose students at the high-school level to such types of collaborative problem 

solving so these learners have the opportunity to begin exploring career paths in engineering and 

develop awareness and interests in engineering careers. We did this by focusing on two key 

HCED activities: understanding the challenge and iterating on a concept. We addressed 

understanding the challenge through workshops that exposed students to identifying user needs, 

conducting user interviews, and synthesizing findings into an actionable solution. We addressed 

iteration through the combined design process of reverse engineering and prototyping. 

Prototyping is a valuable skill for novice designers, who tend to rely on their prototypes to 

communicate design outcomes and their effectiveness to an audience [46], [47]. As it is 

necessary to scaffold groups’ transitions among steps, just as in previous work where we needed 

scaffolds to support students in entering each problem-solving process [19], our camp’s structure 



relied on effective task design and strong instructor facilitation. Our study focuses on the 

following research questions: 

 

RQ 1: What is the impact of the camp on students’ interest in pursuing an engineering 

career and their awareness of what engineers do in an engineering career? 

RQ 2: What is the impact of the camp on students’ awareness of the role of HCD in 

engineering? 

 

Methods 

 

Study design 

 

Design-based implementation research is a research approach that “applies design-based 

perspectives and methods to address and study problems of implementation” [48 p. 137]. In this 

study, we implemented a human-centered engineering design task that was designed according to 

methods identified in previous work [49], which included providing an introduction to the 

problem that provides context, a description of the problem itself, and supplementary material 

that provided information useful for solving the problem as well as outlining the specific tasks 

that campers were expected to achieve as a team and guidelines for their conduct as a team.  

 

Participants 

 

Participants were 30 students (15 females, 15 males) enrolled in high school. Students were 

enrolled in grades 9–12 for the following fall semester. The breakdown of participants per week 

is as follows: 18 students (10 females, 8 males) in week 1; 12 students (5 females, 7 males) in 

week 2. Week 1 was a residential session in which students resided on the campus for the 

duration of the week; week 2 was a day camp session in which students attended the camp 

between 9 AM and 5 PM. Participants were arranged in groups of 3–4 and had five days to 

complete the task. 

 

Development of camp design project 

 

We drafted four camp learning goals based on criteria identified in literature [e.g., 50]. These 

goals guided the development of the camp structure and task:  

 

1. Campers will use human-centered design as an approach to creative problem solving. 

2. Campers will practice employing design thinking tools to identify and understand user 

needs. 

3. Campers will work collaboratively in interdisciplinary teams. 

4. Campers will create physical prototypes and provide constructive feedback. 

  

From our discussions and brainstorming, we concluded that reverse-engineering would 

be the most conducive to our learning goals given our constraints. This type of task includes the 

following: dissecting a commercial product to learn about its design, as well as documenting the 



process for future reference; identifying ways in which the product could be augmented, 

redesigned, or altered to address the existing need of a specific user group; and prototyping a 

solution to fit this need.  

 

We then designed the task around a child’s bedside projector toy, which contained sub-

assemblies conducive to the dissection process. To guide campers in identifying user needs, we 

developed six possible personas. These were: a high school student, teacher, parent with small 

children, elderly person, doctor, and camper. To understand how to identify user needs through 

interviews, we included an exercise in drafting interview questions that includes facilitator 

feedback. Groups then received a persona in a blind selection. During the development and 

prototyping phases, groups had the opportunity to give and receive peer feedback through a 

guided session that took place during Day 4. Additionally, groups received facilitator feedback 

following their final presentations, delivered on Day 5.  

 

Data collection and analysis 

 

We used a pre/post survey (see Appendix) on a 5-point Likert scale, with 1 = Strongly disagree, 

2 = Disagree, 3 = Neutral; 4 = Agree, and 5 = Strongly Agree, to elicit participants’ 

opinions/feelings about engineering, HCD, teamwork, and relationships among these. The 

surveys, which were provided as a paper document, were adapted from the University of 

Pittsburg’s Freshman Engineering Attitudes Survey [51]. All items (see Appendix) were written 

to align positive values with a desired agreement response. The pre-survey was given during the 

morning of Day 1, prior to the first classroom session. The post-survey was given following the 

design presentations during the afternoon of Day 5. Means were calculated for the pre- and post-

survey responses and compared using descriptive statistics.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Results 

 

Figures 1 and 2 provide the mean values for pre- and post-survey responses per each week. 

 

 

 
 

Figure 1: Average Survey Responses for Week 1 
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Figure 2: Average Survey Responses for Week 2 

  

Figures 1 and 2 show that in both weeks, the mean values of the majority of students’ responses 

on the post-survey items were higher than those on the pre-survey.  

 

RQ 1: What is the impact of the camp on students’ interest in pursuing an engineering career 

and their awareness of what engineers do in an engineering career? 

 

Results for both weeks indicated that students’ awareness of what an engineer does improved 

(items 8, 9, 15). Students’ interest in pursuing an engineering career was also impacted (items 1, 

2, 3, 4). In week 1, students’ interest in engineering careers increased (“From what I know, 

engineering is interesting,” item 4), but their opinion of engineering as a potential college major 

became less positive overall, with a slight decrease in item 2 (“The advantages of studying 

engineering outweigh the disadvantages”) and an increase in item 3 (“I can think of several other 

majors that would be more rewarding than engineering”). In week 2, students’ interest in 

engineering careers remained the same (item 4), but their opinion of engineering as a potential 

college major became more positive overall, with an increase in item 2 and a decrease in item 3.  

 

RQ 2: What is the impact of the camp on students’ awareness of the role of HCD in 

engineering? 

 

Results for both weeks indicated that students’ awareness of the role of HCD in engineering was 

impacted (items 6, 10, 11, 12). Both weeks saw an increase in items 6 (“I think HCD and 

engineering are related”) and 12 (“It is important for engineers to understand who the end-users 

are for a product”). Interestingly, for both weeks, students’ post-test responses placed slightly 

less importance on engineers’ understanding of a design’s impact on users (item 11). For week 1, 

students’ post-test responses also placed less importance on engineers’ understanding of user 

need (item 10); for week 2, post-test responses placed more importance on this understanding.  

 

Furthermore, results for both weeks indicated that students’ awareness of HCD improved (items 

13, 14, 16) and that their interest in HCD also increased (items 5, 7).  

 

Discussion 

 

Our results indicated that our camp positively impacted students’ awareness of what an engineer 

does in an engineering career and the role of HCD in engineering as well as their interest in 

pursuing an engineering career. This is an important step toward supporting students’ interest in 

engineering careers. However, there were interesting differences between the groups of week 1 

as compared to those in week 2. 

 

It seems that students’ experience during week 1 may have better informed them about 



engineering for better or worse. Although their awareness of the value in engineering as a career 

and their interest in the field of engineering both increased, their opinion of studying engineering 

as a major became less positive. Our organization’s camper exit survey for residential camps 

(week 1) also reflected that the majority of students reported an improved understanding of 

engineering and an increased interest in engineering. Interestingly, the students still displayed 

intention to study engineering despite any changes in opinion, as 13 students reported that they 

are planning to study an engineering major in college. This may be in part because many of these 

students seem to have attended the camp with prior intention to apply to the hosting university 

for post-secondary education—15 students reported their intention to apply. Thus, the camp may 

have served as an introduction to both engineering and the college environment for students. 

Furthermore, 16 students reported that the camp met or exceeded their expectations for gaining 

understanding of engineering, and 17 reported that the camp met or exceeded their expectations 

for the resources it used. Thus, it seems that the camp was successful in immersing students in 

engineering, which raised their awareness of both the pros and cons associated with its study.  

 

In comparison, students in week 2 left the camp with an increasingly favorable outlook regarding 

engineering as a potential college major. Because these students attended the day camp, they did 

not experience the college campus to the same extent as students in week 1. It is possible that 

their enjoyment of the camp led them to view studying engineering more favorably, without 

considering other factors associated with its study. Future work will investigate ethnographic 

observations of the students working together during camp to better understand their 

experiences. 

  

Our results also indicated that our camp’s design successfully raised students’ awareness of the 

role of human-centered design in engineering. Surveys indicated that students’ awareness of, and 

interest in, human-centered design both increased as a result of their immersion in the process. In 

light of these trends, it follows that their awareness of the role of HCD in engineering would also 

increase. Indeed, students in both weeks agreed that HCD and engineering are related (item 6). 

Their responses also indicated improved awareness regarding HCD tasks such as understanding 

the importance of teamwork for creating a customized solution to a user’s needs (item 14). 

Additionally, they placed more importance on engineers’ understanding of who end-users are 

(item 12). These findings are encouraging for the efficacy of the camp’s design, as research has 

shown that high school students who have the opportunity to engage in design thinking typically 

do so without considering the client’s perspective or needs [52]. 

 

However, it is important to note that students in both weeks also placed slightly less importance 

on engineers’ understanding of a design’s impact on users (item 11). Additionally, the two weeks 

were not in agreement regarding the importance of engineers’ understanding of user need (item 

10), with week 1 placing less importance in the post-test and week 2 placing more. It is possible 

that because students’ awareness of the role of HCD in engineering improved, they were able to 

make more critical judgments regarding the importance of these items, which may have included 

questioning their importance. Follow-up work is needed to better understand students’ thought 

processes with regard to engineers’ understanding of user need.  

 

 

 



Conclusion 

 

In this study, we developed and implemented a week-long camp that guided 30 high school 

students through a collaborative human-centered engineering design task while exploring the 

relationship between engineering design and human-centered design. The goals of the camp were 

for campers to 1) use human-centered design as an approach to creative problem solving, 2) 

practice employing design thinking tools to identify and understand user needs, 3) work 

collaboratively in interdisciplinary teams, and 4) create physical prototypes and provide 

constructive feedback. We found that our camp’s design successfully raised students’ awareness 

of what engineers do in engineering careers and the role of human-centered design in 

engineering as well as increased their interest in pursuing an engineering career. Future work 

will more deeply investigate campers’ experiences using observation data and other survey 

items. This work helps us to understand how the implementation of human-centered engineering 

design can be used to support students’ learning outcomes during collaborative engineering tasks 

in particular and the evolution of collaborative task design in education in general. 
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Appendix 

 

Table 1: Survey items with change in average response from pre- to post-test by week. 

 

# Item 

1 I think engineering is a rewarding career. 

2 The advantages of studying engineering outweigh the disadvantages. 

3 I can think of several other majors that would be more rewarding than engineering. 

4 From what I know, engineering is interesting. 

5 I think human-centered design is a valuable practice. 

6 I think human-centered design and engineering are related. 

7 From what I know, human-centered design is interesting. 

8 Engineers need to work in a team. 

9 Engineers need to work with experts outside of their field. 

10 It is important for engineers to understand what users need from a product or service. 

11 It is important for engineers to understand how the design of a product may impact users. 

12 It is important for engineers to understand who the end-users are for a product. 

13 Teamwork is important for human-centered design. 

14 Teamwork is important for creating a customized solution for a user's needs. 

15 I feel like I know what an engineer does. 

16 I feel like I understand what human-centered design is. 
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