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ABSTRACT

Design and design thinking processes are catalyzing nearly every industry. They are 

based on frameworks centered around empathy, iteration, ideation and prototyping, ac-

tions which have historically been ignored in corporate settings until recently. Yet, many 

of these practices are foreign to non-designers; though they have wide-ranging applica-

bility, they are not introduced to most until a professional career stage. In this study, 

we show the merits of teaching empathy and iteration to elementary school students. 

We took a design thinking approach to the work itself, beginning with feedback from 

elementary school teachers from a questionnaire and several interviews. Our findings 

yield several recommendations for such a curriculum. An abridged version of this curric-

ulum with three stages - interviewing, brainstorming and low fidelity prototyping - has 

been tested in 2 schools across various grades. The insights gained from this research 

have been put into practice in the form of a design thinking curriculum - Itera - designed 

specifically for K-6 students. Overall, Itera teaches students to take a human-centered 

approach to work and to be unconstrained by feasibility limitations. It ultimately engen-

ders creativity in the classroom.

I. MOTIVATION AND GOAL

Design thinking is a creative strategic process used by designers, engineers, entrepreneurs and 

more as a framework for augmenting quality of  work. The origins of  design thinking can be traced 

back to the 1950’s and 1960’s which saw the development of  creativity techniques and new design 

methods, respectively [1]. As its essence, design thinking represents the application of  design prin-

ciples to the act of  creation.
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Design Thinking

Design thinking, as we know it today, was initially coined by David Kelley, co-founder of  design 

strategy firm IDEO and the Hasso Plattner Institute of  Design (informally known as the Stanford 

d.school).[2] Initially, the practice was introduced for designers to enhance the caliber of  designs 

and their usefulness to clients. However, it has since made its way to many other fields to not only 

shape designs, but products and strategies as well. Design thinking centers around unleashing peo-

ple’s creativity, or “creative confidence” as David Kelley describes it.[4] The process can be boiled 

down to 5 phases.[5] 

i. Empathize 

The first phase in the design thinking process centers around getting to know your audience. People 

tend to extrapolate their own experiences, likes, dislikes and biases when creating products. How-

ever, the core of  empathy lies in understanding the end user and therefore putting his or her needs 

Figure 1: Design thinking framework
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above your preconceived notions. Empathy can be achieved by conversing with or observing users, 

or consulting with industry leaders. 

ii. Define

The second phase in the design thinking process is defining the problem you are working to solve. 

This targets the “why” and helps people reframe the actual problem in terms of  their needs (dis-

covered during the empathy phase).

iii. Ideate

The third phase consists of  an unlimited brainstorming session, with minimal constraints on feasi-

bility. This is the portion of  the process where creativity most comes into play, as it involves thinking 

in the context of  new information gained in the empathy portion. The success of  this portion and 

ultimate success of  the design thinking framework is predominantly predicated on the sheer num-

ber of  iterations during ideation. The more subjects are able to get outside their heads, the better.

iv. Prototype

The fourth phase entails prototyping, which includes taking the best ideas from the ideation ses-

sion(s) and constructing multiple mockups. Mockups can range from low fidelity to high fidelity. 

More often than not, they do not contain the entire functionality of  the final product, but certain 

elements that will later be tested (see phase 5). Low fidelity prototypes include rough sketches and 

high fidelity prototypes entail the functionality of  a final product.

v. Test
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Testing involved going out into the field with prototype(s) and seeing products in the hands of  users. 

This feedback is most valuable as the outcome can be benchmarked against the previously defined 

goal. Often times, testing can reveal insights about the product that distinguish certain prototypes 

from others. 

Relevance of  Design Thinking

Design thinking and basic design principles have proven themselves time and time again in the 

entrepreneurship community. According to John Maeda’s 2016 Design in Tech Report, 36% of  

the top 25 startups in Crunchbase Insight’s “Internet Sector” were designer co-founded.[6] This 

includes companies such as Airbnb, Pinterest, Slack and more. 

The adoption of  principles such as empathy have the ability to entirely transform businesses. For 

example, when in the Y-Combinator accelerator, Airbnb struggled with trust on their platform. 

Users were skeptical of  the nature of  the service, and a subpar online experience only corroborated 

their misgivings. However, when co-founders Brian Chesky and Joe Gebbia went out and surveyed 

their users, they were able to pinpoint low quality photos as being a significant factor in dissuading 

users.[7] By investing in this area with professional photography equipment, they subsequently 

rectified the issue and went on to grow into a company valued at $31 billion.[8] 

In today’s world, design distinguishes good products from bad ones. The urgency to introduce 

design processes to companies not only at an entry-level employee level but within venture capital 

firms as well. After Google Ventures hired Braden Kowitz in 2009 and Kleiner, Perkins, Caulfield 

& Byers hired former Rhode Island School of  Design President John Maeda in 2014, six venture 

capital firms went on to hire designers are the partner level to provide design support and oper-
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ational expertise for portfolio companies. Such hires include Irene Au of  Khosla Ventures and 

Albert Lee of  New Enterprise Associates.[9] 

It is crucial to understand that the benefits of  design and design thinking transcend visual nuances, 

but rather govern strategic decision making and cost-benefit analyses. Design thinking was hailed 

by Gartner as transformative in a report, which cited that “89% of  companies believe that custom-

er experience will be their primary basis for competition by 2015, versus 36% four years ago.” [10] 

Bringing Design Thinking Principles to the Classroom

Although now known as a “disruptive” force, design thinking has the potential to be an intrinsic 

part of  people’s workflows if  introduced early enough. It is well known the creativity is exception-

ally important in early cognitive development, and there are many tools and products that aim to 

enhance student creativity.[11]

Yet at the crux of  creative thinking is empathy and iteration, which are often suppressed by exist-

ing learning environments. Students from an early age are keen to pursue the first idea that pops 

into their head, which happens to result in stifled thinking. In this research project, we therefore 

sought to create an online platform, Itera, which contained a design thinking curriculum specifical-

ly geared towards elementary schools. Itera aims to instill in students a greater sense of  curiosity to 

get to know others around them and to continuously think outside their normal constraints.

II. PROBLEM BACKGROUND AND RELATED WORK

there have been numerous inventions that attempt to target and enhance the creativity of  young 

students. On the software side, related tools fall into two categories.
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Expert Software

There are several pieces of  software that are built specifically for professional designers and es-

sentially enable users to visually represent, build and interact with their designs [Figure 2]. They 

represent significant progress with regard to the cultivation of  a suite of  design services for the 

creative community; however, they are not beginner centric and therefore unable to be adopted in 

an elementary classroom setting. Moreover, their utility is confined to the ideation, prototyping and 

testing phases of  the design thinking process, and they rarely if  at all enable user empathy.

This first category includes high fidelity design prototyping tools used by industry experts, such as 

Sketch, Framer, Principle, and even tools targeted at less experienced demographics, such as Pro-

totyping on Paper.[12][13][14][15] These tools enable users to design, without having a didactic 

component to lead the user/encourage iteration. These tools are specifically targeted at designers 

who empathize, iterate and prototype on a frequent basis. 

Sketch is a design software that aims to eliminate the overhead that comes with software like Adobe 

Photoshop and instead provide an intuitive user experience for interface design. Pre-loaded with 

iOS and Android gallery components, Sketch is the go-to design platform for mobile and web in 

Figure 2: Expert software (from left to right: Sketch, Framer, Principle)
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tech companies around the world. The workflow lends itself  to extensive iteration on the designer’s 

part.

Framer, Principle and others represent specialized prototyping software. They are often Sketch-com-

patible and give designers the ability to create high fidelity mockups of  functionality that can later 

1) be shown and interacted with in usability research with test subjects or 2) be passed along to 

engineers to convey the nuances of  a design’s functionality.

Invision is a new and fast-growing player in this space which attempts to combine the functionality 

of  both Sketch and prototyping software.[16] Designers are able to simultaneously build and ani-

mate creations. Moreover, Invision lends itself  to team work with its collaborative focus.

Simplified Coding Platforms

There are several gamified coding platforms, which teach the principles of  modular thinking at a 

young age. Example programs include Scratch and Ozobot. While these are targeted at a younger 

demographic and do take a gamified approach, they center around modular thinking, rather than 

iterative thinking, which is the very overlooked niche addressed in this project. These products, 

although revolutionary in their own right, are a gateway to coding, not design. 

Scratch is a platform, developed by the MIT Media lab, which enables users to program interactive 

animations, games and stories. It is a free platform and essentially serves as an introduction to step-

by-step analyses and collaborative working. It aims to teach students about reasoning and creativity.

[17]
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Ozobot is company that has designed “tiny Evo robots” to introduce students to robotics. It serves as 

a sort of  precursor to projects such as Mindstorms. Founded in 2015 and $90 per robot, Evo is now 

in over 10,000 classrooms. Evo comes with a full robotics kit and is iOS and Android compatible.

[18] 

Design Thinking Packets

The d.school’s design thinking packets come closest to a didactic vehicle for teaching design to stu-

dents. Most notably, the d.school has developed a 90-minute design thinking workshop titled, “The 

Gift-Giving Project.” This packet, although exhaustive in its step-by-step walk through of  design 

thinking, is not specifically built with young students in mind.[19] 

This packet begins with an interview stage, followed by several stages of  convergent and divergent 

thinking. Divergent thinking represents the proliferation of  thoughts and ideas. In its ideal form, 

divergent thinking brings about ideas that are “radically different.” Convergent thinking represents 

the narrowing down of  thoughts based on user priorities. Both of  these are addressed iteratively 

and alternately in the design thinking process.[19] 

However, the design thinking challenge has a series of  features that prohibits it from being ideal 

instructional material in an elementary school classroom setting. First is the time: the design think-

ing challenge is meant to be completed in on 90-minute period, which means there is no actual 

construction of  the object/process. Secondly, the notion of  a “gift-giving project” – in other words, 

a better way to give gifts – is a rather nebulous challenge for young students who gravitate towards 

designing a specific product. Thirdly, due to the format of  the packet, the users are biased by a gift 

giving experience before the interview, which ultimately stifles the depth in which an interviewer 

gets to know an interviewee. Finally, the gift-giving challenge is isolated in its essence in that it is a 
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standalone packet that has no precedent and no follow up. It merely serves as an introduction to 

design thinking, rather than a holistic curriculum that builds on previous material.

Itera aims to address all these concerns, as well as those mentioned above, with an in depth K-6 

curriculum, available through digital distribution on a centralized website. 

III. APPROACH

We approacheD this project With a Design thinking frameWork, so as to appropriately un-

derstand how design thinking and project-based learning currently permeates elementary school 

classrooms and where there is room for improvements. This data was subsequently used in the 

creation of  prototypes of  a design thinking workshop that was tested in classrooms. Data from the 

classrooms went on to inform the final workshops that comprise the Itera curriculum. 

There were several pools of  data from which we gathered information in order to empathize with 

the end user, including industry design experts and elementary school educators.

Empathize - Industry Experts

First, there were several informal conversations with industry experts including John Maeda and 

Scott Belsky to better ascertain the extent to which design thinking diverges from traditional think-

ing. John Maeda is the Global Head of  Computational Design and Inclusion at Automattic and 

was formerly Design Partner at KPCB, President of  RISD and researcher of  12 years at the MIT 

Media Lab.[20] Scott Belsky is the Chief  Product Officer and Executive Vice President of  Creative 

Cloud at Adobe.[21] He formerly founded online creative communities 99U and Behance and 

served as a General Partner at Benchmark, due to his seed investments in companies like Warby 
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Parker, Uber and Pinterest. Both experts have worked with several companies at their inception, 

due to their work in the venture capital community. They are therefore well suited to comment on 

what distinguishes companies that use the design process to define their early product work. 

Empathize - Elementary School Educators

Secondly, our primary source of  data came from elementary school teachers, who would in fact 

be end users for Itera, and who were best equipped to speak about current curricula and the in-

tellectual curiosity of  students. For this research, we targeted teachers and principals for grades 

K-6, who had expressed an avid interest in introducing STEM and project-based learning to the 

classroom. We did so by drawing samples from a regional conference called IgniteSTEM.[22] Igni-

teSTEM is a student-run organization at Princeton that aims to bring a STEM-based education to 

K-12 schools around the country by educating school principals and STEM teachers. IgniteSTEM 

has several conferences through the year that bring together 100+ educators and industry experts 

such as Jonathan Rochelle, founder of  Google Drive and Director of  Product Management at 

Google Education. 

The goal of  conducting research with educators was to understand the ways in which teachers 

were currently implementing design thinking in their classrooms - to assess the utility, efficacy and 

student enthusiasm for various projects and to evaluate how a design thinking curriculum could 

best fit into a school. We gathered information for this research via two channels: an online ques-

tionnaire and in-person/phone interviews. 
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Prototype

Using the data gathered from the interviews and questionnaire, we made a 45-minute design think-

ing workshop to be administered in schools. We held the workshop in two schools 1) the Hudson 

Montessori School and 2) the Southampton Township School No. 2. Two different types of  work-

shops were structured. At the Hudson Montessori School, the workshop was centered around a 

topic the students were currently learning about: bubbles. The end goal was to therefore design a 

bubble container. At the Southampton School, the workshop was independent of  topics currently 

being studied, and the task was to design a backpack.

Both workshops were structured similarly. The class split into pairs and each student had to design 

not for him or herself, but for the partner. The workshop itself  was split into three sections: inter-

viewing, brainstorming and low fidelity prototyping. In both schools, the workshop was tested with 

multiple grades to see how students interact with a standardized workshop. Takeaways from these  

sessions went onto distinguish the Itera curriculum from year to year. 

IV. FINDINGS AND EVALUATION

Empathize - Industry Experts

Most of  the conversations with industry experts centered around what distinguishes design-driven 

companies and startups from non-design-driven ones. The most notable comment was by Scott 

Belsky who denounced the traditional MVP – “minimum viable product.” MVP’s are currently 

hailed as an excellent way to test a product in the market. It is essentially a product in its most 

minimal form that is able to be shipped. User feedback is incorporated to inform future product 

developments and decisions. However, Belsky noted that committing to an MVP was often harmful 



14

in product launches, given that subsequent projects changes were simply “incremental nudges” in 

different directions and that product teams became too firmly rooted in the original idea. He sug-

gested instead simultaneously testing several prototypes under research conditions, in line with the 

“radically different” language used by the d.school when encouraging iteration. Belsky noted that 

this made product teams significantly more agile. This substantiated the early beliefs that prompted 

this research that iteration and understanding users are extremely important practices, and that a 

large majority of  companies ignore them. 

Empathize - Elementary School Educators

The questionnaire and interviews with elementary school principals and teachers yielded some 

insightful results.

i. Questionnaire

The questionnaire surveyed 17 educators who taught ages K-6: three worked at a charter school, 

four worked at a private school and ten worked at a public school. 43.8% were school principals 

and 81.3% were female. There were seveal key takeaways. 

1. How Students Think - The survey revealed that younger students (K-1) were significantly less afraid 

of  being wrong and were twice as likely as grades 5-6 and 4.5 times as likely as grades 4 to “think 

Figure 3: What years in school are students least afraid of  being wrong? (left); What years in school are stu-
dents most likely to think outside the box? (right)
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outside the box.” This revealed that creative capacities do peak young in the current educational 

system. [Figure 3]

2. Collaboration - Students are more likely to collaborate well as they grow older.

3. Instructions - Students are more likely to follow instructions when they are younger, and tend to 

believe they know better as they get older. 

4. Drawing - Students prefer to draw (over writing) when they are in younger years. [Figure 4]

5. Educational Focus - When asked to rank the importance of  the math, science, arts and computer 

science curricula at their respective schools, teachers indicated that math and science (mode: 1) 

were seen as more important than the other two (mode: 3). [Figure 5] 

6. Timeframe - The most common answer to the question “If  you were to incorporate a formalized 

Design Thinking Curriculum at your school, what would be your preference for the timing?” was 

day long activity once a month.

7. Percieved Downsides - The two most common percieved downsides to implementing design think-

ing more rigorously in elementary schools were 1) time and 2) students fear of  “failure.”

Figure 4: What years in school do you find students most enjoy drawing/sketching (left); writing (right)?
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ii. Interviews

30-minute interviews were conducted with eight educators (two of  which overlapped with the sur-

vey). The interviews were instrumental in better understanding the feedback from the survey and 

the findings are below: 

1. Project-based learning has infused the classroom at a high rate. The most commonly used tools 

are Scratch, Code.org and TinkerCAD (for 3D printing). These tools effectively embody a hands-

on learning approach, and additionally enhance the creativity of  students; yet, as mentioned ear-

lier, they do not give students an empathic angle to pursue. Therefore, the students are often de-

signing for themselves. One product which was used by two of  the eight interview subjects was a 

kit called Extraordinaires. In Extraordinaires, there are character cards with personalities and task 

cards with items to build. Students must build an item to specifically suit the character, who they 

spend time getting to know. While this product does target empathy, there is a limited amount of  

Figure 5: Percieved importance of  various curricula in elementary schools.
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data that students can gather about the personalities due to the nature of  the product. Therefore, 

it is important to create a sense of  limitless information to be gathered during the empathizing step 

in a design process.

2. The students practice marketing. The Waldwick School has an annual Shark Tank simulation 

and the Southampton School frequently includes pitches at the end of  projects for students to ver-

bally articulate their goals and outcomes. 

3. Students become increasingly self-conscious as they grow older. Therefore, while they would 

like to draw in grades K-2, they soon become self-aware, and if  they feel they are bad at drawing 

they will not do so. Thus, it is necessary to stress the importance of  concept over depiction when 

conducting a design thinking workshop.

4. The highest performing students academically often perform the worst in creative assignments. 

They are often unable to understand that there is no “right answer” and so are less directed when 

it comes to open ended activities that diverge from a traditional school curriculum. This is signifi-

cant because it corroborates the notion that traditional educations stifle creativity at a young age. 

Students must be made to feel, not that there is no right answer, but that there is a right way, which 

is to empathize and iterate as much as possible. 

5. Older students like to be precise in their actions. They will head straight for rulers in hands on 

experiments; they like to define and evaluate the success of  their product. 

6. School adoption of  new STEM and design thinking practices is governed by the principal and 

his/her willingness to take risks.
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Prototype

There were two prototypes for a 45 minute design thinking workshop, each tested in one school. 

Both classes had engaged in design thinking activities before; however, neither had students design 

for other members of  the class. The format for both workshops was identical; the object being de-

signed differed. All students were handed a packet with three sections. 

The first was interviewing. Students divided into pairs and interviewed each other for seven min-

utes each. The pairs were not assigned and many were same-sex. Many students begun the exercise 

by saying they already knew “everything” about their partner, as they were best friends. However, 

they soon found that to be false when further prodded about questions like number of  siblings and 

favorite hobbies. 100% of  students reported learning something new about their partners. 

The second was brainstorming. In both workshops they students had two six minute brainstorm-

ing sessions. The first was centered around material. They had to brainstorm as many materials 

for the product they were trying to make. First the students gravitated towards normal materials, 

like plastic. However, when prodded to think more creativity with “no bounds on constraint” and 

suggestions like “lego and candy” their horizons quickly expanded. 

Figure 6: Designing a dream backpack workshop
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The third was low fidelity prototyping. In ten minutes, the students were asked to draw (with color 

if  they wanted) four prototypes of  their product. Before doing this, they got brief  feedback from 

their partners on what material and shape they liked the best. They were therefore designing within 

constraints. Students were also asked to integrate some sort of  technology into the final prototypes.

All students were asked for four rankings at the end of  class. On a scale of  one to five (five being 

best), they were asked to rank how much they enjoyed 1) the total exercise, 2) the interviewing, 3) 

the brainstorming and 4) the prototyping. In both schools, the eldest grade enjoyed the activity the 

most. 100% of  the students said they preferred this activity on paper than had it been on a com-

puter.

i. Hudson Montessori School

At the Hudson Montessori School, the workshop was conducted in one class that spanned three 

grade levels: eight 1st graders, seven second graders and six 3rd graders. The students were in an 

after school class that was currently learning about bubbles, and so the workshop was structured 

around designing a bubble container for one partner. 100% of  students remarked that they liked 

the final design that their partners made for them more than they would have liked a bubble con-

tainer they designed for themselves. There were several key takeaways from each of  the grades:

1st grade - The class’s ranking of  the workshop had a mean (M) of  4.5 and a standard deviation 

(SD) of  1.414. They enjoyed the prototyping the most (M: 4.5, SD: 1.414), interviewing the second 

most (M: 4.125, SD: 1.356) and brainstorming the least, but still high (M: 4, SD: 1.414). Some of  

the first grade students, although they demonstrated great ability to execute the project was unable 

to draw the line between drawing and writing. During both the interview stage and the brainstorm-
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ing stage, all but six of  eight students used drawings. One pair of  girls faced a problem where they 

were “telling” on each other. One was insisting that her partner was designing for herself  only, and 

the other insisted it was because she did not know how to draw a horse, which is what the other 

girl liked. 

2nd grade - The class’s ranking of  the workshop had a mean (M) of  4.429 and a standard devia-

tion (SD) of  1.134. They enjoyed the prototyping the most (M: 4.57, SD: 0.535), interviewing the 

second most (M: 4.268, SD: 1.113) and brainstorming the least (M: 3.714, SD: 1.38). 

3rd grade - The class’s ranking of  the workshop had a high mean (M) of  5 and a standard deviation 

(SD) of  0. They enjoyed the prototyping the most (M: 4.833, SD: 0.408), brainstorming the second 

most (M: 4.667, SD: 0.516) and interviewing the least, but still high (M: 4.333, SD: 0.816). Overall, 

this grade enjoyed the activity the most. This grade was also most successful at iterating within the 

final constraints for the prototyping stage; they understood the concept of  maintaining the same 

shapes and material, and simply iterating the design/features. 67% of  students annotated their 

writing (especially in the brainstorming shapes session).[Figure 7]

Figure 7: Two third grade papers: examples of  annotated drawings and iterating within constraints.
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ii. Southampton Townsend School No. 2

At the Southampton School, the workshop was conducted in two classes: one 3rd grade class of  

20 students and one 5th grade class of  19 students. These students were tasked with designing a 

backpack for their partners, a task which was entirely independent from their curriculum. 100% 

of  students remarked that they liked the final design that their partners made for them more than 

they would have liked a backpack they designed for themselves. There were several key takeaways 

from each of  the grades:

3rd grade - The class’s ranking of  the workshop had a mean (M) of  4 and a standard deviation (SD) 

of  1.026. They enjoyed the prototyping the most (M: 4.45, SD: 1.234), interviewing the second 

most (M: 3.7, SD: 1.342) and brainstorming the least (M: 3.5, SD: 1.277). This grade seemed to 

rebel the most against the instructions. Two boys did not write down information for the brain-

storming activity, since they felt they knew everything about each other and would remember the 

new things. This ultimately led to several constraints during the brainstorming portion. This grade 

was most prone to annotating the final drawings, something which 50% of  the class did. Like in the 

Hudson Montessori School, drawings often accompanied writing and vice versa. 

5th grade - The class’s ranking of  the workshop had a high mean (M) of  4.789 and a standard 

deviation (SD) of  0.419. They enjoyed the prototyping the most (M: 4.789, SD: 0.535), brain-

Figure 8: Two third grade papers: further examples 
of  annotated drawings

Figure 9: Two fifth grade papers: students who com-
pleted two drawings and focused more on perfection
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storming the second most (M: 4.526, SD: 0.67) and interviewing the least, but still high (M: 4.211, 

SD: 0.1.273). Overall, this grade enjoyed the activity the most. 100% of  students wrote down their 

answers (as opposed to drawing) for the interview and material brainstorming stages. 63% wrote 

down their answers for the shapes brainstorming. When it came to prototyping, 53% completed all 

four drawings and 41% completed two drawings. When asked for unstructured feedback, most stu-

dents said they would change nothing about the workshop. However, one girl gave a very insightful 

suggesting, writing, “A boy has to be a partner with a girl because they would know less about each 

other.”

V. DISCUSSION

the Design thinking Workshops resulteD in three key takeaWays that informed the ultimate 

Itera curriculum. Both sessions in the school exemplified the creative capacities of  the students. 

When told to “think of  as many possible ideas,” the students do want to try their hardest to do 

what is asked of  them and many successfully brainstorm beyond what is asked of  them. Below, we 

reflect on the takeaways from the design thinking workshops in schools to better explicate how a 

curriculum can be effectively cultivated for an elementary school level and how it can be tiered 

within the grade levels.

i. Influence

During the workshops, peers and the instructors played a critical role in shaping the direction 

students would go in. Partners often fed off each other, citing the same sections as their favorite. 

Furthermore, they would ask the same questions in the interviewing stage of  the workshop. Di-

rection also came from instruction and proved instrumental in encouraging students to succeed at 

the activity. Studies have suggested that gamifying educational and creative learning processes is 
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successful amongst children.[22] Therefore, children were often reminded, that the more questions 

they asked or solutions they thought of, the better they would perform on the assignment. Lastly, 

our instruction played a critical role in influencing the extent to which students thought creativity. 

For example, when a glow in the dark container was suggested during the session at the Hudson 

Montessori School, students were quick to adopt the technology. Moreover, when traditionally 

infeasible materials, such as candy and non traditional shapes, such as soccer balls were suggested, 

it significantly broadened the scope of  students’ thinking. Such instruction is critical in successful 

workshops. 

ii. Empathy before Task

Students were specifically instructed to forget about the product they were tasked with designing 

during the interview stage; their focus was simply to get to know their partners as well as possible. 

This also proved to be a significant factor in providing data for the future brainstorming and proto-

typing, as students were able to draw on seemingly irrelevant parts of  the interview, such as favorite 

hobbies. This empathic approach, where students got to know each other outside of  the product 

scope ultimately strengthened every product. This is interestingly something that is often ignored 

when design thinking is taught in the classroom.

iii.  Time Constraints

Both the data collected from the elementary school educators and the feedback from the students 

who engagaed in the workshop reveal the steps before the prototyping to be more tedious to the 

students. However, it is also true that students that engaged in the workshop understood the value 

add of  the interviewing and brainstorming portions was critical to the final product. Therefore, in 

order to offset this imbalance, it is important to give students more time on prototyping and build-
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ing, so that it spans the majority of  the workshop while still giving the other parts their due. 

iv. Focus on Making

All class sections universally ranked prototyping as their favorite part of  the experience based 

on the Likert scale responses. Additionally, students across all sections continuously asked if  they 

would actually have the opportunity to build out their low fidelity prototypes. This indicates a keen 

desire to engage in hands-on work. This is a sentiment that was corroborated by educators during 

the interviews. This passion for making has the potential to be utilized to incentivize students to not 

just make one solution to a problem, but to make several.

v. Flexibility

Examining the overall ratings across both schools (even when standardizing for grade level) shows 

that students prefer activities that relate to their course content, rather than standardized packets, 

such as the backpack challenge. Students remarked that they find it more relevant, and that they 

are more excited to build final products for subject matter they are learning about.  

vi. Partners

Partners should be assigned, and friends should be discouraged from working together, so that the 

interview stage can be a more revelatory experience.

Itera Site

Itera culminated in seven sets of  design thinking resources for grades K-6 (one for each grade), all 
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represented on one website to be distributed. Each phase emphasizes empathy and iteration, and 

each is structured as a day-long workshop, with optional shorter add-on workshops. The earlier 

workshops solely focus on drawing, and writing gets introduced in 2nd grade. While the trial work-

shops had three stages each (interviewing, brainstorming and low fidelity mocks), these new work-

shops have up to six stages (interviewing, outside research, brainstorming, low fidelity mocks, high 

fidelity mocks and testing). They shift the focus onto the building, yet like the workshops, the final 

products are rooted in the empathic research stage. Moreover, it differs from other design thinking 

activities in that it entails building several versions of  the final prototype (seen in the high fidelity 

mocks stage). This aims to distance them from the MVP trap Scott Belsky spoke of. 

The workshops further integrate into whatever curriculum students are currently learning about in 

school and are not pre-specified activities. This distinguishes Itera from the d.school’s design think-

ing guides and from the Extraordinaires toolkit. Ultimately, given the data harnessed from industry 

experts, educators and young students themselves, we hope Itera will successfully permeate schools 

and play an instrumental role in shaping the development of  problem solving skills.

Figure 10: Final Itera webpage (left); discarded mockups (right)
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VI. FUTURE WORK

there are several aspects of itera and this research process that refining would benefit the 

project moving forward, notably increasing the number of  research subjects interviewed, testing 

in schools over a longer duration, and developing collaborative software to share design thinking 

packets within existing school curricula. 

Research Subjects

Though the 17 educators who engaged in the questionnaire and 8 who were interviewed demon-

strated great insight and generated enough data to synthesize trends in elementary school edu-

cation, it would strengthen this work to amplify the research pool to include more educators. We 

already have arrangements to speak with educators from middle and high schools to provide a 

suitable contrast; yet it would additionally be beneficial to interview educators at schools which are 

not as proactive about STEM educations. Additionally, it would be beneficial to sample educators 

from across the country, as those involved with this research were all from the Northeast. 

Testing

Our study involved a total of  60 children across two schools and four grades. However, this study 

only focused on an abridged design thinking workshop and thus represented a sample of  the cur-

riculum rather than its entirety. Future work should build on these exploratory sessions in dura-

tion, and should additionally explore even more schools to ascertain consistency of  child behavior. 

Given the nature of  the day-long curriculum, it follows naturally that students should be observed 

engaging in it to better understand their stamina and capacity for such a marathon-like activity.
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Software

Extending Itera to be a cross school sharing platform would be an interesting factor to incentivize 

students to complete their tasks and compare with others. It would lend itself  to the sort of  collab-

orative environments in the Framer community, for example, where designers build off each other’s 

designs and inspirations. However, this would entail storing user data on students and would open 

up the door to privacy concerns for this age group. 

While these represent various ways in which Itera can be improved, the curriculum as it stands 

represents a significant development of  a consolidated design thinking curriculum. 

VII. CONCLUSION

Design anD Design thinking practices such as empathy and iteration have been hailed as critical 

forces that enable innovation and effective problem solving. We see this reflected in hiring practices 

in the tech ecosystem, of  which designers represent a growing contingent, and in the business sec-

tor, where strategies are adopted at the C-suite level.[23] Yet, these critical practices come unnatu-

rally to most and are often at odds with the type of  curriculum taught in classrooms in the country, 

which centers around finding the “right” answer. 

There is an opportunity to teach students about empathy, iteration and design at the elementary 

school level so as to introduce them to these pivotal problem solving approaches early in life. In this 

study, we explored how students reacted to and interacted with a design thinking workshop spe-

cifically designed for elementary school students.[24] Personal experiences and perspectives from 

elementary school educators proved critical in the development of  such a workshop. 
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We found that students are most drawn to “prototyping” or the actual sketching of  ideas; in ad-

dition, they frequently asked about their ability to engage in physical building. However, they did 

recognize the value of  the interview and the role of  empathy in their design process. Moreover, 

students expressed greater interest in the workshop content when it related to topics they were 

studying in school at the time, indicating the potential for true integration. 

Based on teacher responses, the most popular timeframe for a workshop would be a day-long work-

shop every few months or a half-day workshop every month for the students. Itera synthesizes all 

these core ideas and more in an extensive online curriculum for students. There are six day-long 

workshops, which each build on each other, and additional lesson plans should demand for content 

grow. It lays the groundwork for an education rooted in valuable practices that will ideally perme-

ate several aspects about the way in which children learn and problem solve. It marks a substantial 

development in the creation of  versatile set of  resources to foster key design principles. 
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