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Analysis of Client Letters Embedded in Pre-College STEM Integration
Curricula (Fundamental)

1. Abstract

Real-world contexts help students engage with learning activities. The Framework for K-12
Science Education and the Next Generation Science Standards emphasize integrating STEM
content and real-world contexts into K-12 learning experiences, highlighting the need for high-
quality curriculum. In engineering design-based STEM integration curricula, the potential for
client letters to help foster student learning and engagement has been understudied. We
conducted a qualitative document analysis of fifty-eight embedded client letters in fifteen
engineering design-based K-12 STEM integration curricular units. Through the lens of the
STEM Integration Framework, we explored the following research questions: (1) What is the
role of client letters in context-rich, engineering design-based K-12 STEM integration
curriculum? (2) How do client letters add value to engineering design-based STEM integration
curriculum? The analysis revealed unique roles of different client letters and the important
contextual elements to convey in each role, deepening the connection between content and real-
world scenarios in support of problem scoping, knowledge building, engineering design, and
concluding response. Additionally, we found that client letters add value to the curriculum by
strengthening motivating and engaging context anchored in authentic experiences, connecting
content and the engineering design challenge to real-world scenarios, supporting student-
centered instructional strategies, and enhancing other ties to STEM integration. This study
provides evidence that client letters embedded in K-12 STEM integration curricula support
essential elements of high-quality curriculum, which have the potential to foster student learning
through deepening student engagement, applying crosscutting concepts from multiple STEM
disciplines, and supporting high quality pedagogies. Teachers should consider the use of client
letters to support their use of student-centered pedagogies, while curriculum developers should
embed client letters to integrate context and real-world content into STEM learning resources.
Additionally, professional development trainers could help teachers effectively implement client
letters to maximize their impact, potentially fostering deeper student engagement with both the
context and content of STEM integrated learning.

Keywords: engineering design, STEM integration, client, pre-college, qualitative document
analysis

II. Introduction

Recent research has inspired the integration of content and real-world contexts into K-12
learning experiences, calling for quality instructional materials to support this integration. The
Framework for K-12 Science Education [1] and the Next Generation Science Standards (NGSS)
[2] provide guiding principles for integrating STEM content and real-world contexts into K-12
learning experiences. Updating expectations for students learning science, the Framework for K-
12 Science Education encourages a strong connection between content and relevant and
interesting contexts. This vision promotes learning experiences that reflect real-world practices
in science and engineering. In a study focused on engaging learners and supporting learner
agency, Reiser and colleagues suggest that implementing this vision strengthens the connection



between “students’ interests, ideas, and learning targets” [3, p. 825]. The NGSS identifies
learning outcomes for students and encourages the development of quality curricular materials to
help integrate content and authentic context into K-12 classroom experiences [2]. The Lead
States report suggests that there is value in requiring that “students operate at the intersection of
practice, content, and connection” [2, p. XVI]. Additionally, the report asserts that education
standards themselves do not constitute learning experiences, calling for the development of
instructional models and materials to support classroom implementation. These combined
initiatives provide inspiration for developing quality curricular materials that connect real-world
contexts with content. While the framework provides guiding principles, teachers and curriculum
may be lacking the pedagogical tools and resources to put these principles into practice.

In this study, we examine the role of client letters in engineering design-based K-12 STEM
integration curricula and the value they bring to the curriculum. We chose STEM integration
curricula as they provide opportunities to connect real-world context with discipline specific
(i.e., learned) content [4]. Additionally, connecting content to real-world experiences helps
motivate student learning [5]. Research supports the use of client-based scenarios and context-
rich storylines in connecting real-world experiences to content [6], [7]; however, little is known
about the use of client letters in this capacity. In this study, we analyze the use of client letters in
15 engineering design-based K-12 STEM integration curricular units and explore two research
questions:
e RQI: What is the role of client letters in context-rich, engineering design-based K-12
STEM integration curricula?
e RQ2: How do client letters add value to engineering design-based STEM integration
curricula?

The STEM Integration Framework [8] can be used to analyze the quality of curricular materials
that connect real-world contexts with content. The STEM Integration Framework asserts that
there are nine elements that are critical for quality engineering design-based STEM integration
curricula. Using this framework as a starting point and adding in codes specifically related to the
use of client letters, we analyzed the client letters both individually and in aggregate. The
analysis revealed unique roles of different client letters and the important contextual elements to
convey in each role. Additionally, we found that client letters have the potential to foster student
learning and engagement by anchoring context in authentic experiences, connecting content and
the engineering design challenge to real-world scenarios, supporting instructional strategies, and
enhancing other ties to STEM integration. This study provides evidence that client letters
embedded in K-12 STEM integration curricula support essential elements of high-quality
curricula and have the potential to foster student learning and engagement.

II1. Literature Review

Before exploring the role of client letters in context-rich, engineering design-based K-12 STEM
integration curricula, we must first understand what is meant by engineering design-based K-12
STEM integration and the characteristics of successful implementation. Successful
implementations include a motivating and engaging context, using engineering design as the
integrator for multiple STEM disciplines, and applying high-quality pedagogies [8]. These
elements are described and expanded upon in the following sections.



A. Engineering design-based K-12 STEM integration

While many definitions of STEM integration exist, we use STEM integration to reference a type
of curriculum integration applied in a K-12 classroom setting. STEM integration represents an
excellent opportunity to integrate real-world contexts into content [4]. Successful STEM
integration incorporates grade-level aligned learning outcomes across multiple STEM
disciplines. STEM disciplines are interconnected through crosscutting concepts that integrate
discipline-specific learning outcomes and skills [1], [2], [9]. Crosscutting concepts support the
assertion that STEM disciplines build upon each other, reinforcing content and developing new
skills in ways that would not be possible within a single discipline [9]. Examples of grade level
aligned cross-cutting concepts are represented in the NGSS, where grade-level appropriate
learning outcomes are explicitly connected across disciplines.

STEM integration often leverages engineering design to connect disciplines and apply their
concepts to real-world scenarios. The Framework for K-12 Science Education [1] emphasizes the
inclusion of engineering practices as foundational dimensions for science education, highlighting
their role in integrating and applying knowledge from multiple disciplines. Similarly, the NGSS
developed grade-level aligned engineering design standards to emphasize the value of
engineering design in STEM integration. This is, in part, because engineering design challenges
provide a compelling context for exploring and applying mathematics, science, and other STEM
skills to scope, design, and test solutions to real-world problems [10], [11]. Such challenges not
only connect crosscutting concepts across disciplines but also reinforce the use of engineering to
contextualize learning, often involving a client or end user with specific needs [11]. This
interdisciplinary approach supports student learning and demonstrates how engineering design
serves as a powerful integrator of STEM disciplines [1], [12], [13], particularly through context
and content integration [9].

B. Motivating and engaging contexts

Students engage more strongly with content when instructors provide a motivating and engaging
context. Here the word “context" is used to describe a narrative or a scenario that helps students
understand or apply content. Students are motivated when they understand the utility of the
content being learned and can apply the learning to be of use to others [5]. Additionally, when
personal connections to content are clear, students are more inclined to persevere through
challenges and demonstrate an increased desire to learn [14]. In this way, student engagement is
strengthened through the inclusion of a motivating and engaging context.

Authentic experiences are one way that instructors can develop a motivating and engaging
context. The use of authentic experiences that exemplify real-world applications of abstract
concepts can motivate student learning by making personal and meaningful connections with
students. Motivating and engaging contexts include “realistic situations [that] address issues of
personal meaningfulness to students, incorporate issues that are relevant to students with a
variety of backgrounds, and provide a compelling purpose for doing the STEM integration
activity” [15, p. 15]. Furthermore, connecting content in an authentic way “supports deep



engagement in learning” [16, p. 1]. Using authentic experiences to help explain and apply
content is one way to create motivating and engaging context.

Client-based scenarios are one approach to creating a motivating and engaging context through
authentic experiences. For example, client-based scenarios are used in model-eliciting activities
(MEAs) to connect content to real-world experiences [17]. Instructors use MEAs to teach
modeling and problem solving of complex tasks; the client’s problem is used as a lens to help
students evaluate the practical application of a design solution by determining how their work
meets a client’s needs. By applying a client-based context to the design project, students are
more inclined to consider how their design solution impacts or affects others. When a student can
put themselves in the “problem space” with a client’s needs that are “plausible, realistic, and
compelling”, the personal meaningfulness inspires the student to more deeply consider the
solution and its impact on the client [6, p. 85]. When executed within a team experience, the
application of lived experiences to solution generation can prompt argumentation and stronger
reasoning to justify a proposed solution [6]. In this way, client-based scenarios help develop
motivating and engaging contexts by connecting content to real-world experiences.

Storylines are another way to use authentic experiences to develop motivating and engaging
contexts. Storylines are referenced throughout a curriculum and can cohesively connect
instructional content with student experiences while encouraging exploration of new skills [3].
Context-rich storylines can include detailed contextual features, such as criteria and constraints
defined by the client, that reflect real-world situations [16]. In STEM integration, detailed
contextual features illustrate situations that target student engagement through “asking questions
and defining problems, constructing explanations and designing solutions, engaging in argument
from evidence, and obtaining, evaluating, and communicating information” [16, p. 30]. This
deep engagement in the context helps students understand what they are learning and why,
providing justification for content. In this way, context-rich storylines help develop a motivating
and engaging context by connecting content to real-world experiences.

While there are limitations to the extent that authentic experiences can fully incorporate real-
world elements, they still enhance student engagement. Kostel & Remmen [18] explored a case
of high school teachers and students in which an authentic situation was integrated into the
learning experience, but the students viewed the project as disingenuous. According to student
feedback, the “context was realistic — the transport company’s transition to renewable transport
technologies, but the commission — or the problem — was a fictive situation: the transport
company did not really need the students’ help” [18, p. 11]. Although students challenged the
authenticity of the client’s need for student help, the researchers claim that student engagement
was still greater than with typical instruction, adding that despite “the slight difference in the
authenticity between the context and the commission [authentic problem], both the teachers and
students reported an increased effort among students compared to normal teaching, and that the
students were better at thinking and reflecting” [18, p. 11].

Research has shown that student engagement in content is enhanced through a motivating and
engaging context. Motivating and engaging contexts are strengthened through the use of
authentic experiences, including client-based scenarios and context-rich storylines. The use of



these methods can help students make a stronger connection to what they are learning and help
justify why they are learning it.

C. High-quality pedagogies

Multiple high-quality pedagogies are often leveraged when STEM integration curricula are
implemented in the classroom. In general, these pedagogies are learner-centered and support
different teaching and learning methods like inquiry-based learning and evidence-based
reasoning [9], [12], [13], [19].

With a learner-centered approach, students carry more responsibility for their learning,
processing new information through the lens of their existing knowledge. In addition, a learner-
centered approach acknowledges that students are less inclined to learn a new concept if it does
not connect in some way to what they already know [20]. One of the defining characteristics of a
learner-centered approach is the use of challenges or inquiry to provide context for knowledge
development and application [20]. The use of challenges or inquiry reinforces active-learning as
students raise questions, engage in discussions, and solve problems. Some might argue that
learner-centered instructional methods claim to have students take more ownership of their
learning, but in reality, there are limits to that ownership. This line of thinking refers to barriers
educators face, like being held accountable to education standards which can restrict students’
agency [3]. However, the use of inquiry-based learning can help educators balance student
agency with restrictive barriers they may face.

Inquiry-based learning supports student agency in questioning and investigating problems.
Students learn by finding answers to the questions that they ask and are motivated when the
content is applied “in an authentic learning context” [21, p. 7]. When applied to STEM
integration, the use of questions to investigate and apply information helps students develop new
understandings of content from multiple disciplines [19].

Evidence-based reasoning involves the use of facts (or evidence) in the form of knowledge or
observations to justify a decision, encouraging the collection and assessment of information
before finalizing a decision [22], [23]. Used in STEM integration, evidence-based reasoning is
applied to real-world situations, providing a way for students to synthesize their learnings and
justify their conclusions or recommendations with logical reasoning [23]. When evidence-based
reasoning builds upon an authentic experience, the collection and assessment of information
supports the integration of content and context.

As we reviewed engineering design-based K-12 STEM integration efforts with high-quality
pedagogies and a motivating and engaging context, we found the use of client letters in STEM
integration curricula has been under-studied. In the following section, we introduce the
framework we used to understand the use of client letters in engineering design-based STEM
integration curricula.



IV. Theoretical Framework

This research focuses on client letters used for engineering design purposes and are therefore
embedded within an engineering design-based STEM integration curricula. Thus, this study will
employ two related frameworks to help with the analysis of the client letters: the STEM
Integration Framework and the related Framework for Quality K-12 Engineering Education.

The STEM Integration Framework is an engineering design-based STEM integration framework
and therefore, it is important to consider engineering first. The Framework for Quality K-12
Engineering Education [24] was designed to help educators consider the many facets of
engineering that are important for students to learn. It defines nine key indicators: Process of
Design (POD)—which is further broken into POD-PB (problem and background), POD-PI (plan
and implement), and POD-TE (test and evaluate); Apply Science, Engineering, and Mathematics
(SEM); Engineering Thinking (EThink); Conceptions of Engineers and Engineering (CEE);
Engineering Tools (ETool); Issues, Solutions, and Impacts (ISI); Ethics (Ethics); Teamwork
(Team); and Communication Related to Engineering (Comm-Engr) [24]. These indicators
informed, in part, the development of an engineering design-based STEM integration curricula
assessment tool called the STEM Integration Framework [8].

We use the STEM Integration Framework to analyze client letters embedded in K-12 STEM
integration curricula. Although the STEM Integration Framework is an assessment tool for
evaluating the completeness of engineering design-based STEM integration curricula, we apply
the framework to client letters embedded in curricular units. Using applicable elements of the
STEM Integration Framework, client letters are analyzed for their role within the curricular unit
and the value they bring to the curriculum. We summarize the STEM Integration Framework
developed by Guzey & Moore [8] and share the subsequent overview below.

The STEM Integration Framework is comprised of nine elements used to assess engineering
design-based STEM integration curricula: (1) motivating and engaging context; (2) an
engineering design challenge for a compelling purpose that is tied to the context; (3) integration
of science content; (4) integration of mathematics content; (5) instructional strategies; (6)
teamwork; (7) communication; (8) organization; and (9) performance and formative assessment.

Table 1 presents an overview of each element in the STEM Integration Framework, including a
description of the criteria each encompasses. Additionally, each element of the STEM
Integration framework is mapped to the coordinating indicator found in the Framework for
Quality K-12 Engineering Education, noted by the abbreviations included in parentheses.
Researchers found that the STEM Integration Framework elements of motivating and engaging
context, an engineering design challenge, integration of science content, integration of
mathematics content, instructional strategies, communication, and performance and formative
assessment were most applicable to the review of client letters.



Table 1. Overview of STEM Integration Framework

STEM Integration Framework
Elements

(related Framework for Quality K-
12 Engineering Education
indicators)

Description

Motivating and Engaging Context
(ISI, CEE)

Criteria help evaluate motivating and engaging context
based on its connectedness to students and the real-
world

An Engineering Design Challenge
(POD, EThink, CEE, Ethics)

Criteria help evaluate the design challenge based on
how the design challenge engages students and
enhances the goals of the curriculum

Integration of Science Content
and

Integration of Mathematics
Content

(SEM, ETools)

Criteria help evaluate the integration of math or
science content based on the content’s alignment with
education standards, its integration of grade-level
concepts, and its explicit use of content specific skills

Instructional Strategies

Criteria help evaluate instructional strategies that
emphasize student-centered learning and activities,
incorporate evidence-based reasoning, and explicitly
connect content and context to help students
understand why they are learning what they are
learning

(Comm-Engr)

Teamwork Criteria help evaluate teamwork based on the inclusion

(Team) of opportunities for students to collaborate and the
experience of each team member

Communication Criteria help evaluate the content, the mode, and the

method of the communication

Organization

Criteria help evaluate the cohesiveness of the
curriculum

Performance and Formative
Assessment

Criteria help evaluate the purpose and method of
assessment

* NOTE: STEM Integration Framework elements are from [8]; Framework for Quality K-12
Engineering Education indicators are from [24]




V. Methods

The authors conducted a qualitative document analysis [25] of client letters embedded in K-12
STEM integration curricular units, as defined by our theoretical framework. Differentiating
between curriculum and lessons, we defined a curricular unit as a group of lessons interrelated
around a specific theme or topic and aligned to achieve standards-based student outcomes. The
authors used purposive sampling to identify appropriate documents for analysis. Curricular units
were identified through online searches and outreach to experts. The online search process
included iterating on search strings. Since the use of the term “STEM integration curricular unit”
is not universal, researchers iterated on the phase to include search sequences like “K-12
integrated STEM units,” “integrating science, technology, engineering, and mathematics [and]
curricula,” and “STEM curricular modules.” Additionally, researchers engaged experts in the
field to help identify qualified documents. In all, fifteen K-12 STEM integration curricular units
were identified, downloaded, and stored in digital repositories. Table 2 provides a list of the
units, grade level, number of client letters included, and a URL to access the letters.

Table 2. STEM integration curricular units with client letters used for this study

Curricular Unit Grade Number of
All units can be found at: picturestem.org, engrteams.org, & scalek12.org | Level Client Letters
Designing Paper Baskets ES 3
Designing Hamster Habitats ES 3
Designing Toy Box Organizers ES 4
Ecuadorian Fisherman MS 1

Water Water Everywhere But Not a Drop to Drink MS 6

Game On! MS+HS 7

Let the Chips Fall Where They May MS+HS 8

Let the Good Ideas Roll! MS+HS 6

Carbon Sink Investigation HS 5

Lock it Up! HS 2

You Light up My Life HS 4

Make Sense HS 1

Safe Chips Inc (Business) HS 1

Safe Chips Inc (Engineering & Technology) HS 2

Stressed Out! HS 5

* NOTE: ES=Elementary School, MS=Middle School, HS=High School



Next, researchers scanned the curricular units for embedded client letters. At the screening level,
we defined client letters as any form of communication simulating a conversation between the
students and a person, or group of people. We identified client letters by examining both their
content and their reference titles within the curricular unit. This included many different
curricular unit reference titles such as “Client Letter”, “Client Memo”, “Client Response”, or
“Email from [client].” As a document form, client letters manifested as an actual letter, email, or
other type of communication. One document form, the client letter template, was eliminated
from analysis. The client letter template was a blank form intended to be filled out by an
educator in response to specific student questions. Since it is impossible to analyze a blank form
for relevant information, client letter templates were removed from the data sample. In all, fifty-
eight client letters were identified. Each client letter was individually extracted from the STEM
integration curricular unit and stored digitally. No modifications or manipulations were made to
the client letters.

The methods applied to analyzing client letters were iterative and involved several steps. The
researchers began by applying thematic analysis. Aligned with Braun and Clarkes [26] thematic
analysis method, researchers became familiar with the data, used open coding to generate codes
and categories for a codebook, and began analyzing the data. See Figure 1 for our final list of
themes that describe the aggregate use of client letters within a curricular unit: strengthen
motivating and engaging context, connect content and the engineering design challenge, support
instructional strategies, and enhance other ties to STEM integration. They were developed from
our final codes and categories (See Table 3). The numbered list contains the codes, and they are
grouped on the left by the categories. The coded data were then aligned into our themes. After
the thematic analysis, an alignment between the codes, categories, and themes was identified as
mapping to the K-12 STEM Integration Framework [8]. This framework was previously
described in the Theoretical Framework section. The K-12 STEM Integration Framework
included all themes generated through the thematic analysis while providing additional elements
that could be applied to the analysis (i.e., performance and formative assessment). Utilizing the
K-12 STEM Integration Framework, the research team re-analyzed the role of client

letters. Research is already in process in support of identifying a conceptual framework for client
letter development and inclusion in STEM integration curricula [27].

2]

Strengthen Motivating Connect Learned Content Support Instructional Enhance Other Ties to
and Engaging Context and the Strategies STEM Integration
Engineering Design '
Challenge

Figure 1. Aggregate Client Letter Analysis Themes



Table 3. Individual Client Letter Analysis Final Categories and Codes

Coding Client Letter Codes
Category
Motivating and | 1 Client
engaging 2 (optional) Job titles with simple org chart
Context 3 Product/Service
4 Market/Industry
5 End User

6 Context/setting (original, evolving)

8 Urgent need for help/importance of problem

9 Exit from iteration cycle/design cycle

10 Solution impact on end user

11 Feedback (on information, design, or solution shared)

Engineering 7 Problem Statement (original problem statement, interim
Design problems, revised problem statement)
Challenge 12 Criteria/competing criteria

13 Constraints/competing constraints

14 Ideation (content related questions, concept
exploration, and data collection)

15 Design Challenge (mini design challenge, final design
challenge)

16 Evidence based reasoning

17 Iterate

18 Solution (prototype, design, model)

Communicate 19 Communicate (explaining concepts, thinking, solutions)
Integrated 20 Content (application of prior knowledge, acquisition of new knowledge)
Content

VI. Positionality Statement

The research team brings diverse but complementary perspectives to this work, including
expertise in integrated STEM curricula development, engineering education, K-12 science,
mathematics, and technology education, and qualitative research methods. Several authors have
contributed to the design or dissemination of some of the curricula analyzed in this study. To
maintain analytic rigor, we employed systematic coding processes, used multiple rounds of
collaborative thematic analysis, and engaged in regular peer debriefing to challenge our
assumptions and interpretations.

Our collective approach to STEM education emphasizes authentic learning experiences, student
agency, and the integration of disciplinary content through engineering design. We view
curriculum not only as a tool for delivering content but as a vehicle for shaping engaging and
broadly relevant learning environments. As such, we are attentive to how curriculum features
like client letters can support both rigorous content learning and relevance to students’ lives. Our



positionalities as educators, designers, and researchers influenced our commitment to exploring
how client letters function within and add value to STEM integration curricula, and by extension
the resulting learning environment.

VII. Findings & Discussion

The findings and discussion section is divided into two major sections based on each of the two
research questions:

e RQI: What is the role of client letters in context-rich, engineering design-based K-12
STEM integration curricula?

e RQ2: How do client letters add value to engineering design-based STEM integration
curricula?

The first section answers RQ1 and looks at the individual letters, describing their roles within
their curricular unit, and the variations in sequencing that are seen across the letters that serve the
same purpose. The second section answers RQ2 by taking a macro view of the letters to consider
the overall purpose of client letters in terms of pedagogy and, in particular, STEM integration.
The findings are presented along with the discussion to situate the findings within the research
questions. Each section ends with an overview answer to the research question from the findings.

A. Findings and discussion based on RQ1: What is the role of client letters in context-rich,
engineering design-based K-12 STEM integration curricula?

In this section, we discuss the role of the individual client letter within the curricular unit and
identify critical information included in the narrative of the letter. Through the lens of the STEM
Integration Framework [8], we have identified four different roles for the use of client letters:
Problem Scoping , Knowledge Building, Design Project, and Concluding Response (see Figure
2). Each client letter has a different purpose and conveys specific contextual elements related to
that role. More than one client letter is often used within a curricular unit. While the typical order
and structure of client letters within a curricular unit is shown in Figure 2, later in this paper we
will discuss instances where variations in sequencing are warranted. While all client letters
identified in the methods section were used as primary data, figures provide examples from a
subset of client letters studied.


https://www.zotero.org/google-docs/?0389FG

Problem Scoping Letter Knowledge Building Letter(s) Design Project Letter (s) Concluding Response Letter

« Establishes context by introducing + Explores knowledge to be applied || * Explicitly describes the design * Allows for an exit from the
client, end user, problem, and during Engineering Design challenge that will solve the client’s iteration cycle
urgency Process _
© roblem . .
P * Provides an evaluation of
« Establishes connection to learned * Leverages student inquiry to student designs
content identify knowledge gaps related * Scaffolds knowledge learned to the
to the client’s problem design challenge + Communicates design
* Begins the Engineering Design solution impact on the end
X ) not i . 5 ineeri L . user
Process (may not mc/urlg nll'/ Adv_auces the Engineering + Advances the Engineering Design
« Introduce problem criteria and Design Process Pr
constraints rocess o ) * Celebrates student success
« Engage students in generating « Applies knowledge exploration to * Reinforce criteria and constraints
ideas to solve the problem via client problem * Reinforces iterative designs * Reinforces key content
client request for help * (optional) Mini Design * Sets expectatnqns for Evidence learnings
+ Set expectations for iterative Challenge Based Reasoning
process + Communication of ) * (optional) Encourages
recommendation to client exploration of careers

Figure 2. Overview of Client Letter Roles
1. Problem Scoping Letter

As summarized in Figure 2, the role of the problem scoping letter within engineering design-
based K-12 STEM integration curricula is to establish a context, establish a connection to
content, and begin the engineering design process. To fulfill this role, the narrative content of the
problem scoping letter must establish a connection with students while conveying critical
information. Key information shared by the problem scoping letter includes client, job titles
(optional), product/service, market/industry (if warranted), end user, context/setting, urgency,
problem statement, criteria/constraints (if warranted), ideation, and a connection to content.

In the unit called Designing Paper Baskets (henceforth, designated “Paper Baskets”) [28], a
Kindergarten literacy curricular unit, the problem scoping letter (see Figure 3) establishes a
connection with students and conveys critical information defined by its role. The narrative is
rich with an interesting client, a descriptive context relatable to kindergarten students, and
unanswered questions intended to begin the engineering design process. In Paper Baskets, Max
and Lola are two children who collect rocks. Their favorite places are the park and the creek.
Max and Lola are exhibiting at the local nature center and want to help others start their own
rock collection. Max and Lola ask students for ideas about what they can give away to help
others with their rock collecting. Through this engaging narrative, students begin to understand
the context for the unit: the clients are Max and Lola, the product/service is rock collecting, the
end users are people who visit the nature center and collect rocks, the setting is the nature center,
and the urgency is a fast-approaching display table at the nature center. Students are also
provided with information to initiate the engineering design process: the problem is deciding
what to give away to help others start rock collecting and ideation begins with Max and Lola
asking students for ideas about what to give away. Initial criteria and constraints are established
with the requirement shared by Max and Lola the giveaway “will allow them [visitors to the
nature center] to have as much fun collecting rocks as we have.” Solution ideation is inspired by
a question from Max and Lola; students are asked to “send us some ideas about what we might
give away to help others with their rock collecting.” Finally, the connection to content is
signaled: the unit will integrate science content. By integrating critical information in an
engaging context, the problem scoping letter in Paper Baskets connects with students and
conveys critical information defined by its role.



Diagram of a Problem Scoping Letter

Paper Baskets: Problem Scoping Letter =0x

Delete | Reply Reply All Forward Move | Related Follow Up
From: Max_the_collector@gmail.com
To: StudentEngineers@gmail.com

CC:
Subject: Rock Collecting Ideas (email #1)

Hil My name is Max. | love to collect rocks with

my friend Lola. We have a really amazing rock
collection. Lola and | have found rocks from all over.
Our favorite places to find rocks are the park and
creek.

Lola and | are so excited. The local nature center
wants us to set up a table next month to show off
our rocks. We want to help others start their own rock
collection by giving away something that will allow

them to have as much fun collecting rocks as we

Client

Max and Lola

Product

rock collection
Context

rock collecting in parks
and creeks

Learned Content
science

Urgency

table at local nature
center next month
End User

visitors to the nature
center who are rock
collectors

Problem Statement +

have had.

Criteria + Constraints
something to give away to
rock collectors, have fun
collecting rocks

Can you please send us some ideas about what
we might give away to help others with their rock
collecting?

Ideation

students are asked to
brainstorm ideas fora
giveaway that will help
Client with rock collecting.
Max (& Lola)

Thank you for your help!

Figure 3. Problem Scoping Letter, Paper Baskets

In the curricular unit Let the Chips Fall Where They May (henceforth designated “Let the Chips
Fall”) [29], a middle school and high school geometry and engineering design unit, the problem
scoping letter (see Figure 4) establishes a complex context while conveying critical information.
In Let the Chips Fall, Skylar Geti, CEO of GETI games, is manufacturing a gaming controller
with skyrocketing demand. Unfortunately, their supplier shares that the current process for
manufacturing microchips will not be able to keep up with demand. Skylar shares the calculation
used to estimate the number of dies cut per wafer and asks students to help understand why the
manufacturing process is not yielding the expected number of dies. As we saw in Paper Baskets,
the problem scoping letter in Let the Chips fall establishes a connection with students and
conveys critical information defined by its role: the client is Skylar Geti, the product/service is
gaming controllers, the end users are people who use gaming controllers, the setting is microchip
manufacturing, and the urgency is increased volume of microchips to support skyrocketing
demand for the gaming controller. As the context is more complex than that of Paper Baskets,
the engineering design process is initiated by a request to identify the fault in a mathematical
calculation. Finally, the connection to content is signaled: the unit will integrate mathematics
content. By integrating critical information in an engaging context, the problem scoping letter in
Let the Chips Fall connects with students and conveys critical information defined by its role.



Diagram of a Problem Scoping Letter
Let the Chips Fall: Problem Scoping Letter #1

Dear Engineers, Market/Industry
- - demand for gaming
The demand for our new gaming controller is skyrocketing! Our peak buying season is approaching and controlleris
the company that manufactures our microchip tells me that if we do not optimize our wafer design, we )
will not be able to keep up with the forecasted increase in demand. \ skyrocketing
Product/Service
You may recall that we are still working off of our prototype design. The manufacturer has told me that we game controller
are getting 200 die per wafer, but there is a lot of waste. | did a rough calculation by taking the area of
the circle of the wafer and dividing it by the area of the die. Based on this, if | assume that a wafer is 200 Urgency
mm in diameter and the die size | wantis 1 cm by 1 cm, | estimate that we can optimize our design and keeping up with
cut over 300 dies from one wafer. However, the manufacturer has told me that getting over 300 dies is demand during peak
impossible. buying season
Could you help me understand why this is not possible? Please investigate this and reply to me with your
ideas about my model and why you think it can or cannot provide over 300 dies. | need to recommend a Context
new configuration to the supplier. on °f turi
manufacturing a
Thank you for your help on this urgent matter! microchip
Sincerely, Problem
) too much waste in
Skylar Geti manufacturing
process
CEO, Geti Games Urgency
Client Learned Content ur‘le;bée 2 ke:;: e
Skylar Geti, Geti Games mathematical modeling wit gem.ar; et
new gamin
(optional) Job Title Ideation Grniel IEn
CEO Why is the calculation wrong? End User (inferred)
nd User (inferre
users of game
controller, gamers

GETI GAMES

Figure 4. Problem Scoping Letter, Let the Chips Fall

The role of the problem scoping letter is to establish the context for the engineering design
project, connecting the context to the instructional content. In setting the context, the problem
scoping letter introduces students to the client, end user, and the problem. Without identifying a
prescriptive solution to the problem, this letter describes the challenging problem and can include
criteria and constraints important to both the end user and the client. While setting the context,
the problem scoping letter also establishes a connection with the subject matter content to be
learned and applied in the curricular unit. The letter places students in a setting rich with strong
characters, descriptive details, and unanswered questions to spark curiosity and learning. The
problem scoping letter initiates the knowledge building journey with an open-ended question or
quest that encourages solution ideation and exploration for the engineering design project, setting
expectations for an iterative process.

2. Knowledge Building Letter

As summarized in Figure 2, the role of the knowledge building letter within engineering design-
based K-12 STEM integration curricula is to explore knowledge to be applied during the
engineering design process, leverage student inquiry to identify knowledge gaps related to the



client’s problem and advance the engineering design process. To fulfill this role, the narrative
content of the knowledge building letter must inspire curiosity and exploration of content while
conveying critical information. New information shared by the knowledge building letter
includes evolution of the context/setting, evolution of the problem statement, continued ideation,
an (optional) mini design challenge, and a continued connection to content.

In Let the Chips Fall, the first knowledge building letter explores material waste in
manufacturing, leverages student inquiry to understand how to calculate the waste, and advances
the engineering design process with a mini design challenge (see Figure 5). In this letter, the
context evolves to focus on the inefficient layout of a silicon wafer that is generating a lot of
material waste. The problem evolves to include understanding the waste produced when cutting
dies from a silicon wafer. Ideation explores how to calculate material waste when cutting dies
from a silicon wafer. The client asks students for help in understanding the waste produced when
manufacturing silicon wafers of different thicknesses. Specifically, the client asks the students to
“help me understand how much material is wasted.” This request leads to an (optional) mini
design challenge in which students are asked to create a mathematical “model that allows me
[the client] to calculate waste” for similar configurations. The client provides a visual image in
which a square is situated inside of a circle. Based on the narrative in this knowledge building
letter, the connection to content applies geometric concepts like area and volume in the
calculation of waste and develops new knowledge through the mathematical modeling of waste
calculation. By integrating knowledge exploration while advancing the engineering design
process, the role of the knowledge building letter is fulfilled.

Diagram of a Knowledge Building Letter
Let the Chips Fall: Knowledge Building Letter #1

Dear Engineers,

Thank you for your help. With your insights | was able to recommend a new configuration of wafer layout Context
to our supplier. Unfortunately, after further review my new recommendation was rejected. The basic new configuration of
configuration | recommended, which | have provided below, would not support the die size we need, wafer layout does
nor the production quantity required. Therefore, | think we need to consider the waste that each wafer not support die size
produces. | have provided several different layouts that | created and the thickness of the wafer can or manufacturing
be 0.2 mm, 0.3 mm, or 0.4 mm. | would love for you to help me understand how much of the material -
is wasted in each design and if you could create a model that allows me to calculate the waste for any ALY
other similar configuration Problem Statement
understand waste
Sincerely, produced when
Skylar Geti c.u.tting diesfroma
CEO, Geti Games Client silicon wafer
\ Skylar Geti, Geti Games Ideation )
(optional) Job Title How much material
CEO is wasted when
cutting die froma
silicon wafer?
P Mini Design
Challenge
develop a model to
GETI GAMES calculate material
wasted when cutting
different die

configurations from
different silicon
wafer thicknesses

\ | Learned content

/ volume and area of
a silicon wafer,
mathematical
modeling of waste
calculation

Figure 5. Knowledge Building Letter #1, Let the Chips Fall



A different knowledge building letter in Let the Chips Fall (see Figure 6) demonstrates the
scaffolding of more complex content. While keeping true to the previously explained structure of
the knowledge building letter, in this letter the context evolves include the client moving the
manufacture of microchips in-house. As such, the client asks for help understanding the boule-
to-wafer process, exploring where pockets of waste exist. In order to calculate yield and waste as
requested by the client, the complex geometric shape of the boule (Figure 7) must be broken
down into different geometric components (i.e., cone, cylinder, hemisphere) and multi-step
calculations of volume and area applied. By scaffolding complex knowledge exploration while
advancing the engineering design process, the role of the knowledge building letter is fulfilled.

Diagram of a Knowledge Building Letter
Let the Chips Fall: Knowladge Building Letter #4

Dear Engineers,

Thank you for all of your work so far in helping me rethink some of my die cutting models and considering Urgency

matenals for the chip manufactunng. | really appreciate all of the hard work you are putting into this reinforcing the

project for me. It will mean that we will potentially be able to meet the demand of our new controller. \ urgency of
increased demand

Demand for our new gaming controller keeps growing. Now we want to manufacture our own silicon Product

wafers as a step toward making our own chips. So we will now be cutting the wafers from silicon boules

too. This means that we will need to minimize even more silicon waste. game controller

Can you please help me understand how many wafers | can get from a boule (wafer yield) and how much
waste from each boule will be left in the process of cutting out the wafers? It would also be helpful for me
to understand where the waste comes from during the boule-to-wafer process.

Market or Industry

I look forward to hearing what you learned. demand for
controllers keeps
Sincerely, growing
Skylar Geti Cl?ntex?u
CEO, Geti Games Client Ideation client fW|
Skylar Geti, Geti Games How many wafers can be L
X o silicon wafers
(optional) Job Title cut from a boule? Where
CEO is the waste in the boule- Problem Statement
to-wafer process? minimize silicon

Learned Content waste

volume and area of a
silicon wafer, calculate
wafer yield and waste in
boule-to-wafer process

GETI GAMES

Figure 6. Knowledge Building Letter #4, Let the Chips Fall



Boules

Wafers

Figure 7: Image of Boules and Wafers, Let the Chips Fall

The role of the knowledge building letter is to support knowledge exploration while explicitly
connecting content with the real-world context and advancing student progress through the
engineering design process. The knowledge building letter encourages students to identify
knowledge gaps and to close those gaps by engaging in learning and applying knowledge to
further understand the client’s problem. Learning can take the form of a review of prior
knowledge or an exploration of new knowledge. Whatever the form, knowledge developed
during the learning opportunity is then applied within the context of the client’s problem. In this
way, the knowledge building letter engages students in learning concepts tied to understanding
the client’s problem.

3. Design Project Letter

As summarized in Figure 2, the role of the design project letter in engineering design-based K-
12 STEM integration curricula is to explicitly describe the design challenge that will resolve the
client’s problem, scaffold content into the design challenge and advance the engineering design
process. To fulfill this role, the design project letter must provide any clarification to the
problem statement if it has evolved over the course of the unit, explicitly summarize criteria and
constraints, incorporate content, and set expectations for the use of evidence-based reasoning,
iterating on the design solution, identifying the form of the solution (i.e., prototype, model, or
other design type) and communicating back to the client.

In the unit Ecuadorian Fisherman [30], a middle school Physical Science unit, the design project
letter is a strong example of how the context, content, and engineering design process are
integrated into the narrative (see Figure 8). The design project letter conveys the context for the
Ecuadorian Fisherman unit. The context is set in the Province of Esmerelda where the
Pescadores Foundation helps villages by teaching new methods in “harvesting, preparing, and
marketing food.” Students learn that fishermen from the Galapagos are asking the Pescadores
Foundation to help figure out a way to cook the fish they catch in their solar oven. Through the
design project letter, the problem statement clearly states the need for a small cooker container
for a solar oven. Criteria and constraints are clearly communicated as the Pescadores Foundation



asks students to design a cheap, “successful cooker container” that will hold a fish as it cooks in
a solar oven. Content is incorporated in the design solution through the application of heat
transfer and materials selection. Iteration is implied by the need for a decision on the design, and
the form of the solution is conveyed when the letter sets the expectation of deciding on a final
prototype design. The letter establishes clear expectations for communicating student
recommendations, including the use of evidence-based reasoning to justify their
recommendation. The design project letter explicitly describes the design challenge, scaffolds
content into the design challenge and advances the engineering design process by clarifying the
problem statement, summarizing criteria and constraints, incorporating content, and setting
expectations for the use of evidence-based reasoning, iterative design, and communication back
to the client.

Product/Service
promoting and teaching new
methods in harvesting, preparing,

Diagram of Design Project Letter
Ecuadorian Fishermen: Design Project Letter

The Pescadores Foundation and food marketing
Corporacion de Investigaciones Marina End User
Province of Esmeralda, Ecuador fishermen in villages on the coast
of Ecuador
Dear Student Engineers, Context
Helping fishermen with new
of Esmeralda. As members of The Pescadores Foundation, our job is to help villages around the cooking methods
world by promoting and teaching new methods in harvesting, preparing, and marketing food. Our
latest project is assisting fishermen in villages on the coast of Ecuador with proper cooking of fish Learned Content
while at the fish market.
solar heat, heat transfer
Fishermen travel several hundred miles to San Cristobal Island in the Galapagos to catch the best Problem Statement

fish the area has to offer. Now those fishermen have come to us and said that they are interested fishermen need a small cooker
in selling cooked fish at the fish market in addition to the raw fish they already sell, but they do not 5

have a good way to cook them in the solar ovens that are available to them. They are in need of a container for a solar oven

small cooker container to hold each fish as it cooks in a solar oven. Since fishing is the number one == Criteria + Constraints

occupation in the Province of Esmeralda, it is important for us to assist them by designing a cheap cheap, hold and help cook fresh
cooker container to hold and help cook the fresh fish in a solar oven while the fishermen are at the P :

market. This way, the fishermen can earn more money in the fish market, which will improve their fishina solar,oven while at market
quality of life and also help benefit their families and villages. Urgency

make more money, improve quality
of life, benefit families and villages

We are asking you to design a successful cooker container prototype to assist the fishermen. After
you have decided upon a design, we request that you communicate to us the following points
- adescription of the engineering problem
a clear description of your recommended cooker container prototype design, including the

specific materials used and a drawing with the parts labeled Ideation (inferred)
evidence that supports the success of your design how to design a successful cooker
- an explanation of why this design works well to solve the engineering problem Design Challenge
We appreciate your willingness to help us assist these fishermen and join us in our project. We look prototype a successful cooker
forward to hearing about your engineering design solution. Evidence-Based Reasoning
Sincerely, : evidence that s'upports the
Client success of design
Members of The Pescadores Foundation | =, | Pescadores Foundation Iterate + Communicate
(optional) Job Title | — share plan after students have
Members decided upon a design

Figure 8. Design Project Letter, Ecuadorian Fisherman

In Paper Baskets, the design project letter aligns with the previously explained structure, but at a
level appropriate for kindergarten students (see Figure 9). This design project letter clearly
defines the design challenge and the information needed to help Max and Lola understand why
students recommend their chosen solution. Criteria and constraints are clearly stated while
expectations are set for design iteration and communication back to the client. The design project
letter explicitly describes the design challenge, scaffolds content into the design challenge and
advances the engineering design process.



Diagram of a Design Project Letter
Paper Baskets: Design Project Letter
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From: Max_the_collector@gmail.com

To: StudentEngineers@gmail.com

€E:

Subject: Re: Rock Collecting Ideas (email #2)

Context
baskets that Lola made in

/ Kenya

Dear Students,

Thank you for all your great ideas! We really liked them. In fact, they
reminded Lola of the baskets they used to make when she lived in Kenya.

Problem
Lola and | will not be able to make enough baskets to give to everyone, cannot make enough
but we could create a prototype to show them how to make their own. baskets to give to
-_— everyone
Lola has a basket template that she used in Kenya, but the materials would Design Challenge
cost too much. After looking around our houses, we think that the baskets prototype a paper basket

could be created from paper. We just don't know what type would be
strong enough to cany lots of rocks

Criteria + Constraints

We need the baskets to be able to carmry rocks that are wet and dry. We basket template, cost,

would also like them to look nice. What kinds of paper can hold wet and paper strong enough to

dry rocks2 What kinds of paper will make it look nice?2 carry wet and dry rocks,
paper that looks nice

Lola and I need your help! Please investigate the different papers to find Learned Content

the best paper for our baskets. Use that paper along with Lola's basket material properties

template to create and test a prototype for us. When you have made any Ideation

necessary improvements, please share your plan with us! What kind of paper can
hold wet and dry rocks?
What kinds of paper will

Thank you for your help!

Design Challenge Use ey L )

the paper and template to
Client create and testa
Max (& Lola) prototype basket )
Iterate + Communicate

share plan after any
necessary improvements

Figure 9: Design Project Letter, Paper Baskets

In Let the Chips Fall, the design project letter aligns with the previously explained structure, but
at a level appropriate for middle and high school students (see Figure 10). As the content is
middle school and high school geometry, this letter includes extensive and detailed expectations
of mathematical calculations included in the criteria. The design project letter explicitly
describes the design challenge, scaffolds content into the design challenge and advances the

engineering design process.



Diagram of Design Project Letter
Let the Chips Fall: Design Project Letter

Dear Engineers,

Context
During our production meeting this week, our manufacturing team discussed increasing flexibility in increase flexibility in the
our process by allowing them to use any standard size die and any standard size wafer to produce the manufacturing process
number of dies that we need. They assure me that this flexibility will provide the steadiest supply of ~
materials and support the 24/7 production runs required to meet the increased demand for our game Problem Statement
controllers. need the ability to use any
standard size die and and
| am asking for your help in designing a process to layout a silicon wafer so that we can produce the standard size silicon wafer in
number of dies that we need to keep up with demand. Your process needs to be flexible enough to manufacturing process

support rectangular die of many different sizes (die areas of: 1 mm?, 100 mm?, 200 mm?) and any of the
standard size silicon wafer diameters (i.e., 50 mm, 100 mm, 150 mm, 200 mm). The process needs to
incorporate the constraints of spacing (vertical and horizontal), edge clearance. For the layout of the Urgency

silicon wafer, assume a flat/ v-notch height of 1 mm. For the boule, your process should take into account manufacturing needs to keep up
a geometrical shape that includes a cylinder which is flat on one end and topped by a cone on the other with demand

end. Your process should be able to support boules with many different cylinder lengths (i.e., 1 m, 2 m),
many different diameters (i.e., 50 mm, 100 mm, 150 mm, 200 mm), and variable cone heights (i.e., 75
mm, 150 mm)

Learned Content
applied geometry and
mathematics

Along with the process design, you will need to calculate some critical data points:
* Number of dies cut from a silicon wafer: Use what you have already leamed as a foundation to
calculate the number of dies that can be cut from a silicon wafer using your design process.
. - ; : Design Challenge
* Cost per die cut from the silicon wafer: For this calculation we can assume that every ol O e @ Y EIRE
horizontal cut and every vertical cut made on the silicon wafer costs $1.00 each. While it is gnap! Y

unrealistic to think that the cost is actually $1.00 per cut, using this assumption simplifies the \ silicon wafer

Ideation (inferred)
how to design a flexible process

calculation for purposes of this part of the engineering design process. Criteria + Constraints
* Total waste per silicon wafer: For this calculation revisit what you have already learned. die sizes, vertical spacing, edge
+ Total waste per boule of silicon: Use what you have already learned as a foundation for this clearance, v-notch

calculation. You can assume that the silicon wafers you cut from the boule are 1 mm thick.

Learned Content
applied geometry and
mathematics

Criteria + Constraints
specific calculations

| realize that there is a lot to learn in this challenge. As you design your process, don’t be locked into
your first ways of thinking. Be willing to explore multiple possibilities of how to geometrically lay out the
wafer design in order to increase the number of dies that are cut from one wafer.

Also, remember to use all of your resources and work together to navigate your recommendations. We
are looking for the best process, so we would like different teams of engineers to develop alternate
proposals. With your team, you will need to explain your process and why it is our best option for wafer

layout. You will need to justify your reasoning to show why your process is the best. Iterate
) don’t be locked into first idea
Sincerely, Client Communicate + Evidence-
Skylar Geti Skylar Geti, Geti Games Baset.'.l Reasoning »
CEO, Geti Games — (optional) Job Title explain process, why it is the best
CEO option, justify reasoning

Figure 10. Design Project Letter, Let the Chips Fall

The role of the design project letter is to integrate the context, content, and engineering design
process into a design challenge that will result in identifying a solution to the client’s problem.
The design challenge leverages the problem scoping and knowledge building that students have
gathered throughout the curricular unit. Within the boundaries clearly set by criteria and
constraints, students are asked to apply the knowledge learned throughout the unit as they
iteratively design, try, and test their solutions. Students are required to communicate their
solution to the client using evidence-based reasoning to justify their final design. In this way, the
design project letter describes the design challenge, scaffolds content into the design challenge
and advances the engineering design process.

4. Concluding response letter

As summarized in Figure 2, the role of the concluding response letter within engineering design-
based K-12 STEM integration curricula is to allow for an exit from the iteration cycle, provide
an evaluation of student designs, celebrate student success, and reinforce key content. To fulfill
this role, the concluding response letter must reconnect students to the client and end user needs.



In Paper Baskets, the concluding response letter (see Figure 11) provides an exit from the
iteration cycle while celebrating students’ success, evaluating the student design solutions, and
communicating the design solution impact on the end user. In this letter, Max and Lola
acknowledge the hard work students put forth in designing and testing students conducted on
their paper baskets (i.e., the design challenge). Max and Lola also evaluate the student designs by
providing feedback. Max and Lola share that they “really liked all of the different prototypes you
and your classmates designed.” Finally, Max and Lola share the impact on the end user by
explaining “These paper basket designs will be a hit at the local nature center. We are so excited
to have a prototype that other rock collectors can use to make their own baskets.” In this way, the
concluding response letter celebrates the students’ success, provides an evaluation of the student
design solutions, and communicates the design solution impact on the end user.

Diagram of a Concluding Response Letter

=Ct Paper Baskets: Concluding Response Letter -Ox
el |
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| Delete | Reply i Reply Al Forward Move | Related Follow Up

From: Max_the_collector@gmail.com
To: StudentEngineers@gmail.com
CC:

Subject: Thank you from Max and Lola

Dear Students,

Exit From Iteration Cycle
Max and Lola signal the
Thank you for all of your hard work on designing and students are done by
. thanking them
testing the paper baskets that can be used to collect Feedback
rocks. We received your letters. We really liked all of the Max and Lola liked the
. . tudents’ k; tell
different prototypes you and your classmates designed. / :tzd::t: t:‘v:; didea good
We look forward to sharing these designs with fellow rock job
. . . . End User
I
collecting friends. Good job engineers! fellow rock collscting
friends
These paper basket designs will be a hit at the local
nature center. We are so excited to have a prototype that
otherrock collectors can use to make their own baskets. Solution
prototype to make a
Thank you for helping us to create a basket that has nice basket
patterns and is able to carry both wet and dry rocks. Solution Impact on End
User
help other rock collectors
Thank you for all of your hard work! make their own baskets

Max and Lola

Figure 11: Concluding Response Letter, Paper Baskets

\ Client

Max & Lola




In the unit Game On! [31], an English/language arts unit for grades 6-10, the concluding
response letter (see Figure 12) aligns with the previously explained structure. In this letter Rubi
Gonzalez celebrates the students’ success by acknowledging their dedication to the engineering
design challenge. Rubi provides feedback by explaining that the students’ recommendations will
be helpful. Finally, Rubi clearly states the impact on the end user as reducing screen time and
getting kids excited about board games. In this way, the concluding response letter celebrates the
students’ success, provides an evaluation of the student design solutions, and communicates the

design solution impact on the end user.

Diagram of a Concluding Response Letter
Game On!: Concluding Response Letter

Dear Engineers,

| received your presentations this morning and have reviewed them. Your recommendations will be
extremely helpful as the divisions start to use focus groups to take your designs to the next stage of
production. | anticipate some of your ideas will help reduce screentime usage and help kids get excited
about playing board games with their families

Thank you for your dedication to this engineering design challenge and for all of the hard work that you
did for my company. | hope to have an opportunity to work with you again in the future

Sincerely,

Rube Gonzales

Rubi Gonzalez

Engineering Outreach Coordinator "

Games, Electronics, and Motivation (GEM) \ Client
Rubi Gonzalez, GEM

(optional) Job Title
Engineering Outreach Coordinator

Figure 12. Concluding Response Letter, Game On!

Exit From Iteration Cycle
Rubi Gonzalez
acknowledges receipt of
presentations

Feedback

Rubi tells students their
recommendations will be
helpful

Solution

(board game) designs
End User

kids and their families

Impact on End User
reduce screen time usage,
generate excitement for
board games

The role of the concluding response letter is to allow for an exit from the iteration cycle,
bringing closure to the client interaction. It celebrates the students’ success, provides an
evaluation of the student design solutions, and communicates the design solution impact on the
end user. Figure 4 summarizes the key elements typically included in the concluding response

letter.

5. Variations on client letter sequence

Client letter sequencing can vary based on the complexity of the design challenge and/or the
complexity of the content. Additionally, sequencing can vary with expectations of student skills
and/or prior knowledge. Client letter sequencing is linear when the integration of context and
content is applied to simple scenarios. The typical progression of client letters (see Figure 13)
includes problem scoping, knowledge building, design project, and concluding response.
However, multiple iterations of certain client letters may be required based on the complexity of
the engineering design challenge or the content (see Figure 14). Knowledge acquired through
content or generated from a mini-design challenge can influence the scope of the problem to be
addressed. In these instances, multiple iterations of the problem scoping letter and/or the
knowledge building letter can be helpful to support and connect the context to the content. Let




the Chips Fall is a good example of the need for multiple problem scoping and knowledge
building letters to help students connect the context to content (see Table 4). In this curricular
unit, content is explored over the course of five knowledge building letters. The depth of the
content impacts student understanding of the client problem, resulting in the need for an
additional problem scoping letter with updated information related to the client’s problem.
Additionally, a subset of client letters might be used when the expectation of student skills and/or
prior knowledge is high. In this case, students are expected to succeed in the absence of
information typically provided within one or more client letters. For example, only one client
letter, the design project letter, is used in the curricular unit Make Sense (see Table 4), developed
for high school students. In this variation, the design project letter contains detailed problem
scoping information and sets expectations for applying content to find a solution.

Problem Knowledge Design Concluding
Scoping Building Project Response

Figure 13. Typical Progression of Client Letters

Learned content or
mini design challenge

re-scopes the problem

Problem Knowledge Design Concluding
Scoping Building Project Response

Figure 14: Example Variation of Client Letter Progression



Table 4. Summary of Client Letter Data (number of letters) by Curricular Unit

Curricular Unit Grade | Problem | Knowled | Design | Concludi
Level Scoping | ge Project | ng
Letter Building | Letter | Response
Letter Letter
Designing Paper Baskets ES 1 1 1
Designing Hamster Habitats ES 1 1 1
Designing Toy Box Organizers ES 1 1 1 1
Ecuadorian Fisherman MS 1
Water Water Everywhere But Nota | MS 1 3 1 1
Drop to Drink
Game On! MS+HS |1 3 2 1
Let the Chips Fall Where They May | MS+HS | 2 5 1
Let the Good Ideas Roll! MS+HS |1 2 2 1
Carbon Sink Investigation HS 1 2 1 1
Lock it Up! HS 1 1
Logarithms and Light HS 1 1 1 1
Make Sense HS 1
Safe Chips Inc (Business) HS 1
Safe Chips Inc (Engineering & HS 1 1
Technology)
Stressed Out! HS 1 1 2 1

* NOTE: ES=Elementary School, MS=Middle School, HS=High School

6. Summary

Client letters embedded in context-rich, engineering design-based K-12 STEM integration
curricula explicitly connect real-world context to content. Within the curricula, client letters have
four roles which define how they provide information and/or guide the application of content
related to the engineering design project. The four roles of the client letter are problem scoping,
knowledge building, design project, and concluding response. While each client letter role has a
specific purpose and conveys important contextual information related to that purpose (see
Figure 4), the sequence of the client letters can vary based on the complexity of the engineering



design challenge or the content (see Figures 13-14). Additionally, client letter sequencing can
vary with expectations of student skills and/or prior knowledge (see Table 4).

B. Findings and discussion based on RQ2: How do client letters add value to engineering
design-based STEM integration curricula?

In this section, we discuss the value that client letters bring to K-12 engineering design-based
STEM integration curricula. Through the lens of the STEM Integration Framework [8], we
analyzed the collection of client letters in each curricular unit for their overall support of the
different elements important in STEM integration. We arrived at the following four areas where
client letters collectively provide value to a curricular unit: strengthening the motivating and
engaging context anchored in authentic experiences, connecting content and the engineering
design challenge to real-world scenarios, supporting instructional strategies, and enhancing other
ties to STEM integration. Each value is discussed in detail below.

1. Strengthening motivating and engaging context anchored in authentic experiences

Client letters can be used to strengthen motivating and engaging context by simulating authentic
experiences. Authentic experiences are created through client-based scenarios conveyed within
client letters. When multiple client letters are used, context-rich storylines emerge, strengthening
the possibility of an authentic experience. In Paper Baskets, client letters immerse Kindergarten
students in a client-based scenario that includes details of interest to Kindergarteners: Max &
Lola (the clients), a nature center, rock collecting, and a desire to help others start rock
collecting. In Ecuadorian Fisherman, middle school science students are immersed in a client-
based scenario with fishermen (the end users), in Ecuador, growing a business, and a desire to
cook fish in a solar oven. In both curricular units, these details provide different points of interest
through which students can find real-world connection to the context, see themselves in the
problem space, and relate to the realistic and compelling needs of the client/end user.

The use of client letters advances research related to the use of client-based scenarios to create
motivating and engaging context as described by Brady et al. [6] and Lesh [17]. Additionally, the
use of client letters contributes to context-rich storylines as studied by Leak et. al [16]. Client
letters strengthen the motivating and engaging context in a curricular unit through the use of
client-based scenarios and context-rich storylines.

2. Connecting content and the engineering design challenge to real-world scenarios

Authentic experiences created by client letters can be used to connect content and the
engineering design challenge to real-world scenarios. The narrative within each client letter can
be intentionally crafted to help integrate knowledge exploration and application into the process
of recommending a solution to the design challenge. In Let the Chips Fall, the CEO of Geti
Games asks the students to calculate the waste produced from silicon wafers of different
thicknesses and to build a mathematical model that can be used to calculate waste for different
configurations. This request from the CEO aligns with middle school mathematics standards
related to area and volume. In completing the request, students will explore and apply the
concepts of area and volume to the design challenge. In Ecuadorian Fisherman, the Pescadores



Foundation requests students to design a “successful cooker container prototype” to help cook
fish in a solar oven [30, p. 29]. In order to design the prototype, students will need to explore and
apply concepts related to physical science (i.e., heat transfer, thermal energy, and temperature).
These physical science concepts align with middle school science standards. In this way, client
letters support the integration of mathematics or science into an engineering design-based STEM
integration unit.

Anchored in authentic experiences, client letters convey important information from the real
client about the engineering design challenge. Special care is taken to communicate the
information without being prescriptive about a solution. In Paper Baskets, Max and Lola share a
problem with the students: “We want to help others start their own rock collection by giving
away something that will allow them to have as much fun collecting rocks as we have had” [28,
p- 20]. This communication conveys important information about the engineering design
challenge: problem scoping information along with the needs and wants of the client. Through
client letters, Max and Lola further ask students to share ideas “about what we might give away
to help others with their rock collecting” [28, p. 20] With this open-ended question, a successful
solution is described but not prescribed, and students are encouraged to apply creativity in
responding with ideas. Students are connected to the concepts in science as they investigate how
to help with rock collecting.

The use of client letters connects content and the engineering design challenge to real-world scenarios.
When multiple client letters are used, information related to content and the design challenge can be
shared with students as needed. The simulation of real-world client scenarios through the use of client
letters furthers the initiative set forth by the National Research Council [1] to integrate K-12 learning
experiences into real-world scenarios using engineering design as the integrator. Additionally, the learned
knowledge required to resolve client-based scenarios [6], [7], [10] can be integrated through the use of
client letters.

3. Supporting instructional strategies

Client letter narratives can be used to leverage learner-centered pedagogies and incorporate
different teaching and learning methods like scaffolded inquiry and engineering design-based
reasoning. Client letters can support learner-centered pedagogies by engaging students through
shared experiences and encouraging inquiry to support knowledge development. In this way,
Client letters can help create shared experiences by anchoring the context of the client-based
scenario in a relatable scenario. In Paper Baskets, Kindergarten students share rock collecting
experiences with Max and Lola. In Let the Chips Fall, middle and high school students share
excitement for a new gaming controller with the team at Geti Games. Client letters embedded in
STEM integration help advance the research that students are more inclined to engage in learning
when it is connected to shared experiences [20].

Client letters use inquiry to encourage student agency in resolving the client-based scenario.
Applying inquiry-based learning methods, client letters encourage students to ask themselves
“what if” and “why” questions to help identify gaps in student knowledge. In Paper Baskets,
students are asked to generate ideas about what Max and Lola could give away to help others
with rock collecting. In order to respond to this inquiry, students navigate their own versions of
“what if” questions and “why” questions to generate ideas and determine if their ideas will be



useful to rock collecting. In Let the Chips Fall, students are encouraged to help the client by
investigating how much of the material is wasted. No specific direction is given as to how the
waste is to be calculated; in fact, the client asks the students to develop a model that can be used
to answer this question in the future. Students will need to ask “why” and “what if” questions to
sort through what they currently know and what they will need to learn in order to respond back
to the client. In this way, client letters further apply the use of inquiry in STEM integration to
navigate and identify knowledge gaps in student learning [19], [20], [21].

Client letters support evidence-based reasoning by requiring students to summarize their insights
and justify their design decision to the client based on how well the design met the client’s needs
(i.e., criteria and constraints). In Ecuadorian Fisherman, the client explicitly asks students to
share “an explanation of why this design works well to solve the engineering problem.” [30, p.
29]. This requires students to justify their recommended design using facts and logical reasoning.
In Paper Baskets, the client thanks the students for creating baskets that had nice patterns and
were able to carry both dry and wet rocks. This ties the success of the students’ designs to the
needs of the client. By incorporating evidence-based reasoning into the narrative, client letters
support the use of evidence-based reasoning in STEM integration curricula to synthesize
learnings and justify conclusions with logical reasoning [22], [23].

4. Enhancing other ties to STEM integration curricula

Opportunities for students to communicate and self-assess are important elements for a quality
STEM integration curricula [8]. Client letters support the development, understanding, and
application of skills related to communication by acting as the vehicle through which
information is communicated and initiating requests for students to share knowledge back to the
client. In Paper Baskets, Max and Lola not only describe their problem, but ask students to “send
us some ideas” [28, p. 20]. As such, students are engaged in analysis of the content of the client
letter to understand the problem being communicated. Additionally, students are requested to
share their ideas with Max and Lola, encouraging the communication of synthesis of knowledge.
In Ecuadorian Fisherman, the Pescadores Foundation describes a very clear structure for how
students are to communicate their design solution. The implication is that students must respond
back to the client with all of the requested information so that the Pescadores Foundation can
make an informed decision.

Client letters can be used to support students in their journey to self-assess their own
understanding of content and gauge the extent to which their design solution meets the needs and
wants of the client and end user. Through the sharing of criteria and constraints, client letters
provide a rubric that allows students to self-assess the progress they are making in applying
content and developing their design challenge solution. In Paper Baskets, Max and Lola ask for
something that is not only fun to use in collecting rocks, but also supports the transportation of
dry and wet rocks. In Ecuadorian Fisherman, the Pescadores Foundation identified the need for
the solution to be cheap but durable enough to hold the fish while cooking in a solar oven. In Let
the Chips Fall, students need to build a mathematical model that supports different diameters and
different layouts and different wafer thicknesses. These criteria and constraints help students
evaluate the success of their solutions.



5. Summary

Client letters add value to K-12 engineering design-based STEM integration curricula. Applying
the STEM Integration Framework [8], we identified four areas where client letters brought value
to the curricula: strengthening motivating and engaging context anchored in authentic
experiences, connecting content and the engineering design challenge to real-world scenarios,
supporting instructional strategies, and enhancing other ties to STEM integration. By adding this
value, client letters support important research in K-12 STEM integration.

IX. Limitations of the study

This research study is designed to consider only client letters embedded in K-12 STEM
integration curricular units. As such, the use of client letters outside that scope are not included
in the analysis. Additionally, client letters were analyzed for their individual roles and aggregate
contributions within curricular units. This did not allow for studying the impact of all client letter
sequence variations.

X. Conclusion and Implications

This study provides evidence that client letters embedded in K-12 STEM integration curricula
support essential elements of high-quality curricula, which have the potential to foster student
learning and engagement. Analysis of individual client letters revealed unique roles of different
client letters and the important contextual elements to convey in each role. These results align
with the requirements put forth in the STEM Integration Framework [8]. Client letters deepen the
connection between content and real-world scenarios through their roles in support of problem
scoping, knowledge building, engineering design, and concluding response. We even saw how
different variations in the sequencing of client letters can layout different levels of complexity in
the content or the engineering design challenge. Additionally, we found that client letters add
value to the curricula by strengthening motivating and engaging context anchored in authentic
experiences, connecting content and the engineering design challenge to real-world scenarios,
allowing for student-centered instructional strategies, and enhancing other ties to STEM
integration. Client letters also have the potential to enhance participation and opportunity in
STEM education by providing personally relevant contexts that reflect a variety of communities,
industries, and real-world challenges. By carefully designing client letters that represent a broad
range of perspectives, educators can foster learning environments that support all students in
seeing themselves as problem solvers and innovators. Additionally, professional development
efforts could help teachers effectively implement client letters to maximize their impact,
ensuring that students engage deeply with both the context and content of STEM learning. These
results show that client letters add value to K-12 STEM integration curricula, potentially
supporting students' learning experience through deepening student engagement, applying
crosscutting concepts from multiple STEM disciplines, and supporting high quality pedagogies.

Research is already in process to expand the selection of client letters, iterate on the coding
structure, and analyze client letters more holistically in support of identifying a conceptual
framework for client letter development and inclusion in STEM integration curricula [27].
Additional research could include understanding how teachers use the client letter in their



discourse to connect authentic context to the content being instructed, how client letters can be
used outside of engineering design-based STEM Integration curricula, and how client letters can
be used to support different student-centered teaching and learning methods. Teachers should
consider the use of client letters to support their use of student-centered pedagogies, while
curriculum developers embed them to integrate context and real-world content into STEM
learning resources. Additionally, professional development providers can use this analysis of
client letters in planning, implementing, and reflecting on client letter use to potentially foster
student engagement.
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