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Abstract
In	
  recent	
  years,	
  there	
  has	
  been	
  a	
  push	
  to	
  incorporate	
  engineering	
  into	
  K-‐12	
  
education.	
  However,	
  as	
  K-‐12	
  engineering	
  education	
  is	
  still	
  an	
  emerging	
  field,	
  
educators	
  are	
  struggling	
  to	
  define	
  what	
  engineering	
  looks	
  like	
  for	
  young	
  students.	
  
The	
  Integrating	
  Engineering	
  and	
  Literacy	
  (IEL)	
  project	
  aims	
  to	
  encourage	
  teachers	
  
to	
  integrate	
  engineering	
  activities	
  into	
  the	
  literature	
  they	
  are	
  already	
  reading	
  in	
  
class.	
  	
  Previous	
  IEL	
  research	
  has	
  indicated	
  literacy	
  and	
  engineering	
  design	
  can	
  be	
  
mutually	
  supportive	
  practices	
  in	
  traditional	
  classrooms.	
  	
  This	
  case	
  study	
  works	
  to	
  
examine	
  the	
  engineering	
  design	
  pathway	
  of	
  one	
  group	
  of	
  7th	
  grade	
  students	
  
identified	
  as	
  having	
  language-‐based	
  learning	
  disabilities.	
  	
  This	
  group	
  of	
  
inexperienced	
  student	
  designers	
  demonstrates	
  the	
  capability	
  to	
  engage	
  in	
  
productive	
  engineering	
  behaviors,	
  as	
  well	
  as	
  utilize	
  knowledge	
  of	
  the	
  story	
  to	
  
inform	
  their	
  designs.	
  The	
  instructional	
  implications	
  of	
  this	
  study	
  range	
  from	
  the	
  
importance	
  of	
  understanding	
  the	
  problem	
  and	
  solution	
  spaces	
  students	
  construct,	
  to	
  
thinking	
  about	
  reasonable	
  assessment	
  methods	
  for	
  young	
  student	
  engineering	
  
design	
  projects.	
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Background
According to IBM’s 2010 survey of over 1500 CEOs around the world,
successfully “navigating an increasingly complex world” will require creative thinking
more than any other trait (IBM, 2010). The American Society of Engineering Education
K-12 Center asserts that “engineering is creativity: problem solving and innovation
brings out the best ideas from every student” (ASEE, 2012). In “Engineering in K-12
Education: Understanding the Status and Improving the Prospects,” the National
Academies Press elaborates on the multi-faceted motivation for the recent push in K-12
engineering education. Engineering design activities provide “real-world focus for
abstract concepts,” leading to higher achievement in math and science. Additionally,
engineering activities have coincided with higher school attendance, confidence in
academic skills and future career goals, and enriched technological literacy in an
increasingly interconnected and competitive world (NAP 2009).
Engaging in engineering practices not only piques students’ curiosity, captures
their interest, and motivates their study, but also helps them deeply embed knowledge
into their personal worldview, empowering them to tackle the major challenges
confronting society today (NRC, 2012). However, the classroom context presents
implementation challenges for engineering activities (NAE, 2010) partially because our
understanding of the engineering problem-solving process is limited (Jonassen, 2000).
These challenges underscore the need to develop our understanding of what engineering
design practices look like for young students (McCormick & Hynes, 2012) particularly in
a school setting with diverse learners.
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The Next Generation Science Standards (NGSS) suggest that “the best way to tell
if a practice is being used for science or engineering is to ask about the goal of the
activity,” and that practices with the goal of solving a problem are in service of
engineering design (NGSS Public Release II, 2013 p. 3). In this paper, I will show what
these “problem-solving goals” can look like for seventh grade students. I will
particularly focus on identifying engineering behaviors that are evident as students design
and build a solution to a self-selected problem. In addition, engineering design problems
are often ill-structured and composed of numerous, smaller, more defined problems
(Jonassen, Strobel and Lee, 2006). Therefore, it is important to look at students’ pursuit
of smaller, limited goals in relation to the design and construction of their solutions.

Integrating Engineering and Literacy
The engineering design activity presented in this paper is part of a larger NSFfunded project entitled Integrating Engineering and Literacy (IEL). IEL has been
implemented in over 15 classrooms with students in grades 3 through 7. The engineering
design activities are literature-based: students identify and solve problems characters face
in stories read in their language arts classes. In a sense, the characters become the
students’ clients. All students participating in this study are in 7th grade and have been
identified as having language-based learning disabilities, including dyslexia and other
reading disabilities (carrollschool.org). Previous work on IEL projects has shown the
complex problems presented in children’s literature can foster the development of
engineering thought and practice in the classroom (McCormick & Hynes, 2012). In
addition, analyses of IEL data suggest that students’ purposeful incorporation of textual
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evidence to develop design solutions can support reading comprehension in a traditional
classroom (Spencer, Watkins, & Hammer, submitted). It remains to be seen if this also
observable for students with severe literacy challenges.
All students participating in this engineering design unit have been identified as
having language-based learning disabilities (LBLD), a category which spans a range of
literacy difficulties, including but not limited to decoding, gaining meaning from text,
word reading, and reading comprehension (Compton, 2012). Students with reading and
writing difficulties often struggle with executive function challenges as well, including
issues with memory, attention, organization of information, and generalization of skills to
new situations (Gurganus and Del Mastro, 2006.) In this paper, I am not making broad
statements about what students with learning disabilities can do—I am looking at one
specific group of students, each with individual strengths and weaknesses, as any child
has. First and foremost, these are 7th grade students inexperienced with engineering
design activities. I am aiming to identify where these kids struggled, and where they
progressed forward in this particular design activity. By exploring the ins and outs of
these students’ design experiences, it is my hope that this paper begins the conversation
about how to create engineering design activities that are appropriate for as many
students in the room as possible. By analyzing challenges faced by these students, I hope
to aid in the practice of anticipating possible future challenges other students could face
in similar contexts.
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Research Questions
This paper examines the arc of students’ design experiences. I am not looking in
depth at any one particular facet of the engineering design process, (eg: testing or
problem scoping) but rather at the overall pathway one group of students take in pursuit
of a design solution. I will explore the following two related research questions:
1. What potentially productive engineering behaviors are evident as students design
and build a solution to a story-based engineering design problem?
2. How does the pursuit of smaller, limited goals relate to the design and
construction of a solution to this complex and ill-defined problem?
As discussed below, analyses of video data suggest that students engage in productive
engineering practices as they pursue limited, self-defined goals throughout the unit.
However, this pursuit of smaller goals does not always relate to the larger engineering
design problem they defined at the beginning of the project. Students do not use their
definition of the problem as a reference point to assess what they are doing at a particular
moment, or the design choices they are making, and therefore have difficulty relating
their choices to their main goal. This pattern has implications for instruction for the
general student population as well as students with LBLD.

Professional Engineering Design
Before working to describe engineering behaviors in inexperienced designers, I
will lay out a definition of engineering design to be used in the scope of this paper.
Additionally, I will provide a brief review of expert designers’ productive engineering
behaviors, and some views on behaviors of novice designers. My intent is not to
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advocate that engineering in schools should be striving to recreate expert design
practices, but that those practices can be a good starting place when trying to figure out
what the beginnings of engineering can look like in the classroom.
Engineering design can be characterized as a "goal-driven" (Radford and Gero,
1985) process that requires "a variety of decision-making and troubleshooting" (Jonassen,
Strobel and Lee, 2006) in order to "organize the construction of any artifice which
transforms the physical world" (G.F.C. Rogers, taken from Vincenti, 1990). Good
engineering deliberately combines “precise and vague ideas, systematic and chaotic
thinking, and imaginative thought and mechanical calculation” (Lawson, 2006).
Professional engineers encounter ill-structured problems that can often be broken
down into smaller, more well defined “sub-problems”(Jonassen, Strobel & Lee, 2006.)
Expert designers rely greatly on experience to aid them in partitioning problems into a set
of meaningful, additive design tasks (Jonassen, 2000). As designers solve sub-problems,
they work to assemble what they have learned and created in pursuit of their greater,
engineering design goal.
A variety of authors have aimed to nail down key aspects of expert design
practices in order to better understand what drives design. According to Cross & Cross’s
account of two expert designers, main features of a successful design process are a
“systemic view of the problem” and drawing on personal experience to frame the
problem in a challenging way. Approaching a large, complex problem as a system of
many different, dynamic components can provide valuable insight into the task (Cross &
Cross, 1998.)
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In the process of evaluating sub-problems, generating multiple solutions, and
testing possible facets of their design, professionals still struggle to know which solution
is optimal, or even how to judge what “works.” To do so, they must rely on experience
(Jonassen, Strobel & Lee, 2006). For well-practiced designers, that experience can be
supported by scientific modeling or mathematical optimization strategies to predict
performance of multiple abstract concepts. In pursuit of a design solution, reflection on
and exploration of the relationship between design decisions and solution performance is
key (Radford & Gero, 1985).
The engineering design process is one way of describing the overall arc of what
occurs when designers connect many productive engineering behaviors together. In
“Product Design and Development,” Ulrich and Eppinger lay out a 5-phase model of
successful product design and implementation, exploring every angle from marketing to
design to manufacturing to management. Relevant key features of the “design” track of
their model include feasibility investigation, building and testing experimental
prototypes, choosing materials, and performing a variety of tests (eg: reliability and
performance) (Ulrich and Eppinger, 2008.)
In addition to theory of design processes, focusing on specific behaviors that
reoccur throughout the design experience can help elucidate the logic behind design.
Daly, Adams and Bodner (2012) suggest that adopting qualitative “design lenses” can aid
in the understanding of expert design practices. One explored lens, “design as evidencebased decision making” suggests that design is a reflective, iterative process involving
using evidence such as data and resources to make decisions, and then “going back,
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thinking about alternative solutions even more and rechecking your design to make sure
there isn’t something you haven’t thought of.”
The above behaviors are consistent with more general, widely agreed upon
aspects of the engineering design process, such as: ideation, research, prototyping,
evaluation, and communication (Ulrich & Eppinger, 2008; Daly et al., 2012; Crismond &
Adams, 2012). The data analysis section of this paper will work to illuminate what this
design process can look like for young students inexperienced in engineering design.

Young Students’ Engineering
When looking at middle school students who are relatively inexperienced in
engineering design, it is important to consider how their practices compare with those of
expert designers, while keeping in mind their developmental levels. The NRC
Framework specifically lists eight “engineering practices” students should be expected to
engage in, including defining problems, developing and using models, planning,
analyzing and interpreting data, using mathematics and computational thinking,
designing solutions, engaging in evidence-based arguments, and obtaining, evaluating
and communicating information (NRC Frameworks, 2012.) These behaviors align with
those mentioned above—yet the engineering practices of school-age students generally
do not look like those of experts. For example, Rowe (1987) found that young students
struggle to develop multiple solutions to a complex problem, or when they do, the ideas
are often minor variations on the same concept. Additionally, Welch notes, “students,
when left to their own devices, do not design in a way prescribed by textbooks” (Welch,
1999). Rather than sketching out many different solution concepts before moving on to
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3D modeling, as suggested by several models, students may benefit from constructing
prototypes earlier in their design process (Welch, 1999).
As students work their way through ill-defined problems, dramatically unlike the
“one correct answer” problems typical of traditional school, they run into challenges that
experts may be better equipped to handle. It is possible that differences between realworld and school contexts explains some of the differences between students and experts.
For example, while experts need to select materials appropriate to their desired
application (Ulrich and Eppinger, 2008), student designers are often given specified
materials or hardware to work with. They then have to work to reconcile their own
theories with both expectations of hardware performance and actual hardware
performance. Expert designers rely on experiences to foresee the complex role of
hardware in their designs. For students, the disagreement of hardware and theory
produces group instability that can prompt shifts in goals or overall group direction
(Brereton, 2000.)
In an effort to handle a large, vague, intimidating problem, inexperienced
designers will often “sequentially identify and explore sub-solutions, amassing a number
of partial sub-solutions that somehow have to be amalgamated and reconciled, in a
bottom-up process” (Cross Design Ability ch2 p26.) This reconciliation process requires
what Cross refers to as a “dual exploration of ‘problem space’ and ‘solution space.’”
Students must maintain a focus on their main engineering design problem, even if they
take detours to develop “sub-solutions.” Understanding this relationship between smaller
tasks and the ultimate design goal is key to understanding ways to support student
engineering.
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Methods
This case study was conducted in a 7th grade classroom at a private school in
Lincoln, MA. Admission to the school is contingent on diagnosis of a specific learning
disability in reading or writing, including, but not limited to, dyslexia. Students at this
school typically score “average to well-above average” in cognitive measures (eg: WISCIV), “average to above average on measures of speech and language functioning,” but
have “relative weaknesses on measures of reading and writing,”
(http://www.carrollschool.org).
The “Tech Tools” class met twice a week for 45 minutes, totaling 15 sessions
over 9 weeks. Students voluntarily signed up for Tech Tools as an elective, although two
students (not part of this case study) alluded to their parents being the driving force
behind their participation. The classroom teachers, Colin and Todd, led all activities,
although IEL members provided feedback and support throughout the unit. Three IEL
members attended classes (one continuously, two alternating) to take video data and
provide classroom support and materials. Additionally, an education fellow from
Harvard participated as a teaching assistant.
The classroom was split between two floors: an upstairs computer lab, with 8
stations, and a lower “Fab Lab,” complete with a small 3D printer, a basic laser cutter,
soldering irons, glue guns, and other prototyping tools and materials. IEL team members
provided found objects for construction including but not limited to cardboard, string,
craft wire, balloons, bubble wrap, tape, felt, and plastic cups. None of the participating
students had worked in the Fab Lab before. Students were encouraged to use the
prototyping technology.
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The class of 9 students read The Most Dangerous Game (MDG), by Richard
Connell, in their language classes as part of their preset literacy curriculum. MDG is a
short story published in 1924 in which the main character, Sanger Rainsford, finds
himself trapped on an island with an overzealous hunter, General Zaroff. After
discovering General Zaroff’s hobby of hunting humans, Rainsford faces a number of
challenges as he attempts to outwit the General and escape the island.
Students, split between two language classes, both had the story read to them by
the teacher, and took turns reading aloud in class over a span of 4 weeks. Both classes
read the story very slowly and carefully once, with teachers actively working to aid
comprehension, and then more quickly a second time. Students finished the story by the
end of the 5th week of the unit.
For the first 5 Tech Tools classes, students got a chance to explore some of the
available technology without connection to the story by designing and fabricating
wooden nametags on the laser cutter using Corel Draw software. Students got a basic
tutorial from Colin, and a handout with suggested activities to build proficiency with the
program, but had very little direction in terms of what the nametag should look like.
They were shown one example created by one of the IEL team members, and a couple
products done by Colin.
In the 6th Tech Tools class, Todd led students in a brainstorming session about
problems Rainsford faces in MDG. This first discussion was very loosely structured,
beginning with questions about comprehension (what’s happening in the story now?
What do you think is going to happen next?) and moving into challenges Rainsford was
up against, as well as spontaneous student suggestions of possible solutions to those
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challenges. This discussion continued in class 7, along with the introduction of a
storyboarding activity. Students then spent the remainder of that class and the entirety of
the following class drawing and writing storyboards of the problem their group had
selected. Students were engaged in the drawing and writing process: many groups drew
out more than one problem scenario. After, the discussions focused on how students
could solve the problem they selected. The remaining six class periods were spent
constructing their solutions.

Data Collection
Classroom data collection centered on qualitative measures such as video
recordings of student activity, observations, teacher interviews and documentation of
student work. Evidence of claims in this paper will be in the form of transcripts of
student dialogue and photos of student work.
My role was participant observer. Students sometimes seemed to be influenced
by the presence of video cameras, as well as unfamiliar teacher figures. I tried to leave
students mostly to their own devices, but did ask questions about what they were thinking
and what they were doing.

Data Analysis Part I: Specific Engineering Behaviors
The purpose of the presentation of this case study is to point out and examine
specific moments where I can argue that the kids are exhibiting productive engineering
behaviors. Behaviors will be defined as productive engineering behaviors based on the
literature referenced above, as well as contextual observations. To make this argument, I
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will provide a detailed analysis of several brief moments from one group’s design
experience. I selected this group of students, Claire, Elise and Tom, because we were
able to document the vast majority of their conversations and activity. Also, they were
one of the more vocal groups. By summarizing activities and bringing in pieces of
transcribed video data as evidence, I identify productive engineering behaviors the group
performs, as well as moments of distraction. Close examination of these moments should
provide insight into what those engineering behaviors can look like for these students.

Part 1: Initial Brainstorming
In Episode 1, we see the group beginning their design experience. They start their
discussion by orienting to a particular problem faced by the main character in the text.
Specifically, they choose a scene where the main character, Sergeant Rainsford, finds
himself trapped in a swamp of quicksand. At the teacher’s request, the students are
drawing out a storyboard of the scene in the book where their chosen problem occurs.
They quickly decide to make a pair of “rain boots” in order to aid him in escaping the
quicksand. As they discuss possible functions of the boots, we see the group navigating
the complex relationship between product ideas, memories of the text, and individual
theories about the problem scenario.
Episode 1
1
Claire: We could get him a umm like rainboots. But they like, inside them they have
like, like a fan, but they're going really fast to get out of this quicksand. Like on the
bottom.
2
Elise: Wait, but if you're in quicksand, the more you struggle, the harder...the faster
you will sink. So what you want to do is you want to stay really calm and slowly
move your way over.
3
Claire: Yeah. But...
4
Elise: So you wouldn't want something that moves fast, or else you'll just go farther
deep.
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5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Claire: Yeah but then how about just like... how about we...
Tom: Really? Really I didn't know that. If I were in quicksand I would've died.
Elise: So. Now you know. Just stay calm.
C: Now that I'm thinking....Maybe we should....
E: And just lean back...lean back and try and float.
T: My head's under the ground..I'm just going to stay calm!
C: You know what I'm thinking we should do?
E: Just like lean... try and float on top of it, that's what you want to do.
T: I'm dyingggg....
Claire: Maybe he like, he knows how to stay still and he's staying still, he's like
"Okay, what could I do?" And he's thinking, and then we could have the army guy
come down like bebeep bebeep bebeep bebeep.
Elise: Okay.
Claire: And then it has like..yeah...and then we could have...give him a pair of boots,
like rainboots or something.
Elise: Okay.
Tom: And they're untrackable.
Claire: Yeah. AND they're untrackable. So if the general tries and...
Elise: Should they be like transporting rainboots?
Claire: Yeah. But then on the bottom of them we could have little like fans stuck on
the bottom? Like that.
Elise: But...if it's moving fast, it's going to make him sink. Cause the more you
struggle...
Claire: No if he puts them on, if he puts them on...like..
Elise: So they're magical.
In line 2, Elise brings in conceptual knowledge (McCormick, Murphy, Hennessy)

about how she believes quicksand works. Her remark seems to question Claire’s design
idea (line 1), of attaching some sort of fast-moving fans to Rainsford’s boots. Informed
designers make “knowledge-driven decisions:” they use their understandings of physics,
how things work, and how things are built to make design decisions (Crismond &
Adams, 2012). Here, Elise is expressing an understanding of how quicksand works that
contradicts a design decision Claire wants to make.
Elise and Claire are also bringing in memories of the story—context about the
situation and the character that can inform their design. As Claire thinks about Elise’s
challenge to her mechanism idea, she backtracks to think out the problem a bit more by
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putting herself in the place of the main character in the story. Here we see Claire’s
memory of the literature contributing to her problem scoping (McCormick and Hynes,
2012; Watkins, submitted). As Claire imagines herself in the scenario, she is taking
another perspective on the problem, and developing a more complete picture of the nature
of the scenario. The “army guy” she refers to is referencing a method of delivering their
solution to Rainsford.
Elise’s conception of quicksand remains a point of contention for her and Claire.
However, neither of them expresses a desire to figure out what quicksand really does.
This seems to support the argument that novice designers often skip doing research, in
favor of immediately generating solutions (Crismond & Adams, 2012). This could also
be a product of the way the day’s work was presented: “Now you will come up with
solutions to the problem you chose.” The instructions given seemed to simplify the task
at hand.
As the group continues to brainstorm, Tom pushes his group to add a feature to
the design, expressing he would like to see the boots be “untrackable” in addition to
whatever his teammates are arguing about. Claire has a positive reaction to his idea, but
does not press Tom about the specifics of his invented word (“untrackable”) or what it
means for their design in terms of physical construction, appearance, or functionality.
Elise takes this to mean the boots should be “transporting.” It seems interesting to note
that the students project a vibe of understanding each other, while to an outsider it seems
like they could each mean a variety of different things.
Claire, Elise and Tom continue to debate the possible functionality of Claire’s
proposed mechanism, which she goes on to describe as “something that propels.” Below,
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in Episode 2, Claire and Elise respond to a researcher’s question of “How’s it going to
work?”
Episode 2
1 Researcher: How's it gonna work?
2 Claire: Um. I'm thinking we could get like a little blade at the bottom, to like put
them, like the boots, like, here (points to drawing.)
3 Researcher: And a blade?
4 Claire: Yeah.
5 Researcher: How do they turn?
6 Claire: It'd be like motorized...like....there's like.... oh oh you use batteries.
7 Elise: Magic.
8 Researcher: Okay.
9 Claire: Like you know the things, like the fan things you use to cool yourself off.
10 Researcher: I've never looked inside one of those, how do those make it spin?
11 Claire: I think there's batteries. I think they're battery operated.
12 Elise: Can I just put wings on them?
13 Claire: Yeah, sure.
Talking about batteries, motors, and switches is not enough to consider a
discussion to be engineering, but it is important to note here that Claire is considering a
mechanism. The functionality specifics are hazy and fuzzy, but considered just the same.
She is pulling in real life examples (like a hand-held fan) to imagine how this thing she’s
picturing could actually work. However, her teammate, Elise, does not relate---saying
the blades would turn with “magic.” It’s unclear if Elise does not fully understand
Claire’s idea, or if she is struggling to reconcile it with her own science understanding of
quicksand. A bit of both is likely—either way, Elise does not express confidence in the
idea, or a desire to pursue the mechanism. This is Elise’s second reference to Claire’s
idea as working through magic: it’s possible that students are struggling to communicate
the full extent of their ideas, which is causing their teammates to be dismissive, rather
than trying to really understand each other.
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Claire continues to try to work out the specifics of her propeller-enhanced rain
boots idea, and in Episode 3, she explains it to another researcher.
Episode 3
1 Claire: And then rainboots come out, and the rainboots, I have two, I have another
idea too, the rainboots could uhh...(unknown) we have another one...we could have
like stuff to propel him on the bottom...to like go to the next area? on the other side of
the swamp?
2 Researcher: Cool!
3 Claire: Or we had think... I was thinking we could have him.... it swamp-proof so he
could go through it.
4 Researcher: Cool! These are awesome ideas.
5 Tom: Or we can fly!!
6 Claire: (to Elise, ignoring Tom) So he could do that too.
As she is talking, she exhibits another productive engineering behavior: coming
up with multiple solutions (Atman et al. 2008). In line 1, Claire expresses that she has
another idea besides the propeller boots, and in line 3 she elaborates a bit. Claire
continues to walk through the scenario from the story and then proposes her second idea:
to create “swamp-proof” boots. Her memory of the story seems to help her picture what
this pit of quicksand looks like, and she begins calling it “the swamp.” Claire may be
trying to take another direction due to Elise’s description of how quicksand performs
(Episode 1), although this second idea does seem to be a minor variation on the first, and
is still in the realm of “alter his shoes” (Rowe 1987.)

Part 2: Balloons Grab Attention
The group then moves downstairs and is shown a box of available materials.
Claire briefly experiments with some pipe cleaners, but balloons shortly grab the
attention of all three group members.
Elise: I love balloons, can I blow one up?
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Tom: Balloons!
(All three students pick up balloons)
An instructor is quick to jump in, asking the students if they are going to “use” the
balloons, or if they are just “playing with them.” Elise and Tom assure the instructor that
yes, they are making “flying boots” that require balloons. The instructor then makes it
clear they should only be
holding materials they are
going to use, and no one
drops the balloons.
In Episode 4, the
group design goal seems to
center on using the balloons.
This appears an example of a point where materials “introduce instabilities and
conceptual change” for the group (Brereton, 1999).
Episode 4
1
Claire: Can I tell you we're gonna......(If we have a few of these?) and we could use
pipe cleaners and wrap around them.
2
Elise: Pipe cleaners what? Wrap around them? (unknown)
3
Elise: But how are we going to make the boots?
4
Claire: We can make them out of (points to the 3D printer.)
5
Elise: Ohh okay. Gotcha. There we go. What can we use the balloons for? Are the
balloons like the wings?
6
Claire: Yeah!! (unknown)...if we blow them up
7
Teacher: Garbage bags! Very good for cutting up and making waterproof stuff.
8
Claire: That's what we need!!
Their focus has moved from “How can we help him out of quicksand?” to “what
are we going to do to his boots (propellers or swamp-proof)” to “How can we use our
favorite material?”
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As Claire tries to figure out what materials could work to build her idea, (see line
1), Elise instead goes to the materials first, wondering how to incorporate her favorite
material (balloons) into their project (line 5). The “wings,” mentioned previously
(Episode 2, line 12) as Elise drew out some ideas, are now a viable possibility for their
design as recognized by Elise and Claire (lines 5 and 6) due to the presence of a suitable
material. This is evidence of the instability of all the ideas generated during the initial
brainstorming in Episodes 1, 2 and 3—there were a few similar yet distinct ideas
discussed, and the group pursues one that the materials they want to use seem to lend
themselves to.
The instructor pointing out that garbage bags are great for waterproofing endorses
the idea Claire brought up in Episode 1: “Swamp-Proofing” the boots. Materials and the
teacher make one idea seem more feasible. Feasibility analysis is an important part of
engineering design (Atman, 2008) but it’s difficult for these kids to know what is feasible
and what is not, since they have little design experience. Teachers could have showed
them robotics, examples of propellers, helped them see the possibility of construction for
that idea.
The desire to incorporate certain materials has the potential to push unstable
designs to the wayside. If a design is not fully “bought-into” by all team members, or
seems unfeasible in any way, the appearance of materials can greatly alter it. In this case,
Elise didn’t believe propeller-boot product was scientifically accurate, and could only
picture Claire’s idea as “wings” or “magic.” Her attraction to a certain material
(balloons) pushed her team in the direction of a “visualizable” projects instead of the
more abstract construction idea of “fan-boots.”
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Part 3: Materials Testing for Balloon-Shoes
As construction begins, Claire, Elise, and Tom assemble two groupings of four
blown-up balloons, held together by tying them and secured with tape. The discuss that
Rainsford will wear four balloons on each foot in order to float in the quicksand. In
Episode 5, the students test out on of their four-balloon contraptions in the sink. The goal
is to see if the assembly floats. They conduct what they consider to be a successful test:
the balloons float and the tape seems to be holding up.

Episode 5
1 Elise: Let's test that one.
2 Claire: Alright now flip it over to see the...just the tape.
3 Elise: Okay it's fine!! it floats!
4 Researcher: What was the result?
5 Elise: It works.
6 Claire: It works. So...if you give it a little push...
7 Elise: Yeah, but you want it to get to the other side.
After the girls establish that their project “works,” Tom asks a very interesting
question:
8

Tom: Yeah but how can that hold up a human body?
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A researcher responds by saying Tom brings up a good question. Elise and Claire
then answer him:
9 Elise: We're imagining....
10 Claire: We're gonna....if we need to we'll add more balloons, but we're gonna have
trash bags over it to make it water proof.
11 Elise: We're just imagining right now.
12 Claire: We're gonna have....we're gonna have trash bags over it to make it more
waterproof.
The three group members seem to be on different pages. Claire is oriented very
much toward their prototype, and the materials they are using: according to her, this test
was successful, and they are prepared to move on to the next component of building
(adding trash bags to make it more waterproof.) She acknowledges that they may have to
add more balloons, but they are still good to move on to her original next step of adding
the trash bags. This seems to be a more school-focused, completing-a-project mindset.
Elise, also, seems not to believe in the product in terms of context: she agrees that
the balloons are “fine” and “it works,” in their testing scenario, but says they are
“imagining” that their product will serve its intended purpose—to make a human float.
Tom, on the other hand, seems to be oriented very much in their problem space,
and in the real world of functionality. His thoughtful question brings their rather limited
test back to its intended situation, supporting the main character in the swamp.

Part 4: Rejection of Balloons
Shortly after the “successful” floating test, Claire and Elise are manipulating their
balloons, along with some cardboard, thinking about the next step for their floating shoes.
In Episode 6, they find that maybe they haven’t chosen the best material for the job. Tom
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does not participate in this discussion. He is in another part of the room, at the suggestion
of an instructor, using a basic CAD program to create a scaled-down model shoe.
Episode 6
1
(Balloon pops) Elise: Ah!
2
(Another balloon pops) Elise: Ah!!
3
Claire: Alright. We're done with balloons. We're done with the balloons.
4
Elise: No I'll just make two more.
5
Researcher: Claire, what are you thinking?
6
Claire: I don't think we should use the balloons anymore.
7
Researcher: Why not?
8
Claire: They're gonna lose air, and they're gonna pop.
9
Researcher: So maybe not the sturdiest design....
10 Claire: No.
11 Elise: But the funnest!
12 Claire: How about we.....
13 Claire: We could see if this (bubble wrap) could float.....
14 Teacher: Hey what are you guys going to test this on?
15 Claire: We tested it on water but now we're rethinking the balloons because they're
popping...and shrinking.
16 Teacher: So....we don't think balloons are gonna work?
17 Claire: I think we're gonna try this (holds up bubble wrap) to see if it can float.
18 Elise: You could have told me that before I made another balloon.
19 Claire: Alright. Can I borrow the scissors?
20 Claire: Alright, we're gonna.....
21 Claire: Alright so let's cut a piece of this and see how it floats, okay?
22 Elise: I know it floats. But okay. Can I cut it?
23 Claire: Yeah. I'm thinking we can wrap a lot over the boots.
24 Elise: We could just wrap the boot in this.
25 Claire: Yeah, and then we could just...and just to make it even more waterproof to
put the trashbags over it.
26 Claire: Okay now let's go see if it floats over there (at the sink.)
Selecting and evaluating materials is an important piece of engineering design.
Claire and Elise’s ability to move away from balloons after they recognize the instability
of the material is a behavior representative of a more informed designer, as beginning
designers often look uncritically at their prototypes’ performance, particularly when it is
an idea they are attached to (Crismond & Adams, 2012.) Despite their strong compulsion
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to use balloons, as evidenced above in Episode 4, Elise and Claire still let go of the
material and try something else.
Part 5: The Share-Out
The group moves ahead, creating a shoe out of bubble wrap, which they
determine floats just as well as balloons in a similar sink-test. The next class period, they
complete an informal “Share-Out” presentation in front of their classmates, where they
discuss their design so far. Claire presents a clear description of the problem they are
working on, as well as the solution they are pursuing.
1
2

Claire: Imagine Rainsford....stuck in a swamp. Can't get out. And he can't move, and
he's stuck. Even though he's like...trying to move (turns her hips side to side while
keeping her feet in place) he's going, sinking down and down.
Claire: We have created.....a shoe for him to stomp across the swamp. That is
waterproof.
This articulate description is the clearest expression of problem and solution the

group has made so far. After describing a bit more about the materials they used to
make their shoe (largely bubble wrap and tape) and the construction method (wrapping
Tom’s foot) the instructor interrupts with a question:
3
4
5
6
7
8
9
10
11
12
13

Teacher: So I have a question. Um....does your shoe actually help TOM float?
Claire: It gets him....
Elise: Not that we know.
Claire: We... I tried it outside, with Ms. O, and it IS water....we could get through it,
like just walking through it.
Teacher: Does he sink down?
Claire: No. He's just like...he's going straight.
Elise: Wait, we made quicksand? When did we do that?
Teacher: What did you try it on?
Claire: We, we...I tried it on....I put...I tried it in snow and mud, and I did it in like
different, like dirt and stuff like that.
Teacher: Okay. So what do people think?
Elise: We should make quicksand, and then see if the person actually dies.
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The instructor is trying to get the students to consider functionality in the context
of the story, but using Tom as an equivalent user to the fictional character they are
supposed to be designing for. Claire is oriented in mostly the classroom-project world: it
works in the tests they have done so they can move on. However, Elise is recognizing
the shortcomings of Claire’s tests in terms of the fictional context: in her mind, snow,
mud and dirt are not equivalent to quicksand.
Their classmates go on to give them feedback about their ideas and provide
suggestions for “how to push Rainsford up while he’s in the quicksand.”
Part 6: Post-Share-Out Reflection
Shortly after their presentation, we see the group engaging in a lot of reflection:
about previous design choices and design decisions that are on the table now. Informed
designers learn from reflection as they design (Crismond & Adams, 2012), incorporating
facets of their earlier process as well as predicting outcomes of possible next steps
(Daley, et al., 2012). This next clip begins with an instructor asking them what they think
about the suggestions made by their classmates. Claire mentions liking a proposed idea
of adding something “spiky at the bottom, for traction.” Elise expresses disagreement:
Elise: But wouldn't the spike ruin the whole thing? Like...like because the...with
the...what the bubbles are for is to help, like, float. And like, spikes are like the complete
opposite of bubbles, so....that might not work.
This is productive because Elise is bringing back the focus to their current goal as
she sees it: making floating shoes. She recognizes that they’ve been focused on
buoyancy and lightness, so adding these “spikes” doesn’t make sense to her, and she
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expresses that. This reflection on the scope of their solution is crucial: she is encouraging
her team to consider what information and aspects of the problem space they have been
prioritizing—a design behavior emphasized as important (Schön, 1983).
Shortly after this exchange, Tom, who has gone downstairs to get their project,
arrives. They begin to examine two laser-cut wooden shapes they created. In Episode 7,
Claire is comparing one of the pieces with their current prototype, the bubble wrap and
tape shoe. As she evaluates the wooden piece, she and Tom discuss how to deal with the
piece, which didn’t turn out as they expected.
Episode 7
1 Claire: I think we made it too big.
2 Elise: What is that for?
3 Claire: Or is this the bottom? (tries to put the wooden piece inside the shoe)
4 Tom: Or what's the bottom....
5 Instructional Assistant: What is that for, guys?
6 Tom: This is the bottom (holds up the bigger piece.)
7 Claire: It's too big, Tom!
8 Tom puts the piece of wood on the floor and steps on it.
9 Claire: Yeah, but like, inside it won't go in.
10 Tom: Yeah, but we can get it like this (has his foot on top of the wood.)
11 Instructional Assistant: Does it need to be on the inside?
12 Elise: It could be on the outside.
13 Claire puts the wooden piece underneath the bubble wrap shoe.
14 Elise: And then just tape it there.
15 Claire: Yeah, and then we can put the spikes on the bottom.
16 Instructional Assistant: So here's my question.....that from your picture (that they
drew on the board during share-out) that made me wonder. Is he already up to here
(high) in quicksand?
17 Claire + Elise: No.
18 Claire: That was just Tom, drawing.
19 Instructional Assistant: So where is the quicksand, on him? He's just now stepped
into it?
20 Claire: He..
21 Elise: He's just now stepped into it.
22 Claire: He's not just stepped into it.
23 Instructional Assistant: Oh, okay.
24 Tom: We need (this on the bottom?) but we do need this (wooden piece) inside of
it...so.....
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25 Claire: No, I'm thinking maybe we could...
26 Tom: Maybe we could (make?).....
27 Claire: This is going to protect it also (has one hand inside the shoe, pressing the
wooden piece against the bottom.) from not getting any water on it, so we should
definitely get this......
28 Tom: Yeah but, yeah but...how is it gonna float if it goes like this (wood on outside
bottom of shoe) wood doesn't.....if this is....
29 Claire: Really? wood?
30 Tom: If this is not showing at all.......
31 Instructional Assistant: Why do you need the felt to show?
32 Tom: Then how....
33 Claire: We were gonna put it inside, like....
34 Tom: If this isn't showing at all, then it....the bubble wrap is not going to be
effective, on it. On the water.
35 Claire: Like put your foot in...like...so it...so the bubble....
36 Claire: Yeah.
37 Instructional Assistant: Why does the bubble wrap need to show?
38 Tom: It has to be on the outside, so that it can uh.....float. Cause if it's on the inside,
then it's just hold...then it's...
Claire is evaluating a component of their project in relation to what they have so
far. When she says “We made it too big,” she is contrasting their intended purpose for
the wooden piece (to go inside the shoe) with what it could maybe actually do, since they
made it too big (go outside.) Another big engineering moment here is when Tom argues
that the design decision concerning the wooden pieces should be based on whether or not
the thing will float once they are attached. He is saying that they can’t just alter their
design intentions because the piece is the wrong size---the functionality won’t be the
same (We do need the piece inside….how is it going to float if it’s on the outside?) Tom
is bringing in science ideas he has about what floats and what doesn’t in order to inform
this design decision of how to deal with the piece that is “too big.” He is trying to make a
“knowledge-driven design decision” (Crismond & Adams, 2012).
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Part 7: In Depth Testing of Final Product
They end up putting one wooden piece on the bottom of the each shoe, and
covering it with some felt and tape. Claire states that the wood protects the shoe, and
makes it float even better, because they test the wood in the sink and even when they
press down on it, it floats back up. The group then spends a large portion of the last build
day conducting more tests. There are two aspects they look at:
First: does the product work as a pair of shoes? Claire questions Tom as he is
wearing the shoes. They discuss whether or not they can even be considered shoes,
answering the question: “will they fall off?”
Episode 8
1 Claire: Does it feel like it's going to fall off? Or...do you think it's fine?
2 Tom: How could this come off? Look.
3 Claire: Just, like asking, like this one (points at his foot)
4 Tom: These are, like, so light.
5 Claire: They are? Okay.
6 Tom: And they don't....(shakes his leg around) this one probably could, I
mean...this...you might...we might need to make this a little, like, higher.

Scolnic	
  29	
  
Once it’s established that they shoes function as regular shoes and won’t fall off,
Claire and Tom move outside to test the contextual functionality---do they help the user
float in quicksand? They get outside, and quickly decide that mud and snow are the best
available representations of quicksand.
7
8
9
10
11
12
13

Claire: Tom, I was trying to see you run in mud, but....I don't think we have any
mud. So. I want to see how they like... if you can see, like, an imprint.
Tom: Okay.
Claire: I can go get a cup of water and put it on the dirt.
Tom: Hold on let's see how it works in snow.
Tom: They definitely don't sink down.
Claire: Yeah, they're not sinking down, which is good.
Tom: I mean they leave pretttty big foot marks though (laughs.)
After the snow test, they move to mud. They don’t immediately see mud, and

Claire suggests making some.
14 Claire: Yeah. Here try it in the mud, cause he's in quicksand and that's the closest
thing we can get it to.
15 Tom: Guys, get some water.
16 Claire: Want me to get a cup of water? Okay, be right back.
17 Instructional Assistant: Lookit, there's mud right here though! This is so muddy.
18 Claire: No, it....ohhhh! yay!
19 Tom: Yeah, Tom, walk like....that way (points with her foot.)
20 Tom: Yeah, but how is it (?) supposed to...Oh wow these aren't even close to damp.
21 Claire: Yeah, you can't....like it's not going down at all.
22 Claire: And then come over here, like, when there's kinda like....
23 Tom walks on the pavement after walking in the mud and laughs.
24 Tom: I think this would ruin his trail though!!
25 Claire: Yeah..but if like, he's running through, like....come over here? Now run
through here, quick! Runrunrun! I can see General Zaroff is coming up to you
runrunrun!
26 Tom runs away quickly.
27 Claire: And you broke the trashbag!
Claire and Tom are exhibiting the beginnings of productive engineering testing:
looking at performance and reliability, as well as considering the user (Ulrich &
Eppinger, 2008). Reliability testing occurs as Claire observes that the trash bag rips after
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Tom runs on it (line 27). Claire and Tom complete performance testing as Tom walks on
different surfaces and they make observations about what happens (lines 11-13, 20-21,
and 24).
Their user testing involves some more complex thinking, bringing in their
memory of the story. Since their client is fictional, they cannot interview him or have
him put on their shoes. But they do put themselves in his place, and try to use the
product as they imagine he would: they even act out the scene from the book but
incorporate the use of their solution (line 25). All the talk of the shoes being
“untrackable” (lines 7, 13, and 24) is more evidence of Claire and Tom thinking in
context of the story, where the main character is being pursued.
Claire, Elise and Tom’s final product is pictured below. The shoes were also
covered in trash bags, which were removed during the presentation to demonstrate that
Rainsford could shed a layer after stomping through the swamp.
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Data Analysis Part II: Design Arc
In the above section, I have given a detailed account of the design sequence of
Elise, Claire, and Tom as they create a pair of shoes to help Rainsford as he struggles in a
quicksand swamp. We have seen localized, productive and unproductive behaviors. In
addition, though these students do demonstrate productive engineering behaviors at
multiple points, the overall design process may appear disconnected and even illogical to
an outside observer. Looking at the overall arc of the design process, however, it is
possible to elucidate the pathway the students took to reach their final solution.
During their initial brainstorming (Part 1), the students exhibit productive
engineering behaviors such as bringing in conceptual knowledge, generating alternative
solution ideas, and mechanistic thinking. The immediate goal at that point is to “come up
with a pair of boots that will help Rainsford while he is stuck in the quicksand.” This
problem space, of the main character in this swamp of quicksand, is something all group
members agree on. Claire in particular demonstrates the ability to put herself in the story
to help develop this picture of a problem space (Episode 1, line 8.)
Claire comes up with one idea (the fan/propeller-boots), but the skepticism of her
teammates (Elise--Episode 1 line 18, Tom—Episode 3 line 5) appears to prevent the idea
from becoming stable and or taken up seriously as a real possibility. Therefore, when the
group sees balloons on the materials table in Part 2 (Balloons Grab Attention), the
specifics of Claire’s idea are swiftly pushed aside in favor of the new goal: How can we
use balloons? (Episode 4, line 3.) This limited goal eclipses all of the logical thinking the
group did in Part 1.
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Since the group seems to have no stable idea of what, specifically, the solution to
their problem should be, the material and the solution co-construct each other. The boots
idea stays, and the balloons (which Elise is primarily attracted to) are consistent with
Elise’s idea of staying still in quicksand and “floating through it.” So the group moves
forward with “making floating shoes” becoming the goal. This goal is further broken
down into a subcomponent: making sure a grouping of four balloons floats on its own.
Despite the narrowing of construction goals, the problem space seems to remain stable as
discussion still revolves around Rainsford and the swamp.
In Part 3 (Materials Testing), they pursue the limited goal of making sure balloons
float in water. Productive engineering behaviors we see are: materials testing (assessing
whether balloons float), and orienting to the problem space (Tom). Claire largely is in
the “school zone” of doing the project, making sure the balloons float because they are
making floating shoes so of course the balloons have to float. Tom, however, is more
dually oriented, considering the problem space when he asks “But how will that hold up a
human?” He recognizes the complexity of the task they’ve chosen (making floating
shoes). Floating balloons in water is not the same as balloons allowing a person to
float—it leaves out the user, along with their body weight, and balance ability.
Eventually, the novelty of the balloons wears off. In Part 4: Rejection of
Balloons, we see Claire and Elise make the beginnings of an informed design decision: to
discard the balloons and move on to a material with the same function but higher
stability. Regardless of the functionality of the “floating shoes” idea, they are replacing
one material (balloons) with another (bubble wrap) that they think will perform the same
way (float) but be more sturdy (and not pop or “lose air”). Their design is still being
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driven by materials: bubble wrap is right on the table in front of them, and they say they
should “try it.” An even more informed decision would be for Elise and Claire to decide
on a particular material to serve their purposes, and then seek it out.
Starting at Part 5 (The Share-Out), the floating shoes idea seems to have stabilized
into a more practical “swamp-proof” shoe. They consistently describe the problem space
as a “quicksandy swamp” (or a minor variation on that.) And they are creating a shoe to
help him “stomp through it”.
Jones (1984) suggests a model for systematic design involving three steps:
analysis, synthesis, and evaluation. Cross (2000) points out that this model, while similar
to conventional models of the design process, emphasizes a logical, building-up of best
sub-solutions in order to make a rational choice of the best design from a variety of
alternatives. What is missing in this group is the “building up” process. Elise, Claire and
Tom seem to put a bunch of ideas on the table at once and pull from the selection as they
see relevant. They collect these “boxes of ideas” at many stages of their design process:
generating solution ideas, material ideas, testing ideas, and considering problem-space
facets. For example: they know from the story, or can imagine, many different things
about the problem space. First, Rainsford gets stuck in some quicksand. Second, the
quicksand is in an isolated location, with a beginning and an end, something like a pond
or a swamp, which you can get in and out of. Third, there is an added facet that
Rainsford is on the run from the enemy this whole time. In the “solution box,” there are,
therefore, many different characteristics the final solution should have. First, it should
“float” or not let him sink down into the quicksand. Second, it should help him get
across the area of the swamp successfully. Third, it should not reveal where he is or his
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tracks to his pursuer. In the “materials box” they are looking for many different
properties to satisfy these solution facets. First, the material should float on its own—if it
doesn’t, there is no way it could support a person. Second, the material should be
waterproof—otherwise their product could fall apart as their client is making his way
across the swamp. Third, the material should not inhibit this idea of being “untrackable.”
This same box idea works for testing--- the group performs a variety of tests to satisfy the
different solution facets. First, they test buoyancy of chosen materials. Second, they
determine the “track size” of their final product. Third, they see if the shoes let the
wearer “sink down” into the ground (snow, mud).
Lawson (2006) states: “Design problems are often both multi-dimensional and
highly interactive… [The designer of] a chair is unlikely to succeed by thinking
separately about the problems of stability, support, stacking, and visual line since all
much be satisfied by the same element of a solution.” (p. 58) In Part 7 (In Depth Testing
of the Final Product), the students seem to bring the different sub-problems together
because they discuss and test all three facets they have been considering. They have
created one product and are testing it for three different performances. However, I would
argue they are still isolating the three qualities of the product, based on the unsystematic
way Claire and Tom jump from “box to box”. Using this box idea, it becomes easy to see
how the group has logic in all of the things that they do. Because they never “build up”
or tie together their different boxes, the solution they develop does not make functional
sense to an outside observer.
The reason they go outside in the first place is because Claire wants to see if the
shoes “leave an imprint” (Episode 8, line 7.) Prior to this point, this “untrackable” idea
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has seemed secondary to keeping Rainsford afloat. It comes up in the initial
brainstorming (Episode 1, lines 12-13) but is never a developed solution facet, just
expected to be there in whatever design they made. As soon as they get outside, Tom
orients to their original purpose: seeing if the shoe makes him “sink down” (Episode 8,
line 11.) Once Tom shifts the testing focus, Claire jumps on (line 12), but then Tom
shifts away from it back to Claire’s original purpose for testing, seeing what kind of
tracks the shoe leaves (line 13.) This jumping between topics rather than considering
them as parts of a whole, in relation to each other, contributes to the half-baked feel of
the final product. The final product, when viewed in isolation, does not reflect the
productive engineering practices in which the group engages throughout the design
process.

Discussion and Implications
Based on the above case study, student designers with very little engineering
design experience demonstrate capabilities to engaging in productive engineering
behaviors. However, the students did not generate for themselves a cohesive solution
space, bringing in all the features they wanted their final solution to have. The openendedness of the project left students without a well-defined reference point to which
they could bring back their design decisions. Each student seemed to choose their own
anchor, making it difficult for them to be on the same page about specifically what
problem they were solving—meaning they did not learn as much from each other’s
perspectives as they could have.
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The instructional implication from this is the importance of understanding the
problem and solution spaces students identify and construct. In this particular case,
students seemed to work in a less specified problem space than instructors and
researchers thought. As such, their decisions and behaviors seemed illogical at times.
Asking students repeatedly and at various points to explain the problem they are working
on seems crucial—from this point, instructors can help students work through specifics of
their problem that may aid students in thinking systematically about the different facets in
relation to the overall scope. Shifting and refining goals and problem spaces throughout
the project is bound to happen, but instructors should work to ensure students perform
these refinements consciously and with deliberation. This focus on awareness of problem
space could also help instructors and researchers explore the relationship between limited
goals and larger solution.
For example, instructor interventions for this case would have consisted of
helping the students concretely describe the particulars of the situation from the text.
Bringing in some quicksand, or a suitable alternative, would have helped generate a
consistent, legitimate representation of the main facet of the students’ problem space.
Working with students to figure out how heavy they thought the character would be, and
how exactly that could impact the concept of “floating shoes” would have also shaped the
scope of the project greatly. As it was, the students chose different connecting threads
for different pieces of their project, rather than defining stable and interrelated problem
specifications as a reference point.
In terms of the literary context for these students, the group appears to do a nice
job of pulling up memories of the story to help define the problem space. It seemed like
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the story provided the students with information about the problem scenario and
motivation to help a character. In some moments where students seem to be working
through ideas, they refer back to the situation in the story as they remember it—acting out
the characters’ actions or describing the scene from the character’s perspective. Pulling
out the story for textual reference beyond what they remembered did not happen. This
could easily be a facet of the project influenced by the students’ learning disabilities—for
these students, extracting information from text is not a fun or easy activity, or quick.
Although this group’s design process seemed disjointed, their referral back to the story is
consistent, and present at every step. This suggests that although they did not specifically
go to the physical text and re-locate information, the students utilized their understanding
of the events and characters to inform their design.
Future units can be improved by the addition of smaller lead-in projects. The
classroom teacher was excited for students to use the rapid prototyping technology (3D
printer and laser cutter) in their designs, but none of the students had worked with the
technology before, and did not seem to realize the full capability of the tools. The one
introductory activity, creating a wooden nametag using the laser cutter, was a very
closed-ended, specified task, designed with the purpose of familiarizing students with the
laser cutter software. The students were completely unfamiliar with engineering design,
and the leap from the nametag to totally open, text-based problem seemed a little too big.
Beginning the semester with either a series of more concrete engineering design
challenges, or a more well-defined text based design project could be a more effective
introduction.
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More support also could be provided through students’ language classes.
Through coordination between the reading teachers and engineering teachers, students
can discuss problems as they occur in the story, and hash out details of why they think
problems are particularly interesting and important. This would aid in students
understanding the richness of the problems, and therefore in comprehension of the story
overall. In turn, their engineering would be supported with a stronger knowledge base to
pull from when making design decisions.
Beyond literature-based projects, this case study serves to begin the conversation
of assessment in engineering education. While, as engineers and educators, we hope
students end up with elegant products, when working with inexperienced student
designers, it is important to remember the end product is not always representative of all
the engineering that went into its development process. Therefore, assessing student
work involves more than assessing the final presentation or the final construction in
isolation. Only by looking more carefully at the journey students take in pursuit of a
design solution can we realize their power to engineer.
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