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Talking about design ideas: Middle school teachers’ support of design ideas during
interactions with teams (Fundamental)

Abstract

The ways in which teachers talk to their students greatly affects how students
conceptualize and approach their learning. In order for students to authentically practice
engineering design, teachers must provide their students the freedom to develop and try out their
own ideas, but must still maintain support when needed. This study analyzes these competing
roles by examining the ways in which teachers talk to teams of middle school students as they
work on engineering design projects, addressing the research question: How do middle school
teachers use their talk to scaffold students’ design ideas during teacher team interactions
throughout engineering design projects? This study used data from the classrooms of six
teachers, two teachers each from sixth, seventh, and eighth grade who all taught in the same
rural, Midwestern school district during their implementation of 3-5 week long engineering
design-based STEM integration units. This study focused on interactions between the teacher
and teams of three to four students. The data consisted of transcripts of all the interactions
between each teacher and two target teams per classroom over the course of the unit. A content
analysis was conducted using a coding scheme that was developed around different types of
support of design ideas from the teacher. These types were: prompts to elicit student ideas,
follow-up, critique, and directly suggesting ideas. Results indicate that teachers often used their
talk as prompts to elicit student ideas to initiate interactions and gather information to
formatively assess their students. These examples also provided opportunities for students to
practice explaining their ideas. When students struggled with mathematics or science concepts
that they needed for their design, the teachers often used follow-up questions to prompt further
thinking and challenge misconceptions that the students held. When students struggled with their
design ideas or with implementing their ideas, teacher often directly suggested ideas rather than
using the other types of talk to direct their thinking. By directly suggesting ideas, the teachers
often took away opportunities for students to learn from their struggle and from the failure of
their ideas.

Intro and Literature

The ways in which teachers talk to their students greatly affects how students
conceptualize and approach their learning [1]-[3]. In order for students to authentically practice
engineering design, teachers must provide their students the freedom to develop and try out their
own ideas and learn from the failure of their ideas [4], [5]. On the other hand, teachers often use
their talk to maintain their control in the classroom and guide students towards expedient
solutions [6], [7]. This study analyzes these competing roles by examining the ways in which
teachers talk to teams of middle school students as they work on engineering design projects,
addressing the research question: How do middle school teachers use their talk to scaffold
students’ design ideas during teacher team interactions throughout engineering design projects?



The ways in which language are used and the ways in which teachers talk to their
students varies across disciplines and contexts. For example, Bower [8] found that even
individual teachers change their talk across disciplines in a study of teachers who taught both
Physics and Alegbra. Many other researchers have examined effective ways for teachers to talk
to their students in a range of disciplines (e.g., [9], [10]).

However, the best ways to talk to students about engineering design is not well
understood. This is especially true for younger students. The ideas to teach in engineering
design, although built on science and mathematics concepts, are unique. These challenges
include teaching students to deal with ill-structured problems, balance criteria and constraints,
brainstorm multiple solutions, and use evidence to back up their ideas [11]. There has been some
research with teacher talk for more advanced students, such as in senior undergraduate level
mechanical engineering projects (e.g. [12]-[14]), that can inform teachers’ practice at younger
levels. However, younger students, such as the middle school level that is the focus of this study,
have unique needs in the ways their teachers talk to them [15]. This study aims to better
understand these needs by examining the ways in which six different middle school level
teachers talk to their students about their design ideas while the students are actively working in
teams on engineering design projects.

Theoretical Framework

In this study, students were engaging in one of their first structured engineering design
experiences, which is a challenging task [9]. In order to learn things that are outside of their
abilities, students can be supported by a more knowledgeable other [13], [14]. In the middle
school classrooms, the teacher acts as the more knowledgeable other, scaffolding students to
support their learning about engineering design, in this case. Teachers use many different
pedagogies to build this scaffolding, including the curriculum they use, the structure of their
class, and how they use their talk. This study focuses on one aspect of scaffolding, teacher talk.
Narrowing further, this study focuses on how teachers scaffold their students’ talk during
interactions with small teams of students, providing potential opportunities for teachers to tailor
their talk to the specific needs of the students in the team.

Context

This study was conducted using data from the classrooms of six classroom teachers, Ms.
Lane, Ms. Allen, Mr. Parker, Ms. Stone, Mr. Reed, and Mr. Smith, all pseudonyms, during their
implementation of 3-5 week-long engineering design-based STEM integration units. Two each
of these teachers taught sixth, seventh, and eighth grade. These teachers all taught in the same
rural, midwestern school district. Demographic information is displayed in

Table 1.



Table 1.

Demographic information of school district

Demographic Percentage
Race/Ethnicity

White 94

Black 1

Hispanic or Latino (of any race) 4
Two or more races 1

Students with a disability 11.8
Language other than English spoken at home 5.4
Free or reduced-price lunch eligible 49.2

Each grade level implemented a different engineering design-based STEM integration
unit developed by the EngrTEAMS project. Descriptions of the context for each unit are
included in Figure 1. Each grade level implemented a different unit, which each had different
contexts, but similar structures. Prior to the implementation of the engineering design based
STEM integration units in their classrooms, the teachers participated in a week long professional
development program conducted by the authors. The focus of the professional development was
on engineering and STEM integration with the specific goal of supporting the teachers through
their implementations of the specific unit they were working with. Specific topics included
working through each of the activities in the unit for their grade level, practice with rubrics to
assess engineering notebooks, and STEM integration in general. Specifics about language or talk
were not included in the professional development.

Science Content | Description of the problem that students are presented with in
Focus/Grade the unit

Level of

implementation

Light and Laser Secure, Inc., designs security systems to protect valuable

Waves assets, and the company is seeking help from students to design
a laser security system to protect the artifacts in a traveling

6th grade museum exhibit. Students investigate properties of light,

including reflection, refraction, absorption, and transmission.
Their solutions must protect the artifacts by having an intruder
cross the laser light at least three times between entering the
door and encountering the artifact using mirrors, lenses, and a
laser pointer as their materials.

Heat transfer A team that works with small businesses in Ecuador has
discovered that some of the Ecuadorian fishermen need help.




7t grade Once the fishermen return to the fish markets, they need a small
cooker container to cook the fish in so they can be sold.
Students design this cooker container. Before designing
solutions, students learn about the science of heat transfer,
including conduction, convection, and radiation. They also
analyze data by creating temperature vs. time graphs and
comparing different line graphs qualitatively.

Genetics University of Minnesota’s Agricultural Department needs to
determine if a new barrier effectively reduces cross-
8th grade contamination of nonGMO corn fields from genetically

modified organism (GMO) corn fields. Students learn about
GMOs and mathematical and scientific concepts related to
genetics and heredity, and use what they know to develop a
strategy to test for cross-contamination once this newly
proposed barrier is installed. Designs for the unit are evaluated
to assess the extent to which the experimental designs meet the
specifications of the client and reliably test for cross-
contamination.

Figure 1. Descriptions of the context of each engineering-design based STEM integration unit.

Methods

This study utilized naturalistic inquiry to examine how teachers talked to teams of three
or four students about their design ideas as they were actively working on engineering design
projects in their teams. Naturalistic allowed us to analysis the teacher’s talk in their natural
manners with minimal interruptions from the research team [16].

Data, in the form of videos, field notes, and pictures, were collected over the entirety of
the implementations of the units in each class. Within this larger data set, this study focuses on
only those times when teachers were interacting directly with small teams of students. The
content of these interactions encompassed many different components; this study focuses on all
talk related to students’ design ideas. Each unit lasted between 3-5 weeks in each classroom.
Over the course of this time, there was a total of 403 interactions between teachers and teams of
students. Table 2 displays the number and length of time of teacher-team interactions for each
teacher.



Table 2.

Summary of teacher-team interactions.

Team  Number of Average length  Total number of

Teacher 4 . . of interactions class periods
interactions . ) . .
(min:sec) included in analysis
Ms. Lane 1 31 0:24 9
2 39 0:25
Ms. Allen 1 35 0:36 9
2 32 0:38
Mr. Parker 1 40 0:28 11
2 40 0:16
Ms. Stone 1 21 0:26 9
2 43 0:35
Mr. Reed 1 28 1:08 8
2 33 0:58
Mr. Smith 1 31 0:38 8
2 30 0:43
Total 403 0:35

To analyze the teacher talk, a content analysis was conducted focused on different types
of support of design ideas from the teacher. The data analysis consisted of several rounds of
coding [17]. First, an open coding process was used as the data was being transcribed to keep
notes about potential codes to use. These notes were developed into an initial coding scheme.
These initial codes were compared to the data to look for examples in the data that were missing
or not accounted for in the coding scheme. When these missing areas were found, the codes were
adapted to better fit the data. Finally, the codes were named and descriptions were written, along
with a final comparison with the data. Nvivo 12 was used to code all the data and more closely
examine themes across the data. The finalized coding scheme consisted of four categories:
prompts to elicit student ideas, followup, critique, and directly suggesting ideas. Descriptions of
each code are included in Figure 2 and examples of each are included in the results section.



Code Description

Teacher asks about students’ ideas or restates students’ ideas
without suggesting changes so they can actively listen to
students’ ideas.

Teacher asks follow-up questions for students to consider or

Prompts to elicit
student ideas

Follow-up points to follow-up ideas to consider without giving ideas
directly.
Teacher critiques specific aspects of students’ ideas or the
Critique students’ design, but without giving suggestions for

improvement. Critique can be either positive or negative.

Directly
suggesting ideas

Figure 2. Descriptions of each code used in the analysis process.

Teacher directly suggests ideas to the students.

Results

This section will present examples of each of the four types of teacher talk coded in the
data, prompts to elicit student ideas, followup, critique, and directly suggesting ideas. Error!
Reference source not found. displays the total number of words spoken by each teacher that fell
into each code.

Number of words spoken for each code throughout all teacher-team interactions
Teacher — :

Prstilrjr:jr;trsltt;)dggg " Follow-up Critique sugg[g;:?ri:g)i/deas

Ms. Lane 238 116 90 374

Mr. Reed 602 _ 443 389

Mr. Smith 312 381 325 132

Ms. Allen 537 363 379 104

Mr. Parker 662 349 192 442

Ms. Stone 312 168 91 390

Total 2663 2315 1520 1831

Figure 3. Number of words spoken for each teacher for each code throughout all teacher-team
interactions.



Prompts to elicit student ideas

The teachers all used a large portion of their talk on prompts to elicit student ideas, as
shown in Figure 3. Examples of this code were often dominated by student talk, with the teacher
primarily listening to their ideas and only interjecting with small comments. Therefore, the
number of words spoken by the teacher displayed in Figure 3 underrepresent the amount of time
the teachers spent on this code.

Often, examples of prompts of elicit student ideas consisted of short phrases that the
teachers used to better understand the students’ ideas. For example, Ms. Lane asked “What do
you mean?” and “So what is this?” when students were working on their plans. In other
examples, when his students were testing their ideas, Mr. Smith asked, “What’s your solution?”,
when Ms. Allen was trying to understand her students’ plan for their redesign, she asked “So this
is a flat mirror [drawn on the plan]?”, and Mr. Smith said “Just tell me your solution, if you had
to give the elevator pitch, you have 15 seconds here.” Although short, phrases such as these gave
students opportunities to explain their ideas and to be responsible for explaining those ideas.
They also helped students direct their responses so that they were better able to focus on smaller
pieces of the larger engineering challenge.

Many of the instances of this code also served to prompt the students to think about their
ideas in more depth or to explain their ideas more. For example, when students were writing the
pros and cons of their different ideas in their notebooks, Mr. Reed told a team, “So, what do you
mean it has the best results?”, asking them to expand further on their thoughts and justify their
ideas more. As his were later listing the pros and cons of their solution, Mr. Smith said “So what
works? Focus on the positive. What was good about your solution?”

Many of the examples in this code group also served to prompt students to not only
explain their design ideas, but also the mathematics or science concepts behind those ideas and
how they related to their design ideas. For example, in the laser security system unit, the science
concepts included learning about and being able to measure angles of reflection and refraction.
When she was talking to her students about their plan for their laser security system, Ms. Lane
asked,

Ms. Lane:  Where did it [the laser light] go?
Student: It went right here [points to place on plan].
Ms. Lane:  And where did you think it was going to go?

In this example, she is asking her students to think about the understanding of the angles
and where the light would travel and asking them to think about how that applies to their plan as
they are drawing out their ideas about where the light will travel. In another example, Ms. Stone
asked:



Ms. Stone:  Can | hear a little bit about your bottom and your top [of your cooker
container]? and your sides? [...] So | know on the bottom you had said

you're going...
Student: Use a copper frame
Ms. Stone:  OK.
Student: It's a good conductor, so we thought it'd draw some heat to the fish.

Maybe not, but
Ms. Stone:  Yeah.

Student: So do you just want me to read our justification?
Ms. Stone:  Sure, yeah. That would be perfect.
Student: [reading out of his notebook] This design uses all forms of heat transfer. It

uses holes at the top to incorporate convection, aluminum is used to
reflect radiation, and then the copper support is used to draw heat to the
fish incorporating conduction. Also, after seeing other, after seeing other
designs, it is relatively cheap since we're mainly going off of 3 materials.

In this example, the teacher created an opportunity for students to explain their ideas, and they
did so using several concepts from the unit. She used her talk to support their explanation
without critiquing it or providing advice.

Follow-up

It was also common for teachers to use their talk to follow-up on students’ design ideas,
as shown in Figure 3. These examples consisted of any instances in which the teacher asked
follow-up questions or prompted students to think further about their ideas, without the teacher
critiquing their ideas or giving direct advice about how to change their design. Often, examples
of followup consisted of the teachers asking questions to prompt further thinking. For example,
when her students were starting on their redesign, Ms. Lane asked “So you want to take out a
mirror? Why do you want to do that?” In another example, when his students were brainstorming
ideas, Mr. Reed asked a team “So what do you think is most reliable? How much is it going to
cost? How much time is it going to take?” When Mr. Smith’s students were working on their
plan, he said “Ok, so if you want to plant off season, fine. There's some serious consequences to
planting off season. What would the serious consequences of planting off season be?”” These
questions all served to help students think about different areas of the design and to get them to
expand their ideas past what they had already considered.

Critique

Although less common for most of the teachers, examples of the teachers critiquing their
students’ ideas were important parts of their interactions. Examples of critique included both
positive and negative critiques.

Many examples of positive critiques were short. For example, Ms. Lane told her students
“It’s looking good guys”, Mr. Smith said “A thumbs up. | like it.” and to another team “OK, I like



the design idea”, and Ms. Stone said “It looks good, it looks...you have the right ideas, there's
some good things here”. These examples gave students positive feedback about their ideas and
may have kept them motivated to continue to work.

The teachers also used critique to help students understand the pros and cons of their
competing ideas and break down these ideas. For example, when a team was deciding between
several different ideas for a way to keep the pollen from the fields separated, Mr. Reed said
“Your artificial barrier's probably the most reliable.” Other times, the critique was not as direct,
such as when a team was working on their initial plan, Mr. Smith’s student said:

Student: OK, we've got, we put up natural barriers, like trees and hills, and we plant off
season so there's no, we don't run into the GMO crops. and then we take a high
sample amount, so we get a lot of samples. and then we use genetic testing.

Mr. Smith: ~ Well, | am glad you are a millionaire, because that sounds like a lot of money.

In this example, Mr. Smith pointed out that their solution idea would have a high cost and
implied that they might need to rethink parts of their solution. In another example, as Ms. Allen’s
students were making their plan, she said:

Ms. Allen: OK, but here's, here's what | want to ask you about. So if it comes through
this lens, concave or convex, whichever one you put there. And we know
that the angle that it's going to enter is not going to be the same as it leaves.
So you've got the reflection and the refraction, but then that refraction angle
IS going to be way different. They're not going to travel in the same
direction, are they? So it might be like way over here somewhere,
depending on where it hits on that lens.

Student: Well then | could move this here and put it here.

In these examples, the teachers asked about a certain point in the students’ designs. Their talk
pointed to places that the students should focus on or areas of improvement in their designs. By
phrasing their feedback in the ways that they did, the teachers left the design ideas in the hands
of the students. They did not take over the ideas or point to specific changes the students should
make, instead leaving the power in the hands of the students.

Directly suggesting ideas

Sometimes, the teacher took control of the design ideas and directly suggested ideas to
the students about what they should do. For example, when students were working on their plan
and were struggling to represent their ideas on their paper plan, Ms. Lane said to her students:

So what I would do is, you’re going to put this one [places protractor on plan]. I would
just draw like a little line [uses protractor as a straight edge to draw a line] and just say
convex lens. And then from there | would draw another line perpendicular. | would go
ahead and draw my dotted line.



In another example, when his students are working on their plan for their cooker container, Mr.
Parker said to a team:

wood might work well because it would trap the heat already in the container, right? It
wouldn’t be able to get out quickly. So, wood, those types of materials would work well
as insulators. [...] [f white felt is on the bottom] I don’t think it’s going to conduct heat
very well up to the fish. So, you might...so something that’s a good conductor for the
bottom of the container.

In each of these examples, the teachers took the control of the ideas away from the students by
giving a direct suggestion of what they should do, taking away opportunities for students to learn
from the process of carrying their ideas through testing, evaluation, and redesign. On the other
hand, these interventions may have helped the students be able to fully realize an idea and to be
able to better apply the mathematics and science concepts that they were learning in conjunction
with the engineering design process.

Discussion and Implications

Results of this study indicate that teachers often used their talk as prompts to elicit
student ideas about their engineering designs. These prompts served to initiate interactions and to
help the teacher gather information to formatively assess their students. These examples also
provided opportunities for students to practice explaining their ideas, which is an important part
of engineering communication [17]. These results imply that students at this level, sixth, seventh,
and eighth grade, are capable of explaining their ideas to their teachers and backing up those
ideas with varying levels of evidence. However, they sometimes needed further follow-up
prompts from their teachers in order to think more deeply about their ideas. This is important for
teaching because it implies that middle school teachers should provide opportunities during
engineering design challenges for the students to have to explain their ideas so that they get
further practice with defending their ideas with evidence [18]. In science education, research has
shown that asking questions that develop conceptual understanding and asking students to make
their meanings clear are important factors in eliciting students thinking [19]. The findings of this
study suggest that the types of teacher interactions in engineering design settings identified as
prompts to elicit student design ideas and follow-up mirror the types of interactions identified by
van Zee et al. [19] for science education. The teacher-team interactions identified as follow-up
often elicited talk about the science and mathematics concepts that the students were learning in
conjunction with the engineering learning objectives. By having these conversations, teachers
were able to formatively assess their students and take further steps if needed to overcome
misconceptions or probe further about concepts. When students struggled with mathematics or
science concepts that they needed for their design, the teachers often used follow-up questions to
prompt further thinking and challenge misconceptions that the students held. Often, the teachers
countered ideas that they thought were problematic with critique without suggesting how to fix
the problems. These examples allowed the students to continue to think through their ideas and



to maintain control of their projects, while still providing feedback for improvement. Although
the students in this study often thought about changes to their design ideas based on these
critique, such as in the example from Ms. Allen’s class, sometimes the students continued to be
unable to balance the many components of the design project, showing that they still needed
some teacher scaffolding to support their work. When students struggled with their design ideas
or with implementing their ideas, teacher often directly suggested ideas rather than using the
other types of talk to direct their thinking. By directly suggesting ideas, the teachers often took
away opportunities for students to learn from their struggle and from the failure of their ideas
[20].

Conclusions

This study examined the interactions between teachers and teams of middle school
students during their engagement in engineering design projects, looking specifically at
conversations about design ideas. Four levels of teacher interactions were found: prompts to
elicit student ideas, follow-up, critique, and directly suggesting ideas. Although each type of
interaction served several different purposes, in general, prompts to elicit student ideas and
follow-up allowed students to practice explaining their ideas and gave teachers opportunities to
formatively assess their students. During these interactions, the students and teachers had high
quality conversations about their ideas, demonstrating that middle school students are very able
to explain and back up their ideas with teacher prompting and support. Critiques gave teachers
opportunities to ask their students to think more deeply about their design ideas and about the
mathematics and science concepts related to their ideas. These critiques aimed to push students
to think more deeply about their ideas and to consider other aspects of the problem and solution.
Often, by directly suggesting ideas, teachers took away opportunities for their students to learn
from their struggle and from the failure of their ideas. On the other hand, by directly suggesting
ideas, the teachers may have added in needed support that allowed the students to continue with
their ideas and follow through with their ideas to a complete solution.

These different levels of support have important implications for teaching and learning.
The teachers in this study were new to engineering design; this was their first experience
teaching it. Therefore, these results show that teachers new to engineering design were able to
engage their students in high quality conversations and develop questions and critiques about
their ideas to push students forward. On the other hand, it also demonstrated that the teachers
may have given their students too many direct ideas and did not value the importance of learning
from the process of following through with their ideas. More research is necessary to understand
these implications more in depth. Future work in this area will include a more comprehensive
analysis of all the talk between the teachers and students during their interactions in engineering
design, not just their talk that is specifically about their design ideas. This would allow a more
holistic view of how the teachers support their students during the entirety of an engineering
design project and how they relate other aspects of engineering outside of design. Additionally,
future work could address the connections between different levels of teacher support and



students learning as well as changes in how teachers use different levels of support as they gain
more experience teaching engineering design.
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