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There is a disconnect between the broader vision of the National Science Education Standards and the narrow implementation instantiated in state standards and state tests.  Academic preparation of science teachers through discipline-centered majors sustains a narrow view of science that is not meaningful to a majority of students.  Students are presented with a disproportionate emphasis on biology, chemistry, and physics at the expense of understanding how science and mathematics are applied in personal terms specifically in the workplace.


This paper describes the conceptual framework of and early work on two research and development projects with similar objectives.  Each demonstrates a partnership among career technical education classes, science, and mathematics classes.  Each has the objective of re-contextualizing science and mathematics in terms of how content is used at both a personal level and in a variety of careers.  The conceptual framework is informed by statistics showing that about 25% of students complete a 4-year college degree but standards-based classes are generally designed to support entrance to a BS program.  These projects are focused on the science education needed by the 75% of students whose career and educational pathways will go through community colleges, associate degrees, and technical trade schools.


The research design is informed by mathematics education research on workplace and non-school settings.  This research has sought to answer the following questions: (a) what science is actually put to use by students in everyday life, (b) what are the sources of knowledge, and (c) how is it taught in the workplace or other non-school settings?  This paper describes the need to better understand how science functions for the average person in workplace settings and CTE settings.  We suggest the next step for research is to examine how students in career technical education classes use science in the context of career-related content.
The Functions of Science and Mathematics


This paper describes the conceptual framework of two funded research and development projects with similar objectives.  Each project links science and mathematics instruction to more meaningful contexts through a partnership with career technical education (CTE).  Each project will investigate the effectiveness of CTE-related content as context for making science and mathematics more understandable and useable by students.


The challenge is to provide more meaningful science education to the 75% of the student population whose educational pathway will not include a 4-year degree but who will pursue post-high school education in career-related programs.  Two current approaches to curriculum and instruction that create richer contextual settings are “problem-based learning” or PBL and “scientific inquiry”.  Using these curricular approaches, designers attempt to create “real life” or “authentic” problems that include everyday complexities and that distinguish them from textbook problems.  We characterize textbook problems as factoring out most meaningful details, thus sacrificing meaningful detail to focus on a concept or mathematical procedure.  PBL often deals with community based problems (e.g. Kang, & Balls, 2008, March; Kang, & DeChenne, 2008, April), state or regional problems (e.g. logging jobs versus environmental concerns, citation), or national or global problems (e.g. global warming, see Sherin, Edelson, & Brown, 2004).  Sherin et al. (2004) stated two common premises of programs they call “task-structured” as opposed to “discipline-structured.  These two premises are:

Premise 1: “Learning should occur in contexts in which new knowledge is useful for students.

Premise 2: “Students should engage in practices that, in some manner, mimic the practice of scientists” (p. 222)

The ideas discussed in this paper seek to expand this framework in two ways.  First, we will argue that one of the most important contexts for learning science content is in the engineered environments in which we live, work, and spend leisure time.  The contexts of most interest to students are those where they live, go to school, go to work, and spend leisure time (e.g. malls, theaters, and sporting events).  Second, we will argue that these engineered environments pose opportunities for making principles of science and mathematics manifest to students given appropriate preparation and instructional scaffolding.  Based on this view, effective vehicles for preparing students to observe and investigate science and mathematics principles are career technical education (CTE) classes and the use of problems presented in CTE classes in science and mathematics courses.


Entailed in these projects, is the challenge of how to increase meaningful learning within the context of state mandates for more science and mathematics in the curriculum while at the same time closing the achievement gap.  Students whose post-high school educational pathway will not involve a 4-year degree will pursue career-related education that includes community college and/or trade schools whose technical programs include significant applications of science and mathematics.  Applied-science and engineering run counter to narrow interpretations of the National Science Education Standards (NSES) by state standards.  States have largely ignored the technological elements of the NSES and focused primarily on the physical, life, and earth sciences.  Few states have incorporated elements of engineering and technology (Commonwealth of Massachusetts Department of Education, 2001).  The premise of this paper is, that increasing meaning and closing the achievement gap requires using more of the NSES that vitalizes the role of engineering and technology as it applies to solving human problems in the lives of students.

One approach is to emphasize and teach science and mathematics in partnership with career technical education (CTE) classes (Stone, et al., July 2006).  Nearly all high school students take at least one CTE course during their high school experience (Silverberg, et al., 2004).  CTE classes, while including the familiar “shop” classes in woods and metals and auto mechanics, span a range of content that includes, but is not limited to, consumer studies, family relations, child development, culinary arts and catering.  Many programs run small businesses in which students participate in management and accounting.  The Carl D. Perkins Act authorizes funding for these programs.  Linking science to careers and post-high school education is a cornerstone of the 2006 reauthorization of the Carl D. Perkins Career and Technical Education Improvement Act (Carl D. Perkins, 2006).  CTE courses provide an avenue for re-contextualizing science and mathematics in problems that relate to careers at a time in their lives when students considering what their post-high school world will look like.  Many students do not understand the importance of science and mathematics to their future (Bridgeland, Dilulio, & Morison, 2006).  The CTE setting is similar to PBL programs that present scientific work as task-centered rather than discipline-centered.  However, the tasks in CTE classes often make something tangible that the student will or can use as compared to PBL projects where the product is a classroom presentation of a solution to a problem that has tenuous connection to their personal lives.  The term “project” is one description of a task-centered curriculum and we wish to distinguish projects that have immediacy in the lives of students as compared to projects where the connection to their lives is through government, corporate, or even scientific organizations and activities.  The emphasis of looking at science through CTE-type contexts does not diminish the importance of other task-based approaches as discussed above.  The intention is to make an analytic examination of the kinds of tasks we consider worthwhile and to whom they make sense.


Table A examines the relationships among levels of usefulness of knowledge and the kinds of practices engaged in by students to perform curricular tasks.  Students have greater personal awareness of and use for science knowledge that affects their own health or comfort. For example, the doctor prescribes antibiotics for a respiratory infection.  The evolutionary principle of survival of the fittest urges that the student take the entire series of pills or risk getting a more serious infection.  Similarly, convection, conduction, and radiation have personal impact when applied to the temperature of a classroom or bedroom at home.  Investigating the production of carbon dioxide has a corporate meaning to students in their world through impact on global warming.  Likewise, understanding the design of structural beams has a corporate meaning to students because of its use in buildings and bridges.


Table A shows practices that are engineering-related that suggests problems a student is likely to encounter on a regular basis in their world through everyday experience with their engineered environment.  Tasks stemming from scientific practices have general and pervasive impact on the lives of students.  However, these tasks are conceptually more subtle, less visual, and more difficult to describe as an experience.

Table A

Categories of Task-Based Curriculum Activities on the Dimensions of Usefulness/Relevance and Practices

	
	
	Relevant
	Usefulness

	
	
	Corporate
	Personal

	Practices
	Science-related
	Investigating the production of carbon dioxide
	Investigating the spread of bacteria

	
	Engineering-related
	Designing a beam to hold a given load
	Designing air circulation to uniformly heat a room


(Compare to Sherin, Edelson, & Brown, 2004, p. 222)


Using the analysis in Table A, we will restate the premises of task-based curricula to include a broader conception of how students experience and use science and mathematical knowledge in their lives.  In task-based curricula,

Premise 1A: Learning should occur in contexts in which new knowledge is useful for students in a corporate sense and in a personal sense.

Premise 2A: Students should engage in practices that are similar to the practices of scientists in science-related tasks and the practices of engineers in engineering-related tasks.

The curricular interest in connecting science and mathematics to everyday life by providing “authentic” experiences raises three questions: (a) what science and mathematical knowledge is actually put to use by students in everyday life, (b) what are the sources of activities that engage the knowledge, and (c) how is the knowledge taught and learned in school, the workplace or free-choice settings?  This paper explores the function of mathematics in a school-related setting and the function of science from the perspective of a non-school related setting.  The explorations to follow come from early work in the two related research projects described next.

Literature on how mathematics is used in the workplace informs the framework and models of observation.  Unlike science, this is an area that has a rich literature base (e.g. Bessot & Ridgway, 2000; Millroy, 1992; Smith, 1999).  Settings where mathematics is used will involve at least the implicit application of science concepts.  For example, a carpenter uses elements of geometry for setting up cuts and constructing joints that rely on principles of friction, net force, as well as properties of materials.  The carpenter uses algebraic reasoning when he/she manages a set of measure in the construction of a single project [9].  The carpenter maintains qualitative and quantitative relationships among a variety of factors (e.g. static forces, friction, and principles of simple machines) in the realization of the finished product.
Description of the Projects


A previous project examined how to use science content in the applied context of a CTE course on construction (Flick, Cerny, Collins, & Hinkle, 2006).  One of the current projects examines construction problems for use in teaching science (Flick, 2008).  We are also examining what algebraic reasoning is used within science and CTE courses as we work to build a robust collaboration among subjects to promote more meaningful learning (Flick, 2008).

Science and Engineering in the Lives of Students models and provides resources for teaching science through problems that utilize the ubiquitous connections among the STEM fields within the construction industry.  For instance, construction workers install specially engineered eco-roofs to decrease the impact of water run-off on wildlife habitats in rivers and lakes.  These technicians in the skilled trades learn the technology of an integrated system of layers that include a root barrier, waterproof membrane, drainage, soil, and plants.  Technicians learn about biohazards of mycotoxins produced by fungi in building materials and HVAC systems.  They learn the purpose and use of respiratory protection, gloves, and eye protection for handling environmentally contaminated materials.


Algebra in Context addresses low achievement in freshman algebra by presenting concepts in algebraic reasoning in multiple contexts.  The formal context of Algebra I is the framework for guiding projects in a project-based curriculum that incorporate algebraic reasoning in the freshman “Science & Society” class and in a CTE course sequence called “Design & Engineering.”


These programs intend to demonstrate, through curricular modifications, adaptations, and specially designed instruction, how to connect standards-based science and mathematics to meaningful contexts.  Each program couples science and mathematics teachers with CTE teachers to mutually reinforce the teaching of specific concepts.  Science and mathematics classes explicitly connect content to problems posed in CTE classes.  The CTE teachers work with science and mathematics teachers to design projects and incorporate terminology that reinforce the meaning of STEM content.  The goal is to communicate a consistent and long-term message of the value of science and mathematics in post-high school career and educational decision-making.
Example Observation I from Algebra in Context


Mr. D is a no-nonsense CTE teacher with decades of experience. His freshman metal shop class begins in a classroom including, chalkboards, a computer projector, and computer stations at each seat.  Mr. D expects his students to take notes in a journal whenever he introduces new skills. On this day Mr. D presents a computer slideshow about how to determine the relationships between the input and the output of various tools, that is, the reductions ratios.  Mr. D reviews the steps to setting up an inequality to determine the proper ratio.  Then Mr. D sends his students to the adjacent shop where eight stations are prepared with various tools and machinery.  Following the instructions in a handout, students are to practice using the tools in order to measure their output. For example, students stationed at a linear actuator turn the hand crank and count how many cranks, or revolutions, it takes to move the actuator two inches.  Next students are asked to calculate how far the actuator would move with 20.5 cranks.
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Figure A. Linear actuator similar to one used in Mr. D’s class to form a ratio between handle revolutions and linear movement.  


One group of three students works together (pseudonyms): one girl (Stephanie) turns the crank, a boy (Robert) holds a ruler beside the actuator, and a second boy (Roy) counts cranks, 60 cranks. The Stephanie records their answer to the first question. Then she reads the second question aloud and quickly suggests they try turning the hand crank and measuring the distance.  

Researcher
(interjects by asking) “What do the directions tell you do? It doesn’t tell you to actually measure 20.5 turns, does it?”  

Stephanie:
“No”

Researcher:
“No.  What does it say?”

Stephanie:
(reading from handout) “‘How far would the actuator would the end with 20.5 turns of the handle?’”

Researcher:
“So how does it suggest you go about figuring that out?”

Stephanie:
“Using a ratio.”

Researcher:
“So how does that work?... So first you’ve got to figure out some kind of ratio, right?”

Stephanie:
“Yeah.”

Researcher:
“So what are you going to do?”

Stephanie:
“5 to 1” replies the girl and boy together.

Researcher:
“5 what to 1 what? It’s not useful without a unit, is it?”

Stephanie:
“5 turns.”

Researcher:
“5 turns equals 1 what?”

Stephanie:
“What type of…”

Researcher:
“You’re not trying to figure out revolutions.  You’re trying to figure out…”  [students talk]  “…the distance it moves” the researcher finishes. “So the first question it asks you is how many turns it takes to move the actuator exactly 2 inches. So what do you think you ought to do?”

Stephanie:
“We did that. 60 turns.”

Researcher:
“So you measured that exactly? It took exactly 60 turns?”

Stephanie:
“Yep.”

Researcher:
“So what’s your ratio?”

[long pause]

Researcher:
“60 turns equals…”

Stephanie:
(completes the thought) “2 inches”.

Researcher:
“But you want that number to be some number to one, right? So how many turns would equal one inch?”

Stephanie:
“30.”

Researcher:
“30, OK, that was easy. Oh yeah, I see that on your paper, 30 turns equals one inch.  But you want to know how many inches 20.5 turns equals. 

Stephanie:
“Yeah.”

Researcher:
“So can you set up a ratio to figure that out?”

Stephanie:
“Um, I’m not good at math.”

Researcher:
“I bet you can do it. [pause] We can talk about it, no? Have you studied ratios before? No? Maybe in your math class?”


[Robert discusses taking algebra last year]

Researcher:
“So in a ratio you’re comparing two things, right? So 30 turns equals one inch. You want to know 20.5 equals how many inches.”

Stephanie:
“Like this” showing an inequality on her paper.

The researcher continues guiding the students to set up their equation keeping units aligned properly.

Researcher:
“So 20.5 turns equals how many inches”

Stephanie:
“So it’s under an inch”.

Researcher:
“Yeah, how do you know that?”.

Stephanie:
“Because 30 is a bigger number.”

Researcher:
(after cross multiplying) “20.5=30 times X. Now what?”. After more discussion and solving with a calculator.

Researcher:
“You told me less than one, right?”

Stephanie:
“.68”

Researcher:
“.68 what?”

Stephanie:
“Turns?”

Researcher:
“Well, what are solving for? Look at your original equation. The original equation shows you 30 turns equals 1 inch, 20.5 turns equals?”

Stephanie:
“.68 inches”

Researcher:
“Pretty simple. You told me it would be less than one. Do you want to measure it to see if you were right?”

The students check their answer by measuring with the ruler and counting turns as they did at the beginning. 

As a result of the context, the math discussed in this activity fosters unique conversations not present in the math class.  These students are accustomed to working together and manipulating the tools and machinery found in the metal shop.  When Stephanie is given the chance to discuss the problem, manipulate the tools, and visualize an appropriate answer, she astutely concludes, before completing the calculations, that the correct answer must be less than one.  Stephanie has engaged in proportional reasoning.  She has thought in terms of the relationships. She thought in terms of the relationship between turns and distance.  In particular, she used the relationship expressed as 30:1, but she did not state her thinking in terms of this numerical expression.  She implicitly reasoned that if 20.5 is less than 30, then the unknown distance must be less than 1.

This type of reasoning may have roots in visual or sensory memory where the symbolic expression is held in memory as a representation of the relationship as discussed with the researcher.  In information processing theory, this is called short-term memory (Mayer, 2002).  In the context of metals shop and this specific problem, it is likely to be more complex involving interactions among visual, tactile, kinesthetic, even conceptual memory of the experience of turning the crank and seeing the actuator move.  In any case, the basis of the reasoning is not available to the student.  She is not aware of these elements of her mental capabilities.  Therefore, she reaches a conclusion and can not build on the idea.

When asked by the researcher, if she can go from an apparent meaningful expression of the ratio “30 turns to 1 inch” to figuring out the distance for an arbitrary number of turns (e.g. 20.5), Stephanie says, “Um, I’m not good at math.”  This is quite remarkable.  She recognizes the task as mathematical and then says she is not good at it.  Students commonly use the phrase “not good at math” even when the speaker may think otherwise.  She could have taken the task to be mechanical.  How do you turn the crank exactly 20.5 times and measure the resulting arbitrary amount of distance.  This problem is probably equally difficult for her, if she assumes that she is to come out with a specific distance.  Perhaps cued by the term “ratio” and her notes, she correctly reasons that this is best handled as a mathematical problem.

It is difficult for the Stephanie to build on her own reasoning.  The researcher scaffolds proportional reasoning by recording the unknown ratios on paper next to student notes showing the empirical ratio of 30:1.  With additional prompts, the student responds with, “So it’s under an inch”.  More prompting leads to calculating a number (0.68) and finally identifying the units (inches).  After solving the equation, the shop activity has the affordance of allowing students to check their answers in the original context.

Algebra in Context

Henderson and Dweck (1990) demonstrated that students were able to demonstrate significantly better reasoning in clinical settings, where there are fewer distractions, increased attention, and prompts, than in complex classrooms.  What we learn from this episode is that students can display the expected reasoning with appropriate scaffolding.  The efforts by this CTE teacher were successful in creating a context that could lead to proportional reasoning.  However, he is faced with obstacles for making manifest, supporting student recognition of, and causing student reflection on this reasoning.  Foremost, in a large class of twenty or more students it is not possible for the teacher to facilitate extended conversations with each group as the researcher did in this example. Also of note, although the students work cooperatively, only one student truly engages in active problem solving.  The others seem to follow the exchange but miss the experience of verbalizing proportional reasoning.

Example Observation II from Algebra in Context


This case demonstrates some of the ways one instructor and her students have begun the process of placing algebra in context. The instructor works to expose the mathematical thinking that is inherently involved in an everyday activity like designing and sewing a cargo bag.  This case also highlights the kinds of mathematical discussions that are possible by spending a little extra time making mathematical thinking explicit and engaging students in a discussion of mathematics in a non-mathematics classroom. Prior research has demonstrated the kinds of mathematical discourse possible when social norms and sociomathematical norms are maintained to help students feel safe in taking chances and have a common way to talk about math. The following case demonstrates how a CTE course can provide a concrete experience and tangible product on which the algebra teacher can build. 


The class culture in Ms. M.'s classroom is casual. The students appear comfortable chatting, roaming and socializing as they do their projects.  The class is generally respectful and attentive for an active group of 9th graders. Ms. M.’s demeanor is patient yet authoritative.  The classroom is large and brightly lit with a sense of “front” due only to the projection screen at one end of the room around which chairs and tables are arranged.  Towards the other end are larger worktables and sewing machines. Ms. M.'s desk is along the far wall. Students are active and engaged in both socializing and working. One of the authors overhears several students in various classrooms remark that being able to choose whom they work with is one of the most important learning factors in their classroom environment. 

 
The observer came into Ms. M.'s classroom after they had started the “Cargo Bag Project.” Projects are the basis for lessons in Ms. M.'s Design and Engineering course for 9th graders. In fact the whole school strives to embrace project-based learning.  This quarter Ms. M. has redesigned her cargo bag project to explicitly include talk about the mathematics involved in designing and sewing the bag. Earlier, when the project began, Ms. M. had the students watch a video of a Columbia Sportswear designer going through his process of designing a backpack.  This video gave the students a real life counterpart to the project as well as some mathematical concepts used in the context of designing a bag. Ideally these terms are now part of their awareness as they proceed through the project. Ms. M. had the class construct a “Math Terms” poster from the video, which hangs on the wall in easy view.  Figure 1 shows that the teacher added terms over time as students discussed various steps in making the bag.
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Figure 1.  Classroom poster of “math terms” developed by students and teacher in Design & Engineering during activities for scaling a pattern and making a sports bag.


Previously, Ms. M. lead students through the reasoning necessary for each student to scale up a pattern printed on an 8.5 X 11 to any arbitrary size.  The available zipper lengths set a limit on the range of sizes. They were using the concept of scaling to accomplish this task.  In the excerpt below, students report their journal entries for the following prompts:

September 16

1. How have you used math so far in figure out how to increase the size of the bag pattern you have to make the size of the bag you want?

2. What have you learned from what you have tried so far?

3. What do you need to know or do to finish the development of the pattern for the size of cargo bag you want before you begin to select and cut the fabric?

Discussion of journal prompt 2:

A student describes doing a pattern four times the size of the pattern.

T:
I only have zippers up to 27 inches.  How do you decide the size of the bag?

S:
By what you want to put in it.

S:
Bag is for sports.

T:
How do you get a bat in the bag?

S:
Get it from GI Joes [the sports store].

T:
Where does GI Joes get it?

Students get into discussion of bag design, pockets, etc.

T comments that two zippers can be used to zip together at the middle of bag.

T prompts S to consider the “relationship” between the pattern and the bag they want.


Scaling has always been a part of this project but as Ms. M. commented, “I always did the math”.  She redesigned the project to emphasize the importance of doing the mathematics by reducing the patter size to a standard sheet of paper, too small to be a useable size.  Then told the students to determine the size they wanted limited only by available zipper lengths.  Two girls had decided to make a bag big enough to fit one of them into it, thus requiring two zippers.  Another student showed me the bag he had scaled down to only a few inches in length. I asked what he intended to put in his bag.  He said, “It is for my marbles,” and after a pause he added, “I don’t have many.”  The scaling task not only introduced mathematics in a meaningful context but, unexpectedly, opened opportunities for students to be creative, social, and express a sense of humor.  In the end, they had a tangible, relevant, and useful product.


In the transcribed excerpt from class discussion, students revisited the “Math Terms” poster and Ms. M. asked them to use the terms, in a full sentence, to describe a step they took to make their bag:

M:
Come up with a sentence that you could share with the rest of us on how you used math already, those words in particular (points to Math Terms poster), on your bag.   (Ms. M. pulls Molly's name from a handful of cards)… Look at the words.

Molly:
...I used division by dividing sides in half to get the other side.

M:
Ok, you used division to divide the side in half to get the other pieces of the end of the bag. Ok, that’s pretty good.  (Next she calls on Lin but she is not ready then Alma)

Alma:
I measured the sides of my bag, for the cloth.

M:
Measured the cloth. Ok.

Then another student volunteers

S3:
I used guess and check.

M:
You used guess and check to (posing a question)?

S3:
See how big my bag would be.

M:
Tooo...seee ...iiif (trying to draw out a specific math task) ...yeah but go a little farther...

S4:
I don't know.

M:
You used, how did you use guess and check? Just say it and without trying to...

S4:
Um, I used the word guess and check. (Struggling to make a sentence)
M:
And what are you doing? 

S4:
I spelt (sic) the word and put it on a piece of paper, wrote guess and check. (Referencing the journal entry, still struggling for a useful, complete sentence)

M:
(with humor) But what were you guessing about? What were you checking? 

S4:
The guess and check part.  (Other students are laughing)

S4:
I'm serious.

M:
You use it to say... what did you guess?

S4:
Um I used the word check

M:
Can anybody help her out, ...you had it, can anybody help her out with that concept of the guess and check? 

S5:
You guess the thing and then you check to see if its right.

M:
What are they guessing?

S5:
How big you wanted it? And then you try it, and if it works then you were right.



This exchange did not produce a satisfying description of the use of a strategy that was easily observable as students worked on their patterns.  The researcher introduced the term during previous class work to describe to students what they were doing and emphasizing its mathematical value.  It appeared that the term stuck, but its meaning was not clear.

M:
Kim you're next

Kim:
Oh, ok. By multiplying the sides of the paper thing we got, you know, Um… by four to get the sides of the bag or (whatever?).

M:
Ok. Good.  Ok Lola, you want to share one?

Lola:
Yeah um...I had to compare my inches on my thing to earlier fabric piece, to make my bag.

M:
Inches on your pattern to your other fabric piece to determine, what? I think you said it.

Lola:
What I wanted to compare it to, the sides.

M:
Okay so you compared one to the other.

Lola:
Yeah.


This exercise is revealing in that using particular math words, previously generated by the students, in a complete sentence was challenging.  Doing this task required students to recall procedures specific to mathematical activities and then apply the term to communicate a thought.  This is difficult in two ways.  First, the verbal product relies on the student understanding not only the step by step processes explicitly guided by the teacher, but also understand the conceptual problem of scaling the pattern and preparing the fabric for sewing.  Recounting activity carried out in class is one thing, but talking about the mathematics meant understanding the larger purpose.  The purpose goes beyond following instructions to make a bag to deciding on a size and use for the bag and scaling the pattern for that use.  Second, typical student expressions in class are short and do not involve full sentence responses.  The common question-response-evaluation cycle of classroom talk does not involve full sentences and the teacher is the one linking ideas together with extended talk (Lemke, 1990).  For a student to engage in an extended expression of a thought is more risky because they expect the teacher or other students will evaluate their expression.


In the next excerpt, Ms. M. attempts to press for understanding the value of recording and using the math terms.  She added the new words dimension, sides, and design to the poster that came out of the discussion.  The goal over time is to demonstrate the importance of understanding and using certain mathematical ideas in design and sewing.  S8 adds the critical insight.

M:
Okay I am going to add a few more words to this list up here. In order to talk about the next step ... and... I am going to add the words (as she is writing) dimension, sides, (she tells some girls to be quiet) and design.

M:
Now before I go farther, can you tell me... what’s the purpose of this list? 

S7:
I have no idea. (Students laugh)

M:
Think about it, what’s the purpose of this list, think about it. (She repeats the questions to get their attention) Cassy, what’s the purpose of this list?

S8:
Um...so we can incorporate math into what we’re doing.

M:
Ok. Did we have to do the list in order to put the math in?

S8:
No. 

M:
Why?

S8:
Because the math was already in there…

M:
Very good.


Next Ms. M. put up an overhead of the bag pattern and helped the students to see how choosing one length, the top of their bag thus the zipper length, constrained the other dimensions.  This was the big mathematical idea in this project.  It was not clear from the class interactions how many of the 25 students we able to follow the whole discussion.  When this research is fully functional, the plan is to have this work reinforced by the algebra teacher who will use this pattern and other elements of CTE classes as examples.
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Figure 2. Cargo Bag pattern that students used to scale the design of their own bag.  Dimensional proportions are provided for the reader.  Students worked with only a black-line pattern shape which was the projection used by the teacher in this example.

M:
We have been making this bag for three different years in Design and Engineering. It was the perfect bag for us to do the math in, because, I don't know whether you realize this or not, but when you were planning your design, as soon as you picked how long the longest side was going to be, this is a rectangular bag, as soon as you picked how long the longest side of your bag was going to be, you picked every other dimension of your bag. 

M:
So lets say you picked this as 18 (pointing to the short end of the rectangle, the edge where the zipper goes). Do you remember what this was then (pointing to the long side)?

S:
Two of them?

M:
Two of those, right. So if you picked 18 up here, according to the way this bag was designed, this one then was 36. But in addition because these things (pointing to elements that stick out of the pattern forming the ends of the bag) 

S:
They were 9. 

M:
This end, right, this end is four equal pieces of that rectangle and they were, what did you say Kim?

S:
9.

M:
They were 9. So do you see this? As soon as you picked 18, this length is twice that and each one of those are what?

(Several students say a quarter)

M:
Exactly Molly, they are a quarter of that.

(She goes over the dimensions one more time)

M:
This is just one example. What if this (pointing to zipper top) had been 14? What would this have been?

S:
28

M:
This would have been 28 and what would these have been?

S:
7

M:
7 you got it you got it.  When  Green Pepper Inc., down the street who makes patterns, developed this pattern, they did this perfectly mathematical pattern, that was just right for us. This dimension, twice this, that’s how big your bag was around, how long, what the circumference of this rectangle is, and then a side is a fourth of it. Ok so that was pretty simple once we got it.


The making of a sports bag and the reference to “Green Pepper, Inc. down the street” brings the project, and by extension, the mathematics to a personal level.  Algebra in Context intentionally uses this CTE class, which all freshmen are required to take, as a vehicle to re-contextualize mathematics in ways that have immediate impact in the lives of these students.  Ms. M. has this goal in the class discussion summarized above.  Based on our logical framework, the coordination of course work in CTE, science, and algebra, will change student perceptions of mathematics from a subject outside of their experience and capabilities to a subject that is continually functioning in their lives.  Further more, all the teachers involved (algebra, science, and CTE) in re-contextualizing mathematics are developing a different understanding of what it means to think algebraically and what it means to do mathematics.  This example is demonstrating the initial effects of changing instruction to match this new understanding.  Changes in instruction include prompting more student talk about mathematics, helping students notice “the math was already in there…” (S8 above), and promoting an awareness in students of the variety of ways they function successfully with mathematics.


This final segment of the class required that students use the dimensions of the bag they designed and the proportional relationships among these dimensions to determine the length of webbing to be used to make the handles.  The task was to use their pattern to determine the length of webbing needed for two handles that go around the bag and form two loops.  Using Figure 2, the length would be six halves plus an agreed upon loop length times two.

M:
Now you’ve got a third complicated thing to figure out today. …Some of you have got the zipper done, your next step is the webbing, this part right here, is going to make the handle of the bag. And you'll have to tell me how long your webbing needs to be. I'll cut it and I'll give it to you but you first have to prove to me that you understand how long your webbing has to be. So you are going to come up to me and say…here's how much I need for my webbing, Now here is the way the webbing works, are you with me still?  (She continues to demonstrate how the webbing doubles  around the bag  to make two handles. It is sewn as one big loop. On the bottom of the bag the webbing meets and is sewn together).

M:
I was just figuring out what a normal sized handle would be. (Ms. M. and the students argue for the one length they will all use and come up with 34 inches to loop over the shoulder comfortably.) You have to do two handles, 34 and 34.

S:
Plus all the stuff in the middle.

M:
Plus the stuff in the middle. So how are you going to determine what the stuff in the middle is?

The students then go off to figure out the amount of webbing they will need. A little while later, one group is ready and approaches Ms. M.’s desk where she is cutting webbing and melting the cut edges.

M:
Ok so show me how.

S:
We will show you on the board, the board is funner.

M:
Ok.

S:
We just did this like three times. 

S:
14 times 3

Figure 2 was provided to students on 8.5 x 11 paper without dimensional or proportional information.  One can see that 14 was the dimension of the bottom and side dimension, which is half of the zipper length.  “Times three” accounts for the bottom and two sides which the student indicates next as “That side, this this”.

M:
What’s 14?

S:
That side, this this.

M:
14 times 3. Ok.

S:
4, 8, 12,... 42 then we plus 34 is 76 and then we times two which is (152) plus one. (The extra inch is to overlap the ends for sewing).

M:
Plus one. So, you have 153.

S:
153 inches. 

M:
Ok I think you’ve got it.


Students worked through the calculations in their head, on paper, or on the chalkboard. They all seemed to be visualizing the bag dimensions in their head and gesturing its dimensions and shape as they talked each other through the calculation. I thought it was interesting that I did not see anyone draw his or her bag pattern out or try to measure the pattern directly.


Visualization is an important way of thinking proportionally (Pulos, Karplus, & Stage, 1981).  The class discussion emphasized the relationship among the dimensions of the pattern, so students thought in the same way.  Would measuring take more effort?  Would they distrust their own measurements?  Is measuring more “math like” and therefore not to be trusted because “I’m not good at math”?  The emphasis on bag proportions has students operating in a conceptual manner.  It would appear, however, that these students were prepared to think of individual dimensions of this bag as units.  Therefore, it was more natural to think about seeing three units of 14 inches each and multiplying by three.


One week later, I returned. They had completed their bags. They were about to have a test on the cargo bag project and how they accomplished the bag making process. After Ms. M. explains what is going to happen they watch a short video (the one they watched on the first day of the Columbia Sportswear backpack designer and the process he goes through in making a new bag < http://www.thefutureschannel.com/dockets/realworld/designing_backpacks/>). Ms. M. explicitly tells them to pay attention to his steps in designing and making a bag because it will be part of the test. She also explicitly tells them to watch for their math terms in the video. She asks them to speculate what math terms they expect to hear. Halfway through the video Ms. M. reminds them to write down words related to math. I notice the video uses the terms design, dimensions, pattern, volume, measurement, and ideation.  Ms. M. then questions students about the design process and math terms in the video and then they go take their test.

I ask Brenda for a quick interview in a separate room when she finishes the test.  

R:
What is it like to do the math in a bag-making project? 

I:
Well it doesn’t feel like regular math class its just, your doing math without thinking about it because you have to figure out, you know, what fabric size you need and everything and so your just doing math without thinking ‘oh I need a calculator this is math class’. It just kinda just comes natural. 

R:
What would you think about doing something like this in a math class instead of in a fabric class but actually working with fabric or making a measurement?

I:
I think it would be a lot um.. more fun because you’re not just sitting there writing out math problems your actually getting more involved and your making something, you have an end result not just an end piece of paper with math problems. 


This last comment by the student reveals that math used in the bag making process was meaningful to her while similar mathematics done in an algebra class may be less so.  The next step in placing algebra in context at this high school will be to debrief the algebra teacher and help these two classrooms make meaningful mathematics connections.

Science & Engineering in the Lives of Students

Everyday Language about Thermodynamics

Science & Engineering in the Lives of Students is the second project discussed in this paper. The purpose of this section is to examine language as a significant aspect of context when discussing ideas related to radiation, conduction, and convection.  Language is the primary vehicle for moving a topic into (or out of) the context of someone’s thinking.  Vygotsky’s (1962) research methods on concept formation involved both concept terms (words) and abstractions stimulated by identifying common attributes from a set of objects.  Words are a means of mediating experience, relating attributes to objects. The learner uses words to reach a common understanding with a more capable learner or teacher.  At an early stage, the ‘word’ is the concept.  The learner has no deep sense of what the word means other than it has recognition power with others.  Later, the word comes to signify a set of attributes or ideas that are joined into a concept.

In the case of radiation, conduction, and convection, we have concepts that the learner has not formed completely and are easily confused.  However, the learner has many relevant experiences that relate to these terms.  The home environment or more generally, the engineered environments, in which the learner lives and works, are the source of these experiences.  This section examines the language used to describe these experiences.  The sources for the current analysis are not from school-age youth but from the language used in printed text to describe these experiences in non-technical terms to people, who own homes.


Through this examination, we achieve an understanding of concepts that have everyday operational meaning to people.  The words used are terms that have concrete meaning in the structure of homes.  They are the words that mediate the experience of being in a house and are instrumental in discussing how to make a house perform in a more thermodynamically efficient way.  We compare this language to descriptions in a science text and in the National Science Education Standards.

Radiation, Conduction, & Convection

Radiation, conduction, and convection are the principles that explain heat transfer into, out of, and around the house.  However, these terms do not convey the experience of being in a drafty room or a room that is too warm or cold.  Everyday language used to talk about heat flow as it applies to residential construction is focused on the flow of air.  The terms radiation, conduction, and convection are rarely used.  Homeowners and builders are interested in maintaining a comfortable temperature.  Comfort comes from uniformly heated air that flows evenly and gently to maintain appropriate humidity and avoiding dead spots that can become too warm or too cold.


There are a number of resources for the general public that discuss heat transfer in homes and how to make homes perform more efficiently.  For the following discussion we have relied heavily on Cut your energy bills now by Hartley (2008).  Bruce Harley is technical director of Conservation Services Group (CSG) and chair of the RESNET Technical Committee.  He has worked with and trained in retrofit, new construction, codes, and building science since 1990.  Other resources we consulted used similar language.

Resources Analyzed 

	ENERGY STAR consumer links: Products, Home Improvement, and New Homes
	www.Energystart.gov

	American Council for an Energy-Efficient Economy; has good general comparison shopping information
	www.aceee.org/consumer

	Alliance to Save Energy
	www.ase.org/section/_audience/_consumers

	Oklahoma State Energy Office: building science videos
	www.bestofbuildingscience.com/


The following passage is a typical description of home heating and cooling problems as discussed by a contractor.  This language uses the attributes of homes as the root context for talking about heat transfer.

“A house with hidden air leaks can hurt you in a number ways.  Cold air sneaking in makes your house drafty and uncomfortable.  Escaping air wastes expensive heat or air-conditioning and carries moisture that can lead to mold or decay” (p. 69).

The idea of saving energy is closely linked with heat transfer when talking about homes or building in general.  So much of the day-to-day energy cost is born by heating and cooling that energy usage is the primary reason for thinking about heat transfer.  Because the transfer of heat inside a home is typically associated with air flow, there are two other reasons for talking about warm and cool air movements.

1. “Controlling air movement not only brings comfort but also saves energy and increases building durability by reducing condensation that can lead to rot.”

2. “Air leaking through basements, crawl spaces, attics, or garages wastes energy and can carry pesticides, allergens, or even toxic fumes into your home” (p. 69).


Without using the terms, most of the discussion about airflow relates to convection with the assumption that air on one side of the leak is of a different temperature than the air on the other side.  Leaks are no problem if the air temperature on both sides of the leak is the same temperature.  A difference in temperature creates a convection current that flows through the leak.  Moving air can create discomfort if it is too hot or too cold.  Sealing leaks and placing insulation in all attics, walls, and floors of a house cuts down on airflow or convection.


Insulation creates dead pockets of air.  Air is not a good conductor of heat.  It is in this context that there is some language about heat flow, rather than airflow.  ‘R-value’ is the term used instead of thermal conductivity or conduction. ‘R-value’ is the measure of thermal resistance in the construction industry.  This can be thought of as the inverse of thermal conductivity (conduction).  Even when discussing insulation, Hartley (2008) still relates effectiveness to airflow through leaks.

“Insulation is measured in ‘R-value,’ for resistance to heat flow.  High R-values means more insulating ‘power.’  But R-value doesn’t tell the whole story. …sealing up air leaks between the insulation and the inside of your house is essential to make sure that insulation doe sit s job well” (p. 89).


Perhaps the central difference in language between textbooks or academic language and everyday or construction-related language is associated with the concept of ‘convection.’  Generally, people experience heat transfer because of airflow.  Common household examples involve home heating ducts, windows, and doors.  Language about the movement of air is conflated with the movement of heat.  Careful attention to the experience of working on a ladder in a room highlights the difference between the temperatures near the ceiling versus near the floor.  The misuse of the phrase “heat rises” and the misconception that attics should have more insulation than the walls is one place to observe the effects of mixed meanings.

“Actually, warm air rises.  And houses tend to leak, especially at the attic – that’s why attics are warmer in the winter than they should be.  The only reason most people put more insulation in attics than they do in walls is that it is cheaper and easier to put more in the attic, and the myth of heat rising reinforces that thinking.  In the summer, cool air sinks, and the upper floor gets hot because the air leaking is coming from the room/attic area, where it’s superheated.  Sealing the attic leaks before insulating prevents air exchange in both directions” (p. 91).

Language about Heat Transfer in Textbooks and NSES

Advice to homeowners about their home heating, cooling, and ventilation does not generally use the terms conduction, convection, and radiation.  The following, are more commonly used terms: energy, efficiency, savings, heating (air & water), cooling (air & water), needs, waste, leaks (air & water), seals, balance, flow, pressure, ducting, outside/inside, and insulation, humidity. Radiation, conduction, and convection are the focal concepts in textbooks.


In one passage that discusses the thermodynamics of the human body, the textbook authors invoke the three key concepts of radiation, convection, and evaporation.

“Heat is transferred from the body to its surroundings primarily by radiation, convection, and evaporation.  Radiation is the direct loss of heat from the body to cooler surroundings, much as a hot stovetop radiates heat to its surroundings.  Convection is heat loss by virtue of heating air that is in contact with the body.  The heated air rises and is replace with cooler air, and the process continues.”

Textbook language also distinguishes between qualitative and quantitative descriptions of heat transfer.  Even though technicians, contractors, and engineers must be directly concerned with quantitative descriptions, this distinction is completely absent from everyday talk about thermodynamics.  The textbook example of the human body discusses food as a source of energy and describes how much of that energy is used for muscle and nerve activities and how much is used as heat for maintaining body temperature.  Each of these descriptive elements of body energy has their quantitative counterparts in units of heat quantity.  This has implications for teachers and curriculum designers if they are to be sensitive to how these concepts play a role in the lives of students.


The NSES presents another divergence from the everyday language of thermodynamics.  The Grades 5-8 Standards frame heat transfer in terms of the abstraction of energy.  There is an overt attempt to guide students to link various forms of wave energy with object motion leading to the kinetic theory of heat.

“The understanding of energy in grades 5-8 will build on the K-4 experiences with light, heat, sound, electricity, magnetism, and the motion of objects. In 5-8, students begin to see the connections among those phenomena and to become familiar with the idea that energy is an important property of substances and that most change involves energy transfer” (p. 149).


Grades 9-12 Standards frame understanding heat in terms of measuring variables including the abstract category of kinetic energy.  This serves a larger goal of the NSES to build an understanding of matter as made up of particles called atoms that are in constant motion.
“On the basis of their experiences with energy transfers in the middle grades, high school students can investigate energy transfers quantitatively by measuring variables such as temperature change and kinetic energy” (176).

The Standards state that there is difficulty of understanding the kinetic theory of heat.  Following that statement is a statement of the abstractions about heat that the authors of the NSES expect high school students to understand.

“Although the operational distinction between temperature and heat can be fairly well understood after careful instruction, research with high school students indicates that the idea that heat is the energy of random motion and vibrating molecules is difficult for students to understand…
· “All energy can be considered to be either kinetic energy, which is the energy of motion; potential energy, which depends on relative position; or energy contained by a field, such as electromagnetic waves.

· “Heat consists of random motion and the vibrations of atoms, molecules, and ions. The higher the temperature, the greater the atomic or molecular motion.

· “Everything tends to become less organized and less orderly over time. Thus, in all energy transfers, the overall effect is that the energy is spread out uniformly. Examples are the transfer of energy from hotter to cooler objects by conduction, radiation, or convection and the warming of our surroundings when we burn fuels…” (p. 176).
Summary


Students in middle and high school do not actively discuss the thermodynamics of their home and school except perhaps to comment about the weather or complain about their comfort.  After all, if the temperature and humidity are well controlled, there is nothing to talk about.  However, they are in a stage of their lives where the borders of their world are rapidly expanding.  Part-time jobs require different kinds of knowledge, they become involved in home maintenance and repair, and they are learning the cost of both goods and services.  They are beginning to recognize the growth of their capabilities as they are asked to do more.  Recognizing and coming to understand the structure and function of the buildings they live, work, and play in, increase their capabilities.


The language of the NSES and textbooks are not well suited to connect the science principles of thermodynamics to the lives of students for long-term retention and so that the knowledge is transferable.  Concepts in science hold powerful generalizations for subsuming many important ideas about how the engineering environments that student inhabit everyday, all day.  However, if abstractions precede cogent examples and applications that exist in their lives, there is a good possibility, that for most students, the concepts of science will not have value.


We have discussed a contrast in language that can be examined in another way that suggests an approach for bridging conceptual gaps.  Britton (1970) distinguished between two kinds of speech used in everyday parlance.  People use embedded speech to persuade others to participate in their present activity and ways of thinking.  Examples are advertising, teaching, and news programs.  People use displaced speech to invite others to be spectators of past events to think as in a story.  Examples are TV, movies, novels, gossip, and conversations about life.


Embedded speech dominates most classroom discourse in math and science.  Using embedded speech, teachers and students select their thoughts based on the external criteria of the situation, on observations that can be debated, or arguments that can be shown true or false.


Displaced speech invites the listener to share like a spectator in the speaker’s interest and enjoyment in what he/she expresses.  Using displaced speech, the speaker selects ideas from internal criteria that the speaker finds pleasing or personally interesting.


Displaced speech in science tends to be theoretical and abstract using “What if…?” questions and conjectures about general cases.  Its abstractness often fails to capture the imagination of young people.


Displaced speech in science and about science has led teachers to assume that the patterns of nature are easily constructed and always constructed in a particular way given appropriate experience.  An example of this assumption can be found in the NSES Grades K-4: “Heat can be produced in many ways, such as burning, rubbing, or mixing one substance with another” (p. 123).  These examples may be easy to produce, but the connection between the example and generation of heat may not come without students engaging in sufficient displaced speech for sharing experiences with what they call heat.  However, the problem is not in finding the right activity or question but in creating an atmosphere of sharing and negotiation among students and teacher in finding apt examples of heat generation.


Sometimes what happens in science class is so unlike our expectations that we are not able to adjust quickly enough.  Our representation cannot change as radically as what is apparently called for.  But events do not wait.  In the context of Embedded talk, we “participate” as best we can and finish with a positive need to take the role of spectator in order to come to terms with it.  We need to talk about our life, our experiences, and our understandings and invite others (the teacher) to become “spectators” of our thinking, or our world.  If there is such an opportunity, the spectator may become comfortable enough to continue participation.  If there is insufficient or no opportunity to engage in linguistic spectatorship, then we may “merely reject the recalcitrant experience, go on basing our expectations upon a representation of the world in which such things ‘simply don’t happen’ (Britton, 1970).


The language used to talk about the engineered environments that surround the lives of students, offers many opportunities for displaced speech about experiences that entail the concepts of science we wish to teach.
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