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Abstract

Research indicates that US students often lose interest in mathematics and science as early as grade 6.  These skills are basic in the education of future engineers.  To help to address this issue, a group of faculty and graduate students at the our university has developed curricular materials for the secondary school classrooms over the last 10 years through a set of state and national government, as well as private, grants.  These materials emphasize applied mathematics and science, in particular, in energy and engineering topics.  Approximately 50 secondary school teachers, half of whom are mathematics instructors and half of whom are science instructors, attend two-week summer workshops to increase their knowledge base in mathematics and/or science though energy, and engineering examples. The science teachers quickly see the application for their classrooms, so our challenge has been to focus more directly on the mathematics instructors to provide them with real-world models. 
In addition to offering the summer workshops, there are two additional portions to our projects:  academic year follow-up and assessment.  To provide a sustained experience into the academic year and to further support the participating teachers, graduate students visit the secondary classrooms weekly.  The graduate students serve as content experts, help in lesson planning, and aid in hands-on classroom activities.  A continuous formal assessment program has been in place throughout the projects and has evaluated the teachers’ content knowledge growth and monitored student progress on standardized exams.  Teachers have also responded to questionnaires on the success of the programs in their classrooms.  The teachers have regularly shown growth in content knowledge.  However, student growth on standardized exams has been more difficult to assess as a result of our programs.  Our long-term goal is to better prepare students to enter university engineering programs.  Our success has been in educating secondary mathematics and science teachers to carry on this goal.

.
1.
Introduction
U. S. educators have expressed concerns over the quality of the public education system. In mathematics and science, U.S. students are performing below their international peers in comparable grade levels (Kirsch, Braun, Yamamoto & Sum, 2007; Martin, Mullis, & Chrostowski, 2004; Mullis, Martin, Gonzalez, & Chrostowski, 2004). Questions are currently being raised as to whether the U.S. will be able to maintain its global competitive edge (Krisch et al., 2007; National Academies, 2007). 
Research further indicates that students often lose interest in mathematics and science as early as the middle grades (grades 6 through 8) and this is reflected through declining test scores (Barker & Aspray, 2006; Fennema, 2000; Margolis & Fisher, 2003). By high school, many students opt out of higher level mathematics and science (American Association of University Women, 1992; National Center on Education and the Economy, 2006), unknowingly limiting their future career options. Both the Trends in International Mathematics and Science Study (TIMSS) (National Center for Educational Statistics) and the National Assessment of the Educational Progress (National Center for Educational Statistics, 2008) have found that as students progress from primary through secondary schools, their average academic performance in science and mathematics steadily declines; this has not been found in many competing nations. 
It has been shown that teacher content knowledge impacts instruction (Krueger and Sutton, 2001).  Although content knowledge is not the sole indicator of effective teaching, Krueger and Sutton summarize that teachers are able to engage in classroom discussions more effectively with more background.  Teachers may gain content knowledge through a variety of ways including Professional Development.  A strong Professional Development Program (Loucks, et. al, 2010) is a sustained experience, standards based, with solid assessment.
Many researchers (Frykholm and Glasson, 2005; NCTM, 2000) have suggested that an integrated or connected curriculum could provide students with more motivation to appreciate science and mathematics. Furner and Kumar (2007) state that the success of students is dependent upon the way in which mathematics and science are integrated in order to motivate students in meaningful learning.  In a literature search, West, et al (2006) found studies which incorporated mathematics into the science class.  However, there were not studies of science inclusion in a mathematics class nor of a hybrid course where mathematics and science were treated equally.  Barriers to integration include a lack of curricular materials and a lack of teacher preparation.   In response to this need, we have developed a series of summer workshops for teachers from kindergarten through grade 8 in the areas of mathematics and science through energy resources and engineering curricular examples.
2.
Our Workshop Model
Over the last eight years, seven Colorado School of Mines (CSM) projects have been funded and twenty summer Professional Development workshops have been offered, focusing on mathematics and science content and the continuing education of public school mathematics and science teachers. As a result of these efforts, workshops have been developed and offered at CSM and on the Western Slope of Colorado to local area and rural teachers. Mathematics and science teachers from twelve Colorado school districts have benefited from these efforts. For particular details concerning these grants see OHare, et al. (2010), Moskal, et al. (2010), Skokan (2009),  Skokan, et.al. (2009), and Skokan and Crocker (2008).
The specific goals of all of the workshops are to:

1. Upgrade the science and mathematics subject matter understanding of public school teachers through energy and engineering concepts examples.

2.  Assist teachers in developing a repertoire of teaching strategies, activities and lesson plans.

3.  Develop the teachers’ knowledge and understand of how energy and engineering can be integrated effectively for instructional purposes.
Both mathematics and science teachers participate in the workshop together, often as teacher teams from their schools.  The workshops are two weeks in length and emphasize hands-on activities that connect both a mathematics and science principle.  As well, the activities are standards-based as is required by our state educational system.  An engineering and an energy resource example are included below.

For an engineering example, the teachers learn about the design of a voltage divider.  Background material on voltage, resistance, and current is first presented.  The teachers then learn to use a multimeter to measure these quantities given a battery and resistors.  Finally, the teachers are presented with the following scenario:
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Question 1

Jorge purchases a resistor.  The package indicates that the resistor has a value of 1000 ohms.  Jorge decides to use this as R1 in the diagram.  Jorge now needs to purchase the second resistor, R2 in the diagram.  In order to ensure that the voltage that is delivered to the alarm clock is 3 volts, what should be the value of the second resistor that Jorge purchases (R2)?

The value of the second resistor, R2, should be ______________ ohms.

Question 2

Your team has a set of resistors.  One of these resistors is labeled as having a value of “1000 ohms”.  This measurement is an approximation.  The true value of the resistor will be slightly different.  In this activity, you will measure the value of R1.

Procedure

1. If you are using a digital multimeter, set the dial to “ohms”.

2. Attach either end of the resistor to one of the ohmmeter test leads.

3. Read the value from the meter, taking note of the measurement units.  For example a digital display may indicate 1.02 K-ohms meaning that you must multiply the reading by 1000 to give 1020 ohms.  Round your answer to the nearest tenth.

Based on your measurement, what is the value of R1?  __________________

The difference between the labeled value and the measured value of the resistor is called the error.  What is the error of the labeled value of R1?  

Question 3

In Question 1 of this activity, you determined what should be the value of the second resistor R2.  Look back at this answer and select the resistor that is labeled with this value.  Measure the true value of this resistor as you did in Question 2.

Based on your measurement, what is the value of R2?  Round your answer to the nearest tenth.  __________________

What is the error of the labeled value of R2?  
Question 4

Procedure

1. Assemble the battery and resistors according to the diagram that is shown under the problem description.  Do not measure the voltage of this circuit.

If you were to attach Jorge’s alarm clock to this circuit, what would you predict to be the amount of voltage that is delivered to the alarm clock?  (Hint:  look back at the equation that was given on the first page.)  Show how you found your answer.

The voltage that is delivered to the alarm clock would be _________________ volts.

Question 5

Now measure the voltage of the circuit that you assembled.

Procedure

1. If you are using a digital multimeter, set the dial to “volts”.

2. Attach the voltmeter test leads to either side of R1 in the circuit.

3. Read the voltage value from the meter, taking note of the measurement units.

Based on your measurements, what would be the voltage delivered to the alarm clock? _____________________ volts.

What is the error in measurement for your circuit?  
For an energy resources example, teachers learn about the use of coal to produce electrical power.  They also learn about biomass as a fuel for electric power generation.  As in the engineering example, teachers are first presented with background material on the occurrence of coal, the different types of coal, and how coal is used to produce electricity.  Then a discussion of alternative energy and biomass takes place.  The hands-on activities are presented below:
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Note that each of these examples had a central mathematical theme of ratios and proportions or scaling.  The examples given are appropriate for grades 5 – 8.  Adjustments have been made for use in lower grades and this is among the duties of our graduate student fellows.
3.
Academic Year Follow-up
Follow-up activities to the summer workshop include the placement of a graduate teaching fellow in the participating classrooms for an academic year as well as periodic evening meetings in which all participants, faculty, teachers, and graduate students gather to discuss the progress of the program.  Depending upon the specific program, some graduate students are placed in a single classroom during the academic year and others are placed in 2 – 5 different classrooms in that same time period.
Throughout the academic year, the graduate teaching fellows directly support the participating teachers in the classroom. Graduate student responsibilities include the development and implementation of innovative hands-on mathematics and science instruction that is appropriate to the given grade level. The goal is not to introduce our curriculum into the school curriculum but instead to encourage teachers to include hands-on learning in the instruction of mathematics and science. The graduate students have the role of content experts in the areas of mathematics and science.  Within all of the classrooms, the teacher is the expert on curriculum and pedagogy. Although our graduate students complete much of the background research for identifying or developing hands-on activities, it is the teacher who decides whether these activities are consistent with the curriculum, and whether the activities will be used in the classroom. The teacher directs graduate students throughout the activity development process, and assists the graduate student if the unit is taught in the classroom. 
Perhaps just as important as what the graduate student activities are, is what the graduate students are not.  They are not student teachers and so the classroom teacher does not need to critique their teaching techniques, although they may often suggest improvements.  The graduate students are not substitute teachers.  They do not take the place of the classroom teacher and are not permitted to replace the classroom teacher if that teacher is absent for any reason.  They are also not graders or teachers aides.  It may be helpful to the classroom teacher for the graduate student to assist in scoring papers, but that should be a secondary role and not a primary role.  Again, the major role of the graduate student is to be a content expert in the classroom and to aid the teacher in that role.
4.  Assessment

As part of this series of workshops, both qualitative and quantitative methods were employed for assessment purposes. Qualitative data has been collected using a variety of different assessment techniques. Group meetings were held with participating teachers in the middle and at the end of each academic year across all projects. These meetings included all participants:  teachers, CSM faculty, and graduate fellows.  The meetings were designed to acquire feedback concerning how project participation has impacted the classroom. Questionnaires were also completed by participants at the conclusion of the summer workshops and at the conclusion of the respective project.  From this feedback, we have seen a large request from the mathematics teachers for more science examples for them to use in their classroom.  Moskal, et. al. (2007) reports the conclusion of an external evaluator that “the number and complexity of problem-based and interdisciplinary lessons observed were immense”.
At the beginning and end of each summer workshop, the participating teachers were asked to complete a pre and posttest. These instruments consisted of 25 multiple choice questions, were developed by the project investigators, and addressed the material presented in a given workshop. In all workshops with more than 30 participants, a statistically significant increase in teachers’ performances was detected from pre to post assessment. In all other workshops with fewer participants, an increase from pre to post assessment was observed but the sample size was not sufficient to determine statistical significance.  Based on these results, it is reasonable to conclude that the participating teachers are learning the material evaluated through the pre and post assessment as a result of the summer workshops.

The more difficult assessment remains.  The underlying concept of the workshops is that improving teachers’ content knowledge will help students to learn mathematics and science. The Colorado Standards Assessment Program (CSAP) is a standardized test which measures student achievement.  The mathematics and science portions of this test were examined in order to try to determine the impact of these workshops. The data was available at the school level, and not at the individual teacher level.  The school level data was compared within treatment and control groups before and after workshop participation. The proportion of students that performed at a level of partially proficient or above has increased overall for the treatment groups (Moskal, et al, 2007).  This proportion has varied from workshop to workshop, but overall has shown a continued positive effect.

The qualitative and quantitative assessments of our workshops have shown positive results for both the teacher and student communities.    
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Voltage Divider Problem


Jorge has just purchased a new alarm clock that requires 3V of electricity to operate.  When he goes to the store, he can only buy a 9V battery.  The salesperson tells Jorge that he can use a 9V battery to operate his alarm clock as long as he also uses a voltage divider.  Jorge has never used a voltage divider and needs your help.





The circuit for a voltage divider is shown in the picture below.  In this picture, a 9V battery is shown with two resistors.  These are labeled R1 and R2.  Resistors can be purchased with different values and are used to control the amount of voltage that can be supplied.


� EMBED PowerPoint.Slide.8  ���








The number of volts of electricity that are delivered to the alarm clock in the picture above can be described by the following equation:


� EMBED Equation.3  ���


Where VA is the volts required for the alarm clock and VB is the battery voltage.








� INCLUDEPICTURE "http://www.eia.doe.gov/kids/energyfacts/saving/recycling/images/garbageenergy.gif" \* MERGEFORMATINET ���                         BIOMASS ACTIVITY


Weigh the waste can of the classroom empty.  Then every day for a week, weigh the amount of trash in the can by taking total weight and subtracting the empty can weight.  Sum this amount.  Refer to the amount of coal needed to light a classroom.  What percentage of this could be supplied by biomass instead of coal?  What conversion process would be necessary?





Activity: How Much Does it Cost to Light Your School?


(Information courtesy of the American Coal Foundation)





Questions?


How is your classroom lit?


Where does the electricity come from to power the lightbulbs in your classroom?


How much do you think it costs to light your classroom for one hour?





Background Information


Coal is used to produce more than half of the electricity consumed in the US.


The electricity needed for the fluorescent tubes used in most classrooms costs approximately .003 cents per hour.


It takes 1 ton of coal to produce 2,500 kilowatt-hours of electricity or 1lb of coal to produce 1.25 kilowatt-hours.  


The average fluorescent tube uses 18 watts per hour (.018 kilowatt-hours of power per bulb).





Problems


1. How much would it cost to light your entire classroom for one hour?





2. Compute the daily cost of lighting the classroom? Note: most classrooms are not lit all day





3. Compute the costs for week, month and year also.





4. How much would it cost to light the entire school for a day, week, month and year?





5. How much coal is needed to produce 0.18 kilowatt-hours?





6. How much coal is needed to light your classroom for an hour? A day?
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