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UW-Madison STEM faculty members are providing four courses to middle school mathematics
teachers from four southern Wisconsin school districts (including MMSD) throughout 2004-05.
The four courses concentrate on key content areas of standards-based mathematics: statistics and
probability, algebraic relationships/number operations, geometry, and measurement.

The second Math Masters course on algebraic relationships/number operations was conducted
from October 26-November 20, 2004. Follow-up professional development on mathematics
pedagogy/principles of learning will be provided in the coming months.

Our study of Math Masters is a joint effort between the SCALE RET targeted studies researchers
and MMSD. The two major research questions we will address in this study are:

1. To what extent does each of the four courses increase teachers’ mathematical content
knowledge?

2. What is the impact of the content and pedagogy courses on participating teachers’
implementation of the Connected Mathematics curriculum?

In this report, we present findings on teachers’ content knowledge from the recently completed
Math Masters course on algebraic relationships/number operations.

Participating Teachers

Twenty-five teachers participated in the second Math Masters course. Eighteen teachers were
from MMSD, the remainder from Beloit and Sauk Prairie school districts. Thirteen had
bachelor’s degrees and 12 had graduate degrees, with 5 teachers majoring in mathematics or a
related field (economics, computer science). They ranged in years of experience teaching math
from two years to over 21 years, with 12 teachers having less than 6 years of math teaching
experience. They ranged in years of experience teaching Connected Mathematics from 0 to 6
years with the group averaging just over 3.5 years.

Measuring Content Knowledge

A 20-item pre-test was given to participating teachers at the first session of the course (Appendix
A). The same test was given as the post-test at the last session. The test was developed by Brian
Sniff in conjunction with the UW STEM faculty course instructor to assess both general
knowledge of algebra and understanding of content likely to be covered in the course. Brian
rated all responses to both pre and post-tests, with Bruce King rating a randomly selected sub-
sample of 10 pre and post-tests to confirm scores. Each correct answer was assigned one point,
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with questions 9, 10, 15, 18 each having two points possible. Half-points were given for partially
correct answers. Thus the possible range of scores was 0-24.

Results

We analyzed the tests of all 25 participants and then analyzed those of the 18 MMSD math
teachers, and present the results of each analysis below.

All participants. Pre and post-test results are summarized in Figure 1.

Figure 1. All participants

Pre-test scores ranged from a low of 5 (2 participants) and a high of 24 (1 participant), with a
mean score of 15.86 (SD = 5.73). Post-test scores ranged from 7.5 (1 participant) to 24 (4
participants), with a mean of 19.18 (SD = 5.30). Participating teachers showed a statistically
significant gain overall, with the average gain for the whole group at 3.32. Individual
participants showed gains ranging from -3.5 (1 participant) to 11.5 (1 participant), as shown in
Figure 2. Twenty-two teachers (88%) had overall gains, with 13 (52%) having gains of 3 or more
points.

Figure 2. All participants

Number of teachers and overall gains

0

1

2

3

4

5

-3.5 -1 0 0.5 1 1.5 2 3 3.5 4 4.5 5 6.5 7 10 11.5

Gain pre-post

T
ea

ch
er

s

Participants showed increases in average ratings on 16 of the 20 items and had statistically
significant gains on 6 of the items (questions 1, 4,11,16,18, and 19). The four questions with no
average gain (5, 6, 7, and 12) had relatively high scores on both pre and post-tests (M = .76, .88,
.80, .92 respectively). Question 3, asking participants to identify an algebraic pattern, proved to
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be the most difficult question overall with low means on both the pre (M = .36) and post-tests (M
= .40).

Teachers with bachelor’s degree and teachers with graduate degrees showed no differences in
gains in content knowledge. Similarly, years of experience teaching math and teaching
Connected Mathematics were not associated with differences in gains.

MMSD math teachers. Pre and post-test results are summarized in Figure 3.

Figure 3. MMSD math teachers
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Pre-test scores ranged from a low of 5 (1 participant) and a high of 23 (1 participant), with a
mean score of 16.42 (SD = 5.45). Post-test scores ranged from 10 (1 participant) to 24 (1
participant), with a mean of 20.17 (SD = 4.80). Participating teachers showed a statistically
significant gain overall, with the average gain for the whole group at 3.75. Individual
participants showed gains ranging from 0.5 (3 participants) to 11.5 (1 participant), as shown in
Figure 4. All 18 MMSD teachers (100%) had overall gains, with 10 teachers (56%) having gains
of 3 or more points.

Figure 4. MMSD math teachers
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MMSD participants showed increases in average ratings on 17 of the 20 items and had
statistically significant gains on 6 of the items (questions 1, 4,11,16,18, and 19). The three
questions with no average gain (6, 8, and 10) had relatively high scores on both pre and post-
tests (M = .94, .97, 1.78 respectively). Question 3, asking participants to identify an algebraic
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pattern, proved to be the most difficult question overall with low means on both the pre (M = .34)
and post-tests (M = .44).

For the MMSD group, as with the entire group, teachers with bachelor’s degree and teachers
with graduate degrees showed no differences in gains in content knowledge. Years of experience
teaching math and teaching Connected Mathematics were likewise not associated with
differences in gains.

Overall, these results suggest that teachers benefited from the second Math Masters course on
algebraic relationships/number operations. Close to 90% of all participants, and 100% of
Madison teachers, showed an increase in content knowledge as measured by pre and post-tests,
and average overall gains were statistically significant. Gains on six of the 20 test items were
also statistically significant for both the whole group and the MMSD sub-group. As we would
expect, those with less content knowledge at the beginning of the course showed more gain than
those who came in knowing more (average gain for those with pre-test scores below the mean
was 4.63, for those above the mean, 2.12), but even among those who scored above the mean on
the pre-test, 12 of 13 showed an increase from pre to post. Madison math teachers were quite
similar to the whole group, but for them, both the pre and post-test average scores were slightly
higher than that for the whole group as was their average gain from pre to post.

Teachers’ Reflections

Participants completed a Course Evaluation (Appendix B) on the last day of the course. We
summarize here their comments that seemed relevant to learning, or increasing, mathematical
content knowledge.

Almost all (24) participants cited a number of positive factors about the course. Those referenced
most often included:

• the UW STEM faculty instructor’s expertise in the content area,
• the instructors’ facilitation of class sessions,
• learning specific algebraic content,
• group work, discussion, and learning from others.

Participants also offered some criticisms of, and suggestions for, improving the course,
including:

• better structure, specifically less time for each session but more days,
• more connections to the Connected Mathematics program,
• more time discussing key terms and concepts.

Illustrative comments from the course evaluation included:

• “Since I didn’t get a chance to finish the pretest and had time to spare with the post test, I
feel like I learned a lot.”
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• “This class worked well in that Terry’s expertise was utilized. His comments,
perceptions, etc. enhanced the deepened understanding. He flowed pretty well
w/methodology of class (constructivist).”

• “I learned the difference between linear, exp. and quad. equations.”
• “Working with other mathematicians. Seeing how they took on problems improved my

own understanding.”
• “The schedule was so tight and I felt rushed and that made me frustrated as if I weren’t

going to learn all that I should.”
• “Defining vocabulary used in discussions--not everyone is on the same level and much is

lost without vocab knowledge.”
• “I have limited background for this class (no calculus, trig, algebra in 30 years). A lot of

vocabulary was used casually that I had no experience with.”
• “I benefited greatly from this class. I felt I learned so much that I can’t think of a way to

improve it. I liked how it was challenging but if it got too complicated, my questions
were answered.”

• “I asked, ‘so what?’ as we began the class, and believe that you (collectively) answered
that by demonstrating all sorts of different approaches that will be very helpful for me as
I try to help my ‘I don’t get it’ students.”

• “Perhaps another level of class for those who felt like true novices.”
• “It was fun watching and experiencing the different teaching techniques amongst the

leaders and noticing the intentional methods/practices used (i.e., changing seating
arrangements, changing point of focus, etc.).

Additional Considerations

Data collection from this course requested the last four digits of teachers’ social security
numbers rather than names, as was done in the first course. This seemed to work well, preserving
participants’ confidentiality as well as matching pre and post-tests. A brief survey was added to
the pre-test asking teachers for background characteristics (e.g., degrees held, years of teaching
experience) that was used in data analysis.

After the first course, we sought to improve the pre/post-test design with a longer test of at least
20 items to improve reliability and validity. This was accomplished, but unlike the first course,
the curriculum of the present course was more flexible which necessitated a test of general
knowledge related to algebraic relationships/number operations as opposed to a test that was
more closely aligned to the course content and that tapped more in-depth understanding of that
content. A second rater scored 40% of the tests to confirm the reliability of ratings.
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Appendix A

Algebraic Relationships/Number Operations Pre & Post-Test

4 digit #_______________

Identify the following types of algebraic patterns.

     a.  Linear               a. Linear a.  Linear a.  Linear

     b. Quadratic    b. Quadratic b. Quadratic b.  Quadratic

     c. Exponential    c. Exponential c.  Exponential           c.  Exponential

d. None of the           d. None of the            d.  None of the            d.  None of the
             above     above                            above                          above

Evaluate the following expressions. (No calculators, please)

5.    6. 52310 ×+−   7. 2432 ×÷

a. 
4
3

a.  45 a.  16

b. 3 b.  17 b.  4

c. 12 c.  – 3 c.  8

d. 9 d.  25 d.  2

1. x y 2. x y 3. x y 4. x y

2 11 -3 14 0 7 1 2.5

3 18 -2 11 1 14 2 6.25

4 27 -1 8 2 33 3 15.625

5 38 0 5 3 70 4 39.062
5

6 51 1 2 4 13
1

5 97.656
25
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Items 8-10 refer to this information.

Sandwiches are one of the most common school lunch items.  Peanut butter and jelly is one the
most popular sandwich choices among middle school students.  The number of calories in a
peanut butter and jelly sandwich using 2 slices of white bread is a function of the number of
tablespoon P of peanut butter and number of tablespoons J of jelly with the equation : C = 2( 70 )
+ 90P + 45J

8. How many calories are in a sandwich with 3 tablespoons of peanut butter and 2 tablespoons
of jelly?

9. Which has more calories, peanut butter or jelly, according to the equation?  Explain
      your answer.

10. Suppose that someone on a diet wants to limit calorie intake from a peanut butter and
      jelly sandwich on two slices of white bread to at most 500 calories.  Give two
      combinations of peanut butter and jelly that produce a sandwich with less than 450
      calories.

11. Write an equation for the relationship between the number of triangles in a train and the
perimeter of the train.

                                                                    

Train #1                    Train #2                     Train #3                             Train #4

______________________________

12.  Simplify the following statement; x – ( x + 5 ) + ( x + 10 ) – ( x – 5 )

a. 4x + 20
b. 4x + 10
c. 2x
d. 10
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Use the following information to solve problems 13-15.

Several species of whale have been declared endangered.
When the populations of a particular whale species fall
dangerously low, biologists encourage governments to
agree to a ban on hunting the species.  Suppose that, in
1994, there were only 5000 whales of a particular
species and that the population was predicted to continue
to decline as shown in the table.

13.  Which equation below models this population pattern?

14. According to the prediction, what will the whale population be in 2001?

15. Suppose the danger point for these whales comes when the population falls below 2000
whales.  When will this happen?  Explain how you found your answer.

16.  Represent the multiplication of (x + 3) ( x + 5 ) using an area model?

17.   Demonstrate how to multiply 23 X 47 using the Distributive Property.

Year (y)
Whales

(W)
0 (1994)
1 (1995)
2 (1996)
3 (1997)
4 (1998)
5 (1999)
6 (2000)

5000
4500
4050
3645
3281
2952
2657
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For items 18-20 refer to this information.  The number of gallons (y) of gasoline left in a motor

boat after traveling x miles since filling the tank is given by  y = x
3
1

18 − .

18. Explain what the 18 and 1/3 means about the number of gallons.

19. How far will the boat travel before it will be empty?

20.  How many miles per gallon can the boat travel?
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Appendix B

Course Evaluation

Please help us improve this course and the future Content Knowledge
courses by sharing some of your thoughts with us.

1. What did you feel worked well for your growth in algebraic
relationships/number operations?

2. What suggestions do you feel could have improved your growth in this
class?

3. What other comments about the course do you have that we have not
already discussed?


