Facilitators’ Guide for PROM/SE Workshop

December 2004: Day 2, Session 3

Analyzing Data 

Goals

The overarching goal of this activity is to enable participants to explain to their colleagues how to interpret data related to their work as teachers. Participants will compare different analyses of a single scenario. examine a data analysis problem from different perspectives. formulate appropriate questions that may be answered by data analysis, and use appropriate graphical displays to make informed decisions in the presence of variability.  In particular, they will be able to
· understand the difference between percent correct and percentile

· read and interpret box plots, including knowing quartiles and medians

· describe how different graphs convey different information about the data

· use plots to compare two or more sets of data
Organization

The participants will be in grade level groups: elementary, middle, and high school.  The activity is for use with all three levels; however, the high school group may work through the first problems rapidly.  If so, concentrate on the last problem which can engage them in exploring linear regression and questions of inference. Be sure, however, they take time to thoroughly discuss the difference in the information conveyed by graphs.  

Have participants sit at tables in groups of 4, 5, or 6 (depending on the room lay-out and table size).  The time allotment for the activity should be a about an hour and a half for discussing the activity itself – going through the mathematics- and about half an hour for reflecting on two things: 1) the mathematics in the activity itself as something useful for their colleagues to consider and, in a revised form, for students and 2) how the activity was presented and what that might suggest for their work as an associate.  To accomplish this means that not all of the activity might be covered; the notes below have some suggestions for this situation.

Activity

The usual approach to teaching data analysis is to explain a concept, give a set of instructions on how to create it, such as how to make a histogram and or how to calculate certain statistics, such as the mean and median. The set of problems for this activity is designed from a different perspective; participants begin by formulating questions of interest for a particular context and then think of ways to represent the information they have to help them answer the question.  Participants are asked to use what they already know as a beginning step in understanding different plots and how the level and sophistication of the plot reveals more about the data.  The emphasis is on the context and how the data can speak to the context not on calculations or graphing techniques.

Materials Needed

Overhead projector

Flip charts with markers or blank transparences with pens

Copies of the task

Copies of the data analysis section of the state standards/benchmarks

Transparencies for problem 1b, problem 2, problem 5, problem 6 and for high school, two transparencies for problem 10, transparency for reflection on activity, questions posed, and research findings

Introduction of Task 

Explain that during this session participants are going to work through and discuss a set of mathematical tasks for the purpose of experiencing a professional development activity they could use back in their building with their colleagues. The goal is to engage associates in deeper conversations about the teaching, learning, and meaning of the standards (indicators / benchmarks) and to provide associates with a model to help their colleagues strengthen their skills and ability to analyze data.

Working on the Problem Set

I.
The problems, solutions, and commentary (total about 90 minutes)
A. Comments: Read or describe the setting given in the problem set.  The key idea is that you have only one set of data; and at this point you have no other information.  This means suspending questions about whether it was a good test, what it covered, whether the teacher was a hard grader, etc.  Some participants may want to push at these issues; try to get them to play along by honoring their concerns and coming back to them as legitimate at the end of the session as things that need to be addressed in the actual context of teaching.

1. a) What are some questions you as the future teacher of these students might 

be interested in and could answer from the data. 

Have participants work together for about 5 minutes, then bring them together to share questions (another 5 minutes).  Don’t judge the questions they offer except to make sure they are the kind that might be answered by the data.  Have one of the facilitators record the questions on a flip chart.  Be sure to write large enough and dark enough so those in the back of the room can read what is written.

For both this and the question on the graph, help the groups focus on asking the question and making a graph that will answer the question.  Some will want to revert to calculations – finding medians, means, and modes.  Be sure to push at what question these would answer.  Try to avoid making graphs and doing calculations just because we know how to make them.

After sharing their questions, pose 1b and have them work in groups for about 5 minutes.  Observe what kind of graphs they are discussing and continue to encourage them to make a graph to answer a question.

B. Answer: Typical questions might be: Do any students seem to be at risk? How much mathematics did the students know (i.e. what kind of achievement do they seem to have – what is the average for the class? Does the distribution show that most students have high scores or low ones? (You might have to push at would it make a difference to the way you teach the class if the average score was 50% or 85%).  Are the scores spread far apart or were they close together? What seems to be the range of scores for the students?  Were there clusters of students who seemed to have the same scores?  

b) What graph would help answer your question(s)? Sketch the graph.

C. Comments: Choose someone from different groups to share their graph by sketching it on a flip chart. Have them explain what they are doing.  As you observe them working, note which groups are doing what kind of plots and begin the discussion with the simplest graph you observe and progress to the box plot.  Don’t comment on the graphs – if there are questions, ask the authors to respond. Some may suggest a bar graph, with a vertical bar for each student.  Their claim might be that you can see every student’s score and compare them to each other.  To see the mean or average, they might suggest drawing a horizontal line through the mean.  (Note, a bar graph is distinguished from a histogram by the flexibility to move the bars around on the axis; each bar represents a category and there is no inherent order as there is in placing data on the number line.) The next graph could be a line plot or dot plot (there may be confusion about the term; point them to the meaning used in the state standards/benchmarks). Some will (may) have a stem-and-leaf plot, which some may know and others may not.  It is a quick way to organize and record the data; if they do not know this you do not have to bring it up unless the situation seems appropriate.  For the larger task these will not be useful.)  Some may suggest a histogram with different intervals for the vertical bars. If possible try to have those who know how to make the plots explain what they did and why.

A very common approach is to make the bar graph described above.  If it does not occur in the groups, you might use Overhead Transparency 1(a) as an example of something they might see in working with their colleagues.  It is not incorrect but offers a very limited representation of the data and makes it very hard to see any overall trends or pictures – even when done in order of magnitude; the gaps are hidden, as is the range.

Box plots are important for our work interpreting data and are very difficult for most people to read and interpret.  It is common to make obvious statements – the median is at 56, but to misunderstand how the observations they see relate to the overall description of the data. You may find some who do not know how to make a box plot.  If so, suggest this new way of making a plot and actually have them order the data and make the plot for the scores on page 1.  A step-by-step guide is included in the materials for this session, along with an overhead of those steps (Overhead 1b). A key idea is that the box plot is made from the ordered data. (This was strongly recommended for elementary teachers by those who piloted this activity.)  Another key concept is that the data can be distributed in different ways within the range for a given quartile (Overheard 1c)

In discussing the box plot, either here or below after the percentile plot, raise the issue of percentile – relative position in relation to the others and how the box plot both shows the percent correct on the horizontal axis and the relationship between how the scores are ranked by the use of the 5 percentile points in making the plot.  That is, the minimum is the 0th percentile – 0 percent of the scores are lower than the minimum.  The lower quartile or 25th percentile is the score such that 25 percent of the scores are lower than this score.  The 99th percentile is the maximum score; if there were 100 scores, the top score is better than the other 99 scores. (Some also use this as the 100 percentile depending on definitions but not important here.) (Overhead 2b shows the same percentile rank for different scores.)

Some might suggest using just the overall class average (mean) rather than a graph, which would give you an indication of what the typical student knew but could be misleading – knowing the class average was 70 does not tell you if some students had very high scores and others very low scores or if they were all right around 70-which would make a difference in how a teacher might think about working with that class.

D.  Possible answers: Once participants have their plots displayed (sketches are fine), discuss which of these answer the questions they posed.  The bar graph will not let you easily see the distribution of scores nor clusters of students. Different graphs will help you see the distribution– either a dot plot, a histogram of the scores or even a stem-and-leaf plot.  The line plot allows you to retain the actual data points, see the spread and whether there are any clusters of students.  It is hard to see the mean or median but you could calculate it or mark it on the graph.  (The mean is actually the balance point of the distribution on the number line but this might not be easily understood.) Histograms are good ways to see the spread, clusters and gaps.  The individual scores are lost, and the bars might hide features if they are too big.  Box plots also show the distribution, how scores are spread out – note that the longer lines indicate that the set of scores in that quartile are spread out over a longer range but still are 25% of the scores.  The number of scores in each of the four intervals is the same, but the scores are spread out over different lengths.  The box plot is the only graph discussed here that has a measure of center as part of the graph.

After about 15 minutes of discussion, have them work individually on question 2. After a short time, have them discuss their thoughts in their groups.

2. The plots below are different representations of the grades on the test referred to in problem 1. What questions can you answer from each of the plots in figures a, b, c and d?  How does what you can learn from each plot differ?

E.  Comments: Three of these should be a kind of review of the discussion above and allows participants to reflect on that discussion with an example. The dot plot shows every score for every student; the histogram groups the scores together and you lose the individual scores but can see some trends better; the box plot shows the spread and some key features but has lost even more detail – the exact distribution within the box plot is not clear at all but it is a nice summary of key features – the lowest score, the lower quartile, the median, the upper quartile and highest score.  You might want to refer to Overhead Transparency 2b, which shows the graphs in the problem.

There is one new plot; the percentile plot shows all of the students in relation to each other regardless of the value of their scores.  The percentile plot is how the scores rank in comparison to each other.  If you discussed this earlier, see if they can relate the idea to the plot. Emphasize the difference between percent correct and percentile.  Show the Overhead Transparency 2 a of box plots and percentile plots illustrating that the percentiles for the scores do not depend on the percent correct a student had.  The percentile rank would be exactly the same if everyone had scored 20 points lower on the test.

For those unfamiliar with box plots, you might have some of them (or all depending on the group size) take a sheet of paper and draw a very dark vertical line (use a marker).  Then have them come up to the front and line up according to the length of the vertical line. Point out that you can line up and get the percentiles without any idea of the exact measurements for the lengths.  Knowing the lengths allows you to place the lengths on the number line. You can make a human box plot this way (without using heights which embarrasses students)

Then move on to the other questions in the activity.

3. How would you describe the average score for a student in this class?  What do you think an average student in the class would have for a score?  How are these two statements different?

F. Answer: Average scores might be the mean (“balancing the scores” – add up and distribute evenly among everyone by dividing) or the median (rank order and find the 50 percentile (half of the scores are lower and half are higher).  The mean and median are close in this data set but do not have to be.  Make the point that the measure of center is not enough to understand the data well enough to think about what it would be like to teach the class- knowing that the mean is 70 does not help figure out if you have some really high achieving students and some really low achieving ones or are they nearly all the same – would be preparing for two very different kinds of classes.

The two questions are really asking the same thing.  An average score is what you might say an average student would get. 

4. Suppose you had the scores for two other classes. What kinds of graphs would help you compare the classes?  

G. Answer: You would be interested in how the scores are distributed for the classes, for the difference in the average score, if the scores were clustered in different ways for each class.  Some might suggest using a number summary such as the mean to compare, but this would only tell you about the centers.  Would a class that has mostly everyone around the mean be “better” or “worse” than a class that had some students that scored extremely high and some that did not score well at all?  A box plot, dot plot or histogram could help answer the question if you only had one or two other groups but if you had four or five, the box plot is the easiest to use.

You might also be interested in how the scores changed over time, if the data were from consecutive grades or for students over the course of a year.  Box plots could answer this question, as could a line plot over time.

5. The plots below are the final examination scores of three classes A, B, and C. 

 a) Approximately, what percent describes the bottom half of class A.

          Describe the scores for the top quarter of the students.

b) Write two sentences about the scores for the students in one of the classes.

c) How are the scores in box plots for the three classes different and how are     

       they alike?

H. Answer:

You might want to use Overhead Transparency 5 for the discussion.

a) This question might be worded better so be sure that they understand that two percents can be talked about here.  The bottom half of the scores contains the lower 50%.  And the bottom half of the class has less than 60 percent of the test correct. 

b) These will vary.  Be alert for statements in groups like: It looks like the lower quartile contains nearly 75 percent of the class.

c) The distribution of grades in Class C is skewed towards the lower end.  The students for the most part did not do well with three fourths of them having scores less than 80 percent, half were below about 66, and a few did quite well with scores in the 90s.  Class B as a class scored higher with a range from about 70 to 88, half of them were from about 78 to 86, and no one did really well with the highest grade less than 90.  Class A had one student who did not do well at all, and the rest were pretty balanced between 64 and 97 with half of them scoring from about 75 to 87.  The more general observations would be that students in class C scored lower overall in comparison to the other two, the difference in the student scores for B was much smaller so the students were much more alike in what they showed they knew, and the students in class A were mixed with some scoring very high and others scoring low.  One teacher pointed out that the scores looked like they come from a school that tracks.

II. Continuing Problems 

A.  Comments: From here on, have them work in groups on each question or assign each group a different question.  Do not do number 10 with elementary teachers unless you have a lot of time to explore.  The essential framing for these questions is moving them from a single box plot (which they know shows the distribution and how it is spread out, a center, where scores are tightly clustered (at least in the four quartiles), whether there are any outliers, and what this might mean for teaching) to looking at a several schools in a district (thinking about the same measures), and finally to number 8, which adds a third variable, content strands to the quartiles and ranking and the average percent correct. Be sure you take at least 5 or 10 minutes to talk about the plot in number 8.  Leave at least 15 minutes to discuss the standards/benchmarks and the relation of the ideas involved in interpreting these data to the standards/benchmarks.

6. How would you explain what the scores for class D are like?  How would you describe the difference between the scores for a school and for the class?  What could be the meaning of the star in each case?

B. Answer: The average score in class D was lower than the median because the distribution is affected by the very low scores, which lower the mean.  Half of the students had an average between 60 and about 79 but some of the students had an average as low as 33.  Half of the students had an average above 74.  The description for a school would be describing the different grades or the different classes at a given grade.  The star could represent a student in class D or one of the grades or classes or some other measure – a benchmark goal for all students to achieve, for example.

7. What gives you more information: the three graphs for grades 6, 7, and 8 in A or the one graph in B?  How might the graphs in A or the one in B be adjusted to be more informative?

C. Answer: You might want to use Overhead Transparency 7 for the discussion. Answers can vary: The three graphs in A show some improvement from grade 6 to grade 7 but not much at the bottom end, which moved only from about 40 percent to about 43 percent as an average grade.  By eighth grade, the bottom had risen 7 percentage points to just below 50 percent.  The average score for the top scoring students rose pretty consistently, from 60 to 65 percent to slightly past 70 percent.  The spread in the scores increased slightly in grade 8 where the range was over about 22 percentage points.  This was partly because the lower scoring students in sixth grade, those below the median, were spread out over about 5 percentage points in sixth grade and about 10 in eighth grade. To make this easier, the graphs could be on the same axis, closer together.

The plot over time in B shows the average score for each grade but not the spread of scores within each grade. Achievement scores dropped from grades 6 to 7 and from 9 to 10.  To make this one more informative one way would be to put a box plot or some sort set of dots for all of the scores at a grade in a vertical line along with the average for each grade. Participants may have other suggestions.

8. How is the graph of the plots below different from the plots above
D. Answer: You might want to use Overhead Transparency 8 for the discussion. The box plots are now oriented vertically instead of horizontally; the average percent correct is the label on the vertical axis. The horizontal axis shows the plots for different grade levels. This means that you can see how schools compare as well as see how much students knew by looking at the average score.  The graph can help answer questions such as how did the average scores change across the grades?  Is the variability or spread of averages at each grade level fairly consistent?  Was there any place that had a large drop or rise?

9. Suppose you had to explain the graph above to a parent.  

a.  How would you start?

b. What are the key things they would have to know to make sense of the graph?

c. What would you want the parent to understand from the graph about the math scores in your district?
E. Answer:  Answers will vary, but the discussion should help the associates consider 

how they will work with their colleagues as well as parents to help them interpret and understand the data reports and their significance for teaching and learning mathematics.

III.  Problem 10 - High School
A. Comments: This is an interesting problem for high school teachers who are fairly adept at data analysis. The same plan for approaching the problem used in problem 1 can be used here – begin with questions and think about graphs.  Here the data are paired (bivariate), and the plots discussed so far will not take advantage of the fact that you know the pairing.  You might want to show the transparencies with the scatter plot and the y=x line, the regression line, and the third with the vertical line as well as the y=x and the regression lines.

10.
 Identify a question you as a teacher or as a student would like to investigate using the data.  Then analyze the data in a way that will shed insight into your question.

B. Answer: Comparative box plots can show you general trends about improvement or not by their relation to each other and to the percent correct but the best student on test 1 is not necessarily the best student on test 2.  Scatter plots and the y = x line can show improvement across the class, a regression line can be used to predict individual student scores.  One key thing to note is that those who scored around 52 percent and below on the first test may or may not have improved on the second test; almost randomly.  However, those who scored above 52 percent on the first test all improved on the second test.  Some interesting discussion can come from what implications this might have for teaching that took place and for what the teacher should do during the next unit.  Overheads 10 a and 10 b might be helpful.

Questions that might come up are: How many students improved?  Was the improvement the same for all of the students?  Could you predict the improvement of a student on test two knowing their score on test one?  How comfortable would you be in your prediction?

IV, REFLECTION ON THE ACTIVITY (about 10 minutes)

A. Comments about the activity: The conversation here should turn to how the activity might be related to students and to the standards/benchmarks for data analysis.  Display “Reflection on the Activity” transparency and lead a discussion on participant’s thoughts and reactions to the problem set.

Question: “How could the problem set be adapted for use with students, if at all?  What does the activity have the potential to reveal about someone’s understanding of: interpreting data, problem solving and reasoning, and communication about data?”

Question: “Prior to having students work on this problem set, what would 

teachers and the curriculum need to cover so that students would be capable of answering questions such as these successfully?”  

Question: “What might students (or teachers) find “hard” about the activity? What makes it hard?”

B. Relating the activity to standards/benchmarks (15 minutes)
Display “Aligning the Task with Local Curriculum and State 

Standards/Benchmarks” transparency and lead a discussion on participants’ thoughts and reactions to the following questions. If you are constrained by time, be sure to address the first questions in depth rather than try to cover them all.

Question: “What important ideas about analyzing data are embedded in the activity?

Question: “At what grade level would you expect students to be able to do a 

comparable task?”  What data concepts would have to come before this and at what grades?” 


Have participants write down their responses to these questions and then move to looking at their standards/benchmarks. This is an opportunity to get participants into the state indicators/expectations. In table groups, have participants review the state guides and identify which indicators/expectations with the corresponding grade level are addressed in this activity. On transparencies or flip charts, record their findings. Ask them to look at how their initial responses compare to what the indicators/expectations suggest.

Question: “If a student knows the mathematics needed to successfully complete  

the activity, what would be a reasonable set of indicators/ expectations for the next unit of study?”

In table groups, have participants discuss the questions, review the state guides, and identify possible indicators/expectations. Have groups record their ideas on transparencies or flip chart paper for sharing.

Have groups share their ideas and explain why the group selected the indicators/ expectations they did. 

C. Connecting to Research (about 5 to 10 minutes)

Display transparency on “Research Findings: Data Analysis”.

Questions: “What concepts in the activity are addressed in the research? 

What do the research findings suggest for the curriculum?

Based on research findings, how might the activity be changed to better enable student learning?”
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