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Introduction

Limited English proficient (LEP) students are . ften faced with the challenge of developing
both oral communication skills and' academic skills in English. The development of
communication skilis is necessary, but it is not enough to ensure academic achievement.
Learning to interpret bar graphs, for example, requires both communication skills and
problem-solving skills, To succeed in the mainstream classroor, LEP students must learn
both academic and communication skills. To develop academic skills, students must
receive meaningful, relevant content-area instruction presented in a framework of ap-
propriate English language development skills.
:

This Program Information Guide describes two approaches for teaching LEP students
academic skills in mathematics, Cognitively Guided Instruction (CGl) and Active Mathe-
matics Teaching (ATM). It also provides sample activities to implement both of these in
the classroom.

Cognitively Guided Instruction

Cognitively Guided Instruction (CGl) can be an effective approach for teaching mathe-
matics to LEP students. It can be integrated into the AMT approach or can be used as a
stand-alone method. Developed by Thomas Carpenter and Elizabeth Fennema, it focuses
on students’ thought processes while solving mathematics problems (Carpenter, Fen-
nema, Peterson, & Carey, 1988; Carpenter, Fennema, Peterson, Chiang, & Loef, in press).
CGl is based on four related teacher competencies:

1. Teachers should know how specific mathematical content (e.g., addition and subtrac-
tion) is organized in children’s minds;

o Teachers should be able to make solving mathematical problems the content focus;

3. Teachers shouid be able to assess in what way their students are thinking about the
content in question; and

4. Teachers should be able to make instructional decisions (e.q., sequencing of topics)
based on their own knowledge of their students’ thinking.

| Teachers can receive training to attain these competencies through a variety of federal,
. state, and local programs, such as pre-service training (through teacher training
programs), in-service training (through Title VI Multifunctional Resource Centers), and
additional training and technical assistance from state and local sources.
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Cognitively Guided Instruction can be particularly effective for teaching math to LEP
students for several reasons. First, students receive basic skills instruction in a problem-
solving context that is meaningful and fosters higher order thinking skills. Second, as
students become proficient at problem solving, they develop confidence in their abilities
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to make sense out of new problems. Third, problem solving motivates students 10 stay on
task since it is cognitively chalienging. '

S'uggestlons for Implementing Cognitively Guided Instruction

When using Cognitively Guided Instruction, teachers and students work through the
exercises in the lesson, and the teacher can ask the students how they arrived at their
answers, that is, what strategies they used to answer the guestions.

For example. in the graph on page 17, students can discuss how they arrived at their
answers for Question 3, "What part of the world did most of the students come from?"
Some students may say they looked at the chart to see which line on the graph had the
least amount of students represented. Others may say they added each line and then
answered the question. Others may say they were not sure how to answer the question.

With CGlI, the important factor is to learn how the students ascertained their responses.
Teschers should explain to them that there are several ways to soive a problem. This
enables the students who answered incorrectly to learn how to arrive at (he correct answer.
Students can learn how to approach problems in different ways through the examples of
their peers and choose the problem-solving methods with which they feel most comfort-
able. This increases self-confidence and the motivation to learn.

CGl can also help teachers focus on how their students solve problems. Once teachers
focus on how their students solve problems, this information can be used to individualize
the way the teacher approaches the content for different students. For example, the
teacher may find out that some students prefer to learn mathematical rules and then apply
them, while other students prefer to solve mathemratical problems by trial-and-error.
implementing CGI gives the teacher additional insight into individual learring styles and
allows the teache: to modify the lessons accordingly.

Active Mathematics Teaching

-Active Mathematics Teaching (AMT) is a form of instruction developed by Thomas Good
and Douglas Grouws (Chambers, 1887; Good & Grouws, 1977; Good, Grouws, and
Ebmeier, 1983). It has proved effective in teaching large bodies of highly structured
materials such as basic mathematics skills. AMT is a structured teaching sequence
typically organized into a 45-minute lesson:

e Review (8-10 minutes);
e Develop New Cortent witt, Controlled Practice (20-25 minutes); and

e Seatwork and Homework (10-15 minutes).



This method of organizing instruction can also be used effectively with other content areas
such as science or social studies. AMT was originally developed for whole class instruction,
but it can also be used with small cooperative groups (Slavin, 1989).

Three characteristics of AMT make it especizlly suitable for teaching math to LEP students.
First, since this method is highly organized and structureu, students receive continuous
reinforcement with contextual clues about both the content of the material and the structure
of the lesson. Second, during the content development portion of the lesson, the teacher
can modify the activities for individual students. Third, during the seatwork phase, the
teacher can work individually with students who need additional instruction.

Suggestions for Implementing Active Mathematics Teaching

The following suggestions for review, content development, and seatwork can help
teachers prepare their lessons using AMT.

Review

Start the lesson by telling your students very clearly what mathematics objectives they will
learn that day. To reinforce your statement, write the objectives on the board before
beginning the lesson. If ycur students are preliterate, the written objectives can be
reinforced with oral repetition. '

Review prior knowledge so that students can link the content of the lesson with previously
acquired information. If you find that the students have forgotten that information, review
it in more detail. For example, the lesson should begin with a review of yesterday's
homework. To ensure that students have mastered the concepts taught in the previous
lesson, review both the general concepts of the lesson and the specific math problems.
During the review time, students should be given several mental computation exercises to
prepare them for the activities of the lesson. State immediately whether answers are right
or wrong. On Mondays, reviews should be longer (about 20 minutes) and cover the skills
and concepts learned in the previous week or month.

Develop New Content with Controlled Practice

During the development phase of the AMT lesson, check prerequisite skills and concepts.
Provide process explanations, illustrations, and demonstrations. For example, model how
to do the problems and explain what you mean carefully and simply. Check that your
students are following your explanations. Do they.look puzzied? Do they provide verbal or
nonverbal cues that they understand you? Try to help students understand the material
by using manipulatives and concrete examples from the students’ lives. For example,
lessons could draw upon topics from the students’ daily lives, such as favorite beverages.
(See sample lessons on Page18). Also, vary the pacing cf the lesson to ensure that your
students understand. '



As a transition to the seatwork portion of the lesson, assess your students’ comprehension
by having them work at some controlied practice activities that extend the concepts
discussed in the lesson. To maintain on-task behavior, check students after every one or
two problems. This reduces the chance of students practicing errors that will have to be
corrected later. Controlled practice also provides an easy transition to individual seatwork.

Seatwork and Homework

The seatwork portion of the lesson should last about 15 minutes. It allows students to
successfully practice the concepts and skills introduced in the lesson. During the controlied
practice, you should have determined which students were having difficuity understanding
the lesson. Now you should work with these students individuaily. Seatwork can be used
to build success for all students, both those who can work alone and those who need extra
support.

The lesson should end with a homework assignment that includes some review problems
to maintain skills and some problems that extend the seatwork portion of the lesson.
Homework should include more than drill and practice. It can supplement seatwork and
can become the content for the next day’s review.

Sample Mathematics Lessons

The sample unit in this guide on interpreting different types of graphs can be taught using
the AMT concept and CGl (either separately or together) in a class for English as a second
language (ESL) math students. This unit has been adapted irom the Alexandria, Virginia
City Public Schools ESL Math 3 Curriculum (Alexandria City Public Schools, 1988). The
activities have been used with intermediate ESL students in secondary schools, but can
also ba used with upper elementary students, depending on their ESL levels.

Before beginning to use the graphing unit with LEP students, the teacher may want to
determine the students’ previous math abilities and background as well as their language

. proficiency and literacy levels in both their native languages and English. These factors
can influence how the teacher presents the unit. For example, if the students have little or

no experience with reading and interpreting graphs, are not literate in their native lan-
guages, and function at an intermediate English proficiency level, the teacher would want
to spend a few days discussing graphing, demonstrating and showing examples of graphs,
and having students create graphs before beginning the unit. On the other hand, if the
students already know how to read and interpret graphs in their native la;iguages and
function at a high beginning level of English proficiency, the teacher wouid want to focus
me lesson on English language structures and vocabulary rather than how to read and
interpret graphs. :

The sample unit can also be adapted for classes that contain students of '\'rarving levels of
English and math abilities, a situation many teachers face. Instead of presenting lessons
that focus on the needs of the entire class, the teacher may want to employ strategies and
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techniques that emphasize the students’ individual needs. For example, one technique
that requires minimum preparation is to pair more advanced students with less advanced
students. Another technique is to assign a more advanced student to create a series of
graphs to present to the class during the lesson.

In the Alexandria City Public Schools, before beginning this unit, students take a placement
exam to appropriately place them in the ESL math program. Then, the students take a
pre-test. Based on their pre-test scores, the teacher determines which objectives in the
unit need to be taught and which need review. Teachers also decide whether or not
variables such as the number of students in the class, the presence of an instructional
assistant, the length of class period, the behavior of the students and other variables permit
them to individualize instruction. Therefore, the lessons in this unit are structured to
accommodate either individual or whole class instruction. Whichever approach the teacher
chooses, it is important to note that language development is anintegral part of any content
area lesson, and this is usually more efficiently achieved by whole class or small group
instruction.

Organizing Lessons Using Active Mathematics Teaching

To use the unit in this Program Information Guide according tc the guidelines indicated in
the AMT method, the teacher might proceed as follows:

Day 1

Review (10 minutes):

Introduce unit on graphing oy asking the following questions:
e Whatis a graph?

e Can you give me examples of graphs you have seen?

e Where have you seen these graphs?

¢ Why is it important to be able to read and interpret graphs?
Develop New Content with Controlled Practice (25 minutes):
Administer pre-test‘on graphs.

Seatwork/Homework (10 minutes):

On the board, construct a line graph of the times at which the students in the class went
to bed last night.

a



PRE-TEST

NAME
DATE
CLASS PERIOD

THE GROWTH OF SOCCFR IN NORTHERN VIRGINIA
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Directions: Answer the questions according to the graph.

1. What type of graph is this?

2. In 1978, how many soccer players were there in Northern Virginia?

3. In which year were there more soccer players in Northern Virginia -- 1979 or 19807
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4. Does ------ represent the male or female population?

5. Estimate the male population in 1930.

6. In 1950, which was greater -- the male population or the female popula-
tion?

4

7. Did the female population increase or decrease from 1920 to 18607




ICE CREAIM CONES EATEN IN ONE MONTH
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Kc.\/: % = 2 iee cream cones

8a. Who ate the most ice cream cones?

8b. How many did he/she eat?

9. How many cones did Ana and Abdul eat together?

pOW TINA SPENDS A SCHOOL DAY

Directions: Answer the questions according to the graph.

10. What type of graph is this?

11. What fraction of the day daes Tina spend sleeping?

AR e el

12. What does Tina spend the most time doing?

ERIC . ;0
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Day 2
Review (8-10 minutes):
Discuss results of pre-test.

Explain what objectives will be covered in the graphing unit based on students’ perfor-
mance on the pre-test.

Review points made in discussicn on the previous day about why graphing is important.
Write objective on board -- To Read and Interpret a Bar Graph.

Develop New Conteni with Controlled Practice (20-25 minutes):

Introduce bar graphs.

Work through page 9 of ihe unit with students.

Discuss ease of cormparison with graphing.

Seatwork/Homework (10-15 minutes):

Assign page 10 as individual seatwork.

Instruct students to take page 10 home if they do not complete it in class.

Have students restate objective for the day.

©
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OBJECTIVE: TO READ AND INTERPRET A BAR GRAPH

ESL MATH 3
Graphing Unit
Name __

HOW DID YOU GET TO SCHOOL

Vumber of Studerts
S

. . Rodein
i Rode bike Walked car or bus l

]

Directions: Answer the questions according to the graph.

1. How many students walked 12 school?

2. How did most students get to school?

3. How many more students rode in cars than walked?

4. How many more students rcde bikes than walked?

5. How many studenis in all are shown on the graph?

et
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OBJECTIVE: TO READ AND INTERPRET A BAR GRAPH

ESL MATH 3
Graphing Unit
Name

RATING RAY'S HAMBURGERS

1 1
Enceilsnt l 15.6%

Qoed | 51.5%

Fair -] 18.4%%
foer :[ 4.4

Don' Waws $.97.

I | ! 1 { i
i ] | | ) 1

10% 20" B o 0w -

fercentase of Tesoie
~

Directions: Answer the questions according to the graph.

1. What percentage of people thirk Ray’s hamburgers are excellent?

2. What percentage of people think Ray’s hamburgers are fair?

3. What percentage of people do not have an cpinion about Ray’s hamburgers?

4. The percentage of people who think Ray's hamburgers are is 4.4%.

5. How many people out of 100 think Ray’s hamburgers are good or excellent?

6. If 15.6% was not written next to the sexcellent” bar, would you know the exact per-
centage of the bar or would you have to estimate the percentage?

[y
L g
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Day 3

Review (8-10 minutes):

Review bar graphing.

Go over page 10 (homework from previous day). /'y
Write objective on the board - To Read and Interpret a Line Graph.
Develop New Content with Controlled Practice (20-25 minutes):
introduce line graphs.

Work through page 12 with students.

Discuss the use of one line, two lines, three lines, etc. on aline graph.
Seatwork/Homework (10-15 minutes):

Assign page 13 as individual seatwork.

Instruct students to take page 13 home if they do not complete itin class.
Have students restate cbjective for the day.

Day 4

Continue in the same manner until the end of the unit.

ERIC »



OBJECTIVE: TO READ AND INTERPRET A LINE GRAPH

ESL MATH 3
Graphing Unit
Name

MATH TEST SCORES

|
[
Edwind_ _ _ _ . /
& Teal binas ’1
Karip) s etrae
ch.s‘ufn L__ /

"3 - /

qo v
7’
{5

w0 11 /T
Ly
/

w\
\F

Viee Ks 1 2 N) 4 5 b 7 8

Teat Scores

Directions: Answer the questions according to the graph.

1. Whose test scores doez ———— represent?
2. Whose test scoresdoes ------- represent?

3. What was Karla’'s math test score in week 6?7

4. What was Edwin’'s math test score in week 77

5. Whose score was higher in vyeek 27

6. What week did Karla and Edwin have the same score?

7. Between week 1 and week 2, who improved his/her math score the most?

8. What week were Karla’s math scores better than Edwin's math
scores?

ERIC | o 14
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OBJECTIVE: TO READ AND INTERPRET A LINE GRAPH

ESL MATH 3
Graphing Unit
Name

AVERAGE I[IEIGHT OF BOYS AT VARIOUS AGES

70

N\
)

Averoge. Hclshf in Inches
\n o
w o

w
o

0 ] iz 1% 14 15 16
Age in years

Directions: Answer the questions according to the graph.

1. What ages are represented on this graph?

o What is the average height of a 14 year old boy?

3. What is the average height of a 13 year old boy?

4. A boywho is 65 inches tall is years old.

5. As a boy gets older does his average height increase or decrease?

6. From this graph, what do you think the average height of a 9 year old boy would be?

Q [
‘ . . 1 3 ] )



OBJECTIVE: TO READ AND INTERPRET A CIRCLE GRAPH

ESL MATH 3
Graphing Unit
Name

HOW THE DAY IS SPENT

WorK
/ q hours

\l year old

Directions: Answer the questions according to the graph.

4. How many hours per day does the 11 year old spend eating?

2. How many hours per day does the adult work?

3. How many more hours per day does the 11 year old sleep than the
adult?

4. How many hours per day does the 11 year old spend in school and doing
homework?

5. What activity does the adult spend the most time doing per day?

6. What fractional part of the day does the 11 year old spend playing? (Reminder: there
are 24 hours in & day.) ¥

7. What fractional part of the day does the adult spend watching t.v.?

ERIC - - . Lo



OBJECTIVE: TO READ AND INTERPRET A CIRCLE GRAPH

ESL MATH 3
Graphing Un..
Name

FAVORITE SPORTS OF MAINE HIGH SCHOOL STUDENTS

Football | gasketball
25% 307
wresthing
W _ x5 %
of <
q\"“hﬂn ) p 3 2

Directions: Answer the questions according to the graph.

3. What percentage of students prefer soccer as their favorite sport?
4. What percentage of students prefer wrestling as their favorite sport?
5. How many students out of 100 prefer football?

6. How many students out of 100 prefer football or baseball?_-

1. What is the favorite sport of Maine High School students?

5 What is the least favorite sport of Maine High School students?

}

7. Which sport is more popular at Maine High School -- baseball or soccer?

1
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OBJECTIVE: TO READ AND INTERPRET A PICTOGRAPH

ESL MATH 3
Graphing Unit
Name

MONEY MARIA EARNED BABYSITTING

AR AN AS
H AR R AR AN AN,
Vo | EBIL IS

e | F L aE e L

KCY: E:E)j ol s‘.00

Directions: Answer the questions according to the graph.

et

1. How much money does E-__@j 3 represent?

2. How much money does E .-(Q represent?

3.  How much did Maria earn in week 17

4. How much did Maria earn in week 27

5.  How much did Maria earn in week 37

~6. How much did Maria earn in week 47

7. Which week did Maria earn the most money?

8. Which week did Maria earn the least money?

9. How much money did Maria earnin 4 weeks?

©
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OBJECTIVE: YO READ AND INTERPRET A PICTOGRAPH

ESL MATH3
Graphing Unit
Name

/ / PLACES ALEXANDRIA ESL STUDENTS CAME FROM

™ XX XXX XX

Lorritean -
Talands

.  Key
RS T
. AR 2% stuteniy
Sarope Q
Afriea. i o

siddle fact i{ Q

Y
Sonres: Alex Loty Pubiia Lo hond '

Directions: Answer the questions according to the graph.

1. How many people does % represent?

2. How many people does v represent?

3, What part of the world did most of the students come from?

4. What part of the world did the fewest stucents come from?_

5. Approximately how many people came from South America?

6. Approximately how many people came from the Middle East and Asia?

7. Approximately how many people came from Africa?
2

8. Show how you would represent 100 people with the figure. i

' 16
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OBJECTIVE: TO CONSTRUCT A GRAPH WITH GIVEN INFORMATION

ESL MATH 3
Grapr.ing Unit
Name

TAKE A POLL

Ask ten classmates which kind of soda they iike best. Start at the bottom of the chart and
write each student's name in the box above the soda they like best.

When you are finished, answer
the questions:

1. How many people like Coke
best?

2. How many people like Pepsi
— best?

3. Which soda do more people
like the best?

4. How many mmiore people like
that soda the best?

LA b v 2a
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OBJECTIVE: TO CONSTRUCT A GRAPH WITH GIVEN INFORMATION

ESL MATH 3
Graphing Unit
Name

HOW DO YOU SPEND YOUR TIME?

1. Make a graph in the circle below to show how you spend your time during the day.

My Time

2. Make a graph in the circle below to show how one of your friends spends his/her
time during the day.

My Friend's Time

Full Tt Provided by ERIC.
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POST-TEST 15

ESL MATH 3
Graphing Unit
Name

Date

Class Period

THE GROWTH OF SOCCER IN MORTHERN VIRGINIA

Sesear Peygeen {in Sacuasads)
V]

1.1 (L1} 13 LT} [IT]

Directions: Answer the questions according to the graph.

1.  What type of graph is this?

2. What years are shown on the graph?

3. In 1979, how many soccer players were there in Northern Virginia?

‘4. In 1981, were there more or fewer soccer players in Northern Virginia than in 19807

5. In which year were there more soccer players in Northern Virginia -- 1979 or 19817

H

6. In which two years were there exactly the same number of soccer players in North-
ern Virginia?

7. From this graph, can you tell how many soccer players there were in Northern
Virginia in 19757___ Why or why not?
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POPULATION OF THE UNITED STATES

ESL Math 3
Graphing Unit Test

Page 2 of 4 ' 120

1o

100 3
/ -”
KC\[_ ’

! 90 —
m—a— 7
female p

Millions
3
NN
~
N\

-

T

1920 1830 1940 1950 1960 1970

Directions: Answer the questions according to the graph.

8. Does----- - represent the male or female population?

9. Estimate the male population in 1820.

10. Estimate the female population in 1970.

11. Estimate the total population in 1930.

12. In 1340, which was greater -- the male population or the female popula-
tion?

13. Did the female population increase or decrease from 1920 to 18707

14. For which years was the male population greater than the female population?

15. Which do you think was gréater in 1910 -- the male population or the female popula-
tion?

Q o . ?3
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ESL Math ICE CREAM CONES EATEN IN ONE MONTH

T 9999958
ar-lrys 7
Edgar @ @ a

Abdul %‘

s FETITIRRRR]

Kcy: @ = 2 ice cream cones

Directions: Answer the questions according to the graph.

16. What type of graph is this?

17. How many ice cream cones does % represent?

18. How many ice cream cones does ?‘ represent?

19. How many ice cream cones did John eat?

.20. How many ice cream cones did Abdul eat?

24. Who ate the most ice cream cones?

22. How many did he/she eat?

23. How many cones did Ana and Edgar eat together?

24. How many more ice cream cones did Vong eat than Abdul?

25. Show how you would represent 13 ice cream COnes.

©
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ESL Math
Graphing Unit Test
Page 4 of 4

26. Use the information listed below to construct a circle graph about President Bush.
President Bush spends
3/8 of his day in his office
1/8 of his day at receptions
1/8 of his day with his family
1/8 of his day exercising

/ 2/8 of his day sleeping

2

Q o 1)
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