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	Program Information
	[Lesson Title]

Sequence Sense 

	TEACHER NAME
	PROGRAM NAME

	
	[Unit Title]

	NRS EFL(s)
3
	TIME FRAME
120 minutes 



	Instruction 
	ABE/ASE Standards – Mathematics

	
	Numbers (N)
	Algebra (A)
	Geometry (G)
	Data (D)

	
	Numbers and Operation
	
	Operations and Algebraic Thinking
	A.3.9
	Geometric Shapes and Figures
	
	Measurement and Data
	

	
	The Number System
	
	Expressions and Equations
	
	Congruence
	
	Statistics and Probability
	

	
	Ratios and Proportional Relationships
	
	Functions
	
	Similarity, Right Triangles. And Trigonometry
	
	Benchmarks identified in RED are priority benchmarks. To view a complete list of priority benchmarks and related Ohio Aspire lesson plans, please see the Curriculum Alignments located on the Teacher Resource Center (TRC).

	
	Number and Quantity
	
	
	Geometric Measurement and Dimensions
	
	

	
	
	
	Modeling with Geometry


	
	

	
	Mathematical Practices (MP)

	
	(
	Make sense of problems and persevere in solving them. (MP.1)
	(
	Use appropriate tools strategically. (MP51)

	
	(
	Reason abstractly and quantitatively. (MP.2)
	(
	Attend to precision. (MP.6)

	
	(
	Construct viable arguments and critique the reasoning of others. (MP.3)
	(
	Look for and make use of structure. (MP.7)

	
	(
	Model with mathematics. (MP.4)
	(
	Look for and express regularity in repeated reasoning. (MP.8)

	
	LEARNER OUTCOME(S)

Students will analyze mathematical sequences.
Students will use formulas to find missing terms in patterns and sequences.
	ASSESSMENT TOOLS/METHODS
Part 4 will serve as evidence of student mastery. During part 4, the teacher should actively listen to partner discussions for signs of understanding or of misconceptions. When students are working alone, the teacher should have students speak out loud as they solve the problem.  

	
	LEARNER PRIOR KNOWLEDGE

Students should be able to read and construct tables and charts to organize data and be familiar with the order of operations.  Students should also be familiar with Polya’s problem solving steps, if not provide them with Polya’s 4-step handout.


	
	INSTRUCTIONAL ACTIVITIES 

Note: Students may find the calculator useful when working with the explicit formulas as there will be exponents involved.  In order to find the formulas and see the patterns and trends, students may find the Centimeter Cubes helpful.  With them, they can actually set out a manipulative to represent each term in the sequence.
Part 1: Start the lesson by writing the notation 𝑎1, 𝑎2, 𝑎3, 𝑎4, … 𝑎𝑛, … to describe a sequence of numbers where the subscript denotes where a term is in a sequence of numbers: 𝑎10 denotes the 10th number of a sequence.  Then make a chart on the board with the following headings: sequence, definition, example, recursive formula, and explicit formula (see Teacher Answer Form).  If students are not familiar with the terms “recursive” and “explicit,” be sure to define them before continuing.
A recursive formula calculates the current number of a sequence based on the previous number.
An explicit formula allows the calculation of any term of a sequence directly without needing to know the previous number.

For arithmetic sequences, be sure to emphasize the need for a common difference between the numbers in the sequence (either addition or subtraction).  For geometric sequences, be sure to emphasize the need for a common ratio between the numbers of a sequence (multiplication or division). Following, you should use both the recursive and explicit formulas to calculate the next term of each of the examples you used in your chart.

Part 2:  (I do) Hand out the Arithmetic and Geometric Sequences Worksheet to the students as well as some Centimeter Cubes.  Depending on class size, you may need to have students work in pairs or small groups so that everyone has access to plenty of cubes. Read problem one out loud.  Reread what the problem is asking for (understand).  Taking the fact the question asks for both a recursive and explicit formula of a sequence, we know we must first understand the sequence (devise a plan).  It may help to make a table or list of the year and the number of members of the Hall of Fame for the first five years (enact the plan).  Since there were 20 members originally inducted, we know the first term of the sequence is 20, and since 5 new members are added each year we know that it is an arithmetic sequence with a common difference of 5 and the second term is 25, the third term is 30, and so on. Straight from the table made previously, we know the recursive formula is 𝑎𝑛 = 𝑎𝑛−1 + 5 (another way of thinking of it is the current number = the previous number +5) and the explicit formula is 𝑎𝑛 = 20 + 5(􀀀 􀀁 1) (another way of thinking of it is the amount of members in the hall of fame in the nth year is equal to the original number inducted plus five times one less than the nth year.  Be sure to point out that the ninth term represents the number of members in 2009; the 28th term represents the number of members in 2028.  Use both formulas to check against the table or list you made earlier (check).  For the second part of the problem, the long way would be to continue your list or table until you reach 200.  The quicker way would be to plug 200 in for 𝑎𝑛 of the explicit formula and solve for n.  You may want to do both ways to show that it can be done either way, but using the explicit formula is more efficient.
Part 3: (We do) Ask for a volunteer to read problem two out loud.   Take a quick poll of whether students think the situation is an arithmetic or geometric sequence.  If you have any volunteers to provide their reasoning for their conjecture, let them share their thoughts.  If not, start by determining that the sequence is not arithmetic by pointing out the fact that the difference between consecutive terms is not constant.  To determine if it is geometric or not, take the second term and divide it by the first term (you will get 0.8).  Then take the third term and divide by the second term (again you get 0.8).  Repeat with each pair of consecutive numbers to show that there exists a common ratio of 0.8.  You can also have each row of students calculate a different ratio (row 1 do term 2 divided by term 1, row 2 do term 3 divided by term 2, and so on).  Ask if there are any volunteers to come up with the recursive formula.  Ask a different student to explain why they think the formula is correct or not (be sure to have a correct answer before moving on).  Then ask if any students have a guess at an explicit formula.  Again ask another student to check their answer.  Once the formulas have been completed, have half of the students calculate the value of the car in year 10 using the recursive formula and the other half calculate the value using the explicit formula.  Allow students to compare answers and discuss which way was easier.
Part 4: (You do) Have students work individually on the remainder of the problems.  As students finish the worksheet, have them pair up and check their answers against their partner’s answers.  Once all students have finished and have checked their answers with their partner, go over each problem one at a time having a student present their answer to the problem.  Ask students to provide reasoning for their actions.
	RESOURCES

SmartPal kit (SmartPal sleeves, wipe off cloths, dry erase markers) – inserting a blank sheet of paper into the sleeves will give students a reusable sheet of paper that they can quickly try answers out on and erase without using up a pencil eraser.  It’s quicker as well. 

Centimeter Cubes 

Calculator 

Arithmetic and Geometric Sequences Excel sheet 

Arithmetic and Geometric Sequences worksheet
Microsoft Excel


	
	DIFFERENTIATION



	Reflection
	TEACHER REFLECTION/LESSON EVALUATION



	
	Additional Information

NEXT STEPS
Have students graph the sequences on an x-y plane with the term number as the x-variable and the value as the y-value to visually represent the linear relationship of arithmetic sequences and exponential relationship of geometric sequences.  You can also present students with ways of representing patterns that are neither linear nor exponential.
PURPOSEFUL/TRANSPARENT
This lesson starts with defining terms and notation related to arithmetic and geometric sequences to give students a vocabulary set to describe and analyze different patterns.  It then moves to contextual situations that involve sequences to give students an idea of where sequences are found in everyday life.  The lesson wraps up with determining if patterns are arithmetic, geometric, or neither to provide students the opportunity to focus on the ideas of a common difference or common ratio and to analyze sequences that may not be arithmetic or geometric. 
CONTEXTUAL
This lesson focused on representing everyday situations involving salaries, asset depreciation, population growth, and exponential decay.  This is important as understanding sequences are vital in social, financial, and medical environments.
BUILDING EXPERTISE
Students will use the definitions related to sequences to analyze patterns and use formal mathematics to represent and extend those patterns.




NOTE: The content in the Additional Information box exceeds what is required for the OBR Approved Lesson Plan Template. This information was provided during the initial development of the lesson, prior to the creation of the OBR Approved Lesson Plan Template. Feel free to remove from or add to the Additional Information box to suit your lesson planning needs.
Vocabulary Sheet

Sequence — An ordered set of numbers that are defined by the position they hold.  Represented by  [image: image2.png]a,,a,, a; a,,



 where the subscript denotes where a term is in a sequence of numbers: [image: image4.png]ay



 denotes the 10th number of a sequence.

Recursive Formula — terms of a sequence are calculated based upon the value of the previous term(s).  

Explicit Formula — terms of a sequence are calculated based upon its place in the order of the sequence.

Arithmetic Sequence — A sequence of numbers where a common difference, d, exists between consecutive numbers.

Geometric Sequence — A sequence of numbers where a common ratio, r, exists between consecutive numbers.

Arithmetic and Geometric Sequences
1. The Professional Lawn Bowling Association Hall of Fame opened in 2001.  It originally inducted 20 members to start the hall of fame and, beginning with 2002, inducts 5 new members every year.  Write a recursive formula and explicit formula that expresses the total number of members in the hall of fame for each year after the doors opened.  In what year will there be 200 members of the Professional Lawn Bowling Association Hall of Fame?

2. After graduation, Josh bought a brand new car for $20,000.  Below is a table displaying the value of the car for the first 5 years.  Find a recursive formula and an explicit formula to represent the value of the car.  Then figure out how much the car will be worth in year 10 (rounded to the nearest dollar).

	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	$20,000
	$16,000
	$12,800
	$10,240
	$8,192


3. Sally’s year-long job offers to pay her salary in one of two ways.  The first option is to give her $10 the first week, $20 the second week, $30 the third week and so on.  While option two offers to give her a penny end the end of the first week, two pennies at the end of the second week, four pennies the third week, and continuing to double it every week.  What option should Sally choose?  Create a recursive and explicit formula to express each situation.

4. The local radio station is running a promotion where they ask a question and if the 10th caller answers the question correctly they win $250.  If the caller doesn’t get the question right, the money increases by $250 each day until the caller gets the question right.  If the promotion starts on Monday, make a table for a week (Monday through Friday) for the prize amount if nobody gets the question right all week.  Write a recursive formula and an explicit formula to express the prize amount on the nth day if nobody answers the question correctly.  If nobody answers the question correctly for three weeks, how much will the prize amount be on Monday of the fourth week?

5. The population of the Smallville is 5,000 people and grows 2% every year.  What will the population be in three years? What will the population be in 50 years?

6. John makes widgets to sell at the market.  He worked all day long between the 13th and 18th day to get ready for the biggest market sale at the end of the month.  He knows he had 145 widgets at the start of the 13th day and 205 widgets at the start of 18th day.  How many widgets can he make in one day?  If he continues to work all day until the end of the month, how many widgets will he have made by the end of the 30th day?

7. For chemotherapy to work properly there needs to be exactly 50mg of medicine in the bloodstream on the 6th day of treatment.  If half of the medicine is removed from the body each day, how much should doctors administer on the first day of treatment?

For 8-13
Determine whether each of the following sequences is arithmetic, geometric, or neither.  Find a formula that represents the sequence, and then use it to find the next two terms and the 10th term.
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Teacher Answer Sheet
From Lesson Plan:
Table for part 1

	Sequence Type
	Definition
	Example

	Recursive Formula
	Explicit Formula

	Arithmetic
	A sequence of numbers where a common difference, d, exists between consecutive numbers.
	5, 8, 11, 14, 17, …
	[image: image17.png]



For example
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	[image: image19.png]a, = ay +d(n— 1)




For example

[image: image20.png]a, =5+3(n—1)






	Geometric
	A sequence of numbers where a common ratio, r, exists between consecutive numbers.
	5, 10, 20, 40, 80, …
	[image: image21.png]Gy = Gy (7)




For example
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	[image: image24.png]a, = ay(r)"*




For example

[image: image25.png]a, = 5(2)"*







1. Recursive: [image: image27.png]Ay

Qp-1+5



 

Explicit: [image: image29.png]



200 members in 2037

[image: image30.png]200=20+5(n—1)




[image: image31.png]200





[image: image32.png]185 = 5n
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2. Recursive: [image: image35.png]Qp = Qp—1*0.8



 

Explicit: [image: image37.png]a, = 20,000(0.8) "1




The car is worth $2,684.35 in year 10.

3. Option 1





Option 2

Recursive: [image: image39.png]@y = Qp-1+10



 



Recursive: [image: image41.png]Qp = Qp_1*2




Explicit: [image: image43.png]a, =10+ 10(n —1)



 or [image: image45.png]a, = 10(n)





Explicit: [image: image47.png]a, = 0.01(2) "1




Sally should choose option 2 as she will make more money each week starting the 15th week (if students calculate a running total, option 2 will result in more total money starting the 18th week).

4. Recursive: [image: image49.png]@y = Qp—1 + 250



 

Explicit: [image: image51.png]



It would be the 16th day so [image: image53.png]



5. Recursive: [image: image55.png]Qp = Qpq*1.02



 where [image: image57.png]


 is the initial year where the population is 5,000.
Explicit: [image: image59.png]a, = 5000(1.02)™



 

The population of Smallville will be 5,306 people after 3 years and 13,458 people after 50 years.

6. [image: image61.png]2057145
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 widgets in one day. So to solve for the original amount, set up an explicit equation such that [image: image63.png]a, = apg+12(n—1)



 and select one of your data points to plug in and solve for [image: image65.png]


.  For example 

[image: image66.png]aig =ap+12(18-1)




[image: image67.png]205 = ap +12(17)




[image: image68.png]205 = ap + 204
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Hence,  [image: image71.png]


 widgets after 30 days.

7. [image: image73.png]SD:a‘xG)
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8. Geometric sequence

a. Recursive: [image: image79.png]Qp = Qp_1*3




b. Explicit: [image: image81.png]



c. Next two terms: 54; 162

d. 10th term: 13,122

9. Neither

a. Formula: [image: image83.png]



b. Next two terms:  [image: image85.png]



c. 10th term: [image: image87.png]”




10. Geometric sequence

a. Recursive:  [image: image89.png]Qp = p_q1*(—1)




b. Explicit: [image: image91.png]* (—1)n"1




c. Next two terms:  5; -5

d. 10th term: -5

11. Geometric and Arithmetic

a. Recursive: [image: image93.png]@p=Qp-1*lora,=a,1+0




b. Explicit: [image: image95.png]


; 

c. Next two terms:  3; 3

d. 10th term: 3

12. Arithmetic sequence

a. Recursive: [image: image97.png]



b. Explicit: [image: image99.png]a,=7-3(n-1)




c. Next two terms:  -5; -8

d. 10th term: -20

13. Neither

a. Formula:  [image: image101.png]a,=3+(-1)"



 or [image: image103.png]


 if n is odd and 4 if n is even 

b. Next two terms:  2; 4

c. 10th term: 4

Problem 1
	Year
	members
	term#
	recursive
	explicit

	2001
	20
	1
	20
	20

	2002
	25
	2
	25
	25

	2003
	30
	3
	30
	30

	2004
	35
	4
	35
	35

	2005
	40
	5
	40
	40

	
	
	6
	45
	45

	
	
	7
	50
	50

	
	
	8
	55
	55

	
	
	9
	60
	60

	
	
	10
	65
	65

	
	
	11
	70
	70

	
	
	12
	75
	75

	
	
	13
	80
	80

	
	
	14
	85
	85

	
	
	15
	90
	90

	
	
	16
	95
	95

	
	
	17
	100
	100

	
	
	18
	105
	105

	
	
	19
	110
	110

	
	
	20
	115
	115

	
	
	21
	120
	120

	
	
	22
	125
	125

	
	
	23
	130
	130

	
	
	24
	135
	135

	
	
	25
	140
	140

	
	
	26
	145
	145

	
	
	27
	150
	150

	
	
	28
	155
	155

	
	
	29
	160
	160

	
	
	30
	165
	165

	
	
	31
	170
	170

	
	
	32
	175
	175

	
	
	33
	180
	180

	
	
	34
	185
	185

	
	
	35
	190
	190

	
	
	36
	195
	195

	
	
	37
	200
	200


Problem 2
	Year
	Value
	Difference
	Ratio
	Recursive
	Explicit

	1
	20,000
	-4,000
	0.8
	20,000
	20000

	2
	16,000
	-3,200
	0.8
	16000
	16000

	3
	12,800
	-2,560
	0.8
	12800
	12800

	4
	10,240
	-2,048
	0.8
	10240
	10240

	5
	8,192
	
	
	8192
	8192

	6
	
	
	
	6553.6
	6553.6

	7
	
	
	
	5242.88
	5242.88

	8
	
	
	
	4194.304
	4194.304

	9
	
	
	
	3355.443
	3355.443

	10
	
	
	
	2684.355
	2684.355


Problem 3

	
	Option 1
	Option 2 

	Week
	Payment
	Total
	Payment
	Total

	1
	10
	10
	0.01
	0.01

	2
	20
	30
	0.02
	0.03

	3
	30
	60
	0.04
	0.07

	4
	40
	100
	0.08
	0.15

	5
	50
	150
	0.16
	0.31

	6
	60
	210
	0.32
	0.63

	7
	70
	280
	0.64
	1.27

	8
	80
	360
	1.28
	2.55

	9
	90
	450
	2.56
	5.11

	10
	100
	550
	5.12
	10.23

	11
	110
	660
	10.24
	20.47

	12
	120
	780
	20.48
	40.95

	13
	130
	910
	40.96
	81.91

	14
	140
	1050
	81.92
	163.83

	15
	150
	1200
	163.84
	327.67

	16
	160
	1360
	327.68
	655.35

	17
	170
	1530
	655.36
	1310.71

	18
	180
	1710
	1310.72
	2621.43

	19
	190
	1900
	2621.44
	5242.87

	20
	200
	2100
	5242.88
	10485.75


Problem 4

	Day
	Recursive
	Explicit

	1
	250
	250

	2
	500
	500

	3
	750
	750

	4
	1000
	1000

	5
	1250
	1250

	6
	1500
	1500

	7
	1750
	1750

	8
	2000
	2000

	9
	2250
	2250

	10
	2500
	2500

	11
	2750
	2750

	12
	3000
	3000

	13
	3250
	3250

	14
	3500
	3500

	15
	3750
	3750

	16
	4000
	4000


Problem 5

	Year
	Recursive
	Explicit

	0
	5000
	5000

	1
	5100
	5100

	2
	5202
	5202

	3
	5306.04
	5306.04

	4
	5412.161
	5412.161

	5
	5520.404
	5520.404

	6
	5630.812
	5630.812

	7
	5743.428
	5743.428

	8
	5858.297
	5858.297

	9
	5975.463
	5975.463

	10
	6094.972
	6094.972

	11
	6216.872
	6216.872

	12
	6341.209
	6341.209

	13
	6468.033
	6468.033

	14
	6597.394
	6597.394

	15
	6729.342
	6729.342

	16
	6863.929
	6863.929

	17
	7001.207
	7001.207

	18
	7141.231
	7141.231

	19
	7284.056
	7284.056

	20
	7429.737
	7429.737

	21
	7578.332
	7578.332

	22
	7729.898
	7729.898

	23
	7884.496
	7884.496

	24
	8042.186
	8042.186

	25
	8203.03
	8203.03

	26
	8367.091
	8367.091

	27
	8534.432
	8534.432

	28
	8705.121
	8705.121

	29
	8879.223
	8879.223

	30
	9056.808
	9056.808

	31
	9237.944
	9237.944

	32
	9422.703
	9422.703

	33
	9611.157
	9611.157

	34
	9803.38
	9803.38

	35
	9999.448
	9999.448

	36
	10199.44
	10199.44

	37
	10403.43
	10403.43

	38
	10611.49
	10611.49

	39
	10823.72
	10823.72

	40
	11040.2
	11040.2

	41
	11261
	11261

	42
	11486.22
	11486.22

	43
	11715.95
	11715.95

	44
	11950.27
	11950.27

	45
	12189.27
	12189.27

	46
	12433.06
	12433.06

	47
	12681.72
	12681.72

	48
	12935.35
	12935.35

	49
	13194.06
	13194.06

	50
	13457.94
	13457.94


Problem 6

	Day
	Number of Widgets

	1
	1

	2
	13

	3
	25

	4
	37

	5
	49

	6
	61

	7
	73

	8
	85

	9
	97

	10
	109

	11
	121

	12
	133

	13
	145

	14
	157

	15
	169

	16
	181

	17
	193

	18
	205

	19
	217

	20
	229

	21
	241

	22
	253

	23
	265

	24
	277

	25
	289

	26
	301

	27
	313

	28
	325

	29
	337

	30
	349


Problem 7

	Day
	Amount of Medicine
	(Formula to enter)

	1
	1600
	B3*2

	2
	800
	B4*2

	3
	400
	B5*2

	4
	200
	B6*2

	5
	100
	B7*2

	6
	50
	50
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