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Name    

Elisha Otis Installs the First Passenger Elevator 

On March 23 of the Mystery Year, Elisha Otis — American 
industrialist, inventor, and engineer — installed the first 
commercial passenger elevator in New York City. Otis had 
devised a safety locking mechanism that prevented elevators from 
falling if their cables broke. Otis was the founder of the Otis 
Elevator Company, which is still in operation today! 
Otis’s early elevator traveled at a speed of 40 feet per minute and 
traveled up only 5 floors. In comparison, the elevator in the Empire 
State Building takes about 1 minute to reach the 86th floor 
observatory from the ground floor, a height of 1,050 feet above 
ground. And, the service elevator in the tallest building in the 
world (as of 2022), Burj Khalifa in Dubai, operates at 
approximately 1,968 feet per minute — or, about 22 mi/h!  

 

Use these clues to find the Mystery Year. Show your work. 

1.  Referring to the information in the introduction, 
what is the speed of the elevator in the Empire 
State Building in seconds per floor? (Round this 
rate to the nearest tenth.) 

 

 

The digit in the tenths place is the ones 
digit of the Mystery Year. 

Before moving on to the next clue, check with your 
classmates that your first clue is correct. You will 
need the correct answer to work the next clue. 

2.  Based on the speed calculated in Clue 1, suppose 
an elevator technician enters the elevator in the 
Empire State Building on the 51st floor and 
rides up to the 86th floor observatory, without 
stopping. How much time (in seconds) would 
have elapsed? 

 

 

The digit in the tenths place of this time is 
the tens digit of the Mystery Year. 

3.  Referring again to the given information in the 
introduction, what was the speed of Elisha Otis’ 
elevator in inches per second? 

 

 
 
 
The number of inches per second is the 
hundreds digit of the Mystery Year. 

4.  The tallest building the world (as of 2022) is the 
Burj Khalifa in Dubai, towering at 2,717 feet in 
the air — over one-half mile tall! Its service 
elevator holds the world record for the tallest 
service elevator in the world, rising 504 meters 
(1,654 feet). For comparison, the height of the 
Empire State Building is 381 meters  
(1,250 feet).  
How many times as great is the rise of the 
service elevator in the Burj Khalifa than the 
height of the Empire State Building? (Round 
to the nearest hundredth.)  
 
The quotient of 2,451.24 divided by that 
number is the Mystery Year! 
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Elisha Otis 
giving a safety demonstration  

of his elevator 
 

What is the Mystery Year that the 
first Otis elevator was installed? 

 
 
 _______ _______ _______ _______ 
 Thousands Hundreds Tens Ones 
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SAMPLE: 1 minute = 60 seconds. 
60 seconds ÷ 86 floors is about 0.7 second 

Elisha Otis 
giving a safety demonstration  

of his elevator 
 

What is the Mystery Year that the 
first Otis elevator was installed? 

 
 
 _______ _______ _______ _______ 
 Thousands Hundreds Tens Ones 

 1 9 9 8 

SAMPLE: Change inches to feet.  
40 ´ 12 = 480 inches. Divide by 60 to 
find inches per second. 480 ÷ 60 = 8. 

SAMPLE: 86 – 51 = 35 floors. 
35 ´ 0.7 = 24.5 seconds 
 

SAMPLE: 1,654 ÷ 1,250 = 1.32 

 1 8 5 7 

Answer Key  
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Complete Solutions, Teacher Notes, & Extensions 
Elisha Otis Installs First Passenger Elevator 

March 23 
Puzzle 

Mystery Year: 1857 

CCSS: 6.RP.3.b, MP6 (Attend to Precision), 5.NBT.7, 7.EE.4.a, 7.NS.2.d. 
Topics: rate, measurement conversions, dimensional analysis, multiplicative comparisons. 

 Clue 1 Solution   From the given information in the introduction, it takes the elevator in the Empire 
State Building one minute to reach the 86th floor observatory from the ground floor. To convert 
this to a rate representing seconds per floor, students could divide 60 (seconds in one minute) by 
86 floors, which is approximately 0.69767 sec/floor. To help keep the units straight, students 
could also use dimensional analysis to solve the clue as shown below: 

 •  =  » 0.69767 second per floor  

The Math Note below and the Math Note with Clue 2 provide information on the use of 
dimensional analysis. When 0.69767 is rounded to the nearest tenth, the result is 0.7 sec/floor. 
So, the ones digit of the Mystery Year is 7. 
Math Note: Should students calculate the reciprocal rate — by dividing 86 by 60 — you may 
ask them to explain what the result of 1.4 represents. While that rate is valid, it represents 
1.4 floors per second, or the number of floors the elevator climbs per second — not the number 
of seconds per floor. As mentioned above, dimensional analysis is a good tool to help students 
keep track of the units. 
Additional Side Note: When teaching, this author spent much time emphasizing the importance 
of units and labels with solutions/answers. To stress the importance, I would interject some 
humor. For example, I might open a class with the following statement:  

Guess what? Each of you just won 1.4! 
Students would immediately and excitedly ask, “1.4 WHAT??” And, I would respond, “Does it 
really matter? 1.4 million dollars, 1.4 pizzas, 1.4 gallons of paint, 1.4 hours of chores…they all 
mean the same, right??” J 

 Clue 2 Solution   Students are given that the elevator technician entered the Empire State Building 
elevator on the 51st floor and rode up to 86th floor. So, the number of floors traveled can be 
obtained by subtracting 51 from 86 to determine that the technician traveled 35 floors. Next, 
based on the rate calculated in the first clue, the elevator moves at a speed of about 0.7 second 
per floor. Multiplying the number of floors traveled, 35, with the speed, 0.7 second per floor, 
gives 24.5 seconds as the time that elapsed. Because the tenths digit of 24.5 is 5, the tens digit of 
the Mystery Year is 5. 
Math Note: To support students’ reasoning, you may want to represent the multiplication with 
the rate in terms of seconds per floor on the left, and the rate for floors per second on the right. 
Notice, on the left, the unit “floor” cancels out, leaving the desired unit of “second” in the 
solution. The units do not cancel in the expression on the right. 

  35 floors ´   35 floors ´  

Extension: Determining the speed of elevators is one aspect that engineers and technicians use 
to determine the most efficient use of elevators. Other factors include the amount of time the 
elevators stop at a given floor, how long it takes for the doors to open and close, how many 

1 minute
86 floors

60 seconds
1 minute

60 seconds
86 floors

0.7 second
1 floor

1.4 floors
1 secondPREVIE
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people use the elevators on a given floor at given times, the weight capacity of the elevators, the 
number of employees on a given floor, whether or not there are “express” elevators, and whether 
or not there are enough elevators. Have students create a scenario for a large building that has 
elevator “issues” (such as employees who arrive at the building on time — but who have long 
wait times for elevators). Have students propose possible solutions for their scenario. 

 Clue 3 Solution   Elisha Otis’ elevator traveled at a rate of 40 feet per minute. To convert this rate 
to inches per second, students may use reasoning or dimensional analysis.  
o Use Reasoning: 

First, students need to convert 40 feet to inches by multiplying by 12 (because there are 
12 inches in one foot). So, there are 480 inches in 40 feet. Next, students need to convert one 
minute to seconds, which is 60. And, finally, students need to consider what operation is 
implied by the word per. As division is the implied operation, students would divide 
480 inches by 60 seconds and simplify the quotient to 8 inches per second.  

o Use Dimensional Analysis: 
Dimensional analysis is a method for converting multiple units within one expanded 
multiplication expression, organizing the conversion factors in such a way that many of the 
units divide out. This leaves the product of the numbers in the numerators to be divided by 
the product of the numbers in the denominator. While this may be a skill employed in higher 
mathematics, you can demonstrate the process to students in the middle grades, relating it 
back to the sequence of steps taken in the reasoning solution strategy.  
Students may wonder which equivalent conversion factor (rate) to use in a dimensional 
analysis problem, such as  or . Reinforce the importance of placing the 

elements of the factors so that the units divide out as shown by the strike marks below. 

 

So, the speed of the elevator was 8 inches per second.  
Because the number of inches per second is 8, the hundreds digit of the Mystery Year is 8. 

 Clue 4 Solution   The rise of the service elevator in the Burj Khalifa is 1,654 feet. The height of the 
Empire State Building is 1,250 feet. To determine how many times as tall the height of the rise of 
the service elevator in the Burj Khalifa is than the height of the Empire State Building, students 
could divide 1,654 by 1,250, producing the quotient 1.3232. When 1.3232 is rounded to the 
nearest hundredth, the result is 1.32.  
So, the rise of the service elevator in the Burj Khalifa is about 1.32 times as great as the height of 
the Empire State Building. For the final step, students need to divide 2,451.24 by 1.32. The result 
is 1,857. The digits of the Mystery Year determined thus far are __ 8 5 7. The only reasonable 
digit for the thousands place is 1, so the Mystery Year is confirmed as being 1857.  

 Extensions.                         
o Elevators provide a wonderful opportunity to apply addition/subtraction with integers. Have 

students consider a building that has 70 floors above ground and 10 floors below ground. The 
floors below ground are designated –1, –2, –3, and so on. Ground floor is floor 0. Have 
students solve problems such as the following: You are on floor –7. You go up 5 floors and 
then go down 3 floors. On what floor do you end up? [–7 + 5  + (– 3) = –2 + (–3) = –5].  
You may want to extend the scenario where there is no floor 0 and no floor 13. Thus, the 
elevator goes up directly from floor –1 to floor 1 (a distance of 1 floor); the elevator goes up 
directly from floor 12 to floor 14. 

1 minute
60 seconds

60 seconds
1 minute

40 feet
1 minute

 ×  
12 inches

1 foot
 ×  

1 minute
60 seconds

 = 
40 ×  12 inches

60 seconds
 = 

480 inches
60 seconds

 = 
8 inches
1 second
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o Another skill that could be practiced using an elevator context is inequalities. Have students 
determine all the weights listed below that would be allowed on an elevator in Ellie Vator’s 
apartment building, where the elevator has a weight capacity expressed as w ≤ 1,290 pounds. 
 a. w = 1,920      b. w = 1,300      c. w = 1,290      d. w = 999      e. w = 1,289.99     
Solutions: c, d, and e 

 Historical Notes.                         
Elisha Otis (1811–1861) was an American industrialist and founder of the Otis Elevator 
Company. Otis was a “jack of all trades” prior to capitalizing on his inventions. He had owned a 
gristmill, which he later made into a sawmill. He built wagons and carriages. He was even a doll 
and toy maker. It was in 1851, when Otis had moved to New Jersey and was managing an old 
sawmill converted into a factory, that he started contemplating other methods for transporting 
debris to and from different levels of the factory. This eventually led to his prototype of an 
elevator, a hoisting platform with a safety locking mechanism. His safety mechanism prevented 
an elevator from falling should the hoisting cables give way. 
Up until this point, elevators had been used primarily for transporting parcels, not passengers. 
The general public had been wary of such an invention until the 1853 New York World’s Fair 
when Otis gave a dramatic safety demonstration of his platform. He had the hoisting cables cut 
that supported the elevator on which he was standing, only to fall a few inches when his safety 
locking mechanism stopped the fall! These elevators quickly became the ones in general use and 
led the way for modern-day elevator systems in skyscrapers. 

For additional information and background on the history of elevators, check out: 
o “History of Elevators”: http://www.elevatorhistory.net/  
o “A Short History of the Elevator”: https://www.cnn.com/style/article/short-history-of-the-

elevator/index.html 

Article “How Fast Should an Elevator Go?”: https://www.treehugger.com/how-fast-should-elevator-go-
4858555 

Fact sheet on Burj Khalifa: https://www.burjkhalifa.ae/img/FACT-SHEET.pdf  
Fact Sheet on The Empire State Building: 
https://www.esbnyc.com/sites/default/files/esb_fact_sheet_4_3_15.pdf   

National Geographic YouTube video (3:18), “How Elevators Changed the World”: 
https://www.youtube.com/watch?v=UtkAJscxbZU 

Interactive video, comparing elevator speeds in some of the world’s tallest buildings (1:04): 
https://cnn.it/3L9ZxqS 

“The average person pushes an elevator button 6 or 7 minutes before realizing it's not 
working. I did a study on this, you know.”     

—Don Rickles (1926–2017), comedian 

“There is no elevator to success, you have to take the stairs.” 
—Zig Ziglar (1926–2012), motivational speaker  

“Life is like an elevator. On your way up, sometimes you have to stop and let some 
people off.”    

—Ziad K. Abdelnour (1960–), investment banker 

“The elevator can take you up to greater heights ONLY IF you take positive action 
by pressing the button. Greatness in life is all about the right choices you make.”  

―Olawale Daniel (1986–), Nigerian blogger and philantropist 
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How to Use Math History-Mystery Puzzles
Warm-up Activities for Middle School

PROFESSIONAL DEVELOPMENT SUPPORT
Provided with each puzzle are extensive Teacher Notes with sample, step-by-step  
solutions and scaffolding strategies that include valuable teacher information.
➤ Step-by-Step Solutions are designed so even beginning teachers will 

be well-equipped to help all students. Alternative solution strategies are 
detailed to illustrate various paths to the solution.

➤ Math Notes provide additional mathematical background for the teacher. 
This includes various pedagogical insights that include an analysis of 
related common student misconceptions with intervention suggestions. 

➤ Extensions allow advanced students to take the content to the next level.
➤ Multicultural Notes bring to light the contributions from various cultures  

related to the discovery/development of the content of the puzzle.
➤ Historical Notes provide further context for the theme of the puzzle.  

Often these notes delve into social justice issues related to the theme of the 
puzzle. Included are links to video clips and uplifting quotes.

To download a FREE, more extensive document describing how to use the puzzles,  
go to: https://www.teacherspayteachers.com/Product/7037642

OVERVIEW 
These puzzles connect mathematics to other disciplines, inspirational individuals, historical & 
current events, social justice issues, and pop culture — to reflect the diverse nature of our society. 
Each puzzle has brief information and questions about a specific day in history.

 Mystery Year Each puzzle begins with the critical reading of a passage of historical 
information about a particular person or event in a Mystery Year. Students use math 
clues to determine the year when the event occurred. Each clue produces a digit of 
the Mystery Year, and the final clue provides a check on the other clues.

 Bellringers The puzzles are ideal for warm-ups, sponge activities, skills-review/test 
prep, enrichment/challenge activities, mini-lessons –– and even as activities for math 
clubs. Pages are ready to print or assign digitally to individuals or small groups.

 Test Prep The math content of the warm-ups is based on a daily mixed review of 
skills. By revisiting a variety of important skills on a daily basis, students are likely to 
keep those skills sharp for the high-stakes tests that they will be taking later in the 
year. And the real-world contexts keep students engaged.

 Common Core State Standards The skills/concepts addressed in the puzzles 
are drawn from the Common Core State Standards for Mathematical Content and 
Mathematical Practice from Grades 5–8. Overall, the skills increase in difficulty as the 
year progresses. It should be noted that many high-school teachers are using the 
puzzles with success to provide students with important skills review in context.

CCSS
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