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Example Test Solutions

Short Answer
Provide a brief discussion for each question.

1. Describe each step of the Four-Step Problem-Solving Process.

Solution: This one is straight out of the book/notes.

2. Consider the following picture.

(a) Explain how the number of circles in the picture relates to Gauss’ formula:

1 + 2 + 3 + · · ·+ n =
n(n + 1)

2
.

Solution: The first row contains 1 circle, the second row contains 2 circles, and
so on. In order to determine the number of circles in total, we’d need to add
1 + 2 + 3 + 4, which Gauss says is equal to 4(4+1)

2
= 10.

(b) Imagine a triangle like this one, but with 1000 rows. How could you quickly
determine the number of circles in the picture without counting them all?

Solution: The number of circles in such a triangle would be 1+2+· · ·+999+1000.
Gauss says this can be found much faster by 1000(1000+1)

2
, which is 500,500.

3. Use indirect reasoning to determine that you are not currently experiencing a violent
earthquake.

Solution: Believe for a moment that you are experiencing a violent earthquake (this
is the indirect part of the reasoning - temporarily believing the opposite of what you
are actually trying to prove). That means the earth is shaking, things are falling off my
walls, bookcases are falling over, etc. But, wait - none of that is happening. Therefore,
there isn’t a violent earthquake happening right now.

4. Choose an appropriate model to explain the following word problems. Draw a picture
to accompany your explanation.



(a) Alice has 2 dollars and wants to buy a flower that costs 5 dollars. How many
more dollars does she need?

Solution: The missing addend model is a good choice for this, since we are
asking what we should add to Alice’s current 2 dollars to reach a total of 5
dollars. That is, we are interested in solving 2 + x = 5 for x. This is solved using
subtraction: x = 5 − 2. You could illustrate this as follows: Start with the 2
dollars Alice actually has. Off to the side, keep drawing dollars until you have 5
total. The number that you’ve drawn in this new group (namely, 3) is the number
of additional dollars that Alice needs.

(b) Bob hiked for 2 hours and stopped for lunch. After lunch, he hiked for 1 more
hour. How far did he hike in total?

Solution: A number line model of addition is a good choice for this, since we
are asking a question about measurement. You could illustrate this with a line
of length 2 (representing the first two hours) followed by a line of length 1 (rep-
resenting the last hour). Together, they make one long line of length 3, which
shows that 2 + 1 = 3.

(c) A certain species of chinchilla can be either gray or white and can have either a
long tail or a short tail. How many different looking chinchillas are there?

Solution: The Cartesian product model is good for this question, since it is
asking us about how many choices can be made. You could draw a tree to solve
this problem. The first two branches could say “gray” and “white”. From each of
these, draw two more branches saying “long” and “short”. Your picture will now
have four distinct paths, corresponding to each of the four types of chinchillas, so
2× 2 = 4.

(d) A group of 6 people need to be split into 3 teams. How many people are on each
team?

Solution: The partition model of division is appropriate, since we know the
number of groups and want to know the size of each group. Drawing three circles
(one for each team), distribute people evenly from the main group into the teams.
When everyone is placed on a team, there will be two people on each team. This
means that 6÷ 3 = 2.

5. Evaluate each of the following base five expressions using the specificed algorithm. (If
you do not know the algorithm but can evaluate it another way, you may do so for
partial credit.)

(a) 123five + 23five, base five blocks

Solution: Using base five blocks, the number 123five is 1 flat, 2 longs, and 3
singles. The number 23five is 2 longs and 3 singles. In total, you have 1 flat, 4
longs, and 6 singles. Since you have 6 singles in total, trade 5 of them up for a
long. Now you have 1 flat, 5 longs, and 1 single. Since you have 5 longs in total,
trade them up for a flat. Now you have 2 flats, 0 longs, and 1 single. This means
that 123five + 23five = 201five.



(b) 113five − 32five, equal addends

Solution: The place where we would need to borrow in this problem is the longs
place. To fix that, we want the “3” in 32five to wrap around to a 0. That means we
should add 2 more longs, which is 20five. So, we change the problem as it appears
into the equivalent problem 133five− 102five. This problem has no carrying, so we
can quickly see it is equal to 31five. This means that 113five − 32five = 31five.

(c) 23five × 24five, lattice

Solution: In my lattice, I’ve put the carries in red and the final answer in blue.
It shows that 23five × 24five = 1212five.

(d) 131five ÷ 4five, repeated subtraction

Solution: Even though I did not write the subscript “five”, everything in my
picture below is base five. In this solution, I subtracted 10five fours and then 10five

fours again. It would have also been acceptable to subtract 20five fours from the
very beginning. In either case, we see that 131five ÷ 4five = 20fiveR1five.



True or False
Read each statement carefully. If it is always true, give a brief explanation why it is true.
If it is sometimes (or always) false, give a specific example of when it is false.

1. Addition of whole numbers obeys the associative property.

Solution: True. Addition of whole numbers can be modeled as the combination of
sets of objects. If I have three groups of objects, it does not matter if I combine the
first two followed by the third or if I combine the last two followed by the first. The
end result in either case is that all three groups have just been lumped together, and
so the number of objects is the same in either case.

2. Subtraction of whole numbers is commutative.

Solution: False. As an example, 2 − 1 = 1, while 1 − 2 is undefined in the whole
numbers. Thus, 2− 1 6= 1− 2.

3. The set of all odd whole numbers (i.e. {1, 3, 5, 7, . . . }) is closed under addition.

Solution: False. As a counterexample, we could take 1 and 3 (both of which are odd
whole numbers) and notice that 1 + 3 = 4, which is not an odd whole number.

4. If A and B are sets, then A ∪B = A ∩B.

Solution: True. We can prove this by drawing a Venn diagram of the left-hand side
of the equation and a Venn diagram of the right-hand side. If we get the same picture
for both sides, then the expressions are equal. The easiest way to do this is draw
intermediate steps. In this example, I found A∪B first, then used that to find A ∪B.
Similarly, I found each of A and B separately, then combined them to find A ∩B.


