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Section One


Introduction to the ACT




        

        
            Chapter One

            
Understanding the ACT

        

        Congratulations! By picking up this workbook, you’re making a commitment to yourself to learn about the ACT and how you can do your very best on the Science and Math sections of the test. The information in this chapter will tell you what you need to know about the ACT. You’ll know what to expect on Test Day, so you can walk into your test center feeling confident and prepared. Going into the ACT with that positive attitude is crucial. Familiarizing yourself with the test structure and working through practice problems are a huge part of creating the mind-set that will help you ace the ACT. Let’s get started.

    
        

        ACT Structure

        The ACT is divided into five tests: English, Mathematics, Reading, Science, and Writing. You can elect to take the ACT with only the first four tests, which make up the multiple-choice portion of the ACT. The fifth test, in which you produce an essay, is an optional test.

        Predictability

        No matter where or when you take the ACT, the order of the sections and the time allotted for each are always the same. This consistency works in your favor: The more you know about what to expect on Test Day, the more confident you’ll feel. You may know that one section of the test, let’s say, Science, usually seems more challenging for you, but at least you know that Science will always be fourth. The ACT won’t ever surprise you by making the Science section the first thing you see when you open your exam booklet. Knowing the structure of the ACT will help you feel in control of your test-taking experience.

        The following table summarizes the predictable structure of the ACT:

        
            
                
                    
                        	Section
                        	Time Allotted
                        	Number and Type of Questions
                    

                    
                        	1: English
                        	45 minutes
                        	75 multiple choice
                    

                    
                        	2: Mathematics
                        	60 minutes
                        	60 multiple choice
                    

                    
                        	3: Reading
                        	35 minutes
                        	40 multiple choice
                    

                    
                        	4: Science
                        	35 minutes
                        	40 multiple choice
                    

                    
                        	5: Writing
                        	40 minutes
                        	1 essay prompt
                    

                
            

        

        What Is a Standardized Test?

        Here’s your first ACT practice question:

        
            
                	
                    
                        One of the most important ways to succeed on a standardized test is to:

                    

                    
                        	do nothing but practice problems in your spare time the week before the test.

                        	talk to anyone who will listen about how nervous you are.

                        	choose choice (C) for any multiple-choice question you’re unsure about.

                        	understand what a standardized test is and why taking it doesn’t have to be a demoralizing experience.

                    

                

            

        

        Which answer did you choose? Although some of the choices may have made you groan or grimace if you recognized they weren’t true, we hope you spotted that option (D) is the best answer.

        As you use this book and apply the Kaplan strategies to work through practice problems, you’ll come to see that the test experience need not be demoralizing at all. Right now, however, you may be apprehensive for a variety of reasons. Your own teachers didn’t write the test. You’ve heard the test maker includes trick answers. You feel weak in one of the content areas and don’t know how you can possibly improve enough to do well on that test section. Thousands of students will be taking the test. All of these things can seem very intimidating.

        Let’s look carefully at that last reason. The simple fact that thousands of students from different places take the ACT is actually a good thing. It means that the test is necessarily constructed in a deliberate and predictable way. Because it’s a standardized test, the ACT must include very specific content and skills that are consistent from one test date to another. The need for standardization makes it predictable, not intimidating. It’s predictable not simply in the layout of the test sections in the booklet, but also in the topics that are tested and even in the way those topics are tested. Working the practice problems in this book will help you understand not only how each topic is tested but also how to approach the various question types.

        If you feel anxious about the predominance of multiple-choice questions on the ACT, think about this fact: For multiple-choice questions, there has to be only one right answer, and it’s right there in front of you in the test booklet. A question that could be interpreted differently by students from different schools, even different parts of the country, who’ve had different teachers and different high school courses, would never make it onto the ACT. Each question on the ACT is put there to test a specific skill. Either the question or the passage it’s associated with (for English, Reading, and Science) must include information that allows all students to determine the correct answer.

        There can be no ambiguity about which answer is best for a multiple-choice question on a standardized test. This workbook will teach you proven Kaplan strategies for finding that answer. The Kaplan strategies, along with your understanding about how the test is structured and written, will put you in control of your ACT Test Day experience.

    
        

        ACT Scoring

        Scoring for the Multiple-Choice Sections: Raw Score, Scaled Score, and Percentile Ranking

        Let’s look at how your ACT composite score is calculated. For each multiple-choice section of the test (English, Mathematics, Reading, and Science), the number of questions you answer correctly is totaled. No points are deducted for wrong answers. The total correct for each section is called the raw score for that section. Thus, the highest possible raw score for a section is the total number of questions in that section.

        Because each version of the ACT is different (more in the wording of the questions than in the types of questions or skills needed to answer them), a conversion from the raw score to a scaled score is necessary. For each version of the ACT that is written, the test maker generates a conversion chart that indicates what scaled score each raw score is equivalent to. The conversion from raw score to scaled score is what allows for accurate comparison of test scores even though there are slight variations in each version of the test. The scaled score ranges from a low of 1 to a high of 36 for each of the first four test sections. Scaled scores have the same meaning for all the different versions of the ACT offered on different test dates.

        The score for each of the first three sections of the ACT is broken down further into subscores. The subscores for a particular section do not necessarily add up to the overall score for the section. The following table lists the subscores that are reported for each section.

        
            
                
                    
                        	Test Section
                        	Subscore Categories
                    

                
                
                    
                        	English (75 questions)
                        	Production of Writing; Knowledge of Language; Conventions of Standard English
                    

                    
                        	Mathematics (60 questions)
                        	Preparing for Higher Mathematics; Integrating Essential Skills; Modeling
                    

                    
                        	Reading (40 questions)
                        	Key Ideas and Details; Craft and Structure; Integration of Knowledge and Ideas
                    

                    
                        	Science (40 questions)
                        	Interpretation of Data; Scientific Investigation; Evaluation of Models, Inferences, and Experimental
Results
                    

                    
                        	Writing (1 essay prompt)
                        	Ideas and Analysis; Development and Support; Organization; Language Use and Conventions
                    

                
            

        

        What most people think of as the ACT score is the composite score. Your composite score, between 1 and 36, is the average of the four scaled scores on the English, Mathematics, Reading, and Science sections of the test.

        In addition to the raw score, scaled score, and section subscores, your ACT score report also includes a percentile ranking. This is not a score that indicates what percentage of questions you answered correctly on the test. Rather, your percentile ranking provides a comparison between your performance and that of other recent ACT test takers. Your percentile ranking indicates the percentage of ACT test takers who scored the same as or lower than you. In other words, if your percentile ranking is 80, that means that you scored the same as or higher than 80 percent of the students who took the test.

        A raw-to-scaled score conversion chart is necessary to take into account slight variations in the difficulty levels of different versions of the test. In other words, it’s not possible to say for every ACT test date that if you answer, for example, 55 out of 75 English questions correctly, your scaled score will always be 24. However, you should know that the variations in each test version—and therefore in the raw-to-scaled score conversion chart—are very slight and should not concern you. The following table gives some approximate raw score ranges for each section, the associated scaled score, and the likely percentile ranking.

        
            
                
                    
                        	Raw Score and Scale Score Approximate Equivalences
                    

                    
                        	Scaled Score
                        	English Questions Correct (Total = 75)
                        	Mathematics Questions Correct (Total = 60)
                        	Reading Questions Correct (Total = 40)
                        	Science Questions Correct (Total = 40)
                        	Percentile Ranking
                    

                    
                        	32
                        	70
                        	55–56
                        	34–35
                        	35–36
                        	99
                    

                    
                        	27
                        	61–63
                        	45–47
                        	27–28
                        	30–32
                        	90
                    

                    
                        	24
                        	53–56
                        	36–39
                        	22–25
                        	26–28
                        	75
                    

                    
                        	20
                        	42–46
                        	31–32
                        	18–20
                        	20–21
                        	50
                    

                
            

        

        Don’t get bogged down in the numbers in this table. We’ve put it here to help you relax. The big-picture message of the chart is that you can get a good ACT score even if you don’t answer every question correctly. In terms of how many questions you need to get right, reaching your ACT score goal is probably not as difficult as you might think.

        Scoring for the Writing SECTION

        The ACT essay subscores range from 2 to 12 points, with 12 being the highest. To determine the essay subscores, two trained graders read your essay and assign it a score between 1 and 6 for each of the four domains: Ideas and Analysis, Development and Support, Organization, and Language Use and Conventions.

        Not all colleges and universities require the ACT Writing test for admission, so the fifth section of the ACT is optional. Not every student takes it, and therefore the Writing score has no effect on the composite score. However, if you opt to take the Writing section of the ACT, you will receive three scores in addition to your composite score. First, you will see your essay subscores, between 2 and 12. Second, you will see a Writing section score, which is the average of the four subscores. Third, you will see an ELA score, which is a weighted composite of your Reading, English, and Writing scaled scores. This score also ranges from 1 to 36. If you choose not to do the Writing section, you will not receive essay subscores, an essay scaled score, or an ELA score.

        Additional scores

        In addition to an ELA score, you will also receive a STEM score. This is the average of your Math and Science scaled scores and ranges from 1-36.

        

        

    
        

        ACT Registration

        All the information you need about ACT registration is available on the test maker’s website at www.act.org. There are two ways to register for the ACT: You can do so online, or you can use a registration packet and send in your forms by mail. If you need a registration packet, you should be able to get one from your school counselor, or you can request one directly via the test maker’s website.

        Choosing a test day that is right for you depends on admission deadlines. Most students take the test during their junior spring and senior fall semesters, although some opt to take the ACT as early as freshman or sophomore year if they have completed most of the academic skills that are tested by the ACT. The earlier you take the test, the more opportunities you have to take the test again and increase your composite score. Check the websites of colleges to which you are applying, as well as scholarship agencies, to solidify a test date. The ACT website, www.act.org, provides a list of colleges with information about standardized testing policies. It takes about three to eight weeks to receive your scores, so be sure to check college admission deadlines before you choose a test date.

        

        If you think that registering for the ACT on time is simply a matter of logistics and fees, think again. Individual testing centers have limited space. When you know that you’re interested in a particular test date at a particular location, it is worthwhile to register as soon as possible. The earlier you register, the more likely it is that you’ll be able to test at your preferred location. Many students prefer to test at their own high schools, in a familiar setting. The morning of Test Day will go much more smoothly if you don’t have to worry about directions to get to an unfamiliar location. Planning ahead for ACT registration can help you avoid such unnecessary distractions.

        When you register, you should read all the information the test maker provides. Learn specifically about what to bring with you, including forms of ID, pencils, acceptable calculators, and snacks for the breaks. You should also pay attention to what behaviors are and are not acceptable during the test. The more you know ahead of time about what to expect on Test Day, the more relaxed and confident you’ll be going into the test. When you put that confidence together with the Kaplan strategies and practice you’ll get from this book, you can look forward to higher scores on your ACT.

    
        

        
            Chapter Two

            ACT Strategies

        

        Now that you’ve got some idea of the kind of adversary you face in the ACT, it’s time to start developing strategies for dealing with this adversary. In other words, you’ve got to start developing your ACT mind-set.

        The ACT, as you’ve just seen, isn’t a normal test. A normal test requires that you rely almost exclusively on your memory. On a normal test, you’d see questions like this:

        
            
                	
                    
                        The “golden spike,” which joined the Union Pacific and Central Pacific Railroads, was driven in Ogden, Utah, in May 1869. Who was president of the United States at the time?

                    

                

            

        

        To answer this question, you have to resort to memory dredging. Either you know the answer is Ulysses S. Grant or you don’t. No matter how hard you think, you’ll never be able to answer this question if you can’t remember your history.

        The ACT doesn’t test your long-term memory. The answer to every ACT question can be found in the test. Theoretically, if you read carefully and understand the words and concepts the test uses, you can get almost any ACT question right. Notice the difference between the previous regular test question and the following ACT-type question:

        
            
                	
                    
                        What is the product of n and m2, where n is an odd number and m is an even number?

                    

                    
                        	An odd number

                        

                        	A multiple of four

                        

                        	A noninteger

                        

                        	An irrational number

                        

                        	A perfect square

                    

                

            

        

        Aside from the obvious difference (this question has answer choices, while the other one does not), there’s another difference: The ACT question mostly tests your ability to understand a situation rather than your ability to passively remember a fact. Nobody expects you to know off the top of your head what the product of an odd number and the square of an even number is. However, the ACT test makers do expect you to be able to roll up your sleeves and figure it out.

    
        

        The Act Mind-Set

        Most students take the ACT with the same mind-set that they use for normal tests. Their brains are on “memory mode.” Students often panic and give up because they can’t seem to remember enough. You don’t need to remember a ton of picky little rules for the ACT, however. Don’t give up on an ACT question just because your memory fails.

        On the ACT, if you understand what a question is really asking, you can almost always answer it. For instance, take the previous math problem. You might have been thrown by the way it was phrased. “How can I solve this problem?” you may have asked yourself. “It doesn’t even have numbers in it!”

        The key here, as in all ACT questions, is taking control. Take the question (by the throat, if necessary) and wrestle it into a form you can understand. Ask yourself: What’s really being asked here? What does it mean when they say something like “the product of n and m2”?

        You could start by putting it into words you might use. You might say something like this: “I’ve got to take one number times another. One of the numbers is odd and the other is an even-number squared. Then I’ve got to see what kind of number I get as an answer.” Once you put the question in your own terms, it becomes much less intimidating—and much easier to get right. You’ll realize that you don’t have to do complex algebraic computations with variables. All you have to do is substitute numbers.

        So do it! Try picking some easy-to-use numbers. Say that n is 3 (an odd number) and m is 2 (an even number). Then m2 would be 4, because 2 × 2 is 4. And n × m2 would be 3 × 4, which is 12—a multiple of 4, but not odd, not a noninteger, not an irrational number, and not a perfect square. The only answer that can be right, then, is (B).

        See what we mean about creatively figuring out the answer rather than passively remembering it? True, there are some things you had to remember here—what even and odd numbers are, how variables and exponents work, and what integers and irrational numbers are. But these are very basic concepts. Most of what you’re expected to know on the ACT is just that: basic. (By the way, you’ll find such concepts gathered together in the very attractive 100 Key Math Concepts for the ACT section at the end of this book.)

        Of course, basic doesn’t always mean easy. Many ACT questions are built on basic concepts, but are tough nonetheless. The previous problem, for instance, is difficult because it requires some thought to figure out what’s being asked. This isn’t only true in Math. It’s the same for every part of the ACT.

        The creative, take-control kind of thinking we call the ACT mind-set is something you want to bring to virtually every ACT question you encounter. As you’ll see, being in the ACT mind-set means reshaping the test-taking experience so that you are in the driver’s seat.

        It means:

        
            	Answering questions if you want to (by guessing on the impossible questions rather than wasting time on them).

            	Answering questions when you want to (by skipping tough but “doable” questions and coming back to them after you’ve gotten all of the easy questions done).

            	Answering questions how you want to (by using “unofficial” ways of getting correct answers fast).

        

        That’s really what the ACT mind-set boils down to: taking control and being creative. Solving specific problems to get points as quickly and easily as you can.

        What follows are the top ten strategies you need to do just that.

    
        

        Ten Strategies for Mastering the ACT

        1. Triage THE QUESTIONS

        In a hospital emergency room, the triage nurse is the person who evaluates each patient and decides which ones get attention first and which ones should be treated later. You should do the same thing on the ACT.

        Practicing triage is one of the most important ways of controlling your test-taking experience. It’s a fact that there are some questions on the ACT that most students could never answer correctly, no matter how much time or effort they spent on them.

        
            Example

            
                	
                    
                        If sec2 x = 4, which of the following could be sin x?

                    

                    
                        	1.73205

                        	3.14159

                        	
                            
                        

                        	
                            
                        

                        	Cannot be determined from the given information.

                    

                

            

        

        Clearly, even if you could manage to come up with an answer to this question, it would take some time (if you insist on doing so, refer to the explanation in the next section). But would it be worth the time? We think not.

        This question clearly illustrates our point: Triage the questions on the ACT. The first time you look at a question, make a quick decision about how hard and time-consuming it looks. Then decide whether to answer it now or skip it and do it later.

        
            	If the question looks comprehensible and reasonably doable, do it right away.

            	If the question looks tough and time-consuming, but ultimately doable, skip it, circle the question number in your test booklet, and come back to it later.

            	If the question looks impossible, forget about it. Guess and move on, never to return.

        

        This triage method will ensure that you spend the time needed to do all the easy questions before getting bogged down with a tough problem. Remember, every question on a subject test is worth the same number of points. You get no extra credit for test machismo.

        Answering easier questions first has another benefit: It gives you confidence to answer harder ones later. Doing problems in the order you choose rather than in the order imposed by the test makers gives you control over the test. Most students don’t have time to do all of the problems, so you’ve got to make sure you do all of the ones you can easily score on!

        Do You Know Your Trig?

        Okay, because you’re reading this, it’s obvious that you want to know the answer to the trig question we just looked at. The answer is (D). Here’s how we got it:

        
            
                
                    
                        	sec2 x = 4
                        	Given
                    

                    
                        	sec x = 2 or −2
                        	Square root both sides.
                    

                    
                        	
                            
                            or
                            
                        
                        	
                            
                        
                    

                    
                        	
                            
                        
                        	Square both sides.
                    

                    
                        	
                            
                        
                        	sin2 x + cos2 x = 1
                    

                    
                        	
                        	sin2 x = 1 − cos2 x

                    

                    
                        	
                            
                        
                        	
                    

                    
                        	
                            
                            or
                            
                        
                        	Square root both sides.
                    

                    
                        	
                            
                            or
                            
                        
                        	
                            
                        
                    

                    
                        	
                            
                            or
                            
                        
                    

                
            

        

        So answer choice (D) is correct. But if you got it right, don’t congratulate yourself quite yet. How long did it take you to get it right? So long that you could have gotten the answers to two easy questions in the same amount of time?

        Develop a Plan of Attack

        For the English, Reading, and Science sections, the best plan of attack is to do each passage as a block. Make a longish first pass through the questions (the “triage” pass), doing the easy ones, guessing on the impossible ones, and skipping any that look like they might cause trouble. Then make a second pass (the “cleanup pass”), and do those questions you think you can solve with some elbow grease.

        For Math, use the same two-pass strategy, but move through the whole subject test twice. Work through the doable questions first. Most of these will probably be toward the beginning, but not all. Then come back and attack the questions that look possible but tough or time-consuming.

        No matter which subject test you’re working on, make sure you grid your answers in the right place. It’s easy to misgrid when you’re skipping around, so be careful. And of course: Make sure you have an answer gridded for every question by the time the subject test is over!

        2. Put the Material into a Form You Can Understand

        ACT questions are rarely presented in the simplest, most helpful way. In fact, your main job for many questions is to figure out what the question means so you can solve it.

        Because the material is presented in such an intimidating way, one of the best strategies for taking control is to recast (reword) the material into a form you can handle better. This is what we did in the math problem about “the product of n and m2.” We took the question and reworded it in a way we could understand.

        Mark Up Your Test Booklet

        This strategy should be employed on all four subject tests. For example, in Reading, many students find the passages overwhelming: 85 to 90 lines of dense verbiage for each one. But the secret is to put the passages into a form you can understand and use. Circle or underline the main idea, for one thing. Make yourself a road map of the passage, labeling each paragraph so you understand how it all fits together. That way, you’ll also know—later, when you’re doing the questions—where in the passage to find certain types of information you need.

        Reword the Questions

        You’ll also need to do some recasting of the questions. For instance, take this question from a Science passage.

        
            Example

            
                	
                    
                        
                            
                                
                                
                                    Figure
                                    1
                                

                            

                        

                        According to Figure 1, at approximately what latitude would calculations using an estimated value at sea level of g = 9.80 m/sec2 produce the least error?

                    

                    
                        	0°

                        	20°

                        	40°

                        	80°

                    

                

            

        

        At what latitude would the calculations using a value of g = 9.80 m/sec2 produce the least error? Yikes! What does that mean?

        Take a deep breath. Ask yourself: Where would an estimate for g of 9.80 m/sec2 produce the least error? At a latitude where 9.80 m/sec2 is the actual value of g. If you find the latitude at which the value of g is 9.80 m/sec2, then using 9.80 m/sec2 as an estimate at that latitude would produce no error at all.

        In other words, this question is asking: At what latitude does g = 9.80 m/sec2? Now that’s a form of the question you can understand. In that form, you can answer it easily: choice (C), which you can deduce just by reading the chart  to see where the horizontal line at 9.80 and the curve intersect.

        Draw Diagrams

        Sometimes, putting the material into a usable form involves drawing with your pencil. For instance, take a look at the following math problem.

        
            Example

            
                	
                    
                        Jason bought a painting with a 1 inch wide frame. If the dimensions of the outside of the frame are 5 inches by 7 inches, which of the following could be the length of one of the sides of the painting inside the frame?

                    

                    
                        	3 inches

                        	4 inches

                        	
                            
                        

                        	
                            
                        

                        	
                            
                        

                    

                

            

        

        At first glance, you might be tempted to simply subtract 1 from the outside dimensions and think that the inside dimensions are 4 by 6 (and pick G). This isn't correct, though, because the frame goes all the way around—both above and below the painting, both to the right and to the left. This would have been clear if you had put the problem in a form you could understand and use.

        For instance, you could make the situation graphic by sketching the painting frame (who says you don’t have to be an artist to succeed at the ACT?):

        
            
                
            

        

        When you draw the picture frame like this, you realize that if the outside dimensions are 5 by 7, the inside dimensions must be 3 by 5. Thus, the correct answer is (F).

        So remember: On the ACT, put everything into a form that you can understand and use.

        3. Ignore Irrelevant Issues

        It’s easy to waste time on ACT questions by considering irrelevant issues. Just because an issue looks interesting, or just because you’re worried about something, doesn’t make it important.

        
            Example

            
                
                    	. . . China was certainly one of the cradles of civilization. It’s obvious that, China has a long history. As is the case with other ancient cultures, the early history of China is lost in mythology . . .

                

            

            
                
                    	
                        
                            	NO CHANGE

                            	It’s obvious that China has a long history.

                            	Obviously; China has a long history.

                            	OMIT the underlined portion.

                        

                    

                

            

        

        In this question, the test makers are counting on you to waste time worrying about punctuation. Does that comma belong? Can you use a semicolon here? These issues might be worrisome, but there’s a bigger issue here—namely, does the sentence belong in the passage at all? No, it doesn’t. If China has an ancient culture and was a cradle of civilization, it must have a long history, so the sentence really is “obvious.” Redundancy is the relevant issue here, not punctuation. Choice (J) is correct.

        Remember, you’ve got limited time, so don’t get caught up in issues that won’t get you a point.

        4. Check Back

        Remember, the ACT is not a test of your memory, so don’t make it one. All of the information you need is in the test itself. Don’t be afraid to refer to it. Much of the information is too complex to accurately remember anyway.

        In Reading and Science, always refer to the place in the passage where the answer to a question can be found (the question stem will often contain a line reference or a reference to a specific table, graph, or experiment to help you out). Your chosen answer should match the passage—not in exact vocabulary or units of measurement, perhaps, but in meaning.

        
            Example

            
                	
                    
                        Isaac Newton was born in 1642 in the hamlet of Woolsthorpe in Lincolnshire, England. But he is more famous as a man of Cambridge, where he studied and taught . . .

                        Which of the following does the author imply is a fact about Newton’s birth?

                    

                    
                        	It occurred in Lincoln, a small hamlet in England.

                        	It took place in a part of England known for raising sheep.

                        	It did not occur in a large metropolitan setting.

                        	It caused Newton to seek his education at Cambridge.

                    

                

            

        

        You might expect the right answer to be that Newton was born in a hamlet, or in Woolsthorpe, or in Lincolnshire, but none of those is offered as a choice. Choice A is tempting, but wrong. Newton was born in Lincolnshire, not Lincoln. Choice B is actually true, but it’s wrong here. As its name suggests, Woolsthorpe was once known for its wool—which comes from sheep. However, the question asks for something implied in the passage.

        The correct answer is (C), because a hamlet is a small village, not a large metropolitan setting. (It’s also a famous play, but that’s not among the choices.)

        Checking back is especially important in Reading and Science, because the passages leave many people feeling adrift in a sea of details. Often, the wrong answers will be “misplaced details”—details taken from different parts of the passage. They are things that don’t answer the question properly but that might sound good to you if you aren’t careful. By checking back with the passage, you can avoid choosing such devilishly clever wrong choices.

        There’s another important lesson here: Don’t pick a choice just because it contains key words you remember from the passage. Many wrong choices, such as D in the previous question, are “distortions”—they use the right words but say the wrong things about them. Look for answer choices that contain the same ideas presented in the passage.

        One of the best ways to avoid choosing misplaced details and distortions is to check back with the passage.

        5. Answer the Right Question

        This strategy is a natural extension of the last. As we said, the ACT test makers often include among the wrong choices for a question the correct answer to a different question. Under time pressure, it’s easy to fall for one of these red herrings, thinking that you know what’s being asked for when really you don’t.

        
            Example

            
                	
                    
                        What is the value of 3x if 9x = 5y + 2 and y + 4 = 2y − 10?

                    

                    
                        	5

                        	8

                        	14

                        	24

                        	72

                    

                

            

        

        To solve this problem, we need to find y first, even though the question asks about x (because x here is given only in terms of y). You could solve the second equation like this:

        
            
                
            

        

        However, C, 14, isn’t the right answer here, because the question doesn’t ask for the value of y—it asks about x. We can use the value of y to find x, however, by plugging the calculated value of y into the first equation:

        
            
                
            

        

        Nevertheless, E, 72, isn’t the answer either, because the question doesn’t ask for 9x. It doesn’t ask for x either, so if you picked B, 8, you’d be wrong as well. Remember to refer to the question! The question asks for 3x, so divide 9x by 3:

        
            
                
                    
                        	9x = 72
                        	Divide both sides of the equation above by 3.
                    

                    
                        	3x = 24
                        	


                        
                    

                
            

        

        Thus, the answer is (D).

        Always check the question again before choosing your answer. Doing all the right work but then getting the wrong answer can be seriously depressing, so make sure you’re answering the right question.

        6. Look for the Hidden Answer

        On many ACT questions, the right answer is hidden in one way or another. An answer can be hidden by being written in a way that you aren’t likely to expect. For example, you might work out a problem and get 0.5 as your answer, but then find that 0.5 isn’t among the answer choices. Then you notice that one choice reads
            
            Congratulations, Sherlock. You’ve found the hidden answer.

        There’s another way the ACT can hide answers. Many ACT questions have more than one possible right solution, though only one correct answer choice is given. The ACT will hide that answer by offering one of the less obvious possible answers to a question.

        
            Example

            
                	
                    
                        If 3x2 + 5 = 17, which of the following could be the value of x?

                    

                    
                        	−3

                        	−2

                        	0

                        	1

                        	4

                    

                

            

        

        Quickly solve this very straightforward problem like this:

        
            
                
            

        

        Having gotten an answer, you confidently look for it among the choices. But 2 isn’t a choice. The explanation? This question actually has two possible solutions, not just one. The square root of 4 can be either 2 or −2. Thus, (B) is the answer.

        Keep in mind that although there’s only one right answer choice for each question, that right answer may not be the one that occurs to you first. A common mistake is to pick an answer that seems “sort of” like the answer you’re looking for even when you know it’s wrong. Don’t settle for second best. If you don’t find your answer, don’t assume that you’re wrong. Try to think of another right way to answer the question.

        7. Guess Intelligently

        An unanswered question is always wrong, but even a wild guess could be right. On the ACT, a guess can’t hurt you, but it can help. In fact, smart guessing can make a big difference in your score. Always guess on every ACT question that you can’t answer. Never leave a question blank.

        You’ll be doing two different kinds of guessing during your two sweeps through any subject test:

        
            	Blind guessing (which you do mostly on questions you deem too hard or time-consuming even to try).

            	Considered guessing (which you do mostly on questions for which you do some work on but can’t make headway).

        

        When you guess blindly, you just choose any letter you feel like choosing (many students like B/G or C/H). When you guess in a considered way, on the other hand, you’ve usually done enough work on a question to eliminate at least one or two choices. If you can eliminate any of the choices, you’ll increase the odds that you’ll guess correctly.

        Here are some fun facts about guessing: If you were to work on only half of the questions on the ACT and get them all right, then guess blindly on the other half of the questions, you would probably earn a composite ACT score of around 23 (assuming you had a statistically reasonable success rate on your guesses). A 23 would put you in roughly the top quarter of all students taking the ACT. It’s a good score. And all you had to do was answer half the questions correctly.

        On the other hand, if you were to hurry and finish all the questions, and get only half of them right, you’d probably earn only a 19, which is below average.

        How? Why are you better off answering half and getting them all right instead of answering all and getting only half right?

        Here’s the trick. The student who answers half the questions right and skips the others can still take guesses on the unanswered questions—and odds are this student will have enough correct guesses to move up 4 points, from a 19 to a 23. However, the student who answers all the questions and gets half wrong doesn’t have the luxury of taking guesses.

        In short: Guess if you can’t figure out an answer for any question!

        8. Be Careful with the Answer Grid

        Your ACT score is based on the answers you select on your answer grid. Even if you work out every question correctly, you’ll get a low score if you misgrid your answers. So be careful! Don’t disdain the process of filling in those little “bubbles” on the grid. Sure, it’s mindless, but under time pressure it’s easy to lose control and make mistakes.

        It’s important to develop a disciplined strategy for filling in the answer grid. We find that it’s smart to grid the answers in groups rather than one question at a time. What this means is: As you figure out each question in the test booklet, circle the answer choice you come up with. Then transfer those answers to the answer grid in groups of five or more (until you get close to the end of the section, when you start gridding answers one by one).

        Gridding in groups like this cuts down on errors because you can focus on this one task and do it right. It also saves time you’d otherwise spend moving papers around, finding your place, and redirecting your mind. Answering ACT questions takes deep, hard thinking. Filling out answer grids is easy, but you have to be careful, especially if you do a lot of skipping around. Shifting between “hard thinking” and “careful bookkeeping” takes time and effort.

        In English, Reading, and Science, the test is divided naturally into groups of questions—the passages. For most students, it makes sense to circle your answers in your test booklet as you work them out. Then when you’re finished with each passage and its questions, grid the answers as a group.

        In Math, the strategy has to be different because the Math test isn’t broken into natural groups. Mark your answers in the test booklet and then grid them when you reach the end of each page or two. Because there are usually about five math questions per page, you’ll probably be gridding five or ten math answers at a time.

        No matter what subject test you’re working on, though, if you’re near the end of a subject test, start gridding your answers one at a time. You don’t want to be caught with ungridded answers when time is called.

        During the test, the proctor should warn you when you have about five minutes left on each subject test. Don’t depend on proctors, though. Yes, they’re usually nice people, but they can mess up once in a while. Rely on your own watch. When there are five minutes left in a subject test, start gridding your answers one by one. With a minute or two left, start filling in everything you’ve left blank. Remember: Even one question left blank could cut your score.

        9. Use the Letters of the Choices to Stay on Track

        One oddity about the ACT is that even-numbered questions have F, G, H, J (and, in Math, K) as answer choices, rather than A, B, C, D (and, again, E in Math). This might be confusing at first, but you can make it work for you. A common mistake with the answer grid is to accidentally enter an answer one row up or down. On the ACT, that won’t happen if you pay attention to the letter in the answer. If you’re looking for an A and you see only F, G, H, J, and K, you’ll know you’re in the wrong row on the answer grid.

        Another advantage of having answers F through K for even-numbered questions is that it makes you less nervous about patterns in the answers. It’s common to start worrying if you’ve picked the same letter twice or three times in a row. Because the questions have different letters, this can’t happen on the ACT. Of course, you could pick the first choice (A or F) for several questions in a row. This shouldn’t worry you. It’s common for the answers in the same position to be correct three times in a row, and even four times in a row isn’t unheard of.

        10. Keep Track of Time

        During each subject test, you really have to pace yourself. On average, English, Reading, and Science questions should take about 30 seconds each. Math questions should average less than one minute each. Remember to take into account the fact that you’ll probably be taking two passes through the questions.

        Set your watch to 12:00 at the beginning of each subject test, so it will be easy to check your time. Again, don’t rely on proctors, even if they promise that they will dutifully call out the time every 15 minutes. Proctors get distracted once in a while.

        For English, Reading, and Science questions, it’s useful to check your timing as you grid the answers for each passage. English and Reading passages should take about nine minutes each. Science passages should average about six minutes.

        More basic questions should take less time, and harder ones will probably take more. In Math, for instance, you need to go much faster than one per minute during your first sweep. At the end, however, you may spend two or three minutes on each of the harder problems you work out.

        Take Control

        You are the master of the test-taking experience. A common thread in all ten strategies above is: Take control. That’s Kaplan’s ACT mind-set. Do the questions in the order you want and in the way you want. Don’t get bogged down or agonize. Remember, you don’t earn points for suffering, but you do earn points for moving on to the next question and getting it right.

    
        

        Strategy Reference Sheet

        
            	Triage the questions.

            	Put the material into a form you can understand and use.

            	Ignore irrelevant issues.

            	Check back.

            	Answer the right question.

            	Look for the hidden answer.

            	Guess intelligently.

            	Be careful with the answer grid.

            	Use the letters of the choices to stay on track.

            	Keep track of time.

        

    

Section Two

ACT Math




        

        
            Chapter Three

            
Introduction to ACT Math

        

        Test Basics

        The ACT Math test is the second section of the ACT. It is a 60-question, 60-minute test. (Here’s some basic math: 60 questions/60 minutes = 1minute per question!) It is completely multiple choice in format and most questions are usually discrete (this means very few groups of questions referring to the same diagram, picture, etc.). One key difference between the Math test and the other tests on the ACT is the number of answer choices. The Math test has five answer choices, while each of the other sections has only four. This means that there is an additional choice to consider for each question.

        Even though all the answers are multiple-choice, there are still some differences in the presentation of the questions that you should be prepared to deal with. For example, some problems will be basic math questions while others will be word problems. Both test the same concepts, but the word problems will require more thought. They simply add another step, because you will have to turn the word problems into a basic math format. An example of this follows:

        
            
                	
                    
                        If a sweater that originally costs $40 is on sale for 15% off, what is the total discount given?

                    

                    
                        	$2.00

                        	$3.00

                        	$4.00

                        	$5.00

                        	$6.00

                    

                

            

        

        You need to turn these words into an equation. Ask yourself, what is this problem really asking? It wants you to find 15% of $40. So the equation is $40 × 0.15 = $6.00. This means that you are given a discount of $6.00. The answer is (E).

        Content

        The ACT Math test covers material that you are typically expected to have learned up through the end of your junior year, which includes pre-algebra, elementary algebra, intermediate algebra, plane geometry, coordinate geometry, and trigonometry. The relative number of questions on these topics does not change very much from year to year. There are usually about 14 pre-algebra questions, 10 elementary algebra, 9 intermediate algebra, 9 coordinate geometry, 14 plane geometry, and 4 trigonometry questions. This may vary by a question or two from year to year, but overall it is relatively unchanged. You are expected to know the basic formulas that are central to each of these content areas as well as when to use specific formulas.

        Scoring

        ACT Math test scaled scores range from 1 to 36. Along with your overall Math score, you will receive three subscores: Preparing for Higher Mathematics, which is broken down further into separate scores for Number & Quantity, Algebra, Functions, Geometry, and Statistics & Probability; Integrating Essential Skills; and Modeling. One thing that is important to note about the ACT scoring system is that there is no penalty for wrong answers. This is very important because it means that wrong answers cannot hurt your score. This also means that you should always answer every question!

    
        

        Tips for the ACT Math Test

        Sometimes the textbook approach will be the best way to find the answer. Other times, however, applying common sense or a strategy will get you to the correct answer more quickly and easily. The key is to be open to creative approaches to problem solving. This usually involves taking advantage of the multiple-choice format of the question.

        Two methods in particular are extremely useful when you don’t see—or would rather not use—the textbook approach to solving a question. These strategies aren’t always quicker than more traditional methods, but they’re a great way to make confusing problems more concrete. If you can apply these strategies, you’re guaranteed to arrive at the correct answer every time you use them. Let’s examine these strategies now.

        Picking Numbers

        Picking numbers is an extremely handy strategy for making sense of “abstract” problems—ones that insist deal variables rather than numbers. Picking Numbers makes abstract problems concrete, and comes in particularly handy when there are variables in the question and in the answer choices. Here’s how to apply the method to this type of question.

        
            	
                Step 1:
                Pick simple numbers to stand in for the variables.
            

            	
                Step 2:
                Answer the question using the numbers you picked.
            

            	
                Step 3:
                Try out all the answer choices using the numbers you picked, eliminating those that give you a different result.
            

            	
                Step 4:
                If more than one choice remains, pick a different set of numbers and repeat steps 1–3.
            

        

        Let’s try this strategy on the following problem.

        
            
                	
                    
                        Money collected by c charities is to be divided equally. According to donation records, p people gave d dollars each. How much money will each charity receive?

                    

                    
                        	
                            
                        

                        	
                            
                        

                        	pd + c

                        	
                            
                        

                        	(p − c)d


                    

                

            

        

        If the mere thought of this problem gives you a headache, Picking Numbers can provide you with a strategic way to quickly get to the answer. The key is to pick numbers that make the math easy for you. Because the money will be divided evenly among the charities, pick a number that is a factor of the total amount of money donated (p × d) to make the math go smoothly. Try 2 for p, 8 for d, and 4 for c. Now the question asks: If 2 people each donated 8 dollars and all the money is divided equally among 4 charities, how much money, in dollars, will each charity receive? The answer to this question is 4 dollars, so replace p with 2, d with 8, and c with 4 in each of the answer choices, and see which one equals 4.

        
            
                	
                    
                    

                    
                        	
                            
                            which is way too small.

                        	
                            
                            That’s perfect!

                        	
pd + c = 2 × 8 + 4 = 16 + 4 = 20. That’s too big.

                        	
                            
                            That’s too big.

                        	
(p − c)d = (2 − 4) × 8 = (−2) × 8 = −16. That won’t work.

                    

                

            

        

        Only (B) works, so it must be correct.

        Backsolving

        Sometimes, a problem will be extremely confusing, but the situation doesn’t lend itself to Picking Numbers. When a question has numbers in the choices, refers to an unknown value in the question, or is confusing but asks a straightforward question, you are probably best off trying to Backsolve from the choices. When you Backsolve, you simply plug the choices back into the question until you find the one that works. If you do this systematically, it shouldn’t take much time. Here’s the system:

        Step 1: Start with B or D.

        By starting with B or D first, you have a 40 percent chance of getting the correct answer in one try. (You’ll understand why after reading the next step.)

        Step 2: Eliminate choices you know are too big or too small.

        The first choice you test is either too small, too large, or correct. Because numerical choices are ordered by size, if you started with B and it’s too large, (A) would be correct. Likewise, if you started with D and it’s too small, (E) would be correct.

        Step 3: Test the choices that you did not start with.

        Step 3 is only necessary if you haven’t found the answer yet.

        If B is too small or D is too large, you’ll have three choices left. In either case, testing the middle remaining choice will immediately reveal the correct answer. For example, if you started with B and it was too small, you would be left with C, D, and E. If D turns out to be too small, (E) would be correct. If it’s too large, (C) would be correct.

        By predicting if the answer might run small or large (to help you decide whether to start with B or D) and following this system, you won’t have to test more than two of the five choices. In fact, you’ll often only have to test one. Let’s try out this strategy on the following problem:

        
            
                	
                    
                        Thirty people paid a total of $330 for admission to a concert. If each adult paid $15 and each child paid $5, how many adults were admitted to the concert?

                    

                    
                        	15

                        	18

                        	20

                        	22

                        	24

                    

                

            

        

        If algebra isn’t your strong suit, this problem can be a bit difficult to set up. The question, however, is clear: “How many adults were admitted to the concert?” There’s no way to Pick Numbers here, but the numbers in the answer choices suggest that this is an excellent opportunity to Backsolve. Adult tickets seem expensive compared to children’s tickets, so let’s start with B.

        If 18 adults each paid $15 for admission, the adults would’ve paid a total of $15 × 18 = $270. This leaves $330 − $270 = $60 for 30 − 18 = 12 children. You can calculate that $5 × 12 does equal $60. Bingo! That works, so (B) is correct.

        Had you started with D instead, 22 adults would pay $15 × 22 = $330. That leaves nothing for 30 − 22 = 8 children, so D is too large.

        There are three exceptions to following the above order for testing choices:

        
            	Choice B or D results in a complex calculation.

            	Some of the other answer choices are extremely easy to test.

            	The question asks for the smallest or largest possible value.

        

        If plugging in B or D results in an ugly calculation (i.e., if it results in a number that doesn’t divide evenly and there are other answer choices that would divide evenly), test an easier answer choice instead.

        If you’re lucky enough to get answer choices with extremely easy numbers to test, such as 0 or 1, test them first because you can evaluate them much faster than most other numbers.

        And if the question asks for the smallest or largest possible value of something, you’ll want to test the smallest or largest value in the answer choices first.

        Remember that on the ACT, all questions are worth the same amount of points regardless of difficulty. If you are stuck on a question, DO NOT spend five minutes trying to get the answer. Instead, move on and answer all the questions you can and come back to that question during a second pass through the test. This will ensure that you answer the most questions correctly. If you are reaching the end of the test and are running out of time, make an educated guess for questions you still have not answered. No matter what, you always want to make sure you have an answer for every single question.

        Another strategy that will help you on the ACT is to use your calculator only when necessary. Calculators do not have brains and they will not tell you when you accidentally press 8 even though you meant to press 7. This is a mistake that you can catch yourself if you are writing your scratch word in your test booklet. Just about all of the questions on the Math test can be solved without the use of a calculator, and using one too much can actually slow you down on the test. If you are going to bring a calculator to the test, be sure it is one you are familiar with and make sure you have extra batteries.

        Special note about calculators: Not all calculators are allowed for the ACT Math test. Before test day, check to make sure your calculator is allowed.

        With the 60-minute time limit, many students feel the need to rush through the test because they fear they will run out of time at the end. Time is a factor, but you must still be sure to read each question thoroughly and make sure you understand what it is asking. For example, a question might ask you to find the circumference of a circle, but gives you the diameter. If you are moving too quickly you might use the diameter in your calculations, even though the formula calls for the use of the radius. The answer you get might even be one of the answer choices because the test makers are aware of the common mistakes that students make. However, by reading thoroughly and working carefully, you can avoid mistakes like this. Finally, if you have time at the end of the test, go back and check your work. If there are any questions you are not sure about, double-check your calculations.

        Now that you are familiar with the structure, scoring, and a few strategies for taking the ACT Math test, let’s move on to review the major content of the test.

    
        

        
            Chapter Four

            ACT Math Basics

        

        The ACT Math test will cover six main content areas:

        
            
                
                    
                        	Content Area
                        	Number of Questions
                    

                
                
                    
                        	Pre-Algebra
                        	14
                    

                    
                        	Elementary Algebra
                        	10
                    

                    
                        	Intermediate Algebra
                        	9
                    

                    
                        	Coordinate Geometry
                        	9
                    

                    
                        	Plane Geometry
                        	14
                    

                    
                        	Trigonometry
                        	4
                    

                
            

        

        As you can see, a little more than half of the test covers algebra concepts. As you review the content below, keep in mind the relative number of questions that are asked on each topic and plan your studying accordingly.

    
        

        Pre-Algebra

        Pre-algebra questions will test your ability to work with numbers. The following are the basic concepts that you will need to know for the ACT.

        Order of Operations

        PEMDAS = Please Excuse My Dear Aunt Sally: This mnemonic will help you remember the order of operations.

        
            
                
            

        

        
            Example

            
                	
                    
                        
                            
                                30 − 5 × 4 + (7 − 3)2 ÷ 8
                            

                        

                    

                

            

        

        
            
                
                    
                        	First, perform any operations within parentheses. (If the expression has parentheses within parentheses, work from the innermost out.)
                        	30 − 5 × 4 + 42 ÷ 8
                    

                    
                        	Next, evaluate terms that contain exponents.
                        	30 − 5 × 4 + 16 ÷ 8
                    

                    
                        	Then, perform all multiplication and division from left to right.
                        	30 − 20 + 2
                    

                    
                        	Finally, perform all addition and subtraction from left to right.
                        	10 + 2 = 12
                    

                
            

        

        Laws of Operations

        Commutative law: Addition and multiplication are both commutative; it doesn’t matter in what order the operation is performed. For example, 5 + 8 = 8 + 5 and 2 × 6 = 6 × 2. Division and subtraction are not commutative. For example, 3 − 2 ≠ 2 − 3 and 6 ÷ 2 ≠ 2 ÷ 6.

        Associative law: Addition and multiplication are also associative; the terms can be regrouped without changing the result.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Distributive law: The distributive law of multiplication allows you to “distribute” a factor among the terms being added or subtracted.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Division can be distributed in a similar way.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Don’t get carried away, though. When there is a sum or a difference in the denominator, no distribution is possible.

        
            Example

            
                	
                    
                        
                            
                            is NOT equal to
                            
                        

                    

                

            

        

        Fractions

        
            	4 ← numerator

            	― ← fraction bar (means “divided by”)

            	5 ← denominator

        

        Equivalent fractions: The value of a number is unchanged if you multiply the number by 1. In a fraction, multiplying the numerator and denominator by the same nonzero number is the same as multiplying the fraction by 1, so the value of the fraction is unchanged. Similarly, dividing the top and bottom by the same nonzero number leaves the value of the fraction unchanged.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Canceling and reducing: Generally speaking, when you work with fractions on the ACT, you’ll need to put them in lowest terms. This means the numerator and the denominator are not divisible by any common integer greater than 1. The fraction
            
            is in lowest terms, but the fraction
            
            is not, because 3 and 6 are both divisible by 3. The process used to write a fraction in lowest terms is called reducing, which simply means dividing out any common multiples from both the numerator and denominator. This process is also commonly called canceling.

        
            Example

            
                	
                    
                        Reduce
                            
                            to lowest terms.

                    

                

            

        

        First, determine the largest common factor of the numerator and denominator. Then, divide the top and bottom by that number to reduce the fraction (or cancel the common factor).

        
            
                
            

        

        Addition and subtraction: You can’t add or subtract two fractions directly unless they have the same denominator. Therefore, before adding (or subtracting), you must find a common denominator. A common denominator is a common multiple of all the denominators of the fractions. The least common denominator is the least common multiple (the smallest positive number that is a multiple of all the terms).

        
            Example

            
                	
                    
                        
                            
                                
                                    
                                        	
                                            
                                            Denominators are 5, 3, 2.
                                        	LCM = 5 × 3 × 2 = 30 = LCD
                                    

                                
                            

                        

                    

                

            

        

        Multiply the numerator and denominator of each fraction by the value that raises its respective denominator to the LCD.

        
            
                
            

        

        Combine the numerators by adding or subtracting and keep the LCD as the denominator.

        
            
                
            

        

        Multiplication

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        
            
                
                    
                        	First, reduce (cancel) diagonally and vertically:
                        	
                            
                                
                            

                        
                    

                    
                        	Then, multiply numerators and denominators:
                        	
                            
                                
                            

                        
                    

                
            

        

        Division: Dividing is the same as multiplying by the reciprocal of the divisor (the second number). To get the reciprocal of a fraction, invert it by interchanging the numerator and the denominator. The reciprocal of the fraction
            
            is
            
        

        
            Example

        

        
            
                
            

        

        Percents

        Percents are one of the most commonly used mathematical relationships and are quite popular on the ACT. Percent is just another word for hundredth. For example, 27% (27 percent) means:

        
            	27 hundredths

            	
                
            

            	0.27

            	27 out of every 100 things

            	27 parts out of a whole of 100 parts

        

        Here are some useful formulas to learn before Test Day:

        
            	Percent × Whole = Part

            	
                
            

            	
                
            

        

        Keep in mind that when using percentages in calculations, you must write the percent as a decimal number.

        Ratios

        A ratio is a comparison of two quantities by division.

        Ratios may be written as a fraction 
            with a colon (x:y), or in words (ratio of x to y). We recommend the first way, since ratios can be treated as fractions for the purposes of computation.

        Ratios can (and in most cases, should) be reduced to lowest terms just as fractions are reduced.

        In a ratio of two numbers, the numerator is often associated with the word of, and the denominator with the word to. For example, the ratio of 3 to 4 is .

        

        Ratios can compare parts to parts or parts to wholes. For example, suppose you make a fruit salad using 6 oranges, 3 apples, and 2 pears. The ratio of apples to pears is 3:2. The ratio of apples to all the fruit is 3:11.

        Ratios are frequently encountered as parts of a proportion. A proportion is simply an equation in which two ratios are set equal to each other. They are an efficient way to solve certain problems, but you must exercise caution when setting them up. Watching the units of each piece of the proportion is critical.

        Rates

        A rate is a ratio that relates two different kinds of quantities. Speed (the ratio of distance traveled to time elapsed) is one such example.

        Questions that involve rates usually use the word per, as in “miles per hour,” “cost per item,” and so forth. Because per means “for one” or “for each,” rates are expressed as ratios reduced to a denominator of 1. For example, if John travels 50 miles in two hours, his average rate is = 25 miles per hour.

        Note: Questions are often written in terms of “average rate,” because it may be improbable (as in the case of speed) that the rate has been constant over the given period of time.

        Mean, Median, Mode

        Mean

        The arithmetic mean, or average, of a group of numbers is defined as the sum of the terms divided by the number of terms.

        
            
        

        
            Example

            
                	
                    
                        Henry buys three items costing $2.00, $0.75, and $0.25. What is the average price?

                    

                

            

        

        
            
                
            

        

        If you know the average of a group of values and the number of values in the group, you can find the sum of the values using the following formula:

        Sum of Values = Average Value × Number of Values

        
            Example

            
                	
                    
                        The average daily temperature for the first full week in January was 31 degrees. If the average temperature for the first six days was 30 degrees, what was the temperature on the seventh day?

                    

                

            

        

        The sum for all seven days is 31 × 7 = 217 degrees.

        The sum of the first six days is 30 × 6 = 180 degrees.

        The temperature on the seventh day is 217 − 180 = 37 degrees.

        For evenly spaced numbers, the average is the middle value. The average of consecutive integers 6, 7, and 8 is 7. The average of 5, 10, 15, and 20 is 12.5 (midway between the middle values 10 and 15).

        It might be useful to try to think of the average as the “balanced” value. In other words, the total deficit of all the values below the average will balance out the total surplus of all the values that exceed the average. The average of 3, 5, and 10 is 6. Three is 3 less than 6 and 5 is 1 less than 6, for a total deficit of 3 + 1 = 4. This is the same amount by which 10 is greater than 6.

        
            Example

            
                	
                    
                        The average of 3, 4, 5, and x is 5. What is the value of x?

                    

                

            

        

        Think of each value in terms of its position relative to the average, 5.

        
            	3 is 2 less than the average

            	4 is 1 less than the average

            	5 is at the average

            	Together, the three numerical terms have a total deficit of 1 + 2 + 0 = 3. Therefore, x must be 3 more than the average to restore the balance at 5. So x is 3 + 5 = 8.

        

        Median

        On the ACT, you might see a reference to the median. If a group of numbers is arranged in numerical order, the median is the middle value if there is an odd number of terms in the set or the average of the two middle terms if there is an even number of terms in the set. The median of the numbers 1, 4, 5, 6, and 100 is 5, while the median of the numbers 2, 3, 7, 9, 22, and 34 is
            
        

        
            Example:

            
                	
                    
                        What is the median of 5, 101, 53, 2, 8, 4, and 11?

                    

                

            

        

        Rearranged in numerical order, the list is 2, 4, 5, 8, 11, 53, and 101. The list contains an odd number of terms, 7, so the median is the middle number, which is 8.

        In an evenly spaced list of numbers, such as a set of consecutive integers, the median is equal to the mean. However, the median can also be quite different from the mean as you’ve seen from the examples above.

        Mode

        The mode is rarely tested on the ACT. It refers to the term that appears most frequently in a set. If Set A = {1, 5, 7, 1, 3, 4, 1, 3, 0}, the mode would be 1 as it shows up three times—more than any other term.

        If more than one term is tied for most frequent, every one of them is a mode.

        
            Example

            
                	
                    
                        What is the mode of 3, 23, 12, 23, 3, 7, 0, 5?

                    

                

            

        

        Both 3 and 23 each appear twice, which is more often than any other term, so both 3 and 23 are modes of this list.

        If no term shows up more than once, there is no mode.

        Probability

        Probability measures the likelihood of an event taking place. It can be expressed as a fraction (“The probability of snow tomorrow is
            
            ”), a decimal (“There is a 0.5 chance of snow tomorrow”), or a percent (“The probability of snow tomorrow is 50%”).

        When expressed as a fraction, a probability can be read as “x chances in y,” where x is the numerator and y is the denominator. So a
            
            probability of winning a car could be read as “2 chances in 3 to win a car.”

        To compute a probability, divide the number of desired outcomes by the number of possible outcomes.

        
            
                
            

        

        
            Example:

            
                	
                    
                        If you have 12 shirts in a drawer and 9 of them are white, what is the probability of randomly picking a white shirt?

                    

                

            

        

        When randomly picking a shirt in this situation, there are 12 possible outcomes, 1 for each shirt. Of these 12, 9 are white, so there are 9 desired outcomes.

        Therefore, the probability of picking a white shirt at random is
            
            The probability can also be expressed as 0.75 or 75%.

        A probability of 0 means that an event has no chance of happening. A probability of 1 means that an event will always happen.

        Number Line and Absolute Value

        A number line is a straight line that extends infinitely in either direction, on which real numbers are represented as points.

        
            
                
            

        

        As you move to the right on a number line, the values increase.

        Conversely, as you move to the left, the values decrease.

        Zero separates the positive numbers (to the right of zero) and the negative numbers (to the left of zero) along the number line. Zero is neither positive nor negative.

        The absolute value of a number is the number without its sign. It is written as two vertical lines. For example, |−3| = |+3| = 3.

        The absolute value can be thought of as the number’s distance from zero on the number line. In the example, −3 and 3 are both 3 units from zero, so their absolute values are both 3.

    
        

        Elementary Algebra

        Elementary algebra will build on some of the concepts introduced in pre-algebra while introducing some new ones as well. The following concepts are important to know for test day.

        Rules of Operations with Powers

        In the term 3x2, 3 is the coefficient, x is the base, and 2 is the exponent. The exponent refers to the number of times the base is a factor of the expression. For example, 43 has 3 factors of 4, or 43 = 4 × 4 × 4.

        An integer times itself is the square of that integer. (y × y is the square of y, or y2)

        An integer times itself twice is the cube of that integer. (4 × 4 × 4 is the cube of 4, or 43)

        To multiply two terms with the same base, keep the base and add the exponents.

        
            
                m4 × m7 = m4+7 = m11
            

        

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        To divide two terms with the same base, keep the base and subtract the exponent of the denominator from the exponent of the numerator.

        
            
                d10 ÷ d7 = d10 − 7 = d3
            

        

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        To raise a power to another power, multiply the exponents.

        
            
                (p5)3 = p5×3 = p15
            

        

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Any nonzero number raised to the zero power is equal to 1. So, a0 = 1 as long as a ≠ 0, while 00 is undefined.

        To evaluate a negative exponent, take the reciprocal of the base and change the sign of the exponent.

        
            
                
            

        

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        A fractional exponent indicates a root.

        
            
            (Read “the nth root of a.” If no “n” is present, the radical sign means a square root.)

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Rules of Operations with Roots

        When it comes to the four basic arithmetic operations, radicals are treated in much the same way as variables.

        Addition and subtraction: Only like radicals can be added to or subtracted from one another.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Multiplication and division: To multiply or divide one radical by another, multiply or divide the numbers outside the radical signs separately from the numbers inside the radical signs, much like you would with coefficients and variables.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        If the number inside the radical is a multiple of a perfect square, the expression can be simplified by factoring out the perfect square.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        Elementary algebra on the ACT will also move beyond the realm of simple numbers by introducing variables. The following is important to know when dealing with variables.

        Algebraic Terminology

        Terms: A term is a numerical constant or the product (or quotient) of a numerical constant and one or more variables. Examples of terms are 3x, 4x2yz, and
            
        

        Expressions: An algebraic expression is a combination of one or more terms. Terms in an expression are separated by either + or − signs. Examples of expressions are 3xy, 4ab + 5cd, and x2 − 1.

        
            	A number without any variables is called a constant term.

            	In the term 3xy, the number 3 is called a coefficient.

            	In a simple term where no coefficient is listed, such as z, the coefficient is 1.

            	An expression with one term, such as 3xy, is called a monomial.


            	An expression with two terms, such as 4a + 2d, is a binomial.


            	An expression with three terms, such as xy + z − a, is a trinomial.

            	The general name for these types of expressions is polynomial.

        

        Operations with Polynomials

        All of the laws of arithmetic operations, such as the commutative, associative, and distributive laws, are applicable to polynomials as well.

        
            
                
                    
                        	Commutative law:
                        	
                            
                                
                            

                        
                    

                    
                        	Associative law:
                        	
                            
                                
                            

                        
                    

                    
                        	Distributive law:
                        	3a(2b − 5c) = (3a × 2b) − (3a × 5c) = 6ab − 15ac
                    

                
            

        

        Note: The product of two binomials can be calculated by applying the distributive law twice.

        
            Example

            
                	
                    
                        
                            
                                
                            

                        

                    

                

            

        

        A simple mnemonic for this is First Outer Inner Last, or FOIL.

        Factoring Algebraic Expressions

        Factoring a polynomial means expressing it as a product of two or more simpler expressions.

        Common monomial factor: When there is a monomial factor common to every term in the polynomial, it can be factored out by using the distributive law.

        
            Example

            
                	
                    
                        2a + 6ac = 2a(1 + 3c) (2a is the greatest common factor of 2a and 6ac.)

                    

                

            

        

        Difference of two perfect squares: The difference of two squares can be factored into a product: a2 − b2 = (a − b)(a + b).

        
            Example

            
                	
                    
                        
                            
                                9x2 − 1 = (3x)2 − (1)2 = (3x + 1)(3x − 1)
                            

                        

                    

                

            

        

        Polynomials of the form a2 + 2ab + b2: Any polynomial of this form is equivalent to the square of a binomial. Notice that (a + b)2 = a2 + 2ab + b2 (try FOIL).

        Factoring such a polynomial is simply reversing this procedure.

        
            Example

            
                	
                    
                        
                            
                                x2 + 6x + 9 = (x)2 + 2(x)(3) + (3)2 = (x + 3)2
                            

                        

                    

                

            

        

        Polynomials of the form a2 − 2ab + b2: Any polynomial of this form is equivalent to the square of a binomial as well. Here, though, the binomial is the difference of two terms: (a − b)2 = a2 − 2ab + b2.

        
            Example

            
                	
                    
                        
                            
                                x2 − 4x + 4 = (x)2 − 2(x)(2) + (2)2 = (x − 2)2
                            

                        

                    

                

            

        

        Polynomials of the form ax2 + bx + c: Polynomials of this form can often be factored into a product of two binomials. The product of the first term in each binomial must equal the first term of the polynomial. The product of the last terms of the binomials must equal the third term of the polynomial. The sum of the remaining products must equal the second term of the polynomial. Factoring can be thought of as the FOIL method backwards.

        
            Example

            
                	
                    
                        
                            
                                x2 − 3x + 2
                            

                        

                    

                

            

        

        To factor this into two binomials, each containing an x term, start by writing down what you know.

        
            
                x2 − 3x + 2 = (x + ...)(x + ...)
            

        

        You need to fill in the missing term to the right of each binomial. The product of the two missing terms will be the last term in the polynomial: 2. The sum of the two missing terms will be the coefficient of the second term of the polynomial: −3. Try the possible factors of 2 until we get a pair that adds up to −3. There are two possibilities: 1 and 2, or −1 and −2. Since (−1) + (−2) = −3, fill −1 and −2 into the empty spaces.

        Thus, x2 − 3x + 2 = (x − 1)(x − 2).

        Note: Using FOIL on a factored polynomial is a great way to check your work.

        Inequalities

        Inequality symbols:

        
            	> greater than

            	< less than

            	≥ greater than or equal to

            	≤ less than or equal to

        

        
            	
x > 4 means all numbers greater than 4.

            	
x < 0 means all numbers less than zero (the negative numbers).

            	
x ≥ −2 means x can be −2 or any number greater than −2.

            	
                
                means x can be
                
                or any number less than
                
            

        

        Solving inequalities: Inequalities behave the same way as normal equations with one exception: Multiplying or dividing by a negative number reverses the inequality’s direction.

        
            Example

            
                	
                    
                        Find the values of x that represent the solution set for the inequality
                            .
                        

                    

                

            

        

        
            	Multiply both sides by 4 to get 12 – x = 8.

            	Subtract 12 from both sides to get –x = –4.

            	Divide both sides by −1 and change the direction of the inequality to get x ≤ 4.


        

        Note: The solution set to an inequality is not a single value but a range of possible values. Here, the values include 4 and all numbers below 4.

    
        

        Intermediate Algebra

        Intermediate algebra continues to build upon the concepts introduced thus far while adding several more advanced ones. The following will be important to know for the ACT.

        Simultaneous Equations

        Sometimes a problem on the ACT will involve an equation with more than one variable. In general, if you want to find numerical values for all the variables, you will need as many distinct equations as you have variables. Two equations are distinct if neither simplifies into the other. x2 + 2xy + 5y2 = 5 and 3x2 + 6xy + 15y2 = 15 are not distinct because multiplying the first equation by 3 results in the second.

        If you had only one equation with two variables, such as x − y = 7, there would be an infinite number of solution sets because each unique value of x has a different corresponding value for y. If x = 8, y = 1 (because 8 − 1 = 7). If x = 12, y = 5 (because 12 − 5 = 7). And so forth.

        If you are given two distinct equations with two variables, you can combine them to get a unique solution set. This is known as a system of equations. There are two algebraic ways to do this:

        Method I: Combination

        Combination (also known as elimination) involves adding or subtracting a multiple, positive or negative, of one equation from the other. The idea is to choose a multiple such that one of the variables is eliminated, solve for the remaining variable, then plug the resulting value into the other equation to solve for the other variable if necessary.

        
            Example

            
                	
                    
                        If 3a + 2b = 12 and 5a + 4b = 23, what is the value of a?

                    

                

            

        

        
            
                
                    
                        	1. Start by lining up the equations, one under the other.
                        	
                            
                                
                                    
                                

                            

                        
                    

                    
                        	2. Multiply the top equation by –2 to get –4b (which will cancel with 4b in the bottom equation).
                        	
                            
                                
                                    
                                

                            

                        
                    

                    
                        	3. Add to eliminate the b term.
                        	
                            
                                
                                    
                                

                            

                        
                    

                
            

        

        Method II: Substitution

        Substitution involves solving for one of the variables in terms of the other in one equation, then substituting the resulting expression back into the other equation.

        
            Example

            
                	
                    
                        Solve for m and n when m = 4n + 2 and 3m + 2n = 16.

                    

                

            

        

        
            
                
                    
                        	1. The first equation gives m in terms of n, so substitute 4n + 2 for m in the second equation.
                        	
                            
                                
                                    
                                

                            

                        
                    

                    
                        	2. Solve for n.
                        	
                            
                                
                                    
                                

                            

                        
                    

                    
                        	3. Substitute
                            
                            for n in the first equation to solve for m.
                        	
                            
                                
                                    
                                

                            

                        
                    

                
            

        

        Quadratic Equations

        When the polynomial ax2 + bx + c equals 0, it is given a special name—a quadratic equation. As an equation, you can find the value(s) of x that make it true.

        
            Example

            
                	
                    
                        
                            
                                What values of x satisfy the equation x2 − 3x + 2 = 0?
                            

                        

                    

                

            

        

        To find the solutions, or roots, start by factoring it. You can factor x2 − 3x + 2 into (x − 2)(x − 1), making the quadratic equation (x − 2)(x − 1) = 0.

        You now have an equation where the product of two binomials equals 0. This is true when either of the factors is 0. Therefore, to find the roots, set the two binomials equal to 0 and solve for x. In other words, either x − 2 = 0 or x − 1 = 0 (or both). Solving for x gives x = 2 or x = 1. To check the math, plug 1 and 2 back into the original equation and make sure that both variables satisfy the equation.

        
            
                
            

        

        Functions

        Classic function notation problems may also appear on the ACT. An algebraic expression of only one variable may be defined as a function, such as f or g, of that variable. You could be asked to find a specific domain or range value of a function, to describe the graph of the function, or a variety of other questions about the function in general.

        
            Example

            
                	
                    
                        What is the minimum value of the function f(x) = x2 − 1?

                    

                

            

        

        For the function f(x) = x2 − 1, when x is 1, f(1) = 12 − 1 = 0. In other words, by inputting 1 into the function, the output f(1) = 0. Every input value has only one output (though the reverse is not necessarily true). The set of all the input values is called the domain of the function, and the set of all the outputs is called the range.

        Here, you are asked to find the minimum value, that is, the smallest possible range value of the function. Minimums are usually found using math that is much too complex for the ACT, so any minimum (or maximum) value problem on the test can be solved in one of two simple ways: either plug the answer choices into the function and find which gives you the lowest value, or apply some critical thinking before testing any values. In the case of f(x) = x2 − 1, the function will be at a minimum when x2 is as small as possible. Because x2 gets larger the farther x is from 0, x2 is as small as possible when x = 0. Consequently, the smallest value of x2 − 1 occurs when x = 0. So the minimum value of the function is f(0) = 02 − 1 = −1.

        Matrices

        Matrices do not appear on the ACT test very often and those that do will be very straightforward and simple. Take matrices A and B below:

        
            
                
            

        

        To add or subtract matrices, simply add or subtract the corresponding entries; A + B would be:

        
            
                
            

        

        This is the extent of any matrix problems you might see on the ACT.

    
        

        Plane Geometry

        Plane geometry deals with a broad range of topics. The following is a list of what you can expect to see on the ACT.

        Lines and Angles

        A line is a one-dimensional geometric abstraction—infinitely long with no width. It is not physically possible to draw a line, as any physical line would have a finite length and some width, no matter how long and thin we tried to make it. Two points determine a straight line, or, in other words, given any two points, there is exactly one straight line that passes through them.

        Segments: A line segment is a section of a straight line of finite length with two endpoints. A line segment is named by its endpoints, as in segment AB. The midpoint is the point that divides a line segment into two equal parts.

        
            
                
            

        

        
            Example

            
                	
                    
                        In the figure above, A and B are the endpoints of
                            
                            and M is its midpoint
                            
                            What is the length of AB?
                            
                            is 6, meaning
                            
                            is also 6, so
                            
                        

                    

                

            

        

        Two lines are parallel if they lie on the same plane and never intersect each other regardless of how far they are extended. If line l1 is parallel to line l2, you write l1||l2.

        Angles: An angle is formed whenever two lines or line segments intersect at a point. The point of intersection is called the vertex of the angle. Angles are measured in degrees (°).

        
            
                
            

        

        Angle x, ∠ABC, and ∠B all denote the same angle in the diagram above.

        An acute angle is an angle whose degree measure is between 0° and 90°. A right angle is an angle whose degree measure is exactly 90°. An obtuse angle is an angle whose degree measure is between 90° and 180°. A straight angle is an angle whose degree measure is exactly 180°.

        
            
                
            

        

        The sum of the measures of the angles on one side of a straight line is 180º.

        
            
                
            

        

        The sum of the measures of the angles around a point (i.e., a full circle) is 360º.

        
            
                
            

        

        Two lines are perpendicular if they intersect at a 90° angle. The shortest distance from a point to a line is the line segment drawn from the point to the line such that it is perpendicular to the line. If line l1 is perpendicular to line l2, you write l1⊥l2. If l1⊥l2 and l2⊥l3, then l1||l3:

        
            
                
            

        

        Two angles are supplementary if together they make up a straight angle, i.e., if the sum of their measures is 180°. Two angles are complementary if together they make up a right angle, i.e., if the sum of their measures is 90°.

        
            
                
            

        

        A line or line segment bisects an angle if it splits the angle into two equal halves.
            
            below bisects ∠ABC, and ∠ABD has the same measure as ∠DBC. The two smaller angles are each half the size of ∠ABC.

        
            
                
            

        

        Vertical angles are a pair of opposite angles formed by two intersecting line segments. At the point of intersection, two pairs of vertical angles are formed. Angles a and c below are vertical angles, as are b and d.

        
            
                
            

        

        Vertical angles have the same degree measure. In the diagram above, a = c and b = d. In addition, since l1 and l2 are straight lines, a + b = c + d = a + d = b + c = 180. In other words, each angle is supplementary to each of its two adjacent angles.

        If two parallel lines intersect with a third line (called a transversal), each of the parallel lines will intersect the third line at the same angle. In the following figure, a = e (corresponding angles relative to the transversal), a = c (vertical angles), and e = g (vertical angles). Therefore, a = c = e = g and b = d = f = h.

        
            
                
            

        

        If l1 || l2, then a = c = e = g and b = d = f = h.

        In other words, when two parallel lines intersect with a third line, all acute angles formed are equal, all obtuse angles formed are equal, and any acute angle is supplementary to any obtuse angle.

        Triangles

        General Triangles

        A triangle is a closed figure with three angles and three straight sides. The sum of the measures of the angles in a triangle is 180°.

        Each interior angle is supplementary to an adjacent exterior angle. The degree measure of an exterior angle is equal to the sum of the measures of the two nonadjacent (remote) interior angles, or 180° minus the measure of the adjacent interior angle.

        In the figure below, a, b, and c are interior angles, so a + b + c = 180. Angle d is supplementary to c as well, so d + c = 180, d + c = a + b + c, and d = a + b. Thus, the exterior angle d is equal to the sum of the two remote interior angles—a and b.

        
            
                
            

        

        The altitude (or height) of a triangle is the perpendicular distance from a vertex to the side opposite the vertex. The altitude can fall inside the triangle, outside the triangle, or along one of the sides.

        
            
                
            

        

        Sides and angles: The length of any side of a triangle is less than the sum of the lengths of the other two sides and greater than their positive difference.

        
            
                	
                    
                        
                            	
b + c > a > |b − c|


                            	
a + b > c > |a − b|


                            	
a + c > b > |a − c|


                        

                    

                    
                        
                    

                

            

        

        If the lengths of two sides of a triangle are unequal, the greater angle lies opposite the longer side and vice versa. In the figure above, if m∠A > m∠B > m∠C then a > b > c.

        Area of a triangle: The area of a triangle refers to the space it takes up.

        The area of a triangle is
            
        

        
            Example

            
                	
                    
                        If a triangle has a base of 4 and an altitude of 3, what is the area of the triangle:

                    

                

            

        

        
            
                
            

        

        Remember that the height (or altitude) is perpendicular to the base. Therefore, when two sides of a triangle are perpendicular to each other, the area is easy to find. In a right triangle, the two sides that form the 90° angle are called the legs, and the area is one-half the product of the legs:

        
            
                
            

        

        
            Example

            
                
                    
                

            

            
                	
                    
                        In the triangle above, you could treat the hypotenuse as the base, because that’s how the figure is drawn. Then, you would need to find the distance from the hypotenuse to the opposite vertex in order to determine the area of the triangle. A more straightforward method is to notice that this is a right triangle with legs of lengths 6 and 8, which allows us to use the alternative formula for the area:

                        
                            
                                
                            

                        

                    

                

            

        

        Perimeter of a triangle: The perimeter of a triangle is the distance around the triangle. In other words, the perimeter is equal to the sum of the lengths of the sides.

        
            Example:

            
                	
                    
                        In the triangle below, the sides are of lengths 5, 6, and 8. Therefore, the perimeter is 5 + 6 + 8, or 19.

                    

                

            

        

        
            
                
            

        

        Isosceles triangles: An isosceles triangle is a triangle that has two sides of equal length. The two equal sides are called the legs, and the third side is called the base.

        Because the two legs have the same length, the two angles opposite the legs must have the same measure. In the figure below,
            
            and ∠R = ∠Q.

        
            
                
            

        

        Equilateral triangles: An equilateral triangle has three sides of equal length and three 60° angles.

        
            
                
            

        

        Similar triangles: Triangles are similar if they have the same shape (that is, corresponding angles have the same measure). For instance, any two triangles whose angles measure 30°, 60°, and 90° are similar. In similar triangles, corresponding sides are in the same ratio. Triangles are congruent if corresponding angles have the same measure and corresponding sides have the same length.

        
            Example

            
                	
                    
                        What is the perimeter of ΔDEF below?

                    

                

            

        

        
            
                
            

        

        Each triangle has an x° angle, a y° angle, and a z° angle, so they are similar and corresponding sides are in the same ratio.
            
            and
            
            are corresponding sides—each is opposite the x° angle. Because 
            is twice the length of
            
            each side of ΔDEF will be twice the length of its corresponding side in ΔABC.

        Therefore,
            
            and
            
            The perimeter of ΔDEF is 4 + 6 + 8 = 18.

        The ratio of the areas of two similar triangles is the square of the ratio of their corresponding lengths. In the example above, because each side of ΔDEF is twice the length of its corresponding side in ΔABC, the area of ΔDEF must be 22 = 4 times the area of ΔABC.

        
            
                
            

        

        Right triangles: A right triangle has one interior angle of 90°. The longest side, which lies opposite the right angle, is called the hypotenuse. The other two sides are called the legs.

        Pythagorean Theorem

        
            
                
            

        

        
            
                
            

        

        The Pythagorean theorem holds for all right triangles, and it states that the square of the hypotenuse is equal to the sum of the squares of the legs.

        Some sets of integers happen to satisfy the Pythagorean theorem. These sets of integers are commonly referred to as Pythagorean triplets. One very common set that you might remember is 3, 4, and 5. Because 32 + 42 = 52, if you have a right triangle with legs of lengths 3 and 4, the length of the hypotenuse would have to be 5. This is the most common kind of right triangle on the ACT, though the sides are generally presented as a multiple of 3, 4, and 5, such as 6, 8, and 10, or 12, 16, and 20. Memorize this ratio and you’ll be well on your way to speeding through triangle problems that feature this triplet on the ACT. Another triplet that occasionally appears on the ACT is 5, 12, and 13.

        Whenever you’re given the lengths of two sides of a right triangle, the Pythagorean theorem allows you to find the third side.

        
            Example

            
                	
                    
                        What is the length of the hypotenuse of a right triangle with legs of lengths 9 and 10?

                    

                

            

        

        The Pythagorean theorem states that the square of the length of the hypotenuse equals the sum of the squares of the lengths of the legs. Here, the legs are 9 and 10, so:

        
            
                
            

        

        
            Example

            
                	
                    
                        What is the length of the hypotenuse of an isosceles right triangle with legs of length 4?

                    

                

            

        

        Because the triangle is isosceles, you know two of the sides have the same length. The hypotenuse can’t be the same length as one of the legs (the hypotenuse must be the longest side), so it must be that the two legs are equal. Therefore, the two legs each have length 4, and you can use the Pythagorean theorem to find the hypotenuse.

        
            
                
            

        

        You can always use the Pythagorean theorem to find the lengths of the sides in a right triangle. There are, however, two special right triangles that always have leg lengths in the same ratios.

        
            
                
            

        

        These two types of special right triangles are tested often enough that it is to your benefit to memorize these proportions, as that would allow you to blow past such problems without having to do any math. If you forget them on test day, rest assured that you can still solve the problem by using the Pythagorean theorem (it would just take longer).

        Polygons

        
            	A polygon is a closed figure whose sides are straight line segments.

            	The perimeter of a polygon is the sum of the lengths of its sides.

            	A vertex of a polygon is the point where two adjacent sides meet.

            	A diagonal of a polygon is a line segment connecting two nonadjacent vertices.

            	A regular polygon has sides of equal length and interior angles of equal measure.

        

        The number of sides determines the specific name of the polygon. A triangle has three sides, a quadrilateral has four sides, a pentagon has five sides, and a hexagon has six sides. Triangles and quadrilaterals are by far the most important polygons on the ACT.

        Interior and exterior angles: A polygon can be divided into triangles by drawing diagonals from a given vertex to all other nonadjacent vertices. For instance, the pentagon below can be divided into three triangles. Since the sum of the interior angles of each triangle is 180°, the sum of the interior angles of a pentagon is 3 × 180° = 540°.

        
            
                [image: ]
            

        

        
            Example

            
                
                    [image: ]
                

            

            
                	
                    
                        What is the measure of an interior angle in the regular hexagon above?

                    

                

            

        

        All angles are equal, so each is equal to one-sixth the sum of the angles. Since we can draw four triangles in a six-sided figure, the sum of the interior angles is 4 × 180° = 720°. Therefore, each angle measures
            
        

        The formula to represent the total measure of an n-sided polygon’s interior angles is 180(n − 2).

        Quadrilaterals

        While there are many quadrilaterals in math, the only two that you need to worry about are rectangles and squares.

        
            	A rectangle is a quadrilateral with two sets of parallel sides and four right angles.

            	A square is an equilateral rectangle.

        

        Note the following formulas for test day:

        The area of a rectangle is Length × Width.

        
            
                
            

        

        The area of a square is Side2.

        
            
                
            

        

        Circles

        Circle: The set of all points in a plane at the same distance from a certain point. This point is called the focus and lies at the center of the circle.

        A circle is labeled by its center point: Circle O means the circle with center point O. Two circles of different size with the same center are concentric.

        
            
                
            

        

        Diameter: A line segment that connects two points on the circle and passes through the center of the circle. In circle O,
            
            is a diameter.

        Radius: A line segment from the center of the circle to any point on the circle. The radius of a circle is one-half the length of its diameter. In circle O,
            
            
            
            and
            
            are all radii.

        Chord: A line segment joining two points on the circle. In circle O,
            
            and
            
            are chords. The longest chord in a circle is a diameter.

        Central angle: An angle formed by two radii. ∠AOP, ∠POB, and ∠BOA are three of circle O’s central angles.

        Tangent: A line that touches only one point on the circumference of the circle. A line drawn tangent to a circle is perpendicular to the radius at the point of tangency. Line ℓ is tangent to circle O at point T.

        Circumference and arc length: The distance around a circle is its circumference. The number π (pi) is the ratio of a circle’s circumference to its diameter. The value of π is usually approximated to 3.14. For the ACT, it is generally sufficient to remember that π is a little more than 3.

        Since π equals the ratio of the circumference to the diameter, a formula for the circumference is:

        Circumference = πd = 2πr

        An arc is a portion of the circumference of a circle. In the figure below, AB is an arc of the circle, with the same degree measure as central angle AOB. The shorter distance between A and B along the circle is called the minor arc, while the longer distance AXB is the major arc. An arc that is exactly half the circumference of the circle is called a semicircle (meaning half a circle).

        
            
                
            

        

        The length of an arc is the same fraction of a circle’s circumference as its degree measure is of the degree measure of the circle (360°). For an arc with a central angle measuring n degrees, the following applies:

        
            
                
            

        

        Example

        
            
                
            

        

        
            
                	
                    
                        What is the length of arc ABC of the circle with center O above?

                    

                

            

        

        The radius is 6, so the circumference is 2πr = 2 × π × 6 = 12π.

        Since ∠AOC measures 60°, the arc is
            
            the circumference.

        Therefore, the length of the arc is
            
        

        Area of a circle: The area of a circle is given by the formula Area = πr2.

        A sector is a portion of a circle bounded by two radii and an arc. In the following circle with center O, OAB is a sector. To determine the area of a sector of a circle, use the same method used to find the length of an arc. Determine what fraction of 360° is in the degree measure of the central angle of the sector, then multiply that fraction by the area of the circle. In a sector whose central angle measures n degrees, the following applies:

        
            
                
            

        

        
            
                
            

        

        Example

        
            
                
            

        

        
            
                	
                    
                        What is the area of sector AOC in the circle above?

                    

                

            

        

        A 60° “slice” is
            
            of the circle, so sector AOC has an area of

        
            
                
            

        

    
        

        Coordinate Geometry

        As indicated by its name, coordinate geometry is geometry on the coordinate plane. This mostly includes equations and graphs of lines, circles, and triangles.

        The important formulas to remember for lines are the following:

        Slope-intercept form:y = mx + b, where m is the slope and b is the y-intercept of the line.

        Midpoint formula: The midpoint of a line segment bounded by the points, (x1, y1) and (x2, y2), is
            
            

        

        Distance formula: The distance between two points, (x1 and y1), (x2, y2) is
            
            

        

        When dealing with parallel and perpendicular lines, remember that parallel lines have the same slope and perpendicular lines have opposite reciprocal slopes. For example, if the slope of a given line is 5, the slope of a parallel line is also 5. However, the slope of a line perpendicular to these lines is
            
            In more general terms, if the slope of a given line is
            
            the slope of a line perpendicular to it is −a. Also, remember that horizontal lines have a slope of zero and vertical lines have a slope that is undefined.

        The same equations for circles described in plane geometry also apply to coordinate geometry. Additionally, you should know how to relate equations to graphs and how to graph inequalities. A good way to graph linear inequalities is to simply replace the inequality sign with an equal sign and graph the line. Then, depending on which inequality symbol the problem uses, shade the appropriate side of the line.

        
            
                
                    
                        	If the inequality sign is:
                        	Line included:
                        	Shaded Area:
                    

                
                
                    
                        	<
                        	No
                        	Below line
                    

                    
                        	>
                        	No
                        	Above line
                    

                    
                        	≤
                        	Yes
                        	Below line
                    

                    
                        	≥
                        	Yes
                        	Above line
                    

                
            

        

        Commit these relationships to memory, and you will be able to solve inequality problems quickly. Use a dashed line to represent a line that is not included in a graph (< or >).

        You should also know some basic graphs that may appear on the ACT. These include the common conic graphs, parabolas, and circles.

        A parabola is the graph of a quadratic function, such as y = x2. The graph of a parabola looks like a U:

        
            
                
            

        

        The equation of a circle is (x − h)2 + (y − k)2 = r2, where r is the radius of the circle and (h,k) is its center.

        The equation of an ellipse is
            
            where a represents half the length of the horizontal axis and b represents half the length of the vertical axis. Just as in a circle, (h,k) is the center of the ellipse.

    
        

        Trigonometry

        Trigonometry can seem intimidating, as it is a fairly advanced math subject, but the ACT only tests the very basics of it.

        The basic trigonometry functions are the sine, cosine, and tangent functions. These can be remembered using the SOHCAHTOA mnemonic device.

        
            
                
                    
                        	The sine function:
                        	
                            
                                
                            

                        
                    

                    
                        	The cosine function:
                        	
                            
                                
                            

                        
                    

                    
                        	The tangent function:
                        	
                            
                                
                            

                        
                    

                
            

        

        Values of trig functions for certain angles (called benchmark angles) should be committed to memory, as they appear often.

        
            
                
                    
                        	Angle (°)
                        	Sine
                        	Cosine
                        	Tangent
                    

                
                
                    
                        	0
                        	0
                        	1
                        	0
                    

                    
                        	30
                        	
                            
                                
                                    
                                

                            

                        
                        	
                            
                                
                                    
                                

                            

                        
                        	
                            
                                
                                    
                                

                            

                        
                    

                    
                        	45
                        	
                            
                                
                                    
                                

                            

                        
                        	
                            
                                
                                    
                                

                            

                        
                        	1
                    

                    
                        	60
                        	
                            
                                
                                    
                                

                            

                        
                        	
                            
                                
                                    
                                

                            

                        
                        	
                            
                                
                                    
                                

                            

                        
                    

                    
                        	90
                        	1
                        	0
                        	undefined
                    

                
            

        

        In addition to these three basic formulas, there are three inverse formulas: secant, cosecant, and cotangent.

        
            
                
                    
                        	The secant formula:
                        	
                            
                                
                            

                        
                    

                    
                        	The cosecant formula:
                        	
                            
                                
                            

                        
                    

                    
                        	The cotangent formula:
                        	
                            
                                
                            

                        
                    

                
            

        

        There are also some trigonometric identities that you should be familiar with. The most common are the Pythagorean identities:

        
            	sin2θ + cos2θ = 1

            	1 + tan2θ = sec2θ


            	1 + cot2θ = csc2θ


        

    
      

      
         Chapter Five

         Pre-Algebra Practice

      

      
         
            Practice Questions

         

         
            	
            
	
               
                  What is the average of 230, 155, 320, 400, and 325?

               

               
                  	205

                  	286

                  	288

                  	300

                  	430

               

            

            	
               
                  Sarah has a wooden board that is 12 feet long. If she cuts three 28-inch pieces from
                     the board, how much board will she have left?
                  

               

               
                  	14 inches

                  	28 inches

                  	36 inches

                  	60 inches

                  	84 inches

               

            

            	
               
                  If 4x + 18 = 38, x =

               

               
                  	3

                  	4.5

                  	5

                  	12

                  	20

               

            

            	
               
                  John weighs 1.5 times as much as Ellen. If John weighs 165 lb., how much does Ellen
                     weigh?
                  

               

               
                  	100 lb.

                  	110 lb.

                  	150 lb.

                  	165 lb.

                  	247.5 lb.

               

            

            	
               
                  What is the average of 237, 482, 375, and 210?

               

               
                  	150

                  	185

                  	210

                  	326

                  	351

               

            

            	
               
                  If
                     
                     x =
                  

               

               
                  	4

                  	12

                  	16

                  	36

                  	64

               

            

            	
               
                  If x2 + 14 = 63, then x could = 
                  

               

               
                  	4.5

                  	7

                  	11

                  	14

                  	24.5

               

            

            	
               
                  Which of the following is equivalent to
                     
                     
                  

               

               
                  	
                     
                  

                  	
                     
                  

                  	15

                  	
                     
                  

                  	
                     
                  

               

            

            	
               
                  What whole number is closest to the solution of
                     
                     
                  

               

               
                  	7

                  	11

                  	36

                  	39

                  	54

               

            

            	
               
                  5.23 + 6.82 = 

               

               
                  	46.24

                  	73.28

                  	94.872

                  	140.608

                  	186.848

               

            

            	
               
                  If x is a real number such that x3 = 512, what is the value of x2?
                  

               

               
                  	8

                  	16

                  	48

                  	64

                  	135

               

            

            	
               
                  33 ÷ 9 + (62 − 12) ÷ 4 =

               

               
                  	3

                  	6.75

                  	9

                  	11

                  	12

               

            

            	
               
                  If bananas cost $0.24 and oranges cost $0.38, what is the total cost of x bananas and y oranges?
                  

               

               
                  	(x + y)($0.24 + $0.38)

                  	$0.24x + $0.38y

                  	$0.62(x + y)

                  	$0.38x + $0.24y

                  	
                     
                  

               

            

            	
               
                  If 4x + 13 = 16, what is the value of x?
                  

               

               
                  	0.25

                  	0.55

                  	0.70

                  	0.75

                  	7.25

               

            

            	
               
                  The chart below shows the total pizza slice sales for a pizza restaurant over a weekend.
                     If pepperoni slices cost $2.45 and cheese slices cost $1.95, how much did the restaurant
                     earn on Friday from pepperoni and cheese slices?
                  

               

               
                  
                     
                        
                           
                              	
                              	Friday
                              	Saturday
                              	Sunday
                           

                           
                              	Cheese
                              	38
                              	46
                              	36
                           

                           
                              	Sausage
                              	43
                              	52
                              	47
                           

                           
                              	Pepperoni
                              	41
                              	49
                              	44
                           

                        
                     

                  

               

               
                  	$174.55

                  	$178.00

                  	$179.45

                  	$199.45

                  	$207.80

               

            

            	
               
                  If 0.75x − 13 = 2, what is the value of x?
                  

               

               
                  	11.25

                  	14.67

                  	15

                  	16

                  	20

               

            

            	
               
                  In lowest terms,
                     
                     
                  

               

               
                  	
                     
                  

                  	
                     
                  

                  	
                     
                  

                  	
                     
                  

                  	
                     
                  

               

            

            	
               
                  If   
                     , what is the value of n?

               

               
                  	
                     8
                  

                  	
                     4
                  

                  	
                     
                  

                  	
                     2
                  

                  	
                     
                  

               

            

            	
               
                  If  t is 5 more than s, and s is 3 less than r, what is t when r = 3?
                  

               

               
                  	–5

                  	–2

                  	
                     1
                  

                  	5

                  	8

               

            

            	
               
                  A car rental agency charges $40 per day for the first 7 days, and $35 a day for each
                     day after that. How much would Joe be charged if he rented a car for 10 days?
                  

               

               
                  	$375

                  	$385

                  	$395

                  	$405

                  	$415

               

            

            	
               
                  While away at school, Eileen receives an allowance of $400 each month, 35 percent
                     of which she uses to pay her bills. If she budgets 30 percent of the remainder for
                     shopping, allots $130 for entertainment, and saves the rest of the money, what percentage
                     of her allowance is she able to save each month?
                  

               

               
                  	2.5%

                  	13%

                  	20%

                  	35%

                  	52%

               

               


            

            	
               
                  If pencils cost $0.50 each and notebooks cost $3 each, which of the following represents the cost, in dollars, of p pencils and n notebooks?
                  

               

               
                  	2pn


                  	3.5pn


                  	3.5(n + p)
                  

                  	3n + 0.50p


                  	2(n + 0.50p)
                  

               

            

            	
               
                  If 3x + 2 = 14, what is the value of 5x – 6?
                  

               

               
                  	–1

                  	14

                  	19

                  	26

                  	32

               

            

            	
               
                  If 44x+6 = 642x, what is the value of x?
                  

               

               
                  	1

                  	2

                  	3

                  	4

                  	5

               

            

         

      

   
      

      
         Answer
            						Key
         

         Practice Questions

         
            	B

            	J

            	C

            	G

            	D

            	K

            	B

            	G

            	E

            	K

            	D

            	H

            	B

            	J

            	A

            	K

            	D

            	J

            	D

            	G

            	B

            	J

            	B

            	H

         

      

   
      

      
         Answers and
            						Explanations
         

         Practice Questions

         
            	
B
                  Plug the terms into the average formula and solve:

                  
                     
                  

                  That’s (B).

               

            

            	
J
                  Begin by converting Sarah’s 12 feet of wood into inches. There are 12 inches in a
                  foot, so Sarah has 12 × 12 inches = 144 inches. Cutting off three 28-inch pieces removes 3 × 28 = 84 inches, which leaves her with 144 − 84 = 60 inches. That’s choice (J).
                  
               

            

            	
C
                  To evaluate x, isolate it on one side of the equation, then solve.
                  

                  
                     	4x + 18 = 38

                     	          4x = 20

                     	             x = 5

                  

                  Choice (C) is correct.

               

            

            	
G
                  Since John weighs more than Ellen, begin by eliminating choices (J) and (K), as doing so will reduce the
                  chance of a miscalculation error. According to the problem, John’s 165 lb. represents
                  1.5 times Ellen’s weight. Therefore, Ellen’s weight must be
                  
                  
                  (G) is correct.
                  
               

            

            	
D
                  To find the average of four numbers, plug them into the average formula and solve:

                  
                     
                  

                  Choice (D) is correct.

               

            

            	
K
                  Cube both sides to solve for x:
                  

                  
                     
                  

               

            

            	
B
                  Isolate the variable, then solve for x:
                  

                  
                     	x2 + 14 = 63

                     	          x2 = 49

                     	            x = ±7

                  

                  Choice (B) is 7.

               

            

            	
G
                  You could use your calculator to solve this problem, but there’s a much easier way. Begin by
                  eliminating choice (H), as 15 is not a perfect square. (J) and (K) can also be eliminated,
                  as 92 = 81, which is way too large. To simplify the radical, factor out a perfect square from
                  54. The largest factor of 54 that’s also a perfect square is 9, so
                  
                  
               

            

            	
E
                  You could punch the expression into your calculator, but it may actually be quicker to estimate.
                     
                     
                     and
                     
                     
                     so
                  

                  
                     
                  

                  With the calculator, the actual value is 53.6656. That’s closest to choice (E).

               

            

            	
K
                  When the choices are spaced far apart, estimation is generally the quickest way to
                  the correct answer. To estimate, round 5.2 to 5 and 6.8 to 7. Since 53 + 72 = 125 + 49 = 174, the correct answer will be very close to 174. That would be choice (K).
                  
               

            

            	
Dx3 = 512, so
                  
                  
                  Be careful not to stop too soon. The problem asks for x2, not x. 82 = 64, which is choice (D).
                  
               

            

            	
H
                  To solve this problem, you’ll need to follow the order of operations (PEMDAS).

                  First, evaluate the parentheses: 33 ÷ 9 + (62 − 12) ÷ 4 = 33 ÷ 9 + (36 − 12) ÷ 4 = 33 ÷ 9 + 24 ÷ 4

                  Next, simplify the exponent: 33 ÷ 9 + 24 ÷ 4 = 27 ÷ 9 + 24 ÷ 4

                  Then, take care of any multiplication and/or division, from left to right: 27 ÷ 9 + 24 ÷ 4 = 3 + 6

                  Finally, take care of any addition and/or subtraction, from left to right: 3 + 6 = 9

                  So (H) is correct.

               

            

            	
B
                  Each banana costs $0.24, so the price of x bananas is $0.24x. Similarly, each orange costs $0.38, so the price of y oranges is $0.38y. Therefore, the total price of x bananas and y oranges is $0.24x + $0.38y. That’s (B).
                  
               

            

            	
J
                  Isolate the variable, then solve for x:
                  

                  
                     
                  

                  (J) is correct.

               

            

            	
A
                  Take a moment to familiarize yourself with the table before diving into the problem.
                  The question asks for Friday’s pepperoni and cheese sales, so be sure that you are
                  reading data from the correct column. On Friday, 41 pepperoni slices were sold at
                  $2.45 per slice and 38 cheese slices were sold at $1.95 per slice, for sales totaling
                  ($2.45 × 41) + ($1.95 × 38) = $100.45 + $74.10 = $174.55. That’s (A).
                  
               

            

            	
K
                  If the decimal makes this problem seem difficult, convert it into a fraction before
                     solving for x:
                  

                  
                     
                  

                  That’s (K).

               

            

            	
D
                  Remember to check for opportunities to simplify fractions before multiplying or dividing
                  with them. Doing so gives you smaller numbers to calculate, which can save you a lot
                  of extra work. In
                  
                  
                  the 3 in the numerator of the left fraction and the 3 in the denominator of the right
                  fraction can be cancelled out, reducing the problem to
                  
                  
                  That’s (D).
                  
               

            

            	
F
                  The algebra here isn’t too difficult; you
                  just need to be careful about dealing with values outside
                  the radical. Isolate the radical expression on one side of the
                  equation, then take the square root. Backsolving, or plugging
                  the answers into the question, would also work well.

               

            

            	
D
                  Read the stem carefully to translate the
                  sentence into the correct equations.

                     t = s + 5

                     s = r – 3

                  When r = 3,

                     s = 0

                  So,

                     t = 0 + 5

                     t = 5
                  
               

            

            	
G
                  When a question charges different rates
                  in a problem, figure out how much is charged at each rate
                  and add the totals together. The rental would have 7 days charged at $40, and 3 days
                  charged at $35. Therefore, the first 7 days would cost 7 ×
                  $40 = $280. The next 3 days would cost 3 × $35 = $105.
                  The total is $280 + $105 = $385.
                  
               

            

            	
B
                  Take this carefully, step-by-step, as you
                  translate from English to math. She spends 35% of $400 to pay bills; that is,
                  
                  . That leaves her with $400 – $140 = $260. She budgets 30% of this for shopping; that
                  is,
                  
                  . That leaves $260 – $78 = $182. Of this, she allots $130 for entertainment, leaving
                  $182 – $130 = $52 to save. Finally, $52 as a percent of the original $400 is
                  
                  .
                  
               

            

            	
J
                  Early questions are worth just as many points as late questions. Take your time to
                  translate from English to math correctly.

                  Total cost of pencils: 0.50p

                  Total cost of notebooks: 3n

                  Sum of both: 3n + 0.50p
                     

            

            	
B
                  Solve for x, and then plug that value into the
                  second equation.

                  3x + 2 = 14

                         3x = 12
          x = 4

                  5x – 6 = 5(4) – 6 = 14
                  
               

            

            	
H
                  Don’t reach for that calculator just yet. All
                  that typing might waste valuable time. Rewrite the equation
                  so that both sides have the same base number. Once you
                  get both sides in the form of a common base, you can set
                  the exponents equal to each other.

                         64 = 43

                    44x+6 = 642x = (43)2x = 46x

                  4x + 6 = 6x

                           6 = 2x
          x = 3

                  Alternatively, you could try plugging in the answers, because your calculator can
                  handle these powers. For example,
                  in F, 44x + 6 = 44(1) + 6 = 410 = 1,048,576, while
                  642(1) = 642 = 4,096, so F is incorrect.
                  
               

            

         

      

   
      

      
         Chapter Six

         Elementary Algebra Practice

      

      
         
            Practice Questions

         

         
            	
            
	
               
                  What is 6% of 1,250?

               

               
                  	75

                  	150

                  	208

                  	300

                  	750

               

            

            	
               
                  On her first three geometry tests, Sarah scored 89, 93, and 84. If there are four
                     tests total and Sarah needs at least a 90 average for the four, what is the lowest
                     score she can receive on the final test?
                  

               

               
                  	86

                  	90

                  	92

                  	94

                  	95

               

            

            	
               
                  The relationship between Fahrenheit and Celsius is
                     
                     
                     If the temperature is 68° Fahrenheit, what is the temperature in degrees Celsius?
                  

               

               
                  	14°

                  	20°

                  	32°

                  	64.8°

                  	68°

               

            

            	
               
                  The eighth grade girls’ basketball team played a total of 13 games this season. If
                     they scored a total of 364 points, what was their average score per game?
                  

               

               
                  	13

                  	16

                  	20

                  	28

                  	30

               

            

            	
               
                  If 6x + 4 = 11x − 21, what is the value of x?
                  

               

               
                  	2

                  	3

                  	4

                  	5

                  	6

               

            

            	
               
                  A jacket with an original price of $160 is on sale for 15% off. What is the sale price?

               

               
                  	$120

                  	$136

                  	$140

                  	$144

                  	$155

               

            

            	
               
                  If the average of 292, 305, 415, and x is 343, what is the value of x?
                  

               

               
                  	315

                  	339

                  	360

                  	364

                  	382

               

            

            	
               
                  A jar contains 8 red marbles, 14 blue marbles, 11 yellow marbles, and 6 green marbles.
                     If a marble is selected at random, what is the probability that it will be green?
                  

               

               
                  	
                     
                  

                  	
                     
                  

                  	
                     
                  

                  	
                     
                  

                  	
                     
                  

               

            

            	
               
                  Each day, Laura bikes to school in the morning and bikes home in the afternoon. If
                     she bikes at a speed of 12 miles per hour and the school is 3 miles from her house,
                     how long does it take her to bike to school and back?
                  

               

               
                  	12 minutes

                  	15 minutes

                  	24 minutes

                  	28 minutes

                  	30 minutes

               

            

            	
               
                  A local high school is raffling off a college scholarship to the students in its junior
                     class. If a girl has a 0.55 chance of winning the scholarship and 154 of the juniors
                     are girls, how many of the juniors are boys? (Assume that every junior has an equal
                     chance to win.)
                  

               

               
                  	85

                  	126

                  	154

                  	161

                  	280

               

            

            	
               
                  At a summer camp, students may choose between a sports elective—basketball, baseball,
                     or soccer—and an exercise elective—yoga or Pilates. The table below shows the number
                     of students enrolled in each elective. If each student enrolled in exactly one elective,
                     what percentage of students enrolled in an exercise elective?
                  

               

               
                  
                     
                        
                           
                              	
                              	Elective
                              	Number of Students Enrolled
                           

                           
                              	Sports
                              	Basketball
                              	21
                           

                           
                              	
                              	Baseball
                              	18
                           

                           
                              	
                              	Soccer
                              	13
                           

                           
                              	Exercise
                              	Yoga
                              	13
                           

                           
                              	
                              	Pilates
                              	15
                           

                        
                     

                  

               

               
                  	28%

                  	35%

                  	51%

                  	60%

                  	65%

               

            

            	
               
                  During spring break, Robert drove 240 miles to his vacation home. If he drove 60 miles
                     per hour for the first half of the trip and 40 miles per hour for the remaining half,
                     what was his average speed, in miles per hour, for the duration of his trip?
                  

               

               
                  	40

                  	44

                  	46

                  	48

                  	50

               

            

            	
               
                  In a science class, the midterm is worth 30%, the final exam is worth 50%, and a class
                     project is worth 20%. If Jason scored 86% on the midterm, 95% on the final, and 89%
                     on the project, what was his final grade in the class, rounded to the nearest integer?
                  

               

               
                  	90

                  	91

                  	92

                  	93

                  	94

               

            

            	
               
                  The expression 3x2y(xy2 + 4x3y) is equivalent to which of the following?
                  

               

               
                  	3xy + 12x

                  	xy2 + 4x3y

                  	15x8y5

                  	3x3y3 + 12x5y2

                  	3xy2 + 12x3y

               

            

            	
               
                  What is the sum of the prime factors of 60?

               

               
                  	12

                  	15

                  	16

                  	19

                  	24

               

            

            	
               
                  What is the value of the ones digit in the solution to 2326?
                  

               

               
                  	0

                  	2

                  	4

                  	6

                  	8

               

            

            	
               
                  The normal price for a pair of skis is $399. If the skis are 10% off and the shop
                     charges 8.75% sales tax, what is the total sale price of the skis?
                  

               

               
                  	$359.10

                  	$390.52

                  	$394.01

                  	$400.50

                  	$433.91

               

            

            	
               
                  If 2x + 4 = b, then 6x + 12 =
                  

               

               
                  	
b + 3
                  

                  	
b + 12
                  

                  	3b


                  	3b + 3
                  

                  	3b + 12
                  

               

            

            	
               
                  If
                     
                     , then what does y equal?
                     
                  

               

               
                  	39

                  	41

                  	42

                  	45

                  	81

               

            

            	
               
                  When 2x is subtracted from 48 and the difference is divided by x + 3, the result is 4. What is the value of x?
                  

               

               
                  	2

                  	5

                  	6

                  	8

                  	12

               

            

            	
               
                  If 5 = mx, then 5m =
                  

               

               
                  	
mx + 1


                  	
mx + 2


                  	
mx + 5


                  	
m5x


                  	
m2x


               

            

            	
               
                  If 35 = x, which of the following expressions is equal to 311?
                  

               

               
                  	243x


                  	3x2


                  	9x4


                  	27x3


                  	
x6


               

            

            	
               
                  The average (arithmetic mean) of x and y is 7, and the average of x, y, and z is 10. What is the value of z ? 
                  

               

               
                  	23

                  	17

                  	16

                  	11

                  	3

               

            

            	
               
                  The average (arithmetic mean) of 7, 20, and x is 20. What is the value of x ?

               

               
                  	20

                  	27

                  	32

                  	33

                  	40

               

            

         

      

   
      

      
         Answer
            						Key
         

         Practice Questions

         
            	A

            	J

            	B

            	J

            	D

            	G

            	C

            	G

            	E

            	G

            	B

            	J

            	B

            	J

            	A

            	H

            	B

            	H

            	C

            	H

            	A

            	G

            	C

            	J

         

      

   
      

      
         Answers and
            						Explanations
         

         Practice Questions

         
            	
A
                  The quickest way to solve this problem is to estimate. While you may or may not know
                     6% of 1,250 off the top of your head, 10% of 1,250 is 125. Since 6% < 10%, the correct answer must be less than 125. Only (A) works.
                  

                  To solve this the math way, multiply 1,250 by the decimal form of 6%: 1,250 × 0.06 = 75.
                  

               

            

            	
J
                  When an average problem involves variables, it often helps to think in terms of sum
                  instead. For Sarah’s exam scores to average at least a 90, they must sum to at least
                  90 × 4 = 360. She already has an 89, a 93, and an 84, so she needs at least 360 − (89 + 93 + 84) = 360 − 266 = 94 points on her last test. (J) is correct.
                  
               

            

            	
B
                  You are given the equation to convert Fahrenheit to Celsius, so plug 68 in for F and
                     solve for C:
                  

                  
                     
                  

                  This matches (B).

               

            

            	
J
                  The basketball team scored 364 points in 13 games, so they scored an average of
                  
                  
                  points per game. Choice (J) is correct.
                  
               

            

            	
D
                  Isolate the variable, then solve for x:
                  

                  
                     
                  

                  That’s (D).

               

            

            	
G
                  The original price of the jacket is $160, so a 15% sale is a discount of $160 × 0.15 = $24. Therefore, the sale price of the jacket is $160 − $24 = $136. This matches (G).
                  
               

            

            	
C
                  If the variable makes the average seem difficult to calculate, consider the sum instead.
                  The average of four numbers is 343, so their sum must be 343 × 4 = 1,372. Three of the numbers are 292, 305, and 415, so the final number is 1,372 − (292 + 305 + 415) = 1,372 − 1,012 = 360, or (C).
                  
               

            

            	
G
                  The probability of an event occurring is given by the formula:

                  
                     
                  

                  In this problem, a desired outcome is getting a green marble while a possible outcome
                     is simply getting any marble. There are 8 + 14 + 11 + 6 = 39 total marbles in the jar. Of these, 6 are green, so the probability of getting a
                     green marble is
                     
                     
                     which simplifies to
                     
                     
                     That’s choice (G).
                  

               

            

            	
E
                  Laura lives 3 miles from school, so biking to school and back means a total distance
                  of 3 × 2 = 6 miles. Since Laura bikes at a speed of 12 miles per hour and 6 is half of 12, it
                  must take her half an hour, or 30 minutes, to bike both legs of the journey. (E) is
                  correct.
                  
               

            

            	
G
                  There’s a lot going on in this problem, so find the most concrete point and begin
                     there. You are told that the chance for a girl to win the scholarship is 0.55. Since
                     this is more than half, there must be more girls than boys in the junior class, so
                     eliminate (H), (J), and (K). 0.55 isn’t much greater than 0.5, because if you were
                     low on time on test day, (G) would be a great guess.
                  

                  To solve this problem the math way, use the probability formula:

                  
                     
                  

                  Since 0.55 is the probability that a girl would win, the 154 girls are the desired
                     outcomes, and the total number of students (boys and girls) is the number of possible
                     outcomes. Call x this total, and use this formula to solve for x:
                  

                  
                     
                  

                  With 280 total students and 154 girls, there must be 280 − 154 = 126 boys. That’s (G).
                  

               

            

            	
B
                  There are a total of 21 + 18 + 13 + 13 + 15 = 80 students at the camp. Of these, 13 are taking yoga and 15 are taking Pilates, for
                     a total of 13 + 15 = 28 students taking an exercise elective. Therefore,
                     
                     
                     of the students are taking an exercise elective, which corresponds to
                  

                  
                     
                  

                  (B) is correct.

               

            

            	
J
                  On test day, the correct answer to an average speed problem will never be the average of the two speeds. To find Robert’s average speed, use the following
                     formula:
                  

                  
                     
                  

                  You are given the total distance of 240 miles, but you will need to determine the
                     total time. Robert drove the first 120 miles at 60 miles per hour, so it took him
                     
                     
                     to do so. He then drove the other 120 miles at 40 miles per hour, so that portion
                     took him
                     
                     
                     Hence, it took him a total of 2 + 3 = 5 hours to drive all 240 miles, for an average speed of
                     
                     
                     (J) is correct.
                  

               

            

            	
B
                  This average problem contains weighted terms, so you cannot simply use the normal
                     average formula to solve it. There are many ways to tackle this kind of problem but,
                     since all the weights are multiples of 10%, the easiest way is to simply add an instance
                     of each grade for every 10% of weight it carries.
                  

                  The midterm is worth 30% of Jason’s grade, so the 86% it scored counts three times.

                  The final is worth 50% of Jason’s grade, so the 95% it carries counts five times.

                  The class project is worth 20% of his grade, so the 89% he received counts twice.

                  This gives Jason a sum of 86 + 86 + 86 + 95 + 95 + 95 + 95 + 95 + 89 + 89 = 911. There are ten terms, so the average is
                     
                     
                     which is closest to (B).
                  

               

            

            	
J
                  To multiply exponential terms with the same base, add the exponents. Simplify the
                     expression by distributing the 3x2y:
                  

                  
                     
                        3x2y(xy2 + 4x3y) = (3x2y × xy2) + (3x2y × 4x3y) = 3x3y3 + 12x5y2


                  

                  That looks like (J).

               

            

            	
A
                  To find the prime factors of 60, use the prime factorization tree:

                  
                     

                  

                  So the prime factorization of 60 is 2 × 2 × 3 × 5, and the sum of these factors is 2 + 2 + 3 + 5 = 12.
                  

                  (A) is correct.

               

            

            	
H
                  You cannot evaluate 2326 on your calculator, but fortunately, we only need the value of the ones digit. To
                     find it, let’s examine the powers of 2 for a pattern:
                  

                  
                     
                        
                           
                              	21 = 2
                              	25 = 32
                           

                           
                              	22 = 4
                              	26 = 64
                           

                           
                              	23 = 8
                              	27 = 128
                           

                           
                              	24 = 16
                              	28 = 256
                           

                        
                     

                  

                  As you can see, the ones digit repeats every four terms. According to this pattern,
                     every exponent with a multiple of 4 will have a ones digit of 6. The largest multiple
                     of 4 that’s less than 326 is 324, so 2324 will have a ones digit of 6. Therefore, 2325 will have a ones digit of 2 and 2326 will have a ones digit of 4. This makes (H) the correct choice.
                  

               

            

            	
B
                  This problem requires a couple of steps, so take them one at a time. The skis are
                  discounted 10%, so the pretax price is $399 × 0.9 = $359.10. This sale price receives an 8.75% tax, so the total sale price is $359.10 × 1.0875 = $390.52. (B) is correct.
                  
               

            

            	
H
                  When a problem asks about an
                     expression, look for a shortcut. You could solve the first
                     equation for x in terms of b, then plug that into the second
                     equation, but you’ll solve the problem faster if you can find
                     a way to relate 2x + 4 and 6x + 12 directly.
                  

                        2x + 4 = b

                  3(2x + 4) = 3(b)
                  

                     6x + 12 = 3b
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