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For clarifications and additional information

about the Psychometric Entrance Test contact:

Public Relations Department
National Institute for Testing and Evaluation
P.0.B. 26015  Jerusalem 91260
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WHAT IS THE PURPOSE OF THE GUIDE?

The Guide for Examinees (hereafter, the Guide) is designed to provide you with all the necessary
information about the Inter-University Psychometric Entrance Test so that you can familiarize
yourself with the test format and procedure. This will enable you to prepare for the test in the best
and most reliable way possible. The Guide contains general explanations about all aspects of the test,
as well as sample questions with answers and explanations. It also includes a complete practice test
and instructions for calculating an estimate of your score for each of the areas that comprise the test
as well as an estimate of your total test score.

Every effort has been made to include as broad a variety as possible of the types of questions appearing
on the test, along with the relevant instructions. Occasionally, however, there may be new types of
questions on the test. In addition, changes may be made in some of the test instructions, the number
of questions contained in a test section or the amount of time allotted for solving the questions.
Nonetheless, the Guide still covers the vast majority of the material included in the test.

Read the Guide carefully, solve the sample questions,
and take the practice test.

WHAT IS THE PSYCHOMETRIC ENTRANCE TEST?

The Inter-University Psychometric Entrance Test (PET) is a tool for predicting academic
performance, used for selecting applicants to institutes of higher learning. The test enables all
applicants to be ranked on a uniform scale and, relative to other selection tools, is less affected by
differences in applicants' backgrounds or other subjective factors.

The Psychometric Test is not a perfect selection tool. It is generally able to predict academic
success; however, there may be a small number of examinees who do not do well on the test and yet
are successful in their studies, and vice versa. Neither is the test a direct measure of such factors as
motivation, creativity, and diligence, which are definitely related to academic success. It should be
noted that some of these elements are measured indirectly, both on the Psychometric Test and also
on the Matriculation Exams.

The Psychometric Test offers a second chance to many students with great potential who, for various
reasons, were not given the opportunity to fully demonstrate their abilities in their high school studies.
In addition, since it is translated into several languages, the Psychometric Test is able to serve as a
standardized selection tool for candidates who are not Hebrew speakers or who do not have an Israeli
matriculation certificate.

There is a large body of research which demonstrates the high predictive ability of the Psychometric
Test. This means that students with high Psychometric Test scores can generally be expected to do better
in their academic studies than students with low scores. In addition, of all the different combinations
of selection tools available, the Psychometric Test combined with the Matriculation Exams has proven
to have the best predictive ability.
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HOW TO REGISTER FORTHE TEST

To register for the Psychometric Test, fill out the registration form and send it directly to the offices of
the National Institute for Testing and Evaluation (NITE). You do not have to apply to any educational
institution in order to be tested. Even if you are applying to several institutions, you need take the
test only once, and your scores will be forwarded to all of the institutions that you request.

The Psychometric Test is administered several times a year throughout Israel and in a number of
locations overseas, and it can be taken in several languages. Test scores are valid for acceptance to
university for at least seven years. Since test scores are computed on a uniform scale, differences
in administration dates, languages and versions of the test do not affect your score. Therefore,
if you took the test at a time when, for some reason, the performance level of examinees was higher
than average, the scoring method ensures that your score will not be any different from the one you
would have obtained had you taken the test at any other time.

A leaflet entitled Registration Procedures is included with the registration form. It provides detailed
information about the procedures related to the test, including:

o the institutions requiring the test
test administration dates and registration deadlines
the languages in which the test is given

test locations

the procedure for registering for and information about special testing accommodations for
applicants who have either physical or learning disabilities or any other problem that may
make it difficult for them to be tested or to reach the test location

conditions for changing or canceling registration

o the procedure for late registration

TEST FORMAT
@ THE TEST SECTIONS

The Psychometric Entrance Test consists of eight sections. Each section begins with information about
the number of questions in the section and the time allotted for answering them. Each section tests
one of the following three areas — verbal reasoning, quantitative reasoning, and English. All sections
consist of multiple-choice questions for which you must choose the response which best answers the
question from among four alternatives.

The three areas test abilities necessary for successful academic performance, namely:

VERBAL REASONING

The verbal reasoning sections test verbal abilities that are used in all academic studies: vocabulary,
logical thought processes, the ability to analyze and understand complex passages, and the ability to
think clearly and methodically.
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QUANTITATIVE REASONING

The quantitative reasoning sections test ability to use numbers and mathematical concepts for solving
quantitative problems, as well as ability to analyze data presented in a variety of formats, such as
tables or graphs.

ENGLISH

The English sections test proficiency in the English language in terms of, among other things,
vocabulary and the ability to read and understand passages on an academic level.

The sections in each test area consist of several different types of questions. All questions of a given
type appear together and are arranged in ascending order of difficulty, with the exception of reading
comprehension questions (in the verbal reasoning and English sections), which are arranged according
to the order in which the subject matter appears in the passage. The order in which the test sections
in the three areas appear may vary from one test to another.

@ HOW THE TEST SECTIONS ARE USED

Only two test sections in each area are used for calculating your score. The sections not used for
calculating your score serve two purposes:

To equate tests administered on different dates

In order to set the scores of tests administered on different dates on the same scale, the test you take
may contain a section which has already appeared on a previous test. Tests must be comparable in
order to avoid a situation whereby your score is affected by differences in the levels of the examinees
tested on different administration dates.

To ensure the quality of the questions

Before a question appears in a section that is used for scoring purposes, it undergoes various tests to
ensure quality, that is, to ensure that it is fair and that it distinguishes between examinees with greater
ability and those with lesser ability. Sections not used for scoring purposes may consist of questions
that are at this quality-testing stage. Questions that pass statistical and other tests may appear in the
future in sections that are used for scoring purposes, while poor questions are disqualified. The sections
on your test that will be used for calculating your score were constructed in this manner.

The sections not used for calculating the score are essential. They prevent distortion of the score which
might be caused by differences between tests administered on different dates, and they ensure that
the questions on the test are good and fair. There is no way for examinees to distinguish between the
sections used for scoring and the other sections. Therefore, for your own good, treat every section
of the test with equal gravity.

HEBREW PROFICIENCY TEST (YAEL)

The Hebrew Proficiency Test evaluates the Hebrew language proficiency of examinees taking the
Psychometric Test in languages other than Hebrew. Some universities use this test to place students in
appropriate Hebrew language courses; for some, it is also an entrance requirement. The score on this
test is not part of the Psychometric Test score, and it is sent separately to the educational institutions.
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Different educational institutions use this score in different ways; some may require applicants to take
an additional Hebrew exam. If you wish to improve your score on the Hebrew Proficiency Test, you
may retake it independently of the Psychometric Test. This requires re-registering. Further details
are available from the admissions offices of the individual educational institutions.

The Guide contains sample questions and a practice test to help you to become acquainted with the
types of questions that may appear on the Hebrew Proficiency Test.

PREPARING FORTHE PSYCHOMETRICTEST

The skills that the Psychometric Test evaluates develop gradually over a period of years. School,
reading, hobbies and other interests all contribute to your verbal and quantitative skills and to your
command of English. Thus, you have already done most of the preparation for the test over the course
of your elementary and high school studies and through the various experiences you have had. Although
the best preparation is one of gradual work over a period of many years, concentrated practice before
the test can improve your test performance. Take into account that in those areas in which proficiency
develops slowly (such as Hebrew and English vocabulary), practicing for a short time is unlikely to
be of significant help, but in other areas it can definitely be beneficial.

There are a number of things you can do in the short term to prepare for the test:

€ Read the Guide carefully.

The Psychometric Test, like any other test, may cause some anxiety, which could affect the way
you function during the test. Since some of this anxiety results from lack of familiarity with the
test, the better acquainted you become with the test format and procedure and the types of questions
which appear on it, the less anxious you will feel and the better you will be able to perform on the
test. Therefore, read the Guide carefully. The information it contains will help you familiarize
yourself ahead of time with the test, and prevent unnecessary surprises.

€ Familiarize yourself with the instructions.

The Guide contains the instructions which appear at the beginning of each section of the test, as
well as the instructions which appear before each type of question. You will find these instructions
in the chapters containing examples and explanations, and also in the practice test at the end of
the Guide. Study the instructions carefully. By familiarizing yourself with them ahead of time,
you will be able to devote less time to them during the test.

@ Answer the sample questions.

For each area of the test there is a chapter in the Guide with examples of the various types of
questions together with explanations. Answer the sample questions and read the explanations
carefully. The more familiar you become with the format of the questions on the test, the more
comfortable you will feel when actually taking the test.
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€ Take the practice test.

At the end of the Guide you will find an actual Psychometric Test for self testing. This practice
test appears exactly as it did when it was administered to examinees, except that it contains only
the six sections used for calculating the score. Answer the questions under conditions as similar
as possible to those you will encounter during the test itself:

Keep within the time limits. Do each section in the amount of time allotted for it, because
when actually taking the test, you will not be allowed any extra time.

Mark your answers on the accompanying answer sheet and not in the test booklet.
Marking the answers takes up test time, and it is therefore important to practice it in
advance.

At the end of the practice tests there are instructions for calculating an estimate of your
score, to help you evaluate your test performance.

Studies conducted at the National Institute for Testing and Evaluation show a very high correlation
between scores on the practice test and those on the actual Psychometric Test. Nonetheless,
performance on each test may be affected by factors such as motivation, anxiety, and differences
in testing conditions. Therefore, differences are to be expected between the scores obtained on
the practice test and the scores obtained on the Psychometric Entrance Test itself, just as they are
to be expected when retaking tests of the same type.

You can get additional practice by using the set of practice tests published by the National
Institute for Testing and Evaluation. The set consists of three actual Psychometric Tests that were
administered in English in recent years, thus providing you with a reliable, comprehensive way
of practicing for the test.

Practicing on tests in Hebrew can also be beneficial. The National Institute for Testing and
Evaluation has published a set of six practice tests in Hebrew, called Psychometry Mikol
Habechinot. The set also comes with the CD Compumetry — a computerized, interactive version
of the Psychometric Test which is less time-consuming and which also provides an estimate of
the score the user can expect to receive on the test. The set can be purchased at all university
bookstores, certain general bookstores, or directly from the National Institute for Testing and
Evaluation.

Taking a real Psychometric Test is in itself an effective form of practice. If you take the test and
are dissatisfied with your score, you can retake it. (See the Registration Procedures leaflet for
details.)

€ Additional methods of preparation: independent study, books, and courses

There are many ways to study English or refresh your knowledge of mathematics: independent
study, private lessons, courses, pre-academic preparatory institutes, and so on. It is up to you to
choose the method of preparation most suitable for you, and to decide how much time, effort and
money to invest in it.

The National Institute for Testing and Evaluation conducted a study on the effectiveness of
different methods of preparation. The study was conducted on thousands of examinees who took
the Psychometric Test at least twice, and it compared the score obtained on the most recent test
with the score on the previous test. The results showed that the average improvement among
examinees who had prepared on their own was approximately 30 points (on a scale of 200-800).
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This is a known statistic that has remained stable over the years. By contrast, examinees who
participated in a preparatory course achieved an average improvement of approximately 40 points,
that is, only about 10 points more than the improvement of examinees who had prepared on their
own. Similar results have been obtained from studies conducted in other countries. The obvious
conclusion from these results is that the benefit derived from preparatory courses, as compared
to self-preparation, is very limited: most of the improvement (30 out of 40 points) is obtained
in any event from self-study and from advance familiarity with the different types of questions
which appear on the test, which decreases anxiety and improves test performance. It should be
noted that the data obtained from the study refer to averages. In other words, some examinees
improved their scores by a greater number of points and some by a smaller number of points, and
some even obtained scores which were lower than those obtained on the first test.

Thorough preparation before the test is certainly beneficial. Just as in school, the best form of
preparation is thorough drilling in the subject areas that will appear on the test, rather than learning
"tricks." Test developers are aware of such tricks, and take them into account when writing the
questions. Choosing a suitable form of preparation is also a matter of personal style: some
individuals need a rigid framework and some prefer independent study. In any event, before
choosing a preparatory framework, carefully check whether it will provide you with the necessary
thorough drilling. Do not rely on unfounded rumors of dramatic improvements achieved by
students who took a course, nor on "magic" formulas — there are none! Also, take into account
the effort that you will have to invest in a course, in terms of both time and money, compared with
the benefit you will derive from it.

SUGGESTIONS AND RECOMMENDATIONS

BEFORE THE TEST
Review the types of questions appearing on the test and the various test instructions.

Prepare everything that you must bring to the test:

Your ID card or passport - You will not be allowed
to take the test without one of these documents.
Two No. 2 (HB) pencils, a pencil sharpener and an eraser

It is also recommended that you bring:
& Your test notification slip, to check the exact time and place of the test.

¢ Food and drink, if you like.
¢ Suitable clothing - the test hall may be warmer or cooler than you expected.

To avoid arriving late, make sure that you know in advance how to reach your assigned test hall.
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You may not bring with you cellular telephones (not even for using as a clock), beepers, beeping
watches or watches with calculators, portable music players or any other item that might disturb
other examinees.

The test is approximately three and a half hours long. There are no breaks (as soon as the time allotted
for one section ends, the next section begins). No visitors are allowed into the test halls during the
test, nor may messages be given to examinees.

DURING THETEST

€ Study aids are forbidden
You may not use calculators, including watch calculators, alarm clocks, dictionaries of any kind,
books, paper or any other study aids. If you need scratch paper, you may use only the pages of
the test booklet itself.

@ Read the instructions

Each type of question is preceded by instructions. Although these instructions appear in the Guide,
and it is important to familiarize yourself with them in advance to avoid wasting time, do not rely
solely on your familiarity with the instructions. Misunderstanding an important instruction might
lead to mistakes in all of the questions of that type. Therefore, read the instructions carefully. In
addition, the test may contain new instructions that were incorporated after the present edition of
the Guide was published. It is also very important that you read carefully the questions themselves
and all of the possible responses before choosing the correct answer. Note exactly what is being
required of you in each question, and only then answer accordingly.

@ Mark the answers correctly

Each question on the test has four possible responses, from which you must choose the best
answer. Choose only one answer.

The answer sheet for the test is read by an optical scanner which feeds the data directly to a
computer. The optical scanner is designed to read marks made by a No. 2 (HB) pencil. Therefore,
make sure to bring two of these pencils to the test. If you use any other type of pencil, the optical
scanner might read your answers incorrectly.

Below is a section of the answer sheet.

Mark your answer by filling in the oval which bears the number of the answer you have chosen,
as follows:

For example: Let us assume that you are answering question number 2, and you have decided
that the correct response is 3. Find the corresponding oval (number 3) in the column for question
2, and fill it in as shown.

question number

possible responses
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Note:

The only correct way to mark an answer is by filling in the oval completely. Any other mark — a
vertical line, a horizontal line, a circle, etc. — will not be read!

correct ' incorrect ° incorrect / incorrect O

Fill in only one oval for each question. If you fill in more than one oval for a question, your
answer will be disqualified even if one of the possible responses you have chosen is correct.

If you want to change an answer that you have already marked, use a clean eraser to erase the
incorrect answer, and then mark the answer you think is the correct one. Make sure your previous
answer is completely erased; otherwise the optical scanner might read your answer incorrectly.

When you take the practice test at the end of the Guide, mark your answers on the answer sheet
appearing at the end of the practice test in order to practice using the answer sheet.

Make sure that each answer is marked in the correct place. If you skip a question in the test
booklet, make sure that you skip the corresponding place on the answer sheet. When answering
the questions that follow it, always check that the number of the question matches the number of
the column in which you are marking your answer.

Note: You alone are responsible for what appears on your answer sheet. It will be read exactly as
youfilled itin. If you mistakenly marked answers in the wrong place, there is no way to reconstruct
what you really intended, and the answer sheet that you filled in incorrectly will determine your
score.

Use your time wisely

As mentioned previously, the number of questions included in each section and the time allotted for
answering them appear at the beginning of each section. During the test, be aware of the time and
try not to spend too much time on each question. Shortly before the end of the time allotted for a
section, go back to any questions you may have skipped and make sure that you have answered all
of the questions. At the end of the allotted time you will be instructed to turn to the next section,
and you will no longer be allowed to return to the previous section.

Below are some suggestions for efficient use of the allotted time:

Try to answer each question in a reasonable amount of time. Once you have answered it, go
on to the next question.

If you cannot answer a question, do not spend too much time on it. Remember, you must
answer all of the questions in the section. If you spend too much time on one question, you will
not have enough time to answer the remaining questions, and there are likely to be many other
questions which you will be able to answer correctly and receive points for. Easy questions
and difficult questions have equal weight for scoring purposes. There is therefore no reason
to get stuck on one difficult question. In the time that you save, you could answer several
easier questions.

If you feel that you know how to answer a question but need a bit more time, mark it and
return to it later. If you have time at the end of the section, go back to all of the questions
that you marked and try to answer them.
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If you feel that you will not be able to answer a question even if you spend more time on
it, guess the answer. Your guess need not be a random one. You might be able to rule out
some of the possible responses on the basis of partial knowledge, thereby increasing your
probability of guessing correctly. The test score is calculated on the basis of correct answers
only, and no points are deducted for incorrect answers. Therefore, if you are unable to answer
a question, it is worthwhile to guess. Guessing cannot harm your score; it can only improve
1t.

Leave yourself a minute before the end of the section. Randomly guess the answers to
all of the questions that you skipped; in other words, mark any answer on the answer sheet
without trying to solve the question or rule out possible responses. At this stage there is no
time for anything except for quickly filling in the missing answers on the answer sheet.

€ Every section is important

There is no way for you to tell which sections will not be used for calculating your score. Therefore,
treat every section as if it determines your score. Deciding, for whatever reason, that a particular
section is not important could badly hurt your score.

Cheating on the test

Any kind of cheating, such as copying or posing as someone else, interferes with fair admissions
procedures.

The National Institute for Testing and Evaluation has ways of detecting cheating. NITE can refuse
to test someone or disqualify his test if he commits an offense related to the test's confidentiality
or its results. Impersonation (such as sending someone else to be tested for you) is a criminal
offense. If someone is suspected of committing such an offense, a complaint will be filed with
the police and with the university disciplinary committees. The impostor and the person who
sent him risk imprisonment and being barred from studies for an extended period of time. Thus,
any attempt to act in an unethical manner is liable, in the end, to cause the examinee far greater
harm than a few incorrect answers.

The National Institute for Testing and Evaluation reserves the right to disqualify an examinee's
test should any suspicion or doubt arise as to whether the examinee's test performance accurately
reflects his ability.

It is strictly forbidden to copy, distribute, or teach the contents of a test or any part of it, in
any form or by any means, without written permission from the National Institute for Testing
and Evaluation. NITE will take administrative, judicial, or other appropriate action against
anyone violating this prohibition. Before the test begins, you will be asked to sign a declaration
stating that you are aware of this prohibition and that you undertake to behave in accordance with
it.

Any of the following constitutes grounds for disqualifying an examinee:
Disruptive behavior
Copying, giving or receiving help in answering a question
Using forbidden study aids, such as papers, books, calculators or dictionaries
Turning to another section without being instructed to do so
Continuing to work on a section after the end of the allotted time

Taking test material out of the test hall

11
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AFTER THE TEST

After completing the test you will receive a Feedback Questionnaire in which you will be asked
your opinion about the testing conditions. You may also be asked to rate your satisfaction with the
registration procedure and the test, or to express your opinion on other areas that NITE deals with.
The feedback questionnaire is not part of the Psychometric Test; it is reviewed separately from the test
answer sheets, and it cannot in any way affect you or your test score. Answering the questionnaire
is optional, but we would appreciate your taking the small amount of time needed to do so, as your
answers will enable us to improve the service we offer examinees. Please note that the feedback
questionnaire is not designed for dealing with individual complaints. If you have any questions or
complaints about the test, please address them in writing to the Public Relations Department at
the National Institute for Testing and Evaluation within one week of the test date. You will receive
a personal reply.

Some examinees might leave the test feeling that questions were difficult or worrying that they did
not manage to answer all the questions in the allotted time. It is important to understand that even
though the score is calculated on the basis of the number of questions answered correctly, it is also
equated with the performance of all other examinees on all versions of the test, in all languages, and
for all test administrations. Therefore, even if you left the test thinking that you performed poorly, it
is still entirely possible that you did well.

TEST RESULTS
CALCULATING THE SCORES

Calculating your score is a three-step process:

a. Calculating the raw scores: Each correct answer is worth one point. The total number of correct
answers in a section is the raw score for that section.

b. Calculating the scores for the three parts of the test: In order to make it possible to equate
the scores of examinees who were tested on different versions of the test, in different languages,
and on different test administration dates, the raw scores in each of the three areas are converted
to a uniform scale. The scale of the scores in each of the three areas ranges from 50 to 150
points.

c. Calculating the total Psychometric Test score: The total Psychometric Test score is based on a
weighted average, with the scores in quantitative reasoning and verbal reasoning receiving twice
the weight of the score in English.

The scale of the total psychometric score ranges from 200 to 800 points.

The method for calculating the score appears at the end of the Guide, after the practice test.

THE MEANING OF THE SCORE

The test has no "pass" or "fail" score. The decision to accept or reject a candidate is made by the
educational institutions. Each department arranges its applicants on a scale according to their
acceptance scores, ranging from the applicant with the highest acceptance score to the applicant
with the lowest acceptance score. A cut-off point is then determined. Applicants whose scores are
above the cut-off point are accepted; those whose scores are below the cut-off point are rejected. The
position of the cut-off point on the scale depends on three factors: the number of available places, the
number of applicants, and their scores. The greater the number of applicants relative to the number of
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available places, and the higher their scores, the higher the cut-off point. Each year, the educational
institutions calculate new cut-off points for every field of study; the cut-off points differ from one
educational institution to another and from one year to the next.

SUMMONS FOR RETESTING

When the Psychometric Tests are evaluated, certain checks are routinely performed to ensure that an
examinee's score accurately reflects his ability. In certain cases, NITE may encounter difficulties in
evaluating a test score, for example, because of irregular or inconsistent findings on the test, or because
of technical problems. If, at any time, doubt arises as to a test's reliability, for any test administration
and for whatever reason, including the reasons mentioned above, the examinee is summoned for
retesting at NITE offices in Jerusalem and, where relevant, his test score is frozen until the matter is
clarified. Only after the examinee is retested will NITE make a decision regarding further processing
of the test. Generally, a summons for retesting is sent in writing to the relevant examinees within six
weeks of when the test was taken, but it may also be issued at a later date.

REPORTING TEST RESULTS

Test results are mailed to you. They can also be viewed on NITE's website —
http://www.nite.org.il — after you enter your personal data. Test results are forwarded at the same
time to all of the educational institutions to which you requested that they be sent. The test report
contains the following information:

a. The scores in the three parts of the test — verbal reasoning, quantitative reasoning and
English.

b. The total Psychometric Test score — based on the weighted scores in the three parts of the test.

A leaflet explaining the test scores is included with the test report. Under no circumstances are test
results given by phone or fax. Questions regarding test scores should be referred to the Scoring
Department at NITE.

13
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VERBAL REASONING

This part of the test examines verbal abilities necessary for academic studies: vocabulary, logical
thought processes, the ability to analyze and understand complex texts, and the ability to think clearly
and methodically.

At the beginning of each verbal reasoning section you will find instructions, including information
on the number of questions that appear in the section and the amount of time you have in which to
answer them. For example:

This section contains 27 questions.
The time allotted is 25 minutes.

This section consists of several types of questions: analogies, sentence completions, logic and reading
comprehension. Each question is followed by four possible responses. Choose the one which best
answers the question and mark its number in the appropriate place on the answer sheet.

— Solving the analogies takes relatively little time. Solving the other types of questions — sentence
completions, logic and reading comprehension — generally takes more time. Take this into account
in planning the amount of time to devote to each question.

— All questions of a given type are arranged in ascending order of difficulty, that is, the first questions
are easier than the last questions, except for the reading comprehension questions, which are
arranged in the order in which the subject matter appears in the text.

— For each question, choose the response that best answers the question out of the four possible
responses provided. If, at first glance, several responses seem to be correct, read the question and
the alternative responses carefully and try to find the most correct answer.

On the following pages you will find several examples of each type of question. Most of the examples
are followed by a detailed explanation.

@ Verbal Reasoning

15
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ANALOGIES

Instructions:

Each of the following questions contains a pair of words in bold type. Find the relationship between
the meanings of these two words, and then choose from among the possible responses the one in
which the relationship between the two words is most similar to the relationship you have found.

Note: The order of the words in each pair is significant.

Questions of this type examine your ability to precisely define a connection or relationship between
two words and to recognize the similarity between two relationships.

First, define the relationship between the two words in bold type. Then, define the relationship between
the pairs of words in each of the possible responses and choose the response in which the relationship
is most similar to the relationship between the two words in bold.

Examples and Explanations:

1. baker : eating -

(1) surgeon : anesthesia

(2) author : reading

(3) gardener : watering

(4) policeman : enforcement

The relationship between the words in bold type: eating is an activity involving the product of
the baker's work.

Response (2) has the same relationship: reading is an activity involving the product of the author's
work.

The other responses are incorrect: anesthesia is a stage that precedes a surgeon's work. Watering
is one of the jobs of a gardener. Enforcement is the objective of the policeman's work.

2. to shutter : is closed -

(1) toexplain : is understood
(2) to estimate : is exact

(3) to believe : is correct

(4) to permit : is forbidden

The relationship between the words in bold type: to shutter something causes it to be closed.
Response (1) contains the same relationship: to explain something causes it to be understood.

The other responses are incorrect: to estimate is to make an approximate calculation of something's
worth, not an exact one; to believe something is to think that it is correct; to permit something
means to declare that it is not forbidden.
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3. deck : fleet -

(1) ruler : country

(2) roof : neighborhood
(3) clothespin : laundry
(4) player : team

The relationship between the words in bold type: a deck is the upper part of a ship, and a group
of ships makes up a fleet.

Response (2) contains the same relationship: a roof is the upper part of a house, and a group of
houses makes up a neighborhood.

The other responses are incorrect: a ruler is someone who rules over a country. A clothespin is
a means for hanging laundry on a clothesline. A player may be part of a team.

4. warn : wariness -

(1) distort : truth

(2) provoke : anger
(3) know : proficiency
(4) dissuade : action

The relationship between the words in bold type: to warn means to do something that produces
wariness in someone else.

Response (2) contains the same relationship: to provoke means to do something that produces
anger in someone else.

The other responses are incorrect: to distort means to twist the truth. To know means to have
proficiency. To dissuade means to cause someone to refrain from a particular action.

SUMMARY OF ANALOGIES

— Formulate the precise relationship between the words in bold type.

— Formulate the precise relationship between the pairs of words in each of the possible responses
and choose the appropriate response.

— The relationship you have defined between the pair of words in bold might not apply to any of the
responses. Defining the relationship in more general terms should solve the problem. Sometimes
the relationship that you have defined can apply to more than one of the responses. In this case,
a more precise definition of the relationship is required.

— Make sure that your solution is based solely on the similarity of the relationship between the
words. Do not rely on similarity of form or content between the words in bold and the words in
one of the responses.

— Relate only to the meanings of the words. Do not base your choice of response on similarity of
sound or appearance in the relationship between the words.

— Pay attention to the order of the words. If you switch the order of the words in bold when defining
the relationship between them, make sure that you also switch the order when defining the
relationship in each of the possible responses.

17
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SENTENCE COMPLETIONS

Instructions:

In each question, there is a sentence (or sentences) with several parts missing, followed by four
possible ways of completing the sentence. Complete each sentence, using the response that is most
appropriate.

Sentence completion questions test your ability to recognize logical connections between parts of a
sentence and to understand what the sentence is saying. Each question consists of a sentence with
several parts missing, and each missing part is indicated by a blank. Each of the four possible responses
contains several sets of words separated by a slash (/). Insert the sets of words, in the order in which
they appear, in place of the blanks. After inserting all of the words, it is important to read the entire
sentence. A logical sentence will be formed only if you have inserted the correct sets of words.

The key to solving sentence completions is understanding the logical connections between the parts
of the sentence. There are different types of relationships between parts of a sentence: one part might
elaborate on what is stated in a different part, or explain it, illustrate it, negate it, offer an opposing
opinion, and so on. These relationships can be deduced from the way the sentence is worded and from
the punctuation used. Special attention should be paid to conjunctions such as "because," "since,"
"Therefore," "thus," 'in spite of," "for example," "although." These conjunctions may appear in the
question itself or in the sets of words in the possible responses.

The most important consideration in solving sentence completion questions is that there must be an
internal logic to the sentence that is created. An answer may appear illogical in terms of the facts
that it contains, but if it has its own internal logic, then it is the correct response.

Examples and Explanations:

1. Dead ends never scientific progress.
researchers and thinkers to
breakthrough.

, they were always a factor that induced
the commonly held beliefs of their time, a

(1) led to/Indeed / delve into / thus occasionally achieving

(2) interfered with / Indeed / be satisfied with / while abandoning any attempt to achieve
(3) furthered / On the contrary / cling to / thus often achieving

(4) hindered / On the contrary / question / which enabled them to reach

Response (1) is incorrect: It first states that dead ends did not lead to scientific progress, but then
goes on to say that breakthroughs were sometimes achieved as a result of dead ends.

Response (2) is incorrect since it first states that dead ends did not interfere with scientific
progress, and it then goes on to say that dead ends led to abandoning the attempt to achieve a
breakthrough.

Response (3) is also incorrect, since it first states that dead ends did not further scientific progress,
while later on saying that they often resulted in a breakthrough.

Response (4) is the correct response. It first states that dead ends did not hinder scientific progress,
and the rest of the sentence reinforces this claim: Dead ends always led to questioning what was
commonly believed to be true, and motivated researchers and thinkers, which enabled them to
reach a breakthrough.
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2. Those who disapprove of Juan, a healer, claim that the improvement reported by his patients
is due solely to their belief in his healing powers. In the past, I to believe this claim, but
I changed my mind after learning that patients who were about the treatment's
chances of success reported in their condition following treatment.

(1) was inclined / even / skeptical / an improvement

(2) refused / only / skeptical / an improvement

(3) was inclined / only / confident / an improvement

(4) was inclined / all of the / skeptical / that there was no change

Response (1) is the correct response: The speaker states that, as a result of new information, he is no
longer inclined to believe the claim appearing in the first part of the sentence. The new information
indeed weakens that claim: If even those patients who were skeptical about the treatment's chances
of success reported an improvement in their condition, then there is no validity to the claim that
the only reason for the improvement is belief in the treatment.

Response (2) is incorrect since the speaker states that he no longer refuses to believe the claim;
in other words, he has decided to believe the claim, but the new information actually weakens the
claim.

Responses (3) and (4) are also incorrect since, in both, the speaker decides to reject the claim after
receiving information that actually reinforces it.

3. Research shows that laws in biblical times were intended to solve
problems that
in those days.

and not to prevent
. Thus, if the Bible contains a law that forbids looting, — that this

(1) current problems / might arise in the future / it is unlikely / practice existed

(2) commonplace problems / rarely occurred / it would be difficult to contend / was an
everyday occurrence

(3) problems of the future / were widespread / one should not rule out the possibility / was a
deep-rooted practice

(4) existing problems / might arise in the future / it would not be unreasonable to argue / was
a widespread practice

Response (1) is incorrect because the first sentence says that the purpose of the laws was to solve
current problems, and the conclusion in the second sentence is that if the Bible contains a law
against looting, then this practice did not exist. This is the opposite of the expected conclusion,
based on the first part of the statement.

Response (2) is incorrect because the first sentence says that the laws were intended to solve
commonplace problems, while, based on this, the second sentence states that it is not a reasonable
assumption that looting was a common practice if a law existed about it. This is the opposite of
the conclusion that we would expect, because if the laws dealt with commonplace problems, it
would be reasonable to assume that this was an everyday occurrence.

Response (3) is also incorrect, since the first sentence states that the object of the laws was only
to solve problems of the future, while the conclusion in the second sentence is that if the Bible
contains a law that forbids looting, then it is likely that this was a deep-rooted practice at that time.
This is the opposite of the conclusion that we would expect on the basis of the first sentence.

19
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Response (4) is the correct response. The first sentence states that the laws were intended for
solving existing problems and not problems that might arise in the future. Based on this statement,
the second sentence concludes that if the Bible contains a law forbidding looting, it would be
reasonable to assume that looting was widespread at the time, since the laws, as mentioned,
reflected an existing situation.

4.

__ that the ability of penguins to survive even under extremely difficult climatic conditions
to their ability to survive under all types of environmental conditions. the size of
the penguin population following a deterioration in environmental conditions, such as a
decrease in the quantity of fish available to them for food.

(1) There is truth in the claim / attests / This is in spite of the fact that / does not change

(2) There is truth in the claim / does not attest / This is because / does not change

(3) There is truth in the claim / does not attest / The proof of this is that / decreases
considerably

(4) It would be incorrect to claim / attests / The proof of this is that / decreases considerably

Response (1) is incorrect. The first sentence says that the claim that penguins are capable of
surviving under all types of environmental conditions is correct. The second sentence begins with
the words "This is in spite of." We would expect the information that follows to be inconsistent with
the claim in the first sentence. However, the information that the size of the penguin population
does not change following a deterioration in environmental conditions actually is consistent with
the claim made in the first sentence.

Response (2) is also incorrect. The first sentence says that the claim that penguins are capable of
surviving under all types of environmental conditions is not true. The second sentence begins with
the words "This is because." We would expect this to be followed by the reason why the claim is
not true. However, the information that follows indicates that penguins are able to survive under
difficult environmental conditions.

Response (3) is incorrect because the first sentence says that the claim regarding the ability of
penguins to survive is correct, but the second sentence tries to prove this claim by presenting proof
that is actually inconsistent with it.

Response (4) is the correct response. The first sentence says that the claim that penguins are
capable of surviving under all types of environmental conditions is incorrect; as proof, the second
sentence states that following a worsening of environmental conditions, the size of the penguin
population decreases, which does indeed support the fact that the claim is incorrect.
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SUMMARY OF SENTENCE COMPLETIONS
Read the sentence carefully and try to understand the general idea that it expresses.

In most cases, the key to solving the question lies in understanding the logical relationships between
the parts of the sentence. Conjunctions generally hint at these connections, as do punctuation
(for example, a colon indicates that further elaboration will follow) and context.

For each of the responses, insert all of the words in the blank spaces and check carefully whether
they make sense. Do not choose a response based on the appropriateness of only some of the
sets of words.

Do not choose a response just because the content is consistent with reality, and do not reject a
response just because the content does not appear realistic. Check only whether the response
creates a sentence that has internal logic.

21
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LOGIC

This part contains different types of questions, requiring you to perform a variety of tasks, but they all
examine your ability to arrive at correct conclusions based on the information provided. The nature
of the information and the conclusions to be arrived at differ from question to question. Pay close
attention to what is asked of you in each question, and answer accordingly.

Logic questions may take the form of individual questions, each a self-contained unit with its own

separate information, or they may appear as a cluster of questions that are based on information
pertaining to the entire cluster.

Examples and Explanations:

1. Two statements are given:
A. Only rich people are likely to be bad-tempered.
B. Only bad-tempered people are likely to wear glasses.

If the two statements are taken together, which of the following conclusions necessarily
follows?

(1) All people who wear glasses are rich.

(2) There are no rich people who wear glasses.

(3) There are no bad-tempered people who are rich.
(4) All rich people are bad-tempered.

This type of question presents several statements that deal with sets (in this case, rich people, bad-
tempered people and people who wear glasses) and the relationships between them.

A diagram is helpful for solving this type of question. Statement A says that only rich people
are likely to be bad-tempered. This statement means that all bad-tempered people are rich (since
according to the statement, no one who is not rich is bad-tempered), and this can be depicted in
diagram form, with the group of bad-tempered people contained within the group of rich people,
for example:

rich people

Statement B says that only bad-tempered people are likely to wear glasses. This statement means
that all people who wear glasses are bad-tempered. We will incorporate this statement into the
diagram, with the group of people who wear glasses contained within the group of bad-tempered
people, thus:

glasses

The diagram is now a graphic representation of the relationships among the groups that results
from taking both statements together.
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We will now examine the possible responses. (Remember that you are being asked to find the
response that would necessarily follow when the two statements are taken together.)

(1) The diagram shows that the entire group of people who wear glasses is contained within the
group of rich people. In other words, all people who wear glasses are rich, and this is therefore
the correct response.

(2) This response is incorrect, since it can be seen from the diagram that all people who wear
glasses are rich.

(3) This response is also incorrect, since all bad-tempered people are rich.

(4) This response is incorrect since we can see that there could be rich people who are not bad-
tempered.

Note: The first step is to fully understand the meaning of the statements and the relationships
between the groups appearing in the statements. (For example, saying that only rich people are
likely to be bad-tempered does not mean that all rich people are bad-tempered.) Only then should
you draw a diagram representing the statements. Otherwise you may have an incorrect diagram,
which will lead to an incorrect response.

2. Three women, Eva, Diane and Sheila, are sitting side by side on a bench, not necessarily in that
order.

One of the women is a teacher, one is a singer, and one is a pharmacist.

The woman sitting to Diane's right is the teacher, and the woman sitting to Eva's right is the
singer.

What is Sheila's profession?

(1) She must be a singer.

(2) She is either a teacher or a singer.

(3) She is either a pharmacist or a teacher.
(4) She must be a pharmacist.

In this question, you need to determine the order in which the three women are sitting and their
professions. To solve questions of this type, where it is necessary to figure out what the order is
within a group of items based on the information given, it is helpful to draw a diagram. First, search
for definite facts, or try to deduce a definite conclusion from the information provided, which can
serve as an "anchor" for solving the question. This question does not contain any definite facts,
but a definite conclusion can be drawn from the information provided: It states that the teacher
is sitting to Diane's right; in other words, Diane is not sitting in the rightmost place. It also states
that the singer is sitting to Eva's right; in other words, Eva is also not sitting in the rightmost place.
Thus, Sheila is definitely sitting in the rightmost place. After arriving at this definite conclusion,
we can draw a diagram as follows:

Sheila

@ Verbal Reasoning
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There are two possible ways that the two remaining women can be seated. Let us write down the
two possibilities, and also note the professions of each, based on the information provided (the
teacher is to Diane's right and the singer is to Eva's right):

1. Diane Eva Sheila
pharmacist teacher singer

2. Eva Diane Sheila
pharmacist singer teacher

We see that Sheila can be either the teacher or the singer, and the correct response is therefore

2.

3. During the time that Rachel was CEO of a computer company, the company's profits decreased

considerably. As a result, Rachel's decision-making abilities were severely criticized. Coming
to Rachel's defense, Joe pointed out several instances in which her decisions had produced
positive results. In response, Martin, one of her critics, replied, "Even a broken clock shows
the correct time twice a day."

In using this example, Martin was arguing that -

(1) there is no connection between the company's profits and Rachel's decision-making
abilities

(2) the criticism directed at Rachel may have been exaggerated

(3) even in those instances which Joe cited, Rachel's decisions had, in fact, produced negative
results

(4) afew successes do not prove the soundness of Rachel's decision-making ability

Since the subject of Martin's reply (the broken clock) does not appear to be related to the subject
of his conversation with Joe (i.e., a CEO whose decision-making is drawing criticism), it can be
deduced that Martin is answering Joe with a metaphor. In other words, Martin is trying to tell
Joe that the situation which they are discussing could be compared to the situation described in
his example.

The first stage in solving the question is understanding the idea behind the metaphor. Martin
makes the point that even a broken clock shows the correct time twice a day. In other words, even
something faulty, which does not possess the qualities needed for accomplishing its purpose, and
1s therefore of no use, sometimes "succeeds" in its role. If we now examine this idea within the
context of the topic of Martin and Joe's conversation, we can deduce that Martin intended to say
that even a CEO whose decision-making ability is totally unsound can, from time to time, make
decisions that happen to produce positive results. In other words, if the decisions of the CEO
produced positive results only on rare occasions, these few successes do not prove the soundness
of her decision-making. Thus, (4) is the correct response.
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4. Studies show that roads with speed bumps have a third the number of car accidents involving
injuries to children than roads without speed bumps. As a result of these studies, the residents
of Begonia Road decided to install speed bumps to reduce the number of injuries to children on
their road.

Which of the following facts can serve as an argument for those who feel that the decision was
not justified?

(1) Driving more slowly makes the driver more alert to what is happening on the road.

(2) Of the roads that were included in the studies, many more children played on the roads
without speed bumps than on the roads with speed bumps.

(3) Knowing that a certain road has speed bumps causes drivers to choose alternate roads.

(4) The studies were conducted during the summer months, when children play outdoors more
than at other times.

Response (1) can actually serve as an argument for those who feel that the decision was justified.
Assuming that the more alert the driver, the smaller the likelihood of an accident, then if driving
more slowly makes the driver more alert to what is happening on the road, installing speed bumps
on Begonia Road is likely to decrease the number of injuries to children on this road.

In response (2), the decision by the residents of Begonia Road is based on the assumption that
speed bumps are the reason for the relatively small number of car accidents involving injuries to
children, but the fact presented in response (2) weakens this assumption. If fewer children played
on the roads with speed bumps than on those without speed bumps, the likelihood of an accident
involving injury to children would in any case be lower on roads with speed bumps. It is thus
possible that the reason for the smaller number of accidents recorded on these roads is not the speed
bumps, but instead the smaller number of children playing on these roads. Therefore, response (2)
can serve as an argument for those opposing the decision, and it is the correct response.

The fact presented in response (3), like the fact presented in response (1), actually reinforces the
assumption upon which the decision of the residents of Begonia Road is based. If knowing that there
are speed bumps on a certain road causes drivers to choose alternate roads, then installing speed
bumps on a particular road does indeed reduce the likelihood of car accidents on that road.

The fact presented in response (4) does not weaken the basis for the decision made by the residents
of Begonia Road. If the studies that compared the number of children injured in roads without
speed bumps and the number of children injured in roads with speed bumps were conducted at
a time when children play outdoors more than at other times, it is almost certain that the total
number of injured children was high at that time, but there is no reason to assume that this fact
had an effect on the ratio (three times as high) between the number of children injured on roads
without speed bumps and the number of children injured on roads with speed bumps. Therefore,
there is nothing in this fact to make the residents of Begonia Road change their interpretation of
the studies' findings.

@ Verbal Reasoning
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5. Nat, who always tells the truth, and Tom, who always lies, were holding a conversation.

Which of the following statements could not have been made during their conversation?

(1) Iam telling the truth.

(2) We are both telling the truth.
(3) Iam a liar.

(4) We are both liars.

To solve this question, each of the possible responses should be examined to determine whether
at least one of the speakers could have made that statement.

(1) If the speaker is Nat, the statement is true, since it is a given that Nat always tells the truth.
If the speaker is Tom, the statement is a lie, since it is a given that Tom always lies. In both
instances there is no contradiction between the statement and the information given, and thus
it is a statement that could have been made during their conversation.

(2) This statement is necessarily a lie, since it is a given that Tom always lies. It is therefore
possible that Tom, who tells only lies, made this statement.

(3) This statement could not have been made by either of the speakers. Nat always tells the truth,
and therefore he would not have made a statement which contradicts this fact. Tom, who always
lies, could not have said that he is a liar, because that would be the truth. This is therefore the
correct response.

(4) This is a lie, since Nat always tells the truth. Tom could have made this statement, because he
always lies.

SUMMARY OF LOGIC QUESTIONS

There are several types of logic questions. Pay attention to what is asked of you in each
question.

For certain questions, it is helpful to make a diagram of the facts provided and of the information
that can be deduced with certainty. Organizing the information in diagram form makes it easier
to examine the possible responses.

If questions appear in cluster form, they too require that you arrive at conclusions based on the
information provided. Deal with each question separately from the other questions in the cluster.
Do not solve a question based on conclusions arrived at from information that pertains only to a
different question!



g

@ Verbal Reasoning

g

READING COMPREHENSION

Instructions:

Read the text below carefully and answer the questions that follow.

The topics in the reading comprehension texts are taken from a wide variety of fields. The questions
test your ability to understand a text, to recognize the relationships between its components (sentences
and paragraphs), and to understand the ideas expressed in it. The questions may involve connections
between different sections of the text, inferences based on the text, the text's structure, and so on.

Example and Explanations:

(1) For over two hundred years man has been using animals for research in order to learn from the
animals' cerebral, physiological and behavioral mechanisms about corresponding mechanisms
in humans. Almost from the start, controversy arose as to whether using animals in this way
was morally justified.

(5) Until the 18th century, all aspects of life, including science, were governed by a religious
perspective. According to this view, God created man in His image, and He created the other
creatures to serve man. Thus, man is permitted to use animals for his own needs. The
philosophical approaches of secular philosophers, as well, maintained that man has no moral
obligation towards animals: Animals do not have the ability to use language; they therefore do

(10) not have beliefs, ambitions, or desires, and thus do not have interests that must be protected.

Objections to harming animals were voiced for the first time at the end of the 18th century.
The English philosopher Jeremy Bentham asserted that the question that should be asked in
this regard is not whether or not animals have awareness, but rather, whether they are able to
feel pain, to which the answer is yes. Bentham's successors also disagreed with the approach

(15) that animals do not have beliefs and desires. They argued that a dog can believe that a certain
bone is tasty even if it is incapable of formulating a sentence to that effect.

The controversy became more acute during the second half of the 19th century with the
introduction of Charles Darwin's theory of evolution. Darwin maintained that animals and
man have a common origin and pointed to the physiological similarities among the different

20y species. This further reinforced the belief that the findings from experiments on animals could
be applied to humans. However, since the theory of evolution placed man and animals on a
single, continuous developmental axis, it was hard to continue to claim that only humans were
capable of suffering or feeling pain.

A compromise was proposed in the 1970s by Australian philosopher Peter Singer. Singer

(25) suggested that the principle of benefit versus harm should be applied whenever an experiment
on animals was being considered. According to this principle, the amount of good to be
derived from the experiment — for humans and for animals — should be weighed against the
amount of suffering it would cause, and the experiment should be conducted only if the benefit
outweighed the harm. Singer, however, asserted that the interests of humans and those of

(30) animals do not carry equal weight. Thus, for example, in the case of a sinking ship, it is
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preferable to sacrifice the life of a dog rather than that of a human being. Singer's opponents
argued that nature is governed by the principle of the survival of the fittest, and therefore, any
use that humans make of animals for their own needs — and certainly one designed to improve
their chances of surviving — is justified.

35) In recent years, advocates of the prohibition or restriction of the use of animals for research
purposes are becoming increasingly vocal. The scientific community has formulated several
guiding principles in this regard. For example, experiments on animals should be performed
only if they are likely to bring real benefit to the human race; effort should be made to
minimize the pain and suffering caused to animals during the course of any experiment; and

40) whenever possible, preference should be given to alternative methods of research (such as
computer imaging). Medical schools have begun attempting to instill these values in their
students. For example, in one course on research methods, students were required to plan an
animal experiment on the efficacy of a medication, and then were required to find a way to
answer the same question by means of research that did not involve animals.

Questions

1. It can be inferred from the second paragraph that "secular philosophers," (line 8)
individuals with a religious outlook, maintained that using animals for research purposes was
justified, and that each approach

(1) as well as / justified its position using a different reason

(2) as opposed to / presented moral arguments to reinforce its position

(3) as well as / objected to other ways in which humans use animals

(4) as well as / explained itself on the grounds that animals do not have the ability to use
language

This question uses a technique similar to that used in the sentence completion questions. A sentence
is given which has parts missing. You must complete the sentence using the most suitable response.
The question compares two approaches to animal experiments: one is the approach of the secular
philosophers (referred to in line 8), and the second is the approach of individuals with a religious
outlook. From the second paragraph it can be inferred that both approaches supported animal
experiments: one for religious reasons (God's intention of designating animals to serve humans)
and the other for philosophical reasons (humans have no moral responsibility towards animals
since animals have no interests that require protection).

Response (1) is the correct response since it states that both approaches held the same attitude
towards using animals for research purposes, but each gave a different reason to support its
argument.

Response (2) is incorrect since it states that there was a difference in the attitudes of the two
approaches, and that those with a religious outlook in fact objected to using animals for research
purposes.

Response (3) is incorrect since it states that both approaches objected to using animals for other
purposes, whereas the text states that according to both approaches, humans can use animals for

any purpose.

Response (4) is incorrect because it attributes the reason given by the secular philosophers also to
individuals with a religious outlook, though this was not the reason they gave.
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2. The "approach" (line 14) is -

(1) that animals have awareness

(2) that harming animals is immoral

(3) that of the individuals with a religious outlook, referred to in the second paragraph
(4) that of the secular philosophers, referred to in the second paragraph

This question directs us to a particular word in the text. In such cases, it is advisable to reread
the line referred to and the lines before and after it. According to line 14, the "approach" referred
to in the question is that "animals do not have beliefs and desires". Since none of the possible
responses uses these words, the meaning of each response must be examined:

Response (1) is incorrect because in order for animals to have awareness they must also have
beliefs and desires, and this, as stated, contradicts the "approach".

Response (2) is incorrect since the approach referred to in lines 14-15 is actually that of the secular
philosophers mentioned in the second paragraph, and they did not object to harming animals.

Response (3) is incorrect, because according to the second paragraph, individuals with a religious
outlook believed that animals were created to serve humans, but they made no claims about the
characteristics of animals or about their having beliefs and desires.

Response (4) is the correct response. The second paragraph states that the secular philosophers
concluded from the fact that animals cannot use language that they have no ambitions, desires, or
interests which must be protected.

3. Which of the following statements about the theory of evolution is not correct according to the
text?

(1) The controversy over the use of animals for research began even before the theory
was introduced.

(2) It implied that the answer to the question posed by Bentham was that animals are
able to feel pain.

(3) It supported the scientific justification for conducting experiments on animals.

(4) It presented a compromise position with regard to the use of animals for research
purposes.

This question presents four statements relating to the theory of evolution, three correct and
one incorrect. Read the question carefully. The correct answer to this question is the incorrect
statement, and you must bear this in mind when choosing the answer and marking it on the answer
sheet. The theory of evolution is first mentioned in the fourth paragraph of the text (lines 17-23).
Reread this paragraph before attempting to answer the question.

Be aware that some of the statements in the possible responses may refer to other parts of the text,
and it may be necessary to reread those sections.

We will now examine each of the four possible responses:

Response (1) is incorrect because the beginning of the fourth paragraph states that the controversy
became more acute with the introduction of the theory of evolution. In other words, the controversy
existed even before the theory of evolution was introduced. Thus, the statement in response (1)
is true and, as stated, we are asked to find the incorrect statement.
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Response (2): The question posed by Bentham was whether or not animals were capable of
feeling pain (lines 13-14). According to the fourth paragraph, the theory of evolution implies that
the answer to this question is yes, since "it was hard to continue to claim that only humans were
capable of suffering or feeling pain" (lines 22-23). Thus, the statement made in response (2) is
true, and therefore it, too, is not the correct response.

Response (3): According to the first paragraph, the scientific justification for performing
experiments on animals is that we can learn from the different animal mechanisms about the
corresponding mechanisms in humans. According to the theory of evolution, the different species
are physiologically similar, and therefore it is justified to draw conclusions about humans from
experiments on animals. In other words, the statement appearing in response (3) is correct, and it
is thus not the response that is asked for.

Response (4) is the correct response because the statement it makes is incorrect. The theory of
evolution provided arguments for both opponents and proponents of animal experiments, but it did
not lead to any stand with regard to these experiments, and certainly did not present a compromise
position. The person who proposed a compromise on this issue was the philosopher Peter Singer,
who is referred to in the fifth paragraph.

4. According to Singer's approach to animal experiments (presented in the fifth paragraph) -

(1) Any experiment that has been proven to benefit humans should be performed.

(2) An experiment should not be permitted if it has been proven to cause suffering to animals.

(3) One should ensure that the benefit derived by humans from an experiment is equal to the
benefit derived from it by animals.

(4) Experiments should not be conducted if the benefit which humans derive from them is
less than the harm and pain caused to the animals in the experiment.

According to Singer's approach, the considerations involved in performing animal experiments
should be based on the principle of "benefit versus harm"; in other words, he was in favor of
conducting an experiment only if the benefit to be derived from it would outweigh the harm that
it would cause.

The circumstances described in responses (1), (2) and (3) do not meet the criterion established
by Singer. According to response (1), it might be proven that benefit would be derived from an
experiment without our knowing that this benefit outweighs the harm that would be caused.

According to response (2), an experiment that causes suffering to animals should not be permitted.
However, Singer said that such an experiment may be conducted if the benefit to be derived from
it is greater than the suffering it causes.

Response (3) compares the benefit derived by humans from an experiment and the benefit derived
by animals; Singer did not deal with this comparison at all.

Response (4) is the correct response, as Singer indeed objected to an experiment whose benefit
was less than the harm that it would cause.
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The main objective of the author of the text is -

(1) to describe the aspects of animal research that led to the controversy over the issue

(2) to point out the importance of animal research for advancing scientific knowledge

(3) to describe the main trends in the controversy over the use of animals for research
purposes, from the beginning to the present

(4) to warn against the renewed widespread use of animals for research purposes

Let us examine the different responses:

Response (1) is incorrect because the author of the text does not deal at all with the details of
experiments conducted on animals. The author does present aspects of animal research in the last
paragraph. However, the purpose of these examples is not to explain why the controversy arose
but to offer ways of solving it.

Response (2) is also incorrect, as the author of the text does not deal with the scientific importance
of the experiments, but presumes that they are of great importance to science and that much
information can be gathered in this manner.

Response (3) is the correct response, as the author of the text does present the different approaches
that have existed over the years to the ethical question of experiments on animals.

Response (4) is incorrect, as the author of the text does not express his own attitude to experiments
on animals, as stated in this response, but instead presents an objective description of the ideas of
others on this issue.

SUMMARY OF READING COMPREHENSION

Read the text carefully and try to identify its main ideas and general structure. Some examinees
prefer to first read the questions in order to get a general idea of what they will be asked to look
for in the text, and then read the text itself. Others feel that reading the questions first wastes
precious time. You may want to try practicing both methods.

In answering a question, carefully read the section of the text referred to in the question
(sometimes the question notes the line numbers). For some questions it is even advisable to read
the entire paragraph, or at least a few of the sentences preceding and following the section under
discussion.

Carefully examine all of the possible responses. Do not choose a response that appears to be
correct before examining the other responses. A response may be correct or logical in and of
itself, but it may be the wrong answer to the specific question that is being asked or in view of
what is stated in the text. Look for confirmation in the text as to the correctness or incorrectness
of each response before deciding if it is the correct answer. A response may have to be eliminated
because it is only partially correct. Therefore, make sure to read each response carefully from
beginning to end.

@ Verbal Reasoning
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QUANTITATIVE REASONING

The quantitative reasoning section tests your ability to use numbers and mathematical concepts to
solve quantitative problems, and your ability to analyze data presented in different ways, such as table
or graph form. This section requires only basic knowledge of mathematics (the material studied up
to 9th-10th grades in most Israeli high schools).

O Several types of questions make up the quantitative reasoning section: Questions and Problem:s,
Graph or Table Comprehension, and Quantitative Comparisons (examples of each type appear
later on in the Guide).

Questions and Problems: These are multiple-choice questions (a question followed by four
possible responses). They cover a variety of subjects, such as distance problems, work problems,
combinatorial analysis, probability, equations, geometry and so on. Some are non-verbal questions
in which the problem is presented numerically; others are verbal questions, which require that
the problem be translated into mathematical terms; other questions deal with characteristics of
geometrical figures, such as area, angles and so on.

Graph or Table Comprehension: These are multiple-choice questions which relate to information
appearing in a graph or a table. A table presents numerical data arranged in columns and rows.
A graph presents data in graphic form, such as a curve or a bar chart. There are two main types
of questions:

- Questions involving the reading of data, in which you are asked to find information appearing
in the graph or table.

- Questions in which you are asked to make various inferences based on the data appearing in
the graph or table.

Quantitative Comparisons: These questions cover a variety of topics. They consist of pairs of
quantities; in some cases additional information is provided. In each question, you are asked to
decide, on the basis of the quantities and the additional information (if provided), whether one of
the quantities is larger than the other, whether the two quantities are equal, or whether there is not
enough information to determine the relationship between the two quantities.
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O In general, all questions of a given type are arranged in ascending order of difficulty. In other
words, the easier questions, requiring less time to solve, appear first, with the questions becoming
progressively more difficult and requiring more time to solve.

O The figures accompanying some of the questions are not necessarily drawn to scale. Do not rely
solely on the figure's appearance to deduce line length, angle measure and so forth, unless these
are specified in the figure (or in the question itself). But if a line in a figure appears to be straight,
you may assume that it is, in fact, a straight line.

O A page of Symbols and Formulas appears at the beginning of each quantitative reasoning section.
This page contains instructions, general comments and formulas, which you may refer to during the
test. The page of Symbols and Formulas also appears on p. 35 of the Guide and in the quantitative
reasoning sections of the practice test. You should familiarize yourself with its contents prior to
taking the test.

Pages 36-58 contain a review of basic mathematical concepts, covering much of the material upon
which the questions in the quantitative reasoning sections are based. The actual test may, however,
contain some questions based on mathematical concepts and theorems that do not appear on these
pages.

Pages 59-79 contain examples of different types of questions, each followed by a detailed
explanation.
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Quantitative Reasoning

This section contains 25 questions.
The time allotted is 25 minutes.

This section consists of questions and problems involving quantitative reasoning. Each question is followed by four
possible responses. Choose the correct answer and mark its number in the appropriate place on the answer sheet.

Note: The words appearing against a gray background are translated into several languages at the bottom of the page.

General Comments about the Quantitative Reasoning Section

*  The figures accompanying some of the questions are provided to help in answering the questions, but are not
necessarily drawn to scale. Therefore, do not rely on the figures alone to deduce line length, angle measure, and

so forth.

* If aline in a figure appears to be straight, you may assume that it is in fact a straight line.
*  When a geometric term (side, radius, area, volume, etc.) appears in a question, it refers to a term whose value is

greater than 0, unless stated otherwise.

*  When va (a> 0)appears in a question, it refers to the positive root of a.

Symbols and Formulas

1. The symbol & represents a 90° (right) angle.
The symbol <ABC represents the angle formed by
line segments AB and BC.

allb means a is parallel to b.
alb means a is perpendicular to b.

2. Zero is neither a positive nor a negative number.
Zero is an even number.
One is not a prime number.
3. Percentages: a% of X is equal to % X
4. Exponents: For every a that does not equal 0,
and for any two integers N and m -
a. a'”:% b. am™N=gMm-a"
a
n n
c. am=(Wa) 0<a,0<m) d a"M=@mm
5. Contracted Multiplication Formulas:
(@a+b)?=2a%+2ab+b?
(a+b)a-b)=a’-b?
6. Distance Problems: dls.tﬂ = speed (rate)
time
amount of work
7. Work Problems: ~tme _ —output (rate)
ime
8. Proportions: If AD || BE || CF
AB_BC, . AB_DE
then g = gF 4 AC = DF
9. Triangles:

a. The area of a triangle with base of
length a and altitude to the base of

length h is aTh

b. Pythagorean Theorem: @
In any right triangle ABC, as in the S,
figure, the following always holds leg 1%,&0

true: AC?>=AB?+BC? B
c. In any right triangle whose angles

measure 30°, 60° and 90°, the

length of the leg opposite the

30° angle is equal to half the length

of the hypotenuse.

leg

10.

11.

12.

13.

14.

15.

The area of a rectangle of length a and
widthbisa-b

<«b—

A

<«——a—>

The area of a trapezoid with one

base a, the other base b, and
(a+b)-h

2
The sum of the internal angles of a polygon with
n sides is (180N — 360) degrees.
In a regular polygon with n sides,
each internal angle measures

<180 _@) _ (180n -360
n
Circle:

n
a. The area of a circle with radius r
is wr? (m=3.14...)

The circumference of a circle with

altitude h is

) degrees.

v/

c. The area of a sector of a circle with a central

radius r is 27tr

angle of X° is gpr2-—X_

360
[/
Box (Rectangular Solid), Cube: 0
a

a. The volume of a box of length a,
width b and heightcisa-b-c

b. The surface area of the box is 2ab + 2bc + 2ac

c. Inacube,a=b=c

Cylinder:

a. The lateral surface area of a cylinder
with base radius r and height h is 27tr - h

b. The surface area of the cylinder is
2712 +27tr - h = 27ur(r + h)

c. The volume of the cylinder is 7tr > h

. The volume of a cone with base radius r

2
and height h is %
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REVIEW OF BASIC MATHEMATICAL CONCEPTS

SYMBOLS

Below is a list of commonly used symbols that may appear on the test.

Symbol Meaning
allb straight lines a and b are parallel
alb straight line a is perpendicular to straight line b
ol 90° angle (right angle)
<ABC the angle formed by sides AB and BC
X=Yy X equals y
XzYy X does not equal y
X<y X is smaller than y
X<y X is smaller than or equal to y
0<x,y both X and y are greater than O
X=+a X may be equal to a or to (-a)
| x| the absolute value of x:
if O <X, thenx=1x|
if X< 0, then -x=1x
0=101
Xy the ratio of X to y

TYPES OF NUMBERS

Integer:

An integer is a number composed of whole units. An integer may be positive or
negative; O is also an integer.
For example: ...,-4,-3,-2,-1,0,1,2,3,4,..

Non-integer:

A number that cannot be expressed in whole units.

. 1 1
For example: 1.37, 22 , 12

Consecutive
numbers:

Integers that follow in sequence in differences of 1. For example, 4 and 5 are
consecutive numbers; (-3) and (-2) are also consecutive numbers.
In general, if n is an integer, then N and (N + 1) are consecutive numbers.

Even number:

An integer which, when divided by 2, produces an integer (in other words, it is
evenly divisible by 2). Note that based on this definition, O is an even number. In
general, if N is an integer, then 2n is an even number.

Odd number:

An integer which, when divided by 2, produces a non-integer (in other words, it
is not evenly divisible by 2). In general, if n is an integer, then 2n+1 is an odd
number.
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An integer that is evenly divisible by only two numbers — itself and the
number 1.

Prime number: | For example, 13 is a prime number because it is evenly divisible only
by I and 13.
Note that 1 is not a prime number.
A pair of numbers which, when multiplied, equal 1.
Examples: For a=0,b=0
Reciprocal 1 . a1
numbers a anda are reciprocal numbers; a - a =1
% and g are reciprocal numbers; %~g =1
. A pair of numbers whose sum equals zero.
Opposite . . .
numbers For example, a and (-a) are opposite numbers. In other words, (-a) is the opposite

number of a (a + (-a) =0).

ARITHMETICAL OPERATIONS WITH EVEN AND ODD NUMBERS

even
odd
odd

even
odd
odd

ceven

even
odd
odd

There are no similar rules for division. For example, the quotient of two even numbers may be odd

6 4
(5 = 3), even (5

- ~ 6 _ _>
—2) ,oranon—mteger(4—12 .

+ even = even
+ odd = even
+ even = odd
- even = even
- odd = even
- even = odd
- odd = odd
x even = even
X odd = odd
X even = even

1

DIVISORS AND MULTIPLES

Factor (Divisor):

The factor of a positive integer is any positive integer that divides it evenly. For example, the numbers

1,2,3,4,6,8, 12 and 24 are factors of 24.
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Common Factor (Common Divisor):

A common factor of X and y is a number that is a factor of X and also a factor of y.
For example, 3 is a common factor of both 24 and 30.

Prime Factor (Prime Divisor):

A prime factor is a number that is a factor (divisor) of some other number and is itself a prime number.
For example, 2 and 3 are the prime factors of 24. Any positive integer (greater than 1) can be written
as the product of prime factors.

For example, 24=3.2.2.2=3.23

Multiple:

A multiple of an integer X is any integer that is evenly divisible by X. For example, 16, 32 and 88 are
multiples of 8.

MATHEMATICAL OPERATIONS WITH FRACTIONS
Reduction:

When the numerator and the denominator of a fraction have a common factor, each can be divided
by the common factor, and the resulting fraction is equivalent to the original fraction with a smaller

numerator and denominator. For example, if we divide the numerator and the denominator of % by
4, the result is % s (16 4).

1273

Multiplication:
To multiply two fractions, multiply the numerators by each other and the denominators by each

other.

For example: 3.3 =335=757
Or in general: b d=bd

Division:
To divide a number (integer or fraction) by a fraction, multiply the number by the reciprocal of the

divisor.

(The reciprocal of % is %)

. 2.3_28_28_16
For example: 5:§=35'3=53-15

Or in general: ~ - b'd b c-be

To multiply or divide an integer by a fraction, the integer can be regarded as a fraction whose

denominator is 1, for example: 2 = %
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Addition and Subtraction:

To add or subtract fractions, they must be converted into fractions that have a common denominator.
A common denominator is a number that is evenly divisible by the denominator of each of the
fractions. After finding a suitable common denominator, each of the fractions must be converted into
a fraction that has this common denominator. To do so, multiply the numerator and denominator of
each of the fractions by the same integer, so that the number obtained in the denominator will be the
number that was chosen to be the common denominator. Since the numerator and denominator are
multiplied by the same number, the fraction has actually been multiplied by 1, and its value has not
changed. After converting the fractions so that they have a common denominator, add or subtract the
new numerators that were obtained, and reduce to lowest terms where possible.

For example, to solve the problem: % + % + %

24 is a possible common denominator, since it is evenly divisible by the denominators of each of the
fractions: 24 :4=6, 24:6=4, 24:8=3

We will now convert each of the fractions into fractions with this common denominator:

To convert % into a fraction whose denominator is 24, multiply the numerator and the denominator

To convert % into a fraction whose denominator is 24, multiply the numerator and the denominator

.o L4 4
byd: §7=24

To convert % into a fraction whose denominator is 24, multiply the numerator and the denominator

o315
by3: §3=22
C 18 4 15 18+4+15 37
Next, add up only the numerators: 55 +57+757=—"—55 — =57
Percentages

Percentages are a specific case of fractions: a% of X is %x. In these questions, convert the

percentages to hundredths, and solve as in normal fraction problems.

Example 1: What is 60 percent of 80? (or: What is 60% of 807?)
Instead of 60 percent, substitute 60 hundredths, express the question in
mathematical terms, and solve it as you would a normal multiplication of fractions:

60 60 -80
100 80 ="700

=6-8=48
Thus, 60% of 80 is 48.
Example 2: Joe had to pay 15 shekels tax on the 50 shekels that he earned. What percent is the

tax?

The question is actually "What percent of 50 is 157"
Convert the question into a mathematical expression: ﬁ 50 =15

and solve the equation for X: % =15

Thus, X = 30. In other words, 15 is 30% of 50, which is the percentage of the tax.
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For questions that involve a change expressed as a percentage, convert the question into one of the
two general formats presented in examples 1 and 2 (what is X percent of y, or what percent of y is
X), and solve as a fraction problem.

Example 3: The price of an item that cost 80 shekels was raised by 25%. What is the new
price?
Questions dealing with change expressed as a percentage generally involve a percent
of the original price unless otherwise specified. Since 25% was added to the old
price, the new price is 125% of the old price (100% + 25%). Therefore, you must
calculate what 125% of 80 is (as in example 1).
125

Substitute hundredths for percent and solve {5580 =100. The new price is 100
shekels.
Example 4: The change in the price of a certain item is given, and you are asked to calculate the

change as a percentage.
For example, the price of an item dropped from 15 shekels to 12 shekels. By what
percentage did the price drop?
The difference in the price is 3 shekels out of 15 shekels. You have to calculate what
percent of 15 is 3 (similar to example 2).
Convert the question into a mathematical expression: % 15 = 3, and solve the
3-100 _

15
Thus, the price dropped by 20%.

equation for X: x =

Ratio

The ratio of X to Yy is written as X : Y.

For example, the ratio between the number of pairs of socks and the number of shirts that Eli has is
3:2. In other words, for every 3 pairs of socks, Eli has 2 shirts. Stating it differently, the number of
socks that Eli has is % greater than the number of shirts that he has.

Arithmetic Mean

The arithmetic mean (average) of a set of values is the sum of the values divided by the number of
values.

For example, the average of the set of values 1, 3, 5, 10, and 21 is 8 because
1+3+5+10+21 40

5 5 =8

If the average of a set of values is given, their sum can be calculated by multiplying the average by
the number of values.

Example: Danny bought 5 items at an average price of 10 shekels. How much did Danny pay for
all of the items?

If we multiply the average by the number of items, we will obtain 10 - 5 = 50. Thus, Danny paid a
total of 50 shekels for all of the items that he bought.
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In general, the term "average" will be used in the questions rather than "arithmetic mean."

A weighted average is an average that takes into account the relative weight of each of the values
in a set.

Example: Robert's score on the mid-term exam was 75, and his score on the final exam was 90.
If the weight of the final exam is twice that of the mid-term exam, what is Robert's
final grade in the course?

The set of values in this case is 75 and 90, but each has a different weight in
Robert's final grade for the course. The score of 75 has a weight of 1 and the score
of 90 has a weight of 2. To calculate the weighted average, multiply each score by

1-75+2-90

T+2 -8

the weight assigned to it, and divide by the sum of the weights:
Thus, Robert's grade in the course is 85.

This calculation is identical to the calculation of a simple average of the three numbers
75, 90 and 90.

POWERS AND ROOTS
Raising a number to the nth power (n is a positive integer) means multiplying it by itself n times.

For example: 23=2-2-2

Orin general: a-..-a-a=a"

N times
The expression @" is called a power; n is the exponent; and a is the base.
A positive number raised to the Oth power equals 1. Thus, forany a =0, a’ = 1.
When a number is raised to a negative power, the result is the same as that obtained by raising the
1 3

reciprocal of the base to the opposite power. For example: 27 = <7> =55 AF=q

n
Orin general: a™"= (é) _ L
an

The nth root of a positive number a, expressed as "a , is b, which if raised to the nth power, will
give a as follows:

For example: Y16 =4, because 42=16
V125=5, because 5°=125
4/81=3 s because 34 =381

It should be stressed that when v'a (0 < a) appears in a question, it refers to the positive root of a.

When the root is not specified, a square (2nd-order) root is intended, for example, V/81=2%81=9.
A root can also be expressed as a power in which the exponent is a fraction. This fraction is the

1
reciprocal of the order of the root, Ya =an (0 <a).
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Basic rules for operations involving powers (for any n and m):

Multiplication:
To multiply powers with the same base, add the exponents: a™ - a" =a™™"
Division:
To divide a power by another power with the same base, subtract the exponent in the
m
denominator from the exponent in the numerator: a—n = a(m -n)
a

Note: When the powers do not have the same base, the exponents cannot be added or subtracted.

Raising to a power:

n
To raise a power to a power, multiply the exponents: (am) —a(mn)

Raising a product or a quotient to a power:
. (a\"_a™
(a‘b)m=am‘bm N <B> =7m

O

Since roots can also be expressed as powers, the laws for solving problems involving powers can
also be applied to roots.

For example, to calculate the product Ma-Va (0<a), express the roots as powers:
11
Va -Va=am"a"

The next step is the same as when multiplying powers; in other words, add the exponents:
" gt = glmeh)
Below are a number of basic rules that apply to inequalities involving powers:

If O<bx<a and O<n then Db"<a"
If O<bx<a and n< 0 then a"<b"
If l<a and m<n then am<a"
If O<axl1 and m<n then a"<am

CONTRACTED MULTIPLICATION FORMULAS

To multiply two expressions enclosed in parentheses, each of which is the sum of two terms, multiply
each of the terms in the first expression by each of the terms in the second expression, then add the
products.

For example: (a + b) - (c + d) =ac + ad + bc + bd

This general formula can be used for finding the product of any two expressions, but to save time,
you might want to memorize some common formulas:
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(@+b)Y=(@+b) - (a+b)=a’>+2ab+b?
(a-b)Y=(a-b)-(a-b)=a’>-2ab +b?
(a-b)-(a+b)=a%-b?

COMBINATORIAL ANALYSIS

The Number of Results in a Multi-Stage Experiment

The number of possible results of an experiment consisting of several independent stages (that is, they
do not affect each other) is the product of the number of possible results in each stage.

For example, if we toss a die and then toss a coin, what is the number of possible results of this
experiment?

The number of possible results of tossing a die is 6, and the number of possible results of tossing a
coin is 2. Thus, the number of possible results of this experiment is 6 - 2 = 12. One of the 12 possible
results is the number 3 on the die and tails on the coin.

It makes no difference whether we first toss the die and then toss the coin, or toss both at the same
time. In either case, there are 12 possible results.

Ordered Samples

An ordered sample is one in which the order of the results obtained in a multi-stage experiment is
important.

Example: A basket contains 9 slips of paper, numbered 1 through 9. If 3 slips of paper are drawn at
random from the basket one after another, and their numbers written in a row, a three-digit number
will be obtained. How many different numbers can be obtained in this way?

To answer the question, we have to know the sampling method that is being used. In any case, the
order in which the results are obtained is important; for example, the number 123 is different from
the number 213.

a. Sampling with replacement: Each slip of paper is replaced in the basket after it is drawn, making
it possible for it to be drawn again. The number of possible numbers that can be obtained each
time a slip of paper is drawn from the basket is 9. Therefore, the number of three-digit numbers
that can be formed is 9-9-9="729.

b. Sampling without replacement: The slips of paper that were drawn from the basket are not
replaced. The number of possible numbers that can be obtained when the first slip is drawn is 9;
when the second slip is drawn, only 8 (since one slip has already been withdrawn from the basket);
and when the third slip is drawn, 7. Thus the number of possible numbers is 7 - 8 - 9 = 504.

In general, the number of possibilities for creating an ordered row of r items out of a set of n items
(3 out of 9 in the above example) is:

a. n', if each item can be drawn more than once (sampling with replacement).

b. n-(n—1)-...-(n—r+ 1), if each item can be drawn no more than once (sampling without
replacement).

Number of Possible Arrangements (Permutations) of an Ordered Sample

The number of different possible arrangements of the 9 slips of paper, i.e., the number of possibilities for
creating an ordered row of all 9 slips of paper, with each slip appearing only once (n =r), equals
1-2-3-4.5-6-7-8-9=362,880.
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In general, if n is the number of items in a set, then the number of possible arrangements is
1-2-3-..- (n—1)-n. This number is written as h!, and is called "n factorial."

Non-Ordered Samples

If the order of the results obtained in a multi-stage experiment is not important, the sample is a non-
ordered sample. The number of non-ordered samples equals the number of ordered samples
divided by the number of possible arrangements.

Example: A basket contains 9 pens, each of a different color. Three pens are drawn at random from
the basket and not replaced. How many samples (sets) of different colored pens can be obtained?
The number of ordered samples is 9 - 8 - 7 = 504. The number of possible arrangements (in each
sample)is3-2-1=6.

The number of non-ordered samples is 5%‘4 = 84.

PROBABILITY

Probability theory is a mathematical model for phenomena (experiments) the occurrence of which
is not certain. Such situations can have a number of possible scenarios or outcomes. Each possible
outcome is called a "simple event," and the collection of outcomes — an "event." (For the sake of
brevity, we will use the term event to mean a simple event.) Each event is assigned a number from 0O
to 1, which reflects the probability (likelihood) that the event will occur. The higher the probability,
the greater the chance the event will occur. An event that is certain to occur has a probability of 1,
and an event that has no possibility of occurring has a probability of 0.

Sometimes, each of the possible outcomes of a particular experiment has an equal probability (in
other words, each of the simple events has an equal probability).

Examples of experiments of this type

The tossing of a coin: The probability of "heads" coming up is equal to the probability of "tails"

coming up. This probability is %

The tossing of a die: The probability of obtaining each of the numbers appearing on the faces of the
|

die is ¢.

These are cases of tossing a fair die/fair coin.

The random removal of a ball from a bag containing 5 balls of equal size: The probability of randomly

removing each of the balls is %

When all possible outcomes have an equal probability, the probability of an outcome occurring is
calculated as follows:

The number of possible outcomes of a particular event, divided by the total number of possible
outcomes of the experiment (phenomenon).

For example, the probability that in tossing a single die we will obtain the event "the outcome is less

than or equal to 3" is % or %, because this event has 3 possible outcomes (outcomes 1, 2 and 3), and

the experiment of tossing a die has a total of 6 possible outcomes.
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The probability that two events will occur

When two events occur at the same time or one after the other, two situations are possible:

A. The events are independent, i.e., the probability of one event occurring is not affected by the
probability of the other event occurring.

The probability of both events occurring is equal to the product of the probabilities of each
individual event occurring.

For example, in tossing two fair dice, the probability that a number that is less than or equal to
3 will turn up twice is equal to the product of the probabilities of a number that is less than or
equal to 3 turning up in each of the tosses, since the outcome of tossing one die does not affect
the outcome of tossing the other die.

. o 11 1
This probability is equal to 5 -5 = 7.

B. The events are dependent, that is, the probability of a particular event occurring is affected by
the occurrence of a different event. In other words, the probability of a particular event occurring
after (or given that) another event has occurred is different from the probability of that particular
event occurring without such knowledge. The probability of the event "the outcome is less than
or equal to 3" (we will call this event A), given that we know that in tossing the die the event
"outcome is even" has occurred (we will call this event B), is calculated as follows: The number of
outcomes in which both A and B occurred (in the example, 2 is the only outcome that is both even
and less than or equal to 3), divided by the number of outcomes in which B occurred (outcomes
2, 4 and 6 are even).

Therefore, the probability is %

This probability is different from the probability of event A (which equals % as calculated

previously).

Distance, Speed (Rate), Time

The speed (rate) at which an object travels is the distance that the object covers in a unit of time. The
formula for the relationship among the speed, the distance the object covers and the amount of time
it requires to cover that distance is:

V= % where Vv = the speed (rate)
s = distance
t = time

All possible relationships among distance, speed and time can be derived from this formula:

Using these relationships, any unknown variable out of the three can be calculated if the other two
variables are known. For example, a train traveled 240 kilometers at a speed of 80 kilometers per
hour. How long did the journey take?

You are given v (80 kph) and s (240 km), and you have to determine . Substituting the given information

into the formula t = % ,wegett= % = 3. Thus, the journey took 3 hours.
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Meters can be converted to kilometers and seconds to hours, and vice versa. There are 1,000 meters

in every kilometer (1 meter = % kilometer).

There are 3,600 seconds, which equal 60 minutes, in every hour (1 second = ﬁ hour).

A speed of 1 kilometer per hour is equal to a speed of % meters per second (or ;(6)(())8 meters per

second).
A speed of 1 meter per second is equal to a speed of 3.6 kilometers per hour.

Work (Output)

Output is the amount of work per unit of time.
The formula for the relationship between output, amount of work and the time needed to do the work

isp= ¥ , where p = output (rate )
w = amount of work
t =time

All possible relationships between output, amount of work and time can be derived from this formula:
w
P
This formula can be used to calculate any unknown of the three variables if the other two are known.
For example, a builder can finish building one wall in 3 hours. How many hours would be needed for
two builders working at the same rate to finish building 5 walls?

andw=p-t

We are given the amount of work of one builder (1 wall), and the amount of time spent working

(3 hours). Therefore his output is % of a wall in an hour. Since the question involves two builders,

2
=3

[SSIE

the output of both is 2-

We are also given the amount of work which both builders are required to do — 5 walls. We can

therefore calculate the amount of time they will need: t = 5 :% =55=7%5-= 7%. Thus, they will need
7% hours.

PARALLEL (STRAIGHT) LINES

Parallel lines that intersect any two straight lines divide the straight lines

/ \
C
into segments that are proportional in length. a{/ \\

. a_b a_c a c
Thusmtheﬁgure,6=a " b=d and a:b-csd b/ \
Other relationships between the segments can be deduced based on the : X

given relationships.

Angles

An angle is a right angle if it measures 90°.
An angle is an acute angle if it measures less than 90°.
An angle is an obtuse angle if it measures more than 90°.
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Adjacent Angles

The two angles that are formed between a straight line and a ray
extending from a point on the straight line are called adjacent angles.
Together they form a straight angle and their sum therefore equals 180°.
For example, in the figure, X and y are adjacent angles; therefore,

X+ y =180°.

Vertical Angles

When two straight lines intersect, they form four angles. Each pair of
non-adjacent angles are called vertical angles and they have the same
measure.

In the figure, X and z are vertical angles and therefore have the same measure,
as doy and w; in other words, X =z and y =Ww.

When a straight line intersects two parallel lines (transversal), eight angles
are formed, as in the figure: a, b, ¢, d, e, f, g, h.

Corresponding Angles

Corresponding angles are angles located on the same side of a transversal
and on the same side of the parallel lines. Corresponding angles have the
same measure (see figure).

Thus, in the figure, a=e , c=g , b=f , d=h

Alternate Angles

Alternate angles are located on opposite sides of a transversal and on opposite
sides of the parallel lines. Alternate angles have the same measure.

Thus, in the figure, c=f , d=e ,a=h , b=g.

Other relationships between the different angles can be deduced based on
the given relationships.

For example: since € and d are adjacent angles (C + d = 180°), and since C
and f are alternate angles (C = f), then obviously, d + f = 180°.
Similarly, we can prove that ¢ + e = 180°, and so on.

TRIANGLES

Angles of a Triangle

The sum of the interior angles of any triangle is 180°.
In the figure, o + 3 +y = 180°.

An angle adjacent to one of the triangle's angles is called an exterior angle,
and it is equal to the sum of the other two angles of the triangle. For example,
in the figure, 9 is the angle adjacent to (3, and therefore 6 = o + .

d\p

o

AN
e/

[a\b\
Y

[N
AV

B
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In all triangles, the longer side lies opposite the larger angle. For example, in
the figure on the previous page, if y < o < f, it follows that side AC (which
is opposite angle B) is longer than side BC (which is opposite angle o), and
side BC is longer than side AB (which is opposite angle v).

Median of a Triangle is a line that joins a vertex of a triangle to the
midpoint of the opposite side.

For example, in the triangle in the figure, AD is the median to side
BC (therefore BD = DC).

Altitude of a Triangle

The altitude to a side of a triangle is a perpendicular line drawn from a vertex
of the triangle to the opposite side.

For example, in each of the triangles in the figures, h is the altitude to side
BC.

A A

Area of a Triangle

The area of a triangle equals half the product of the length of one of the
sides multiplied by the altitude to that side.

For example, the area of each triangle ABC in the above figures is BC-h

2

Inequality in a Triangle

In every triangle, the sum of the lengths of any two sides is greater than the
length of the third side.
For example, in the triangles in the above figures (AB + BC) > AC.

Congruent Triangles

Two geometric figures are congruent if one of them can be placed on the
other in such a way that they both coincide. Congruent triangles are a
specific case of congruence.

If two triangles are congruent, their respective sides and angles are equal.
For example, triangles ABC and DEF in the figure are congruent. Therefore,
AB=DE,BC=EF,AC=DF,anda=9,p=1,y=¢.

There are 4 theorems that enable us to deduce that two triangles are
congruent:

(a) Two triangles are congruent if two sides of one triangle equal the two
corresponding sides of another triangle, and the angle between these
sides in one triangle is equal to the corresponding angle in the other
triangle.
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For example, the triangles in the figure are congruent if AB = DE,
AC =DF and a = 0.

(b) Two triangles are congruent if two angles of one triangle are equal to
the two corresponding angles of another triangle, and the length of
the side between these angles in one triangle equals the length of the
corresponding side in the other triangle.

For example, the two triangles in the figure are congruent if o = 9,
p =tand AB=DE.

(c) Two triangles are congruent if the three sides of one triangle equal the
three sides of the other triangle.

(d) Two triangles are congruent if two sides of one triangle equal the
corresponding two sides of the other triangle, and the angle opposite
the longer of the two sides of one triangle is equal to the corresponding
angle in the other triangle.

For example, the triangles in the figure are congruent if AB = DE,
AC =DF, and y = ¢ (when AB > AC and DE > DF).

Similar Triangles

Two triangles are similar if the three angles of one triangle are equal to the
three angles of the other triangle. In similar triangles, the ratio between any
two sides of one triangle is the same as the ratio between the corresponding
two sides of the other triangle.

For example, triangles ABC and DEF in the figure are similar. Therefore,
AB DE

‘AC - DF and so on.
AB AC BC
It follows that ﬁ = W = F .

TYPES OF TRIANGLES

An equilateral triangle is a triangle whose sides are all of equal length.
For example, in the figure, AB = BC = AC. In a triangle of this type, all
of the angles are also equal (60°).

/3

If the length of the side of such a triangle is @, then its altitude is a5

2v3
aT

and its area is

An isosceles triangle is a triangle with two sides of equal length.
For example, in the figure, AB = AC.

The two angles opposite the equal sides are also equal.

For example, in the figure, B =Y.

An acute triangle is a triangle in which all angles are acute.

>
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An obtuse triangle is a triangle with one obtuse angle.

A right triangle is a triangle with one angle that is a right angle (90°). The
side opposite the right angle (side AC in the figure) is called the hypotenuse,
and the other two sides are the legs (sides AB and BC in the figure).
According to the Pythagorean theorem, in a right triangle the square of the
hypotenuse is equal to the sum of the squares of the legs.

For example, in the figure, AC? = AB? + BC?. This formula can be used to
find the length of any side if the lengths of the other two sides are given.

In aright triangle whose angles measure 30°, 60° and 90°, the length of the
leg opposite the 30° angle equals half the length of the hypotenuse.

For example, the length of the hypotenuse in the figure is 2a. Therefore,
the length of the leg opposite the 30° angle is a. It follows from the

Pythagorean theorem that the length of the leg opposite the 60° angle is

av3 .

In an isosceles right triangle, the angles measure 45°, 45° and 90°, the
two legs are of equal length, and the length of the hypotenuse is V2 times
greater than the length of the legs.

QUADRILATERALS

A quadrilateral is any four-sided polygon. For example:

TYPES OF QUADRILATERALS

Rectangles and Squares

A rectangle is a quadrilateral whose angles are all right angles. The
opposite pairs of sides in a rectangle are equal in length.

The perimeter of the rectangle in the figure is 2a + 2b or 2(a + b).

The length of the diagonal of a rectangle is v a’+b? (based on the
Pythagorean theorem).

The area of the rectangle (S) is the product of the lengths of two adjacent
sides. For example, in the figure, S =a-b.

A square is a rectangle whose sides are all of equal length.
The perimeter of the square in the figure is 4a.
The length of the diagonal of the square in the figure is

va’+a’=av2

The area of a square is equal to the square of the length of the side.

For example, in the figure, S = a”.

hypotenuse

a3

A b D
j Y
a r&"o a
]
B b C
A a D
-]
a av2, a
7]
B a C
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TRAPEZOID

A trapezoid is a quadrilateral with only one pair of parallel sides. The
parallel sides are called bases, and the other two sides are called legs. The
bases of a trapezoid are not equal, and are therefore referred to as the long
base and short base. The altitude of a trapezoid is a segment joining the
bases of the trapezoid and perpendicular to them.

The area of a trapezoid is equal to the sum of the length of the bases
multiplied by half the altitude.

For example, in the figure: The length of the long base (BC) is a.
The length of the short base (AD) is b.
The length of the altitude is h.

The area of the trapezoid is S = W .
An isosceles trapezoid is a trapezoid whose legs are of equal length. For
example, in the figure, AB = DC. The base angles of an isosceles trapezoid
are equal.

For example, in the figure, <BAD = <CDA = o, <ABC = <DCB = §.
In this type of trapezoid, if two altitudes are drawn from the ends of the
short base to the long base, a rectangle and two congruent right triangles
are obtained.

A right trapezoid is a trapezoid in which one of the base angles is a right
angle (see figure).

PARALLELOGRAMS AND RHOMBUSES

A parallelogram is a quadrilateral in which each pair of opposite sides is

parallel and of equal length.

For example, in the parallelogram in the figure: AB || DC, AD || BC
AB=DC, AD =BC

The diagonals of a parallelogram bisect each other.

As stated, each pair of opposite sides in a parallelogram is of equal length.
Therefore, the perimeter of the parallelogram in the figure is 2a + 2b.

The area of a parallelogram equals the product of a side multiplied by
the altitude to that side. For example, the area of the parallelogram in the
figureisa-h.

A rhombus is a quadrilateral whose four sides are all equal. Each pair of
opposite sides in a rhombus is parallel, and it can therefore be regarded as
a parallelogram with equal sides.
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Diagonals of a Rhombus

Since a rhombus is a type of parallelogram, its diagonals bisect each other.
In a rhombus, the diagonals are also perpendicular to each other.

Since all of the sides of a thombus are of equal length, the perimeter of
the rhombus in the figure is 4a.

Area of a Rhombus

Since a rhombus is a type of parallelogram, its area, too, can be calculated
as the product of a side multiplied by the altitude (to that side).
For example, the area of the rhombus in the figureisa - h .

In addition, the area of a rhombus can be calculated as half the product of
its diagonals.

For example, the area of the rhombus in the figure is ACQBD .

KITE (DELTOID)

A kite is a quadrilateral formed by two isosceles triangles joined at their
bases. For example, kite ABCD in the figure is composed of triangles ABD
and BCD (AB = AD, CB =CD).

The diagonal joining the vertices of the two isosceles triangles bisects the
diagonal that is the base of the two isosceles triangles and is perpendicular
to it.

(For example, in the figure, AC bisects BD and AC L BD)

The perimeter of the Kite in the figure is 2a + 2b.

The area of a kite equals half the product of the lengths of the diagonals.

For example, the area of the kite in the figure is @

REGULAR POLYGON
A regular polygon is a polygon whose sides are all of equal length and

whose interior angles have the same measure.

Examples: A regular pentagon is a five-sided regular polygon.
A regular hexagon is a six-sided regular polygon.
A regular octagon is an eight-sided regular polygon.

The size of the interior angle of a regular polygon with n sides can be

calculated using the formula o = <180° - @)
For example, the figure shows a regular hexagon. The size of each of its

interior angles is 120°, because o = 180° - 3660 = 120°
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CIRCLE

A radius is a line segment that joins the center of a circle to a point on its
circumference.

A chord of a circle is a line segment that passes though the circle and joins
two points on its circumference.

A diameter of a circle is a chord that passes through its center. The length
of a circle's diameter is twice the length of its radius. If the radius of a circle
is r, the diameter of the circle is 2r.

An arec is the part of the circle between two points on its circumference.

The circumference of a circle with radius r is 2zwr. (The value of m is
approximately 3.14.)

The area of a circle with radius r is wtr’.

Inscribed Angle

An inscribed angle is an angle whose vertex lies on the circumference of a
circle and whose sides are chords of the circle. Inscribed angles intercepting
the same arc have the same measure.

For example, in the figure, angles o and f are inscribed angles, both of
which intercept arc AB; therefore, o= 3. Aninscribed angle that lies on the
diameter of a circle (that is, on an arc whose length equals half the circle's
circumference) is a right angle.

Central Angle

A central angle is an angle whose vertex is the center of the circle and whose
sides are radii of the circle (in the figure, o is a central angle). A central
angle is twice the size of any inscribed angle that intercepts the same arc.
For example, in the figure, o is a central angle and { is an inscribed angle,
and both intercept the same arc AB. Therefore, a = 2.

Arc

Two points on the circumference of a circle define two arcs. For example,
in the figure, points A and B define two arcs — one corresponding to central
angle a and one corresponding to central angle 3. The smaller arc AB
corresponds to o, the smaller of the two angles.

The length of this arc is 27 - % (r is the radius of the circle).

Sector

A sector is the part of a circle bounded by two radii and an arc.
The angle between the two radii is a central angle.

For example, the shaded region in the figure is the sector of a circle with

central angle a.. The area of the sector of the circle is nr? - %
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Tangent to a Circle

A tangent is a line that touches the circumference of a circle at only one point,
the "point of tangency." The angle formed by the radius and the tangent at
that point is a right angle.

For example, in the figure, line segment a is tangent to the circle with
radius r.

Two Tangents to a Circle

Two tangents to a circle that intersect at a (particular) point are also called
two tangents that originate at one point.

The length of each tangent is the length of the segment that joins the tangents'
point of intersection and the point of tangency.

Tangents to a circle that originate at one point are equal in length.
For example, in the figure, A is the point of intersection, B and C are the
points of tangency, and AB = AC.

Polygon Circumscribing a Circle

A polygon that circumscribes a circle is a polygon whose sides are all
tangent to the circle.

Polygon Inscribed in a Circle

A polygon inscribed in a circle is a polygon whose vertices all lie on the
circumference of the circle.

Inscribed Triangle

Every triangle can be inscribed in one and only one circle (that is, a circle
with the vertices of the triangle lying on its circumference). If the inscribed
triangle is a right triangle, the center of the circle that circumscribes it is the
midpoint of the triangle's hypotenuse.

Quadrilateral Inscribed in a Circle

Not every quadrilateral can be inscribed in a circle. The sum of the opposite
angles of a quadrilateral inscribed in a circle always equals 180°.
For example, in the quadrilateral in the figure, o + v = 180°

B +d=180°
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Quadrilateral Circumscribing a Circle

B+8=180°

When a quadrilateral circumscribes a circle, the sum of the lengths
of each pair of opposite sides is equal.
For example, in the quadrilateral in the figure,a+c=b +d.

When a square circumscribes a circle, the length of the side of the square
equals the length of the diameter of the circle (see figure).

SOLIDS

Box (Rectangular Prism) and Cube

A box is a three-dimensional figure with six rectangular faces. The box's
three dimensions are its length, width and height (a, b and ¢ respectively,
in the figure).

The surface area of a box is the sum of the areas of its faces. The surface
area of the box in the figure is ab+ac+bc+ab+ac+bc or
2ab +2ac +2bc.

The volume (V) of a box is the product of its length, width and height.
The volume of the box in the figureis V=a-b-c.

A cube is a box whose three dimensions are all equal.

All of the faces of a cube are equal in area.

The area of each face of the cube in the figure is d
Therefore, the surface area of the cube is 6d>.
The volume of the cube in the figure is V = d°.

Cylinder

A cylinder is a three-dimensional figure whose two bases are congruent
circles on parallel planes. In a right cylinder, the line joining the centers
of the circles is perpendicular to each of the bases.

The lateral surface area of a cylinder with base radius of length r and with
height h is the product of the circumference of the base multiplied by the
height, that is, 2zr - h.

The total surface area of a cylinder is the sum of the areas of the bases and
the lateral surface. The area of each base is wr” and the lateral surface area
is 27tr - h. Thus, the total surface area is 2ar - h + 27tr? = 2 - (h+r).

The volume of a cylinder is the product of the area of one of the bases

)
N
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Cone

A cone is a figure formed by joining the points on the circumference of a
circle with a point outside the plane of the circle.

A right cone is formed when the point outside the circle lies on a line that
passes through the center of the circle and is perpendicular to the plane of
the circle.

2,
The volume of a cone with base radius r and height his V = m3 h .

Right Prism

A right prism is a three-dimensional figure whose two bases are congruent
polygons on parallel planes and whose lateral faces are rectangles. The
type of prism is defined by the number of sides of its base. For example, a
triangular prism has three-sided bases, a quadrangular prism has four-sided
bases, and so on (see figures).

The height of a prism is the length of the segment that joins the bases and is
perpendicular to them. It is the distance between the bases of the prism.

The lateral surface area of the prism is the sum of the areas of all the
lateral faces. The lateral surface can also be calculated by multiplying the
perimeter of the prism's base by its height.

The total surface area of a prism is the sum of the lateral surface area and
the areas of the two bases.

The volume of a prism equals the area of one of the bases multiplied by
the height.

Pyramid

A pyramid is a figure formed by joining the vertices of any polygon to a point
outside the plane of the polygon called the vertex or apex of the pyramid.
The polygon is called the base of the pyramid.

The lateral faces of the pyramid are triangles. A pyramid is referred to by
the number of sides of its base. For example, a triangular pyramid has a
three-sided base, a quadrangular pyramid has a four-sided base, and so on
(see figure).

The height of a pyramid is the line segment extending perpendicularly from
the pyramid's vertex to its base. This is the distance between the pyramid's
vertex and base (see figure).

If S is the area of the pyramid's base and h is the pyramid's height, then the

pyramid's volume is V = %

-------
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Edge

The edge of a three-dimensional figure is the straight line formed where two
faces meet. For example, a box has 12 edges. The bold line in the pyramid
on the previous page is one of its edges.

NUMBER LINE (AXIS)

A number line is a geometric representation of the relationships between
numbers.

} } } } } } } } } } A
T T T T T T T T T T L

1
S 4 -3 -2 10 1 2 3 4 5

* The numbers along the axis increase to the right.

* The distance between points along the axis is proportional to the
difference between the numerical values corresponding to the points.
For example, the distance between the points corresponding to

values (-4) and (-2) is equal to the distance between the points corresponding

to values 3 and 5.

Cartesian Coordinate System

Cartesian coordinates on a coordinate plane have two number lines (axes) that
are perpendicular to each other. The horizontal line is called the x-axis and
the vertical line is called the y-axis. The numbers along the X-axis increase
to the right. The numbers along the y-axis increase upwards.

The axes divide the plane into four quadrants, designated in the figure by
Roman numerals I, II, III, TV.

Each point in the coordinate plane corresponds to a pair of X and y values.
For example, the X-value of point A in the figure is 4, and its y-value is 1.
The x-value of point B in the figure is (-3) and its y-value is 2.

It is customary to write the X- and y-values of the points in parentheses, with
the X-value to the left of the y-value, as follows: (X, y). For example, point
A is written as A(4, 1) and point B is written as B(-3 , 2).

The X- and y-values for a point are sometimes called the coordinates of
that point. The point in the plane corresponding to (0, 0) is the point of
intersection of the two axes and is called the origin.

All points on a line parallel to the x-axis have the same y-coordinate, and
all points on a line parallel to the y-axis have the same X-coordinate.

For example, in the figure, line K is parallel to the y-axis. Thus, all of the
points on line K have the same X-coordinate.
In the figure, X = 1.5

Line m is parallel to the x-axis. Thus, all of the points on line m have the
same Y-coordinate.
In the figure, y = 2.5

11
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Only one line can be drawn through any two points on a plane. The part of
the line between the two points is called a line segment.

If the line segment is parallel to the X-axis, its length is the difference (in
absolute value) between the X-coordinates of the points. For example, in
the figure, line segment CD is parallel to the x-axis. The X-coordinate of
point C is 4 and the X-coordinate of point D is (-1). The difference between
the X-coordinates of the points is 4 — (-1) = 5. Therefore, the length of line
segment CD is 5.

If the line segment is parallel to the y-axis, its length is the difference (in
absolute value) between the y-coordinates of the points.

For example, in the figure, line segment AB is parallel to the y-axis, the
y-coordinate of point A is 4 and the y-coordinate of point B is (-3). The
difference between the y-coordinates of the points is 4 — (-3) = 7. Therefore,
the length of line segment AB is 7.

If the line segment is not parallel to one of the axes (for example,
line segment EF in the figure), its length can be calculated using the
Pythagorean theorem: Draw a right triangle such that the segment is the
hypotenuse and the legs are parallel to the X-axis and the y-axis. The length
of the leg parallel to the X-axis equals the difference between the
x-coordinates of points E and F (4 —2 = 2), and the length of the leg parallel
to the y-axis equals the difference between the y-coordinates of points E
andF(3-1=2).

Using the Pythagorean theorem, we