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Introduction 

 
This document draws from the online resource What’s on the MCAT2015 Exam? at 
www.aamc.org/mcat2015exam.  It contains a complete description of the competencies you 
are responsible for knowing on the MCAT2015 exam. It describes the new exam’s content and 
IRUPDW��,W�DOVR�OLVWV�DQG�GLVFXVVHV�WKH�QHZ�H[DP¶V�FRQFHSWXDO�IUDPHZRUN�ʊ�ZKLFK�LV�RUJDQL]HG�
around foundational concepts, content categories, and scientific inquiry and reasoning skills. 
Also included are sample test questions that demonstrate how the competencies are tested on 
the exam.  
 
While the content is written for you, the prospective MCAT examinee, the information it 
provides is likely to be useful to pre-health advisors, other baccalaureate faculty, medical 
school admission officers, and medical schools.  

How is the MCAT Exam Structured?  

The MCAT exam has four test sections:  

x 

x 

x 

x 

Biological and Biochemical Foundations of Living Systems  

Chemical and Physical Foundations of Biological Systems  

Psychological, Social, and Biological Foundations of Behavior  

Critical Analysis and Reasoning Skills  
 
The first three sections are organized around foundational concepts or “big ideas” in the 
sciences. They reflect current research about the most effective ways for students to learn and 
use science, emphasizing deep knowledge of the most important scientific concepts over 
knowledge simply of many discrete scientific facts.  

Leaders in science education say that some of the most important foundational concepts in the 
sciences ask students to integrate and analyze information from different disciplines. In that 
vein, questions in these sections will ask you to combine your scientific knowledge from 
multiple disciplines with your scientific inquiry and reasoning skills. You will be asked to 
demonstrate four different scientific inquiry and reasoning skills on the exam:  

x 

x 

x 

x 

Knowledge of scientific concepts and principles  

Scientific reasoning and problem solving  

Reasoning about the design and execution of research  

Data-based and statistical reasoning  
 

The fourth section of the MCAT exam, Critical Analysis and Reasoning Skills, will be similar to 
many of the verbal reasoning tests you have taken in your academic career. It includes 
passages and questions that test your ability to comprehend and analyze what you read. The 
Critical Analysis and Reasoning Skills section asks you to read and think about passages from 
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a wide range of disciplines in the social sciences and humanities, including those in population 
health, ethics and philosophy, and studies of diverse cultures. Passages are followed by a 
series of questions that lead you through the process of comprehending, analyzing, and 
reasoning about the material you have read. This section is unique because it has been 
developed specifically to measure the analytical and reasoning skills you will need to be 
successful in medical school.  
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What will the Biological and Biochemical Foundations of Living Systems Section Test? 

The Biological and Biochemical Foundations of Living Systems section asks you to solve problems by 
combining your knowledge of biological and biochemical concepts with your scientific inquiry and 
reasoning skills. This section tests processes that are unique to living organisms, such as growing and 
reproducing, maintaining a constant internal environment, acquiring materials and energy, sensing and 
responding to environmental changes, and adapting. It also tests how cells and organ systems within an 
organism act independently and in concert to accomplish these processes, and it asks you to reason 
about these processes at various levels of biological organization within a living system. 

This section is designed to: 

x 
x 

x 

x 

x 

test introductory-level biology, organic chemistry, and inorganic chemistry concepts; 
test biochemistry concepts at the level taught in many colleges and universities in first-semester 
biochemistry courses;  
test cellular and molecular biology topics at the level taught in many colleges and universities in 
introductory biology sequences and first-semester biochemistry courses;  
test basic research methods and statistics concepts described by many baccalaureate faculty as 
important to success in introductory science courses; and  
require you to demonstrate your scientific inquiry and reasoning, research methods, and statistics 
skills as applied to the natural sciences. 

Test Section Number of Questions Time 

Biological and Biochemical 
Foundations of Living Systems 

59 
(note that questions are a 

combination of passage-based 
and discrete questions) 

95 minutes 
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Scientific Inquiry and Reasoning Skills 

As a reminder, the scientific inquiry and reasoning skills that you will be asked to demonstrate on this 
section of the exam are: 
 
Knowledge of Scientific Concepts and Principles 

x 
x 

Demonstrating understanding of scientific concepts and principles 
Identifying the relationships between closely-related concepts 

Scientific Reasoning and Problem Solving 

x 
x 

Reasoning about scientific principles, theories, and models 
Analyzing and evaluating scientific explanations and predictions 

Reasoning about the Design and Execution of Research 

x 
x 

Demonstrating understanding of important components of scientific research  
Reasoning about ethical issues in research  

Data-Based and Statistical Reasoning 

x 
x 

 

Interpreting patterns in data presented in tables, figures, and graphs 
Reasoning about data and drawing conclusions from them 
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General Mathematical Concepts and Techniques 
It’s important for you to know that questions on the natural, behavioral, and social sciences sections 
will ask you to use certain mathematical concepts and techniques. As the descriptions of the scientific 
inquiry and reasoning skills suggest, some questions will ask you to analyze and manipulate scientific 
data to show that you can 
� 

� 

� 

� 

� 

� 

� 

Recognize and interpret linear, semilog, and log-log scales and calculate slopes from data 
found in figures, graphs, and tables 
Demonstrate a general understanding of significant digits and the use of reasonable numerical 
estimates in performing measurements and calculations 
Use metric units, including converting units within the metric system and between metric and 
English units (conversion factors will be provided when needed), and dimensional analysis 
(using units to balance equations) 
Perform arithmetic calculations involving the following: probability, proportion, ratio, 
percentage, and square-root estimations 

Demonstrate a general understanding (Algebra II�level) of exponentials and logarithms 
(natural and base 10), scientific notation, and solving simultaneous equations 
Demonstrate a general understanding of the following trigonometric concepts: definitions of 
basic (sine, cosine, tangent) and inverse (sin௅�, cos௅�, tan௅�) functions; sin and cos values of 0°, 
90°, and 180°; relationships between the lengths of sides of right triangles containing angles of 
30°, 45°, and 60° 
Demonstrate a general understanding of vector addition and subtraction and the right-hand rule 
(knowledge of dot and cross products is not required) 

Note also that an understanding of calculus is not required, and a periodic table will be provided 
during the exam. 
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References 
During the actual exam, you will have access to the periodic table below while answering questions in 
this section of the exam. 
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Biological and Biochemical Foundations of Living Systems Distribution of Questions by 
Discipline, Foundational Concept, and Scientific Inquiry and Reasoning Skill 
You may wonder how much biochemistry you’ll see on this section of the MCAT exam, how many 
questions you’ll get about a particular foundational concept, or how the scientific inquiry and reasoning 
skills will be distributed on your exam. The questions that you see are likely to be distributed in the 
ways described below. These are the approximate percentages of questions you’ll see on a test for each 
discipline, foundational concept, and scientific inquiry and reasoning skill.* 

Discipline: 
x 
x 
x 
x 

First-semester biochemistry, 25% 
Introductory biology, 65% 
General chemistry, 5% 
Organic chemistry, 5% 

Foundational Concept: 
x 
x 
x 

Foundational Concept 1, 55% 
Foundational Concept 2, 20% 
Foundational Concept 3, 25% 

Scientific Inquiry and Reasoning Skill: 
x 
x 
x 
x 

Skill 1, 35% 
Skill 2, 45% 
Skill 3, 10% 
Skill 4, 10% 

*These percentages have been approximated to the nearest 5% and will vary from one test to another for
a variety of reasons. These reasons include, but are not limited to, controlling for question difficulty, 
using groups of questions that depend on a single passage, and using unscored field-test questions on 
each test form.     
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Biological and Biochemical Foundations of Living Systems Framework of Foundational 
Concepts and Content Categories  

Foundational Concept 1: Biomolecules have unique properties that determine how they contribute to 
the structure and function of cells and how they participate in the processes necessary to maintain life. 

The content categories for this foundational concept include  

1A. Structure and function of proteins and their constituent amino acids  
1B. Transmission of genetic information from the gene to the protein  
1C. Transmission of heritable information from generation to generation and the processes that 
increase genetic diversity  
1D. Principles of bioenergetics and fuel molecule metabolism  

Foundational Concept 2: Highly-organized assemblies of molecules, cells, and organs interact to 
carry out the functions of living organisms.  

The content categories for this foundational concept include  

2A. Assemblies of molecules, cells, and groups of cells within single cellular and multicellular 
organisms  
2B. The structure, growth, physiology, and genetics of prokaryotes and viruses  
2C. Processes of cell division, differentiation, and specialization  

Foundational Concept 3: Complex systems of tissues and organs sense the internal and external 
environments of multicellular organisms, and through integrated functioning, maintain a stable 
internal environment within an ever-changing external environment.  

The content categories for this foundational concept include  

3A. Structure and functions of the nervous and endocrine systems and ways in which these systems 
coordinate the organ systems  
3B. Structure and integrative functions of the main organ systems  
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How Foundational Concepts and Content Categories Fit Together 

The MCAT exam asks you to solve problems by combining your knowledge of concepts with your 
scientific inquiry and reasoning skills. Figure 1 illustrates how foundational concepts, content 
categories, and scientific inquiry and reasoning skills intersect to create test questions. 

Foundational Concept 1 Foundational Concept 2 

Content 
Category 

1A 

Content 
Category 

1B 

Content 
Category 

1C 

Content 
Category 

2A 

Content 
Category 

2B 

Content 
Category 

2C 

Skill 1 
Skill 2   
Skill 3 
Skill 4 

� 

� 

Each cell represents the point at which foundational 
concep ts, content cat egories, and sci entific inquiry a nd 
reasoning skills cross. 
Test questions are written at the intersections of the 
know ledge and skills . 
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Understanding the Foundational Concepts and Content Categories in the Biological and 
Biochemical Foundations of Living Systems Section 

The following are detailed explanations of each foundational concept and related content categories tested in the 
Biological and Biochemical Foundations of Living Systems section. To help you prepare for the MCAT exam, we 
provide content lists that describe specific topics and subtopics that define each content category for this section. 
The same content lists are provided to the writers who develop the content of the exam. Here is an excerpt from 
the content list.  

EXCERPT FROM BIOLOGICAL AND BIOCHEMICAL FOUNDAT,ONS OF LIVING SYSTEMS 
OUTLINE  

Metabolism of Fatty Acids and Proteins (BIO, BC) Topic 

� 
� 
� 

� 
� 
� 
� 

Description of fatty acids (BC)   Subtopic 
Digestion, mobilization, and transport of fats 
Oxidation of fatty acids  

o 
o 

Saturated fats 
Unsaturated fats 

Ketone bodies (BC)  
Anabolism of fats (BIO) 
Non-template synthesis: biosynthesis of lipids and polysaccharides (BIO) 
Metabolism of proteins (BIO) 

The abbreviations in parentheses indicate the courses in which undergraduate students at many colleges and 
universities learn about the topics and associated subtopics. The course abbreviations are  

��
��
��
��

BC: first-semester biochemistry  
BIO: two-semester sequence of introductory biology 
GC: two-semester sequence of general chemistry  
OC: two-semester sequence of organic chemistry  

In preparing for the MCAT exam, you will be responsible for learning the topics and associated subtopics at the 
levels at which they are taught at many colleges and universities in the courses listed in parentheses. A small 
number of subtopics have course abbreviations indicated in parentheses. In those cases, you are responsible only 
for learning the subtopics as they are taught in the course(s) indicated.  

Using the excerpt above as an example, 

��

��

��

You are responsible for learning about the topic Metabolism of Fatty Acids and Proteins at the level at 
which it is taught in a typical two-semester introductory biology sequence and in a typical first-semester 
biochemistry course.  
You are responsible for learning about the subtopics Anabolism of fats, Non-template synthesis: 
biosynthesis of lipids and polysaccharides, and Metabolism of proteins only at the levels at which they are 
taught in a typical two-semester sequence of introductory biology.  
You are responsible for learning about the subtopics Description of fatty acids and Ketone bodies only at 
the levels at which they are taught in a typical first-semester biochemistry course.  
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Remember that course content at your school may differ from course content at other colleges and universities. 
The topics and subtopics described in this and the next two chapters may be covered in courses with titles that are 
different from those listed here. Your pre-health advisor and faculty are important resources for your questions 
about course content. 
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:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV

Biological and Biochemical Foundations of Living Systems 

Foundational Concept 1 
%LRPROHFXOHV�KDYH�XQLTXH�SURSHUWLHV�WKDW�GHWHUPLQH�KRZ�WKH\�FRQWULEXWH�WR�WKH�VWUXFWXUH�DQG�

IXQFWLRQ�RI�FHOOV��DQG�KRZ�WKH\�SDUWLFLSDWH�LQ�WKH�SURFHVVHV�QHFHVVDU\�WR�PDLQWDLQ�OLIH��

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

7KH�XQLTXH�FKHPLFDO�DQG�VWUXFWXUDO�SURSHUWLHV�RI�ELRPROHFXOHV�GHWHUPLQH�WKH�UROHV�WKH\�SOD\�LQ�FHOOV��
7KH�SURSHU�IXQFWLRQLQJ�RI�D�OLYLQJ�V\VWHP�GHSHQGV�RQ�WKH�PDQ\�FRPSRQHQWV�DFWLQJ�KDUPRQLRXVO\�LQ�
UHVSRQVH�WR�D�FRQVWDQWO\�FKDQJLQJ�HQYLURQPHQW��%LRPROHFXOHV�DUH�FRQVWDQWO\�IRUPHG�RU�GHJUDGHG�LQ�
UHVSRQVH�WR�WKH�SHUFHLYHG�QHHGV�RI�WKH�RUJDQLVP� 

Content Categories 

� 

� 

� 

� 

Category 1A�IRFXVHV�RQ�WKH�VWUXFWXUDO�DQG�IXQFWLRQDO�FRPSOH[LW\�RI�SURWHLQV��ZKLFK�LV�GHULYHG�
IURP�WKHLU�FRPSRQHQW�DPLQR�DFLGV��WKH�VHTXHQFH�LQ�ZKLFK�WKH�DPLQR�DFLGV�DUH�FRYDOHQWO\�ERQGHG��
DQG�WKH�WKUHH�GLPHQVLRQDO�VWUXFWXUHV�WKH�SURWHLQV�DGRSW�LQ�DQ�DTXHRXV�HQYLURQPHQW���

Category 1B�IRFXVHV�RQ�WKH�PROHFXODU�PHFKDQLVPV�UHVSRQVLEOH�IRU�WKH�WUDQVIHU�RI�VHTXHQFH�
VSHFLILF�ELRORJLFDO�LQIRUPDWLRQ�EHWZHHQ�ELRSRO\PHUV�ZKLFK�XOWLPDWHO\�UHVXOWV�LQ�WKH�V\QWKHVLV�RI�
SURWHLQV���

Category 1C�IRFXVHV�RQ�WKH�PHFKDQLVPV�WKDW�IXQFWLRQ�WR�WUDQVPLW�WKH�KHULWDEOH�LQIRUPDWLRQ�
VWRUHG�LQ�'1$�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ���

Category 1D�IRFXVHV�RQ�WKH�ELRPROHFXOHV�DQG�UHJXODWHG�SDWKZD\V�LQYROYHG�LQ�KDUYHVWLQJ�
FKHPLFDO�HQHUJ\�VWRUHG�LQ�IXHO�PROHFXOHV��ZKLFK�VHUYHV�DV�WKH�GULYLQJ�IRUFH�IRU�DOO�RI�WKH�
SURFHVVHV�WKDW�WDNH�SODFH�ZLWKLQ�D�OLYLQJ�V\VWHP��

:LWK�WKHVH�EXLOGLQJ�EORFNV��PHGLFDO�VWXGHQWV�ZLOO�EH�SUHSDUHG�WR�OHDUQ�KRZ�WKH�PDMRU�ELRFKHPLFDO�
HQHUJ\�SURGXFWLRQ�SDWKZD\V�DUH�UHJXODWHG��KRZ�WKH�V\QWKHVLV�DQG�GHJUDGDWLRQ�RI�PDFURPROHFXOHV�
IXQFWLRQV�WR�PDLQWDLQ�KHDOWK��DQG�KRZ�YDULRXV�IRUPV�RI�ELRFKHPLFDO�G\VIXQFWLRQ�UHVXOW�LQ�GLVHDVH��



Content Category 1A: Structure and function of proteins and their constituent amino acids 
0DFURPROHFXOHV�IRUPHG�IURP�DPLQR�DFLGV�DGRSW�ZHOO�GHILQHG��WKUHH�GLPHQVLRQDO�VWUXFWXUHV�ZLWK�
FKHPLFDO�SURSHUWLHV�WKDW�DUH�UHVSRQVLEOH�IRU�WKHLU�SDUWLFLSDWLRQ�LQ�YLUWXDOO\�HYHU\�SURFHVV�RFFXUULQJ�ZLWKLQ�
DQG�EHWZHHQ�FHOOV��7KH�WKUHH�GLPHQVLRQDO�VWUXFWXUH�RI�SURWHLQV�LV�D�GLUHFW�FRQVHTXHQFH�RI�WKH�QDWXUH�RI�
WKH�FRYDOHQWO\�ERQGHG�VHTXHQFH�RI�DPLQR�DFLGV��WKHLU�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV��DQG�WKH�ZD\�LQ�
ZKLFK�WKH�ZKROH�DVVHPEO\�LQWHUDFWV�ZLWK�ZDWHU���

(Q]\PHV�DUH�SURWHLQV�WKDW�LQWHUDFW�LQ�KLJKO\�UHJLR��DQG�VWHUHR�VSHFLILF�ZD\V�ZLWK�GLVVROYHG�VROXWHV��7KH\�
HLWKHU�IDFLOLWDWH�WKH�FKHPLFDO�WUDQVIRUPDWLRQ�RI�WKHVH�VROXWHV��RU�DOORZ�IRU�WKHLU�WUDQVSRUW�LQQRFXRXVO\��
'LVVROYHG�VROXWHV�FRPSHWH�IRU�SURWHLQ�ELQGLQJ�VLWHV��DQG�SURWHLQ�FRQIRUPDWLRQDO�G\QDPLFV�JLYH�ULVH�WR�
PHFKDQLVPV�FDSDEOH�RI�FRQWUROOLQJ�HQ]\PDWLF�DFWLYLW\��

7KH�LQILQLWH�YDULDELOLW\�RI�SRWHQWLDO�DPLQR�DFLG�VHTXHQFHV�DOORZV�IRU�DGDSWDEOH�UHVSRQVHV�WR�SDWKRJHQLF�
RUJDQLVPV�DQG�PDWHULDOV��7KH�ULJLGLW\�RI�VRPH�DPLQR�DFLG�VHTXHQFHV�PDNHV�WKHP�VXLWDEOH�IRU�VWUXFWXUDO�
UROHV�LQ�FRPSOH[�OLYLQJ�V\VWHPV��

&RQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�D�UDQJH�RI�SURWHLQ�EHKDYLRUV�ZKLFK�RULJLQDWH�IURP�WKH�XQLTXH�FKHPLVWU\�
RI�DPLQR�DFLGV�WKHPVHOYHV��$PLQR�DFLG�FODVVLILFDWLRQV�DQG�SURWHLQ�VWUXFWXUDO�HOHPHQWV�DUH�FRYHUHG��
6SHFLDO�HPSKDVLV�LV�SODFHG�RQ�HQ]\PH�FDWDO\VLV��LQFOXGLQJ�PHFKDQLVWLF�FRQVLGHUDWLRQV��NLQHWLFV��PRGHOV�
RI�HQ]\PH�VXEVWUDWH�LQWHUDFWLRQ��DQG�UHJXODWLRQ��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�
IROORZLQJ��

Please Note 
Topics that appear on multiple content 
lists will be treated differently. Questions 
will focus on the topics as they are 
described in the narrative for the content 
category. 

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

Amino Acids (BC, OC)
�

� 

 'HVFULSWLRQ�
o
o
o

$EVROXWH�FRQILJXUDWLRQ�DW�WKH�Į�SRVLWLRQ�
$PLQR�DFLGV�DV�GLSRODU�LRQV�
&ODVVLILFDWLRQV�
� 
� 

$FLGLF�RU�EDVLF�
+\GURSKRELF�RU�K\GURSKLOLF�

5HDFWLRQV�
o
o
o

6XOIXU�OLQNDJH�IRU�F\VWHLQH�DQG�F\VWLQH�
3HSWLGH�OLQNDJH��SRO\SHSWLGHV�DQG�SURWHLQV�
+\GURO\VLV 

Protein Structure (BIO, BC, OC) 
� 

� 

� 

6WUXFWXUH�
o
o
o
o

���VWUXFWXUH�RI�SURWHLQV�
���VWUXFWXUH�RI�SURWHLQV�
���VWUXFWXUH�RI�SURWHLQV��UROH�RI�SUROLQH��F\VWLQH��K\GURSKRELF�ERQGLQJ�
���VWUXFWXUH�RI�SURWHLQV��%,2��%&��

&RQIRUPDWLRQDO�VWDELOLW\�
o
o
o

'HQDWXULQJ�DQG�IROGLQJ�
+\GURSKRELF�LQWHUDFWLRQV�
6ROYDWLRQ�OD\HU��HQWURS\���%&��

6HSDUDWLRQ�WHFKQLTXHV�
o ,VRHOHFWULF�SRLQW
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o (OHFWURSKRUHVLV

Non-Enzymatic Protein Function (BIO, BC) 
� 
� 
� 

%LQGLQJ��%&��
,PPXQH�V\VWHP�
0RWRUV� 

Enzyme Structure and Function (BIO, BC)
� 
� 
� 
� 
� 
� 
� 

� 

)XQFWLRQ�RI�HQ]\PHV�LQ�FDWDO\]LQJ�ELRORJLFDO�UHDFWLRQV��
(Q]\PH�FODVVLILFDWLRQ�E\�UHDFWLRQ�W\SH�
5HGXFWLRQ�RI�DFWLYDWLRQ�HQHUJ\��
6XEVWUDWHV�DQG�HQ]\PH�VSHFLILFLW\�
$FWLYH�6LWH�0RGHO��
,QGXFHG�ILW�0RGHO��
0HFKDQLVP�RI�FDWDO\VLV�

o
o
o

&RIDFWRUV�
&RHQ]\PHV�
:DWHU�VROXEOH�YLWDPLQV�

(IIHFWV�RI�ORFDO�FRQGLWLRQV�RQ�HQ]\PH�DFWLYLW\�

Control of Enzyme Activity (BIO, BC) 
� 

� 
� 

� 

.LQHWLFV�
o
o
o

*HQHUDO��FDWDO\VLV��
0LFKDHOLV±0HQWHQ�
&RRSHUDWLYLW\�

)HHGEDFN�UHJXODWLRQ�
,QKLELWLRQ�–�W\SHV

o
o
o
o

&RPSHWLWLYH��
1RQ�FRPSHWLWLYH��
0L[HG��%&��
8QFRPSHWLWLYH��%&��

5HJXODWRU\�HQ]\PHV�
o
o
o

$OORVWHULF�HQ]\PHV�
&RYDOHQWO\�PRGLILHG�HQ]\PHV�
=\PRJHQ�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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Content Category 1B: Transmission of genetic information from the gene to the protein 
%LRPROHFXOHV�DQG�ELRPROHFXODU�DVVHPEOLHV�LQWHUDFW�LQ�VSHFLILF��KLJKO\�UHJXODWHG�ZD\V�WR�WUDQVIHU�
VHTXHQFH�LQIRUPDWLRQ�EHWZHHQ�ELRSRO\PHUV�LQ�OLYLQJ�RUJDQLVPV��%\�VWRULQJ�DQG�WUDQVIHUULQJ�ELRORJLFDO�
LQIRUPDWLRQ��'1$�DQG�51$�HQDEOH�OLYLQJ�RUJDQLVPV�WR�UHSURGXFH�WKHLU�FRPSOH[�FRPSRQHQWV�IURP�RQH�
JHQHUDWLRQ�WR�WKH�QH[W��7KH�QXFOHRWLGH�PRQRPHUV�RI�WKHVH�ELRSRO\PHUV��EHLQJ�MRLQHG�E\�SKRVSKRGLHVWHU�
OLQNDJHV��IRUP�D�SRO\QXFOHRWLGH�PROHFXOH�ZLWK�D�³EDFNERQH´�FRPSRVHG�RI�UHSHDWLQJ�VXJDU�SKRVSKDWH�
XQLWV�DQG�³DSSHQGDJHV´�RI�QLWURJHQRXV�EDVHV��7KH�XQLTXH�VHTXHQFH�RI�EDVHV�LQ�HDFK�JHQH�SURYLGHV�
VSHFLILF�LQIRUPDWLRQ�WR�WKH�FHOO��

'1$�PROHFXOHV�DUH�FRPSRVHG�RI�WZR�SRO\QXFOHRWLGHV�WKDW�VSLUDO�DURXQG�DQ�LPDJLQDU\�D[LV��IRUPLQJ�D�
GRXEOH�KHOL[��7KH�WZR�SRO\QXFOHRWLGHV�DUH�KHOG�WRJHWKHU�E\�K\GURJHQ�ERQGV�EHWZHHQ�WKH�SDLUHG�EDVHV�
DQG�YDQ�GHU�:DDOV�LQWHUDFWLRQV�EHWZHHQ�WKH�VWDFNHG�EDVHV��7KH�SDLULQJ�EHWZHHQ�WKH�EDVHV�RI�WZR�
SRO\QXFOHRWLGHV�LV�YHU\�VSHFLILF��DQG�LWV�FRPSOHPHQWDULW\�DOORZV�IRU�D�SUHFLVH�UHSOLFDWLRQ�RI�WKH�'1$�
PROHFXOH���

7KH�'1$�LQKHULWHG�E\�DQ�RUJDQLVP�OHDGV�WR�VSHFLILF�WUDLWV�E\�GLFWDWLQJ�WKH�V\QWKHVLV�RI�WKH�ELRPROHFXOHV�
�51$�PROHFXOHV�DQG�SURWHLQV��LQYROYHG�LQ�SURWHLQ�V\QWKHVLV��:KLOH�HYHU\�FHOO�LQ�D�PXOWLFHOOXODU�
RUJDQLVP�LQKHULWV�WKH�VDPH�'1$��LWV�H[SUHVVLRQ�LV�SUHFLVHO\�UHJXODWHG�VXFK�WKDW�GLIIHUHQW�JHQHV�DUH�
H[SUHVVHG�E\�FHOOV�DW�GLIIHUHQW�VWDJHV�RI�GHYHORSPHQW��E\�FHOOV�LQ�GLIIHUHQW�WLVVXHV��DQG�E\�FHOOV�H[SRVHG�
WR�GLIIHUHQW�VWLPXOL���

7KH�WRSLFV�LQFOXGHG�LQ�WKLV�FDWHJRU\�FRQFHUQ�QRW�RQO\�WKH�PROHFXODU�PHFKDQLVPV�RI�WKH�WUDQVPLVVLRQ�RI�
JHQHWLF�LQIRUPDWLRQ�IURP�WKH�JHQH�WR�WKH�SURWHLQ��transcription�DQG�translation���EXW�DOVR�WKH�
ELRV\QWKHVLV�RI�WKH�LPSRUWDQW�PROHFXOHV�DQG�PROHFXODU�DVVHPEOLHV�WKDW�DUH�LQYROYHG�LQ�WKHVH�
PHFKDQLVPV��7KH�FRQWURO�RI�JHQH�H[SUHVVLRQ�LQ�SURNDU\RWHV�DQG�HXNDU\RWHV�LV�DOVR�LQFOXGHG��

%URDGO\�VSHDNLQJ��WKH�ILHOG�RI�ELRWHFKQRORJ\�XVHV�ELRORJLFDO�V\VWHPV��OLYLQJ�RUJDQLVPV��RU�GHULYDWLYHV�
WKHUHRI��WR�PDNH�RU�PRGLI\�SURGXFWV�RU�SURFHVVHV�IRU�VSHFLILF�XVH��7KH�ELRWHFKQRORJLFDO�WHFKQLTXHV�
HPSKDVL]HG�LQ�WKLV�FDWHJRU\��KRZHYHU��DUH�WKRVH�WKDW�WDNH�DGYDQWDJH�RI�WKH�FRPSOHPHQWDU\�VWUXFWXUH�RI�
GRXEOH�VWUDQGHG�'1$�PROHFXOHV�WR�V\QWKHVL]H��VHTXHQFH��DQG�DPSOLI\�WKHP��DQG�WR�DQDO\]H�DQG�
LGHQWLI\�XQNQRZQ�SRO\QXFOHRWLGH�VHTXHQFHV��,QFOXGHG�ZLWKLQ�WKLV�WUHDWPHQW�RI�ELRWHFKQRORJ\�DUH�WKRVH�
SUDFWLFDO�DSSOLFDWLRQV�ZKLFK�GLUHFWO\�LPSDFW�KXPDQV��VXFK�DV�PHGLFDO�DSSOLFDWLRQV��KXPDQ�JHQH�
WKHUDS\��DQG�SKDUPDFHXWLFDOV��

&RQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�ELRSRO\PHUV��LQFOXGLQJ�ULERQXFOHLF�DFLG��51$���GHR[\ULERQXFOHLF�
DFLG��'1$���SURWHLQV��DQG�WKH�ELRFKHPLFDO�SURFHVVHV�LQYROYHG�LQ�FDUU\LQJ�RXW�WKH�WUDQVIHU�RI�ELRORJLFDO�
LQIRUPDWLRQ�IURP�'1$��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�IROORZLQJ� 

Nucleic Acid Structure and Function (BIO, BC) 
� 
� 

� 
� 
� 

'HVFULSWLRQ�
1XFOHRWLGHV�DQG�QXFOHRVLGHV�

o
o 

6XJDU�SKRVSKDWH�EDFNERQH�
3\ULPLGLQH��SXULQH�UHVLGXHV�

'HR[\ULERQXFOHLF�DFLG��'1$���GRXEOH�KHOL[��:DWVRQ±&ULFN�PRGHO�RI�'1$�VWUXFWXUH�
%DVH�SDLULQJ�VSHFLILFLW\��$�ZLWK�7��*�ZLWK�&��
)XQFWLRQ�LQ�WUDQVPLVVLRQ�RI�JHQHWLF�LQIRUPDWLRQ��%,2��

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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� '1$�GHQDWXUDWLRQ��UHDQQHDOLQJ��K\EULGL]DWLRQ

DNA Replication (BIO) 
� 
� 
� 
� 
� 

0HFKDQLVP�RI�UHSOLFDWLRQ��VHSDUDWLRQ�RI�VWUDQGV��VSHFLILF�FRXSOLQJ�RI�IUHH�QXFOHLF�DFLGV�
6HPL�FRQVHUYDWLYH�QDWXUH�RI�UHSOLFDWLRQ��
6SHFLILF�HQ]\PHV�LQYROYHG�LQ�UHSOLFDWLRQ��
2ULJLQV�RI�UHSOLFDWLRQ��PXOWLSOH�RULJLQV�LQ�HXNDU\RWHV�
5HSOLFDWLQJ�WKH�HQGV�RI�'1$�PROHFXOHV��

Repair of DNA (BIO) 
� 
� 

5HSDLU�GXULQJ�UHSOLFDWLRQ��
5HSDLU�RI�PXWDWLRQV

Genetic Code (BIO) 
� 
� 
� 
� 
� 
� 
� 

&HQWUDO�'RJPD��'1$�ĺ�51$�ĺ�SURWHLQ�
7KH�WULSOHW�FRGH��
&RGRQ±DQWLFRGRQ�UHODWLRQVKLS�
'HJHQHUDWH�FRGH��ZREEOH�SDLULQJ�
0LVVHQVH��QRQVHQVH�FRGRQV��
,QLWLDWLRQ��WHUPLQDWLRQ�FRGRQV��
0HVVHQJHU�51$��P51$��

Transcription (BIO) 
� 
� 
� 
� 

� 

7UDQVIHU�51$��W51$���ULERVRPDO�51$��U51$��
0HFKDQLVP�RI�WUDQVFULSWLRQ��
P51$�SURFHVVLQJ�LQ�HXNDU\RWHV��LQWURQV��H[RQV��
5LER]\PHV��VSOLFHRVRPHV��VPDOO�QXFOHDU�ULERQXFOHRSURWHLQV��VQ513V���VPDOO�QXFOHDU�51$V�
�VQ51$V���
)XQFWLRQDO�DQG�HYROXWLRQDU\�LPSRUWDQFH�RI�LQWURQV�

Translation (BIO) 
� 
� 
� 
� 

5ROHV�RI�P51$��W51$��U51$�
5ROH�DQG�VWUXFWXUH�RI�ULERVRPHV��
,QLWLDWLRQ��WHUPLQDWLRQ�FR�IDFWRUV��
3RVW�WUDQVODWLRQDO�PRGLILFDWLRQ�RI�SURWHLQV�

Eukaryotic Chromosome Organization (BIO) 
� 
� 
� 
� 
� 

&KURPRVRPDO�SURWHLQV��
6LQJOH�FRS\�YV��UHSHWLWLYH�'1$��
6XSHUFRLOLQJ��
+HWHURFKURPDWLQ�YV��HXFKURPDWLQ�
7HORPHUHV��FHQWURPHUHV��

Control of Gene Expression in Prokaryotes (BIO) 
� 2SHURQ�&RQFHSW��-DFRE±0RQRG�0RGHO

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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� 
� 

*HQH�UHSUHVVLRQ�LQ�EDFWHULD�
3RVLWLYH�FRQWURO�LQ�EDFWHULD��

Control of Gene Expression in Eukaryotes (BIO) 
� 
� 
� 
� 
� 
� 
� 
� 

7UDQVFULSWLRQDO�UHJXODWLRQ��
'1$�ELQGLQJ�SURWHLQV��WUDQVFULSWLRQ�IDFWRUV��
*HQH�DPSOLILFDWLRQ�DQG�GXSOLFDWLRQ��
3RVW�WUDQVFULSWLRQDO�FRQWURO��EDVLF�FRQFHSW�RI�VSOLFLQJ��LQWURQV��H[RQV���
&DQFHU�DV�D�IDLOXUH�RI�QRUPDO�FHOOXODU�FRQWUROV��RQFRJHQHV��WXPRU�VXSSUHVVRU�JHQHV�
5HJXODWLRQ�RI�FKURPDWLQ�VWUXFWXUH��
'1$�PHWK\ODWLRQ��
5ROH�RI�QRQ�FRGLQJ�51$V��

Recombinant DNA and Biotechnology (BIO) 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 

� 

*HQH�FORQLQJ��
5HVWULFWLRQ�HQ]\PHV��
'1$�OLEUDULHV��
*HQHUDWLRQ�RI�F'1$��
+\EULGL]DWLRQ��
([SUHVVLQJ�FORQHG�JHQHV��
3RO\PHUDVH�FKDLQ�UHDFWLRQ��
*HO�HOHFWURSKRUHVLV�DQG�6RXWKHUQ�EORWWLQJ��
'1$�VHTXHQFLQJ��
$QDO\]LQJ�JHQH�H[SUHVVLRQ��
'HWHUPLQLQJ�JHQH�IXQFWLRQ��
6WHP�FHOOV��
3UDFWLFDO�DSSOLFDWLRQV�RI�'1$�WHFKQRORJ\��PHGLFDO�DSSOLFDWLRQV��KXPDQ�JHQH�
WKHUDS\��SKDUPDFHXWLFDOV��IRUHQVLF�HYLGHQFH��HQYLURQPHQWDO�FOHDQXS��DJULFXOWXUH�
6DIHW\�DQG�HWKLFV�RI�'1$�WHFKQRORJ\��

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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Content Category 1C:  Transmission of heritable information from generation to generation 
and the processes that increase genetic diversity�
7KH�LQIRUPDWLRQ�QHFHVVDU\�WR�GLUHFW�OLIH�IXQFWLRQV�LV�FRQWDLQHG�ZLWKLQ�GLVFUHWH�QXFOHRWLGH�VHTXHQFHV�
WUDQVPLWWHG�IURP�JHQHUDWLRQ�WR�JHQHUDWLRQ�E\�PHFKDQLVPV�WKDW��E\�QDWXUH�RI�WKHLU�YDULRXV�SURFHVVHV��
SURYLGH�WKH�UDZ�PDWHULDOV�IRU�HYROXWLRQ�E\�LQFUHDVLQJ�JHQHWLF�GLYHUVLW\��6SHFLILF�VHTXHQFHV�RI�
GHR[\ULERQXFOHLF�DFLGV�VWRUH�DQG�WUDQVIHU�WKH�KHULWDEOH�LQIRUPDWLRQ�QHFHVVDU\�IRU�WKH�FRQWLQXDWLRQ�RI�OLIH�
IURP�RQH�JHQHUDWLRQ�WR�WKH�QH[W��7KHVH�VHTXHQFHV��FDOOHG�genes�ʊ�EHLQJ�SDUW�RI�ORQJHU�'1$�PROHFXOHV�
ʊ�DUH�RUJDQL]HG��DORQJ�ZLWK�YDULRXV�SURWHLQV��LQWR�ELRPROHFXODU�DVVHPEOLHV�FDOOHG�chromosomes���

&KURPRVRPHV�SDVV�IURP�SDUHQWV�WR�RIIVSULQJ�LQ�VH[XDOO\�UHSURGXFLQJ�RUJDQLVPV��7KH�SURFHVVHV�RI�
meiosis�DQG�fertilization�PDLQWDLQ�D�VSHFLHV¶�FKURPRVRPH�FRXQW�GXULQJ�WKH�VH[XDO�OLIH�F\FOH��%HFDXVH�
SDUHQWV�SDVV�RQ�GLVFUHWH�KHULWDEOH�XQLWV�WKDW�UHWDLQ�WKHLU�VHSDUDWH�LGHQWLWLHV�LQ�RIIVSULQJ��WKH�ODZV�RI�
SUREDELOLW\�FDQ�EH�XVHG�WR�SUHGLFW�WKH�RXWFRPH�RI�VRPH��EXW�QRW�DOO��JHQHWLF�FURVVHV���

7KH�EHKDYLRU�RI�FKURPRVRPHV�GXULQJ�PHLRVLV�DQG�IHUWLOL]DWLRQ�LV�UHVSRQVLEOH�IRU�PRVW�RI�WKH�JHQHWLF�
YDULDWLRQ�WKDW�DULVHV�HDFK�JHQHUDWLRQ��0HFKDQLVPV�WKDW�FRQWULEXWH�WR�WKLV�JHQHWLF�YDULDWLRQ�LQFOXGH�
LQGHSHQGHQW�DVVRUWPHQW�RI�FKURPRVRPHV��FURVVLQJ�RYHU��DQG�UDQGRP�IHUWLOL]DWLRQ��2WKHU�PHFKDQLVPV��
VXFK�DV�PXWDWLRQ��UDQGRP�JHQHWLF�GULIW��ERWWOHQHFNV��DQG�LPPLJUDWLRQ��H[LVW�ZLWK�WKH�SRWHQWLDO�WR�DIIHFW�
WKH�JHQHWLF�GLYHUVLW\�RI�LQGLYLGXDOV�DQG�SRSXODWLRQV��&ROOHFWLYHO\��WKH�JHQHWLF�GLYHUVLW\�WKDW�UHVXOWV�IURP�
WKHVH�SURFHVVHV�SURYLGHV�WKH�UDZ�PDWHULDO�IRU�HYROXWLRQ�E\�QDWXUDO�VHOHFWLRQ��

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�PHFKDQLVPV�E\�ZKLFK�KHULWDEOH�LQIRUPDWLRQ�LV�WUDQVPLWWHG�IURP�
JHQHUDWLRQ�WR�JHQHUDWLRQ��DQG�WKH�HYROXWLRQDU\�SURFHVVHV�WKDW�JHQHUDWH�DQG�DFW�XSRQ�JHQHWLF�YDULDWLRQ���

7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�IROORZLQJ��

Evidence that DNA is Genetic Material (BIO) 

Mendelian Concepts (BIO) 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 
� 

3KHQRW\SH�DQG�JHQRW\SH�
*HQH��
/RFXV��
$OOHOH��VLQJOH�DQG�PXOWLSOH��
+RPR]\JRVLW\�DQG�KHWHUR]\JRVLW\��
:LOG�W\SH��
5HFHVVLYHQHVV��
&RPSOHWH�GRPLQDQFH��
&R�GRPLQDQFH��
,QFRPSOHWH�GRPLQDQFH��OHDNDJH��SHQHWUDQFH��H[SUHVVLYLW\�
+\EULGL]DWLRQ��YLDELOLW\��
*HQH�SRRO�

Meiosis and Other Factors Affecting Genetic Variability (BIO) 
� 6LJQLILFDQFH�RI�PHLRVLV

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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� 
� 

� 

� 
� 

,PSRUWDQW�GLIIHUHQFHV�EHWZHHQ�PHLRVLV�DQG�PLWRVLV�
6HJUHJDWLRQ�RI�JHQHV�

o
o
o

o
o
o
o

,QGHSHQGHQW�DVVRUWPHQW�
/LQNDJH�
5HFRPELQDWLRQ�

o
o
o
o

6LQJOH�FURVVRYHUV�
'RXEOH�FURVVRYHUV�
6\QDSWRQHPDO�FRPSOH[�
7HWUDG�

6H[�OLQNHG�FKDUDFWHULVWLFV�
9HU\�IHZ�JHQHV�RQ�<�FKURPRVRPH�
6H[�GHWHUPLQDWLRQ�
&\WRSODVPLF�H[WUDQXFOHDU�LQKHULWDQFH�

0XWDWLRQ�
o
o

o
o
o

*HQHUDO�FRQFHSW�RI�PXWDWLRQ�²�HUURU�LQ�'1$�VHTXHQFH�
7\SHV�RI�PXWDWLRQV��UDQGRP��WUDQVODWLRQ�HUURU��WUDQVFULSWLRQ�HUURU��EDVH�VXEVWLWXWLRQ��
LQYHUVLRQ��DGGLWLRQ��GHOHWLRQ��WUDQVORFDWLRQ��PLVSDLULQJ�
$GYDQWDJHRXV�YV��GHOHWHULRXV�PXWDWLRQ�
,QERUQ�HUURUV�RI�PHWDEROLVP�
5HODWLRQVKLS�RI�PXWDJHQV�WR�FDUFLQRJHQV�

*HQHWLF�GULIW�
6\QDSVLV�RU�FURVVLQJ�RYHU�PHFKDQLVP�IRU�LQFUHDVLQJ�JHQHWLF�GLYHUVLW\ 

Analytic Methods (BIO) 
� 
� 
� 
� 

+DUG\±:HLQEHUJ�3ULQFLSOH�
7HVWFURVV��%DFNFURVV��FRQFHSWV�RI�SDUHQWDO��)���DQG�)��JHQHUDWLRQV��
*HQH�PDSSLQJ��FURVVRYHU�IUHTXHQFLHV�
%LRPHWU\��VWDWLVWLFDO�PHWKRGV�

Evolution (BIO) 
� 

� 

� 

1DWXUDO�VHOHFWLRQ�
o
o
o
o

)LWQHVV�FRQFHSW�
6HOHFWLRQ�E\�GLIIHUHQWLDO�UHSURGXFWLRQ�
&RQFHSWV�RI�QDWXUDO�DQG�JURXS�VHOHFWLRQ�
(YROXWLRQDU\�VXFFHVV�DV�LQFUHDVH�LQ�SHUFHQW�UHSUHVHQWDWLRQ�LQ�WKH�JHQH�SRRO�RI�WKH�QH[W�
JHQHUDWLRQ�

6SHFLDWLRQ�
o
o
o
o
o

3RO\PRUSKLVP�
$GDSWDWLRQ�DQG�VSHFLDOL]DWLRQ�
,QEUHHGLQJ�
2XWEUHHGLQJ�
%RWWOHQHFNV�

(YROXWLRQDU\�WLPH�DV�PHDVXUHG�E\�JUDGXDO�UDQGRP�FKDQJHV�LQ�JHQRPH�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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Content Category 1D: Principles of bioenergetics and fuel molecule metabolism 
/LYLQJ�WKLQJV�KDUQHVV�HQHUJ\�IURP�IXHO�PROHFXOHV�LQ�D�FRQWUROOHG�PDQQHU�LQ�RUGHU�WR�VXVWDLQ�DOO�RI�WKH�
SURFHVVHV�UHVSRQVLEOH�IRU�PDLQWDLQLQJ�OLIH��&HOO�PDLQWHQDQFH�DQG�JURZWK�LV�HQHUJHWLFDOO\�FRVWO\��&HOOV�
KDUQHVV�WKH�HQHUJ\�VWRUHG�LQ�IXHO�PROHFXOHV��VXFK�DV�FDUERK\GUDWHV�DQG�IDWW\�DFLGV��DQG�FRQYHUW�LW�LQWR�
VPDOOHU�XQLWV�RI�FKHPLFDO�SRWHQWLDO�NQRZQ�DV�adenosine triphosphate �$73����

7KH�K\GURO\VLV�RI�$73�SURYLGHV�D�UHDG\�VRXUFH�RI�HQHUJ\�IRU�FHOOV�WKDW�FDQ�EH�FRXSOHG�WR�RWKHU�FKHPLFDO�
SURFHVVHV�LQ�RUGHU�WR�PDNH�WKHP�WKHUPRG\QDPLFDOO\�IDYRUDEOH��)XHO�PROHFXOH�PRELOL]DWLRQ��WUDQVSRUW��
DQG�VWRUDJH�DUH�UHJXODWHG�DFFRUGLQJ�WR�WKH�QHHGV�RI�WKH�RUJDQLVP��

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�SULQFLSOHV�RI�ELRHQHUJHWLFV�DQG�IXHO�PROHFXOH�FDWDEROLVP��'HWDLOV�
RI�R[LGDWLYH�SKRVSKRU\ODWLRQ�LQFOXGLQJ�WKH�UROH�RI�FKHPLRVPRWLF�FRXSOLQJ�DQG�ELRORJLFDO�HOHFWURQ�
WUDQVIHU�UHDFWLRQV�DUH�FRYHUHG��DV�DUH�WKH�JHQHUDO�IHDWXUHV�RI�IDWW\�DFLG�DQG�JOXFRVH�PHWDEROLVP��
$GGLWLRQDOO\��UHJXODWLRQ�RI�WKHVH�PHWDEROLF�SDWKZD\V��IXHO�PROHFXOH�PRELOL]DWLRQ��WUDQVSRUW��DQG�VWRUDJH�
DUH�FRYHUHG��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�IROORZLQJ��

Principles of Bioenergetics (BC, GC) 
� 

� 

� 

%LRHQHUJHWLFV�WKHUPRG\QDPLFV�
o 

o 

o
o
o

)UHH�HQHUJ\�KHT�
� 
� 

(TXLOLEULXP�FRQVWDQW��
5HODWLRQVKLS�RI�WKH�HTXLOLEULXP�FRQVWDQW�DQG�ǻG��

&RQFHQWUDWLRQ�
� /H�&KkWHOLHU¶V�3ULQFLSOH

(QGRWKHUPLF�H[RWKHUPLF�UHDFWLRQV�
)UHH�HQHUJ\��G �
6SRQWDQHRXV�UHDFWLRQV�DQG�ǻG��

3KRVSKRU\O�JURXS�WUDQVIHUV�DQG�$73�
o
o 

$73�K\GURO\VLV�ǻG������
$73�JURXS�WUDQVIHUV�

%LRORJLFDO�R[LGDWLRQ�UHGXFWLRQ�
o
o
o

+DOI�UHDFWLRQV�
6ROXEOH�HOHFWURQ�FDUULHUV�
)ODYRSURWHLQV 

Carbohydrates (BC, OC) 
� 

� 
� 
� 
� 

'HVFULSWLRQ�
o
o
o
o

1RPHQFODWXUH�DQG�FODVVLILFDWLRQ��FRPPRQ�QDPHV�
$EVROXWH�FRQILJXUDWLRQ�
&\FOLF�VWUXFWXUH�DQG�FRQIRUPDWLRQV�RI�KH[RVHV�
(SLPHUV�DQG�DQRPHUV�

+\GURO\VLV�RI�WKH�JO\FRVLGH�OLQNDJH�
0RQRVDFFKDULGHV�
'LVDFFKDULGHV�
3RO\VDFFKDULGHV 

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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Glycolysis, Gluconeogenesis, and the Pentose Phosphate Pathway (BIO, BC) 
� 

� 
� 
� 
� 

*O\FRO\VLV��DHURELF���VXEVWUDWHV�DQG�SURGXFWV�
o )HHGHU�SDWKZD\V��JO\FRJHQ��VWDUFK�PHWDEROLVP

)HUPHQWDWLRQ��DQDHURELF�JO\FRO\VLV��
*OXFRQHRJHQHVLV��%&��
3HQWRVH�SKRVSKDWH�SDWKZD\��%&��
1HW�PROHFXODU�DQG�HQHUJHWLF�UHVXOWV�RI�UHVSLUDWLRQ�SURFHVVHV 

Principles of Metabolic Regulation (BC) 
� 

� 
� 
� 

� 

5HJXODWLRQ�RI�PHWDEROLF�SDWKZD\V��%,2��%&��
o 0DLQWHQDQFH�RI�D�G\QDPLF�VWHDG\�VWDWH

5HJXODWLRQ�RI�JO\FRO\VLV�DQG�JOXFRQHRJHQHVLV�
0HWDEROLVP�RI�JO\FRJHQ�
5HJXODWLRQ�RI�JO\FRJHQ�V\QWKHVLV�DQG�EUHDNGRZQ�

o $OORVWHULF�DQG�KRUPRQDO�FRQWURO
$QDO\VLV�RI�PHWDEROLF�FRQWURO�

Citric Acid Cycle (BIO, BC) 
� 
� 
� 
� 

$FHW\O�&R$�SURGXFWLRQ��%&��
5HDFWLRQV�RI�WKH�F\FOH��VXEVWUDWHV�DQG�SURGXFWV�
5HJXODWLRQ�RI�WKH�F\FOH�
1HW�PROHFXODU�DQG�HQHUJHWLF�UHVXOWV�RI�UHVSLUDWLRQ�SURFHVVHV 

Metabolism of Fatty Acids and Proteins (BIO, BC) 
� 
� 
� 

� 
� 
� 
� 

'HVFULSWLRQ�RI�IDWW\�DFLGV��%&��
'LJHVWLRQ��PRELOL]DWLRQ��DQG�WUDQVSRUW�RI�IDWV�
2[LGDWLRQ�RI�IDWW\�DFLGV�

o
 o
6DWXUDWHG�IDWV�
8QVDWXUDWHG�IDWV�

.HWRQH�ERGLHV��%&��
$QDEROLVP�RI�IDWV��%,2��
1RQ�WHPSODWH�V\QWKHVLV��ELRV\QWKHVLV�RI�OLSLGV�DQG�SRO\VDFFKDULGHV��%,2��
0HWDEROLVP�RI�SURWHLQV��%,2��

Oxidative Phosphorylation (BIO, BC) 
� 

� 

� 

� 

(OHFWURQ�WUDQVSRUW�FKDLQ�DQG�R[LGDWLYH�SKRVSKRU\ODWLRQ��VXEVWUDWHV�DQG�SURGXFWV��JHQHUDO�IHDWXUHV�
RI�WKH�SDWKZD\�
(OHFWURQ�WUDQVIHU�LQ�PLWRFKRQGULD�

o
o
o

1$'+��1$'3+�
)ODYRSURWHLQV��
&\WRFKURPHV��

$73�V\QWKDVH��FKHPLRVPRWLF�FRXSOLQJ�
o 3URWRQ�PRWLYH�IRUFH

1HW�PROHFXODU�DQG�HQHUJHWLF�UHVXOWV�RI�UHVSLUDWLRQ�SURFHVVHV�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



� 
� 

5HJXODWLRQ�RI�R[LGDWLYH�SKRVSKRU\ODWLRQ�
0LWRFKRQGULD��DSRSWRVLV��R[LGDWLYH�VWUHVV��%&��

Hormonal Regulation and Integration of Metabolism (BC) 
� 
� 
� 
� 

+LJKHU�OHYHO�LQWHJUDWLRQ�RI�KRUPRQH�VWUXFWXUH�DQG�IXQFWLRQ�
7LVVXH�VSHFLILF�PHWDEROLVP�
+RUPRQDO�UHJXODWLRQ�RI�IXHO�PHWDEROLVP�
2EHVLW\�DQG�UHJXODWLRQ�RI�ERG\�PDVV 

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



Biological and Biochemical Foundations of Living Systems 

Foundational Concept 2 
+LJKO\�RUJDQL]HG�DVVHPEOLHV�RI�PROHFXOHV��FHOOV��DQG�RUJDQV�LQWHUDFW�WR�

FDUU\�RXW�WKH�IXQFWLRQV�RI�OLYLQJ�RUJDQLVPV� 

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

&HOOV�DUH�WKH�EDVLF�XQLW�RI�VWUXFWXUH�LQ�DOO�OLYLQJ�WKLQJV��0HFKDQLVPV�RI�FHOO�GLYLVLRQ�SURYLGH�QRW�RQO\�IRU�
WKH�JURZWK�DQG�PDLQWHQDQFH�RI�RUJDQLVPV��EXW�DOVR�IRU�WKH�FRQWLQXDWLRQ�RI�WKH�VSHFLHV�WKURXJK�DVH[XDO�
DQG�VH[XDO�UHSURGXFWLRQ��7KH�XQLTXH�PLFUR�HQYLURQPHQW�WR�ZKLFK�D�FHOO�LV�H[SRVHG�GXULQJ�GHYHORSPHQW�
DQG�GLYLVLRQ�GHWHUPLQHV�WKH�IDWH�RI�WKH�FHOO�E\�LPSDFWLQJ�JHQH�H[SUHVVLRQ�DQG�XOWLPDWHO\�WKH�FHOO¶V�
FROOHFWLRQ�DQG�GLVWULEXWLRQ�RI�PDFURPROHFXOHV��DQG�LWV�DUUDQJHPHQW�RI�VXEFHOOXODU�RUJDQHOOHV���

,Q�PXOWLFHOOXODU�RUJDQLVPV��WKH�SURFHVVHV�QHFHVVDU\�WR�PDLQWDLQ�OLIH�DUH�H[HFXWHG�E\�JURXSV�RI�FHOOV�WKDW�
DUH�RUJDQL]HG�LQWR�VSHFLDOL]HG�VWUXFWXUHV�ZLWK�VSHFLDOL]HG�IXQFWLRQV�ʊ�ERWK�RI�ZKLFK�UHVXOW�IURP�WKH�
XQLTXH�SURSHUWLHV�RI�WKH�FHOOV¶�FRPSRQHQW�PROHFXOHV� 

Content Categories 
� 

� 

� 

Category 2A�IRFXVHV�RQ�WKH�DVVHPEOLHV�RI�PROHFXOHV��FHOOV��DQG�JURXSV�RI�FHOOV�ZLWKLQ�VLQJOH�
FHOOXODU�DQG�PXOWLFHOOXODU�RUJDQLVPV�WKDW�IXQFWLRQ�WR�H[HFXWH�WKH�SURFHVVHV�QHFHVVDU\�WR�PDLQWDLQ�
OLIH���

Category 2B�IRFXVHV�RQ�WKH�VWUXFWXUH��JURZWK��SK\VLRORJ\��DQG�JHQHWLFV�RI�SURNDU\RWHV��DQG�WKH�
VWUXFWXUH�DQG�OLIH�F\FOHV�RI�YLUXVHV���

Category 2C�IRFXVHV�RQ�WKH�SURFHVVHV�RI�FHOO�DQG�QXFOHDU�GLYLVLRQ��DQG�WKH�PHFKDQLVPV�
JRYHUQLQJ�FHOO�GLIIHUHQWLDWLRQ�DQG�VSHFLDOL]DWLRQ���

:LWK�WKHVH�EXLOGLQJ�EORFNV��PHGLFDO�VWXGHQWV�ZLOO�EH�SUHSDUHG�WR�OHDUQ�DERXW�WKH�PRUSKRORJLFDO�DQG�
ELRFKHPLFDO�HYHQWV�WKDW�RFFXU�ZKHQ�VRPDWLF�RU�JHUP�FHOOV�GLYLGH��WKH�PHFKDQLVPV�WKDW�UHJXODWH�FHOO�
GLYLVLRQ�DQG�FHOO�GHDWK��DQG�WKH�FKDUDFWHULVWLFV�WKDW�GLVWLQJXLVK�QRUPDO�IURP�DEQRUPDO�JURZWK�DQG�
GHYHORSPHQW��7KHVH�EXLOGLQJ�EORFNV�DOVR�SUHSDUH�WKHP�WR�OHDUQ�DERXW�WKH�PLFUR��DQG�PDFURVFRSLF�
VWUXFWXUHV�RI�FHOOV��WLVVXHV��DQG�RUJDQV�WKDW�OHDG�WR�WKHLU�XQLTXH�DQG�LQWHJUDWHG�IXQFWLRQV��DQG�KRZ�
SHUWXUEDWLRQV�FRQWULEXWH�WR�GLVHDVH��

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



Category 2A: Assemblies of molecules, cells, and groups of cells within single cellular and 
multicelluar organisms�
7KH�SURFHVVHV�QHFHVVDU\�WR�PDLQWDLQ�OLIH�DUH�H[HFXWHG�E\�DVVHPEOLHV�RI�PROHFXOHV��FHOOV��DQG�JURXSV�RI�
FHOOV��DOO�RI�ZKLFK�DUH�RUJDQL]HG�LQWR�KLJKO\�VSHFLILF�VWUXFWXUHV�DV�GHWHUPLQHG�E\�WKH�XQLTXH�SURSHUWLHV�RI�
WKHLU�FRPSRQHQW�PROHFXOHV��7KH�SURFHVVHV�QHFHVVDU\�WR�PDLQWDLQ�OLIH�UHTXLUH�WKDW�FHOOV�FUHDWH�DQG�
PDLQWDLQ�LQWHUQDO�HQYLURQPHQWV�ZLWKLQ�WKH�F\WRSODVP�DQG�ZLWKLQ�FHUWDLQ�RUJDQHOOHV�WKDW�DUH�GLIIHUHQW�
IURP�WKHLU�H[WHUQDO�HQYLURQPHQWV���

&HOO�PHPEUDQHV�VHSDUDWH�WKH�LQWHUQDO�HQYLURQPHQW�RI�WKH�FHOO�IURP�WKH�H[WHUQDO�HQYLURQPHQW��7KH�
VSHFLDOL]HG�VWUXFWXUH�RI�WKH�PHPEUDQH��DV�GHVFULEHG�LQ�WKH�IOXLG�PRVDLF�PRGHO��DOORZV�WKH�FHOO�WR�EH�
VHOHFWLYHO\�SHUPHDEOH�DQG�G\QDPLF��ZLWK�KRPHRVWDVLV�PDLQWDLQHG�E\�WKH�FRQVWDQW�PRYHPHQW�RI�
PROHFXOHV�DFURVV�WKH�PHPEUDQHV�WKURXJK�D�FRPELQDWLRQ�RI�DFWLYH�DQG�SDVVLYH�SURFHVVHV�GULYHQ�E\�
VHYHUDO�IRUFHV��LQFOXGLQJ�HOHFWURFKHPLFDO�JUDGLHQWV���

(XNDU\RWLF�FHOOV�DOVR�PDLQWDLQ�LQWHUQDO�PHPEUDQHV�WKDW�SDUWLWLRQ�WKH�FHOO�LQWR�VSHFLDOL]HG�UHJLRQV��7KHVH�
LQWHUQDO�PHPEUDQHV�IDFLOLWDWH�FHOOXODU�SURFHVVHV�E\�PLQLPL]LQJ�FRQIOLFWLQJ�LQWHUDFWLRQV�DQG�LQFUHDVLQJ�
VXUIDFH�DUHD�ZKHUH�FKHPLFDO�UHDFWLRQV�FDQ�RFFXU��0HPEUDQH�ERXQG�RUJDQHOOHV�ORFDOL]H�GLIIHUHQW�
SURFHVVHV�RU�HQ]\PDWLF�UHDFWLRQV�LQ�WLPH�DQG�VSDFH���

7KURXJK�LQWHUDFWLRQV�EHWZHHQ�SURWHLQV�ERXQG�WR�WKH�PHPEUDQHV�RI�DGMDFHQW�FHOOV��RU�EHWZHHQ�PHPEUDQH�
ERXQG�SURWHLQV�DQG�HOHPHQWV�RI�WKH�H[WUDFHOOXODU�PDWUL[��FHOOV�RI�PXOWLFHOOXODU�RUJDQLVPV�RUJDQL]H�LQWR�
WLVVXHV��RUJDQV��DQG�RUJDQ�V\VWHPV��&HUWDLQ�PHPEUDQH�DVVRFLDWHG�SURWHLQV�DOVR�SOD\�NH\�UROHV�LQ�
SURYLGLQJ�LGHQWLILFDWLRQ�RI�WLVVXHV�RU�UHFHQW�HYHQWV�LQ�WKH�FHOO¶V�KLVWRU\�IRU�SXUSRVHV�RI�UHFRJQLWLRQ�RI�
³VHOI´�YHUVXV�IRUHLJQ�PROHFXOHV��

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�FRPSRVLWLRQ��VWUXFWXUH��DQG�IXQFWLRQ�RI�FHOO�PHPEUDQHV��WKH�
VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�PHPEUDQH�ERXQG�RUJDQHOOHV�RI�HXNDU\RWLF�FHOOV��DQG�WKH�VWUXFWXUH�DQG�
IXQFWLRQ�RI�WKH�PDMRU�F\WRVNHOHWDO�HOHPHQWV��,W�FRYHUV�WKH�HQHUJHWLFV�RI�DQG�PHFKDQLVPV�E\�ZKLFK�
PROHFXOHV��RU�JURXSV�RI�PROHFXOHV��PRYH�DFURVV�FHOO�PHPEUDQHV��,W�DOVR�FRYHUV�KRZ�FHOO±FHOO�MXQFWLRQV�
DQG�WKH�H[WUDFHOOXODU�PDWUL[�LQWHUDFW�WR�IRUP�WLVVXHV�ZLWK�VSHFLDOL]HG�IXQFWLRQV��(SLWKHOLDO�WLVVXH�DQG�
FRQQHFWLYH�WLVVXH�DUH�FRYHUHG�LQ�WKLV�FDWHJRU\��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�
IROORZLQJ��

Plasma Membrane (BIO, BC) 
� 
� 

� 
� 

*HQHUDO�IXQFWLRQ�LQ�FHOO�FRQWDLQPHQW��
&RPSRVLWLRQ�RI�PHPEUDQHV�

o

o
o 

/LSLG�FRPSRQHQWV��%,2��%&��2&�
� 
� 
� 

3KRVSKROLSLGV��DQG�SKRVSKDWLGV��
6WHURLGV�
:D[HV�

3URWHLQ�FRPSRQHQWV�
)OXLG�PRVDLF�PRGHO��

0HPEUDQH�G\QDPLFV�
6ROXWH�WUDQVSRUW�DFURVV�PHPEUDQHV�

o 7KHUPRG\QDPLF�FRQVLGHUDWLRQV

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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o

o
o

2VPRVLV
� &ROOLJDWLYH�SURSHUWLHV��RVPRWLF�SUHVVXUH��*&�

3DVVLYH�WUDQVSRUW�
$FWLYH�WUDQVSRUW��
� 6RGLXP�SRWDVVLXP�SXPS

� 
� 
� 
� 
� 

0HPEUDQH�FKDQQHOV��
0HPEUDQH�SRWHQWLDO��
0HPEUDQH�UHFHSWRUV��
([RF\WRVLV�DQG�HQGRF\WRVLV��
,QWHUFHOOXODU�MXQFWLRQV��%,2��

o
o
o

*DS�MXQFWLRQV�
7LJKW�MXQFWLRQV�
'HVPRVRPHV 

Membrane-Bound Organelles and Defining Characteristics of Eukaryotic Cells (BIO) 
� 

� 

� 

� 
� 

� 
� 

'HILQLQJ�FKDUDFWHULVWLFV�RI�HXNDU\RWLF�FHOOV��PHPEUDQH�ERXQG�QXFOHXV��SUHVHQFH�RI�RUJDQHOOHV��
PLWRWLF�GLYLVLRQ�
1XFOHXV�

o
o
o

&RPSDUWPHQWDOL]DWLRQ��VWRUDJH�RI�JHQHWLF�LQIRUPDWLRQ�
1XFOHROXV��ORFDWLRQ�DQG�IXQFWLRQ�
1XFOHDU�HQYHORSH��QXFOHDU�SRUHV�

0LWRFKRQGULD�
o
o
o

6LWH�RI�$73�SURGXFWLRQ�
,QQHU�DQG�RXWHU�PHPEUDQH�VWUXFWXUH��%,2��%&��
6HOI�UHSOLFDWLRQ�

/\VRVRPHV��PHPEUDQH�ERXQG�YHVLFOHV�FRQWDLQLQJ�K\GURO\WLF�HQ]\PHV�
(QGRSODVPLF�UHWLFXOXP�

o
o
o
o
o

5RXJK�DQG�VPRRWK�FRPSRQHQWV�
5RXJK�HQGRSODVPLF�UHWLFXOXP�VLWH�RI�ULERVRPHV�
'RXEOH�PHPEUDQH�VWUXFWXUH�
5ROH�LQ�PHPEUDQH�ELRV\QWKHVLV�
5ROH�LQ�ELRV\QWKHVLV�RI�VHFUHWHG�SURWHLQV�

*ROJL�DSSDUDWXV��JHQHUDO�VWUXFWXUH�DQG�UROH�LQ�SDFNDJLQJ�DQG�VHFUHWLRQ�
3HUR[LVRPHV��RUJDQHOOHV�WKDW�FROOHFW�SHUR[LGHV 

Cytoskeleton (BIO) 
� 
� 
� 
� 
� 
� 

*HQHUDO�IXQFWLRQ�LQ�FHOO�VXSSRUW�DQG�PRYHPHQW�
0LFURILODPHQWV��FRPSRVLWLRQ�DQG�UROH�LQ�FOHDYDJH�DQG�FRQWUDFWLOLW\�
0LFURWXEXOHV��FRPSRVLWLRQ�DQG�UROH�LQ�VXSSRUW�DQG�WUDQVSRUW�
,QWHUPHGLDWH�ILODPHQWV��UROH�LQ�VXSSRUW�
&RPSRVLWLRQ�DQG�IXQFWLRQ�RI�FLOLD�DQG�IODJHOOD�
&HQWULROHV��PLFURWXEXOH�RUJDQL]LQJ�FHQWHUV��

Tissues Formed From Eukaryotic Cells (BIO) 
� (SLWKHOLDO�FHOOV

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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� &RQQHFWLYH�WLVVXH�FHOOV

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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Content Category 2B: The structure, growth, physiology, and genetics of prokaryotes and 
viruses�
7KH�KLJKO\�RUJDQL]HG�DVVHPEO\�RI�PROHFXOHV�WKDW�LV�WKH�FHOO�UHSUHVHQWV�WKH�IXQGDPHQWDO�XQLW�RI�VWUXFWXUH��
IXQFWLRQ��DQG�RUJDQL]DWLRQ�LQ�DOO�OLYLQJ�RUJDQLVPV��,Q�WKH�KLHUDUFK\�RI�ELRORJLFDO�RUJDQL]DWLRQ��WKH�FHOO�LV�
WKH�VLPSOHVW�FROOHFWLRQ�RI�PDWWHU�FDSDEOH�RI�FDUU\LQJ�RXW�WKH�SURFHVVHV�WKDW�GLVWLQJXLVK�OLYLQJ�RUJDQLVPV��
$V�VXFK��FHOOV�KDYH�WKH�DELOLW\�WR�XQGHUJR�PHWDEROLVP��PDLQWDLQ�KRPHRVWDVLV��LQFOXGLQJ�LRQLF�JUDGLHQWV��
WKH�FDSDFLW\�WR�JURZ��PRYH�LQ�UHVSRQVH�WR�WKHLU�ORFDO�HQYLURQPHQWV��UHVSRQG�WR�VWLPXOL��UHSURGXFH��DQG�
DGDSW�WR�WKHLU�HQYLURQPHQW�LQ�VXFFHVVLYH�JHQHUDWLRQV���

/LIH�DW�FHOOXODU�OHYHOV�DULVHV�IURP�VWUXFWXUDO�RUGHU�DQG�LWV�G\QDPLF�PRGXODWLRQ��,W�GRHV�VR�LQ�UHVSRQVH�WR�
VLJQDOV��WKHUHE\�UHIOHFWLQJ�SURSHUWLHV�WKDW�UHVXOW�IURP�LQGLYLGXDO�DQG�LQWHUDFWLYH�IHDWXUHV�RI�PROHFXODU�
DVVHPEOLHV��WKHLU�FRPSDUWPHQWDOL]DWLRQ��DQG�WKHLU�LQWHUDFWLRQ�ZLWK�HQYLURQPHQWDO�VLJQDOV�DW�PDQ\�VSDWLDO�
DQG�WHPSRUDO�VFDOHV���

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�FODVVLILFDWLRQ��VWUXFWXUH��JURZWK��SK\VLRORJ\��DQG�JHQHWLFV�RI�
SURNDU\RWHV��DQG�WKH�FKDUDFWHULVWLFV�WKDW�GLVWLQJXLVK�WKHP�IURP�HXNDU\RWHV��9LUXVHV�DUH�DOVR�FRYHUHG�
KHUH��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�IROORZLQJ��

Cell Theory (BIO) 
� 
� 

+LVWRU\�DQG�GHYHORSPHQW�
,PSDFW�RQ�ELRORJ\�

Classification and Structure of Prokaryotic Cells (BIO) 
� 

� 

� 
� 
� 
� 

3URNDU\RWLF�GRPDLQV�
o
o 

$UFKDHD�
%DFWHULD��

0DMRU�FODVVLILFDWLRQV�RI�EDFWHULD�E\�VKDSH�
o
o
o

%DFLOOL��URG�VKDSHG���
6SLULOOL��VSLUDO�VKDSHG��
&RFFL��VSKHULFDO���

/DFN�RI�QXFOHDU�PHPEUDQH�DQG�PLWRWLF�DSSDUDWXV�
/DFN�RI�W\SLFDO�HXNDU\RWLF�RUJDQHOOHV��
3UHVHQFH�RI�FHOO�ZDOO�LQ�EDFWHULD�
)ODJHOODU�SURSXOVLRQ��PHFKDQLVP��

Growth and Physiology of Prokaryotic Cells (BIO) 
� 
� 
� 
� 
� 
� 

5HSURGXFWLRQ�E\�ILVVLRQ��
+LJK�GHJUHH�RI�JHQHWLF�DGDSWDELOLW\��DFTXLVLWLRQ�RI�DQWLELRWLF�UHVLVWDQFH�
([SRQHQWLDO�JURZWK��
([LVWHQFH�RI�DQDHURELF�DQG�DHURELF�YDULDQWV��
3DUDVLWLF�DQG�V\PELRWLF��
&KHPRWD[LV 

Genetics of Prokaryotic Cells (BIO) 
� ([LVWHQFH�RI�SODVPLGV��H[WUDJHQRPLF�'1$

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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� 
� 
� 

7UDQVIRUPDWLRQ��LQFRUSRUDWLRQ�LQWR�EDFWHULDO�JHQRPH�RI�'1$�IUDJPHQWV�IURP�H[WHUQDO�PHGLXP�
&RQMXJDWLRQ�
7UDQVSRVRQV��DOVR�SUHVHQW�LQ�HXNDU\RWLF�FHOOV���

Virus Structure (BIO) 
� 
� 
� 
� 
� 

*HQHUDO�VWUXFWXUDO�FKDUDFWHULVWLFV��QXFOHLF�DFLG�DQG�SURWHLQ��HQYHORSHG�DQG�QRQHQYHORSHG��
/DFN�RUJDQHOOHV�DQG�QXFOHXV��
6WUXFWXUDO�DVSHFWV�RI�W\SLFDO�EDFWHULRSKDJH��
*HQRPLF�FRQWHQW�²�51$�RU�'1$�
6L]H�UHODWLYH�WR�EDFWHULD�DQG�HXNDU\RWLF�FHOOV�

Viral Life Cycle (BIO) 
� 
� 

� 
� 
� 

6HOI�UHSOLFDWLQJ�ELRORJLFDO�XQLWV�WKDW�PXVW�UHSURGXFH�ZLWKLQ�VSHFLILF�KRVW�FHOO�
*HQHUDOL]HG�SKDJH�DQG�DQLPDO�YLUXV�OLIH�F\FOHV�

o

o
o

$WWDFKPHQW�WR�KRVW��SHQHWUDWLRQ�RI�FHOO�PHPEUDQH�RU�FHOO�ZDOO��DQG�HQWU\�RI�YLUDO�JHQHWLF
PDWHULDO�
8VH�RI�KRVW�V\QWKHWLF�PHFKDQLVP�WR�UHSOLFDWH�YLUDO�FRPSRQHQWV�
6HOI�DVVHPEO\�DQG�UHOHDVH�RI�QHZ�YLUDO�SDUWLFOHV�

7UDQVGXFWLRQ��WUDQVIHU�RI�JHQHWLF�PDWHULDO�E\�YLUXVHV��
5HWURYLUXV�OLIH�F\FOH��LQWHJUDWLRQ�LQWR�KRVW�'1$��UHYHUVH�WUDQVFULSWDVH��+,9 
3ULRQV�DQG�YLURLGV��VXEYLUDO�SDUWLFOHV 

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



Content Category 2C: Processes of cell division, differentiation, and specialization 

7KH�DELOLW\�RI�RUJDQLVPV�WR�UHSURGXFH�WKHLU�RZQ�NLQG�LV�WKH�FKDUDFWHULVWLF�WKDW�EHVW�GLVWLQJXLVKHV�OLYLQJ�
WKLQJV��,Q�VH[XDOO\�UHSURGXFLQJ�RUJDQLVPV��WKH�FRQWLQXLW\�RI�OLIH�LV�EDVHG�RQ�WKH�SURFHVVHV�RI�FHOO�GLYLVLRQ�
DQG�PHLRVLV��

7KH�SURFHVV�RI�FHOO�GLYLVLRQ�LV�DQ�LQWHJUDO�SDUW�RI�WKH�FHOO�F\FOH��7KH�SURJUHVV�RI�HXNDU\RWLF�FHOOV�WKURXJK�
WKH�FHOO�F\FOH�LV�UHJXODWHG�E\�D�FRPSOH[�PROHFXODU�FRQWURO�V\VWHP��0DOIXQFWLRQV�LQ�WKLV�V\VWHP�FDQ�UHVXOW�
LQ�XQDEDWHG�FHOOXODU�GLYLVLRQ��DQG�XOWLPDWHO\�WKH�GHYHORSPHQW�RI�FDQFHU��

,Q�WKH�HPEU\RQLF�GHYHORSPHQW�RI�PXOWLFHOOXODU�RUJDQLVPV��D�IHUWLOL]HG�HJJ�JLYHV�ULVH�WR�FHOOV�WKDW�
GLIIHUHQWLDWH�LQWR�PDQ\�GLIIHUHQW�W\SHV�RI�FHOOV��HDFK�ZLWK�D�GLIIHUHQW�VWUXFWXUH��FRUUHVSRQGLQJ�IXQFWLRQ��
DQG�ORFDWLRQ�ZLWKLQ�WKH�RUJDQLVP��'XULQJ�GHYHORSPHQW��VSDWLDO±WHPSRUDO�JUDGLHQWV�LQ�WKH�LQWHUDFWLRQV�
EHWZHHQ�JHQH�H[SUHVVLRQ�DQG�YDULRXV�VWLPXOL�UHVXOW�LQ�WKH�VWUXFWXUDO�DQG�IXQFWLRQDO�GLYHUJHQFH�RI�FHOOV�
LQWR�VSHFLDOL]HG�VWUXFWXUH��RUJDQV��DQG�WLVVXHV��7KH�LQWHUDFWLRQ�RI�VWLPXOL�DQG�JHQHV�LV�DOVR�H[SODLQHG�E\�
WKH�SURJUHVVLRQ�RI�VWHP�FHOOV�WR�WHUPLQDO�FHOOV��

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�FHOO�F\FOH��WKH�FDXVHV��JHQHWLFV��DQG�EDVLF�SURSHUWLHV�RI�FDQFHU��
WKH�SURFHVVHV�RI�PHLRVLV�DQG�JDPHWRJHQHVLV��DQG�WKH�PHFKDQLVPV�JRYHUQLQJ�FHOO�VSHFLDOL]DWLRQ�DQG�
GLIIHUHQWLDWLRQ��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�IROORZLQJ��

Mitosis (BIO) 
� 
� 

� 
� 
� 
� 

0LWRWLF�SURFHVV��SURSKDVH��PHWDSKDVH��DQDSKDVH��WHORSKDVH��LQWHUSKDVH�
0LWRWLF�VWUXFWXUHV�

o
o
o
o

&HQWULROHV��DVWHUV��VSLQGOHV�
&KURPDWLGV��FHQWURPHUHV��NLQHWRFKRUHV�
1XFOHDU�PHPEUDQH�EUHDNGRZQ�DQG�UHRUJDQL]DWLRQ�
0HFKDQLVPV�RI�FKURPRVRPH�PRYHPHQW�

3KDVHV�RI�FHOO�F\FOH��*���*���6��*���0��
*URZWK�DUUHVW��
&RQWURO�RI�FHOO�F\FOH��
/RVV�RI�FHOO�F\FOH�FRQWUROV�LQ�FDQFHU�FHOOV�

Biosignalling (BC) 
� 2QFRJHQHV��DSRSWRVLV

Reproductive System (BIO) 
� 
� 

� 

*DPHWRJHQHVLV�E\�PHLRVLV�
2YXP�DQG�VSHUP�

o
o
o

'LIIHUHQFHV�LQ�IRUPDWLRQ�
'LIIHUHQFHV�LQ�PRUSKRORJ\�
5HODWLYH�FRQWULEXWLRQ�WR�QH[W�JHQHUDWLRQ�

5HSURGXFWLYH�VHTXHQFH��IHUWLOL]DWLRQ��LPSODQWDWLRQ��GHYHORSPHQW��ELUWK 

Embryogenesis (BIO) 
� 6WDJHV�RI�HDUO\�GHYHORSPHQW��RUGHU�DQG�JHQHUDO�IHDWXUHV�RI�HDFK�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ��

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



o
o
o
o

o 

)HUWLOL]DWLRQ�
&OHDYDJH�
%ODVWXOD�IRUPDWLRQ�
*DVWUXODWLRQ�
� 
� 

)LUVW�FHOO�PRYHPHQWV�
)RUPDWLRQ�RI�SULPDU\�JHUP�OD\HUV��HQGRGHUP��PHVRGHUP��HFWRGHUP��

1HXUXODWLRQ�
� 
� 
� 

0DMRU�VWUXFWXUHV�DULVLQJ�RXW�RI�SULPDU\�JHUP�OD\HUV�
1HXUDO�FUHVW��
(QYLURQPHQW±JHQH�LQWHUDFWLRQ�LQ�GHYHORSPHQW�

Mechanisms of Development (BIO) 
� 

� 
� 
� 
� 
� 
� 
� 

&HOO�VSHFLDOL]DWLRQ�
o
o
o

'HWHUPLQDWLRQ�
'LIIHUHQWLDWLRQ�
7LVVXH�W\SHV�

&HOO±FHOO�FRPPXQLFDWLRQ�LQ�GHYHORSPHQW��
&HOO�PLJUDWLRQ��
3OXULSRWHQF\��VWHP�FHOOV��
*HQH�UHJXODWLRQ�LQ�GHYHORSPHQW��
3URJUDPPHG�FHOO�GHDWK��
([LVWHQFH�RI�UHJHQHUDWLYH�FDSDFLW\�LQ�YDULRXV�VSHFLHV 
6HQHVFHQFH�DQG�DJLQJ 

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



Biological and Biochemical Foundations of Living Systems 

Foundational Concept 3 
&RPSOH[�V\VWHPV�RI�WLVVXHV�DQG�RUJDQV�VHQVH�WKH�LQWHUQDO�DQG�H[WHUQDO�HQYLURQPHQWV�RI�
PXOWLFHOOXODU�RUJDQLVPV��DQG�WKURXJK�LQWHJUDWHG�IXQFWLRQLQJ��PDLQWDLQ�D�VWDEOH�LQWHUQDO��

HQYLURQPHQW�ZLWKLQ�DQ�HYHU�FKDQJLQJ�H[WHUQDO�HQYLURQPHQW��

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

$V�D�UHVXOW�RI�WKH�LQWHJUDWLRQ�RI�D�QXPEHU�RI�KLJKO\�VSHFLDOL]HG�RUJDQ�V\VWHPV��FRPSOH[�OLYLQJ�WKLQJV�DUH�
DEOH�WR�PDLQWDLQ�KRPHRVWDVLV�ZKLOH�DGDSWLQJ�WR�D�FRQVWDQWO\�FKDQJLQJ�HQYLURQPHQW�DQG�SDUWLFLSDWLQJ�LQ�
JURZWK�DQG�UHSURGXFWLRQ��7KH�LQWHUDFWLRQV�RI�WKHVH�RUJDQ�V\VWHPV�LQYROYHV�FRPSOH[�UHJXODWRU\�
PHFKDQLVPV�WKDW�KHOS�PDLQWDLQ�D�G\QDPLF�DQG�KHDOWK\�HTXLOLEULXP��UHJDUGOHVV�RI�WKHLU�FXUUHQW�VWDWH�DQG�
HQYLURQPHQW� 

Content Categories 

� 

� 

Category 3A�IRFXVHV�RQ�WKH�VWUXFWXUH�DQG�IXQFWLRQV�RI�WKH�QHUYRXV�DQG�HQGRFULQH�V\VWHPV��DQG�
WKH�ZD\V�LQ�ZKLFK�WKH�V\VWHPV�ZRUN�WRJHWKHU�WR�FRRUGLQDWH�WKH�UHVSRQVHV�RI�RWKHU�ERG\�V\VWHPV�
WR�ERWK�H[WHUQDO�DQG�LQWHUQDO�VWLPXOL���

Category 3B�IRFXVHV�RQ�WKH�VWUXFWXUH�DQG�IXQFWLRQV�RI�WKH�RUJDQ�V\VWHPV�ʊ�FLUFXODWRU\��
UHVSLUDWRU\��GLJHVWLYH��LPPXQH��O\PSKDWLF��PXVFXODU��VNHOHWDO��DQG�UHSURGXFWLYH�ʊ�DQG�WKH�ZD\V�
WKHVH�V\VWHPV�LQWHUDFW�WR�IXOILOO�WKHLU�FRQFHUWHG�UROHV�LQ�WKH�PDLQWHQDQFH�DQG�FRQWLQXDQFH�RI�WKH�
OLYLQJ�RUJDQLVP���

:LWK�WKHVH�EXLOGLQJ�EORFNV��PHGLFDO�VWXGHQWV�ZLOO�EH�SUHSDUHG�WR�OHDUQ�KRZ�WKH�FRRUGLQDWHG�LQWHUDFWLRQV�
RI�RUJDQ�V\VWHPV�H[SODLQ�KRZ�WKH�KXPDQ�ERG\�IXQFWLRQV�LQ�KHDOWK�DQG�LQ�GLVHDVH��7KH\�ZLOO�DOVR�EH�
SUHSDUHG�WR�OHDUQ�KRZ�WKH�SULQFLSOHV�RI�IHHGEDFN�FRQWURO�H[SODLQ�KRPHRVWDWLF�DQG�UHSURGXFWLYH�V\VWHPV¶�
PDLQWHQDQFH�RI�WKH�LQWHUQDO�HQYLURQPHQW��KRZ�SHUWXUEDWLRQV�LQ�WKHVH�V\VWHPV�PD\�UHVXOW�LQ�GLVHDVH��DQG�
KRZ�KRPHRVWDVLV�FDQ�EH�FKDQJHG�E\�GLVHDVH��

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



Content Category 3A: Structure and functions of the nervous and endocrine systems and 
ways in which these systems coordinate the organ systems� �
7KH�QHUYRXV�DQG�HQGRFULQH�V\VWHPV�ZRUN�WRJHWKHU�WR�GHWHFW�H[WHUQDO�DQG�LQWHUQDO�VLJQDOV��WUDQVPLW�DQG�
LQWHJUDWH�LQIRUPDWLRQ��DQG�PDLQWDLQ�KRPHRVWDVLV��7KH\�GR�DOO�RI�WKLV�E\�SURGXFLQJ�DSSURSULDWH�UHVSRQVHV�
WR�LQWHUQDO�DQG�H[WHUQDO�FXHV�DQG�VWUHVVRUV��7KH�LQWHJUDWLRQ�RI�WKHVH�V\VWHPV�ERWK�ZLWK�RQH�DQRWKHU��DQG�
ZLWK�WKH�RWKHU�RUJDQ�V\VWHPV��XOWLPDWHO\�UHVXOWV�LQ�WKH�VXFFHVVIXO�DQG�DGDSWLYH�EHKDYLRUV�WKDW�DOORZ�IRU�
WKH�SURSDJDWLRQ�RI�WKH�VSHFLHV��

$QLPDOV�KDYH�HYROYHG�D�QHUYRXV�V\VWHP�WKDW�VHQVHV�DQG�SURFHVVHV�LQWHUQDO�DQG�H[WHUQDO�LQIRUPDWLRQ�WKDW�
LV�XVHG�WR�IDFLOLWDWH�DQG�HQKDQFH�VXUYLYDO��JURZWK��DQG�UHSURGXFWLRQ��7KH�QHUYRXV�V\VWHP�LQWHUIDFHV�ZLWK�
VHQVRU\�DQG�LQWHUQDO�ERG\�V\VWHPV�WR�FRRUGLQDWH�SK\VLRORJLFDO�DQG�EHKDYLRUDO�UHVSRQVHV�UDQJLQJ�IURP�
VLPSOH�PRYHPHQWV�DQG�VPDOO�PHWDEROLF�FKDQJHV�WR�ORQJ�GLVWDQFH�PLJUDWLRQV�DQG�VRFLDO�LQWHUDFWLRQV��7KH�
SK\VLRORJLFDO�SURFHVVHV�IRU�QHUYH�VLJQDO�JHQHUDWLRQ�DQG�SURSDJDWLRQ�LQYROYH�VSHFLDOL]HG�PHPEUDQHV�
ZLWK�DVVRFLDWHG�SURWHLQV�WKDW�UHVSRQG�WR�OLJDQGV�DQG�RU�HOHFWULFDO�ILHOG�FKDQJHV��VLJQDOLQJ�PROHFXOHV�DQG��
E\�H[WHQVLRQ��WKH�HVWDEOLVKPHQW�DQG�UHSOHQLVKPHQW�RI�LRQLF�HOHFWURFKHPLFDO�JUDGLHQWV�UHTXLULQJ�$73��

7KH�HQGRFULQH�V\VWHP�RI�DQLPDOV�KDV�HYROYHG�WR�SURGXFH�FKHPLFDO�VLJQDOV�WKDW�IXQFWLRQ�LQWHUQDOO\�WR�
UHJXODWH�VWUHVV�UHVSRQVHV��UHSURGXFWLRQ��GHYHORSPHQW��HQHUJ\�PHWDEROLVP��JURZWK��DQG�YDULRXV�
LQGLYLGXDO�DQG�LQWHUDFWLYH�EHKDYLRUV��7KH�LQWHJUDWHG�FRQWULEXWLRQV�RI�WKH�QHUYRXV�DQG�HQGRFULQH�V\VWHPV�
WR�ERGLO\�IXQFWLRQV�DUH�H[HPSOLILHG�E\�WKH�SURFHVV�ZKHUHE\�WKH�VLJQDOLQJ�RI�QHXURQV�UHJXODWHV�KRUPRQH�
UHOHDVH��DQG�E\�WKH�WDUJHWLQJ�RI�PHPEUDQH�RU�QXFOHDU�UHFHSWRUV�RQ�QHXURQV�E\�FLUFXODWLQJ�KRUPRQHV���

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�VWUXFWXUH��IXQFWLRQ��DQG�EDVLF�DVSHFWV�RI�QHUYRXV�DQG�HQGRFULQH�
V\VWHPV��DQG�WKHLU�LQWHJUDWLRQ��7KH�VWUXFWXUH�DQG�IXQFWLRQ�RI�QHUYH�FHOOV�LV�DOVR�LQFOXGHG�LQ�WKLV�FDWHJRU\��
7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�FDWHJRU\�DUH�WKH�IROORZLQJ��

Nervous System: Structure and Function (BIO) 
� 

� 
� 
� 
� 

� 

0DMRU�)XQFWLRQV�
o
o 

+LJK�OHYHO�FRQWURO�DQG�LQWHJUDWLRQ�RI�ERG\�V\VWHPV�
$GDSWLYH�FDSDELOLW\�WR�H[WHUQDO�LQIOXHQFHV�

2UJDQL]DWLRQ�RI�YHUWHEUDWH�QHUYRXV�V\VWHP��
6HQVRU�DQG�HIIHFWRU�QHXURQV��
6\PSDWKHWLF�DQG�SDUDV\PSDWKHWLF�QHUYRXV�V\VWHPV��DQWDJRQLVWLF�FRQWURO�
5HIOH[HV�

o
o

)HHGEDFN�ORRS��UHIOH[�DUF�
5ROH�RI�VSLQDO�FRUG�DQG�VXSUDVSLQDO�FLUFXLWV�

,QWHJUDWLRQ�ZLWK�HQGRFULQH�V\VWHP��IHHGEDFN�FRQWURO�

Nerve Cell (BIO) 
� 
� 
� 
� 
� 
� 

&HOO�ERG\��VLWH�RI�QXFOHXV��RUJDQHOOHV�
'HQGULWHV��EUDQFKHG�H[WHQVLRQV�RI�FHOO�ERG\��
$[RQ��VWUXFWXUH�DQG�IXQFWLRQ��
0\HOLQ�VKHDWK��6FKZDQQ�FHOOV��LQVXODWLRQ�RI�D[RQ��
1RGHV�RI�5DQYLHU��SURSDJDWLRQ�RI�QHUYH�LPSXOVH�DORQJ�D[RQ��
6\QDSVH��VLWH�RI�LPSXOVH�SURSDJDWLRQ�EHWZHHQ�FHOOV��

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



� 
� 
� 

� 
� 

6\QDSWLF�DFWLYLW\��WUDQVPLWWHU�PROHFXOHV�
5HVWLQJ�SRWHQWLDO��HOHFWURFKHPLFDO�JUDGLHQW�
$FWLRQ�SRWHQWLDO��

o
o 

7KUHVKROG��DOO�RU�QRQH�
6RGLXP�SRWDVVLXP�SXPS�

([FLWDWRU\�DQG�LQKLELWRU\�QHUYH�ILEHUV��VXPPDWLRQ��IUHTXHQF\�RI�ILULQJ�
*OLDO�FHOOV��QHXURJOLD� 

Electrochemistry (GC) 
� &RQFHQWUDWLRQ�FHOO��GLUHFWLRQ�RI�HOHFWURQ�IORZ��1HUQVW�HTXDWLRQ

Biosignalling (BC) 
� 

� 
� 

*DWHG�LRQ�FKDQQHOV�
o
o 

9ROWDJH�JDWHG�
/LJDQG�JDWHG�

5HFHSWRU�HQ]\PHV�
*�SURWHLQ�FRXSOHG�UHFHSWRUV�

Lipids (BC, OC) 
� 'HVFULSWLRQ��VWUXFWXUH

o
o

6WHURLGV�
7HUSHQHV�DQG�WHUSHQRLGV�

Endocrine System: Hormones and Their Sources (BIO) 
� 
� 
� 
� 
� 

)XQFWLRQ�RI�HQGRFULQH�V\VWHP��VSHFLILF�FKHPLFDO�FRQWURO�DW�FHOO��WLVVXH��DQG�RUJDQ�OHYHO�
'HILQLWLRQV�RI�HQGRFULQH�JODQG��KRUPRQH��
0DMRU�HQGRFULQH�JODQGV��QDPHV��ORFDWLRQV��SURGXFWV��
0DMRU�W\SHV�RI�KRUPRQHV��
1HXURHQGURFULQRORJ\�ʊ�UHODWLRQ�EHWZHHQ�QHXURQV�DQG�KRUPRQDO�V\VWHPV��

Endocrine System: Mechanisms of Hormone Action (BIO) 
� 
� 
� 
� 
� 

&HOOXODU�PHFKDQLVPV�RI�KRUPRQH�DFWLRQ�
7UDQVSRUW�RI�KRUPRQHV��EORRG�VXSSO\��
6SHFLILFLW\�RI�KRUPRQHV��WDUJHW�WLVVXH��
,QWHJUDWLRQ�ZLWK�QHUYRXV�V\VWHP��IHHGEDFN�FRQWURO��
5HJXODWLRQ�E\�VHFRQG�PHVVHQJHUV�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



Category 3B: Structure and integrative functions of the main organ systems 
$QLPDOV�XVH�D�QXPEHU�RI�KLJKO\�RUJDQL]HG�DQG�LQWHJUDWHG�RUJDQ�V\VWHPV�WR�FDUU\�RXW�WKH�QHFHVVDU\�
IXQFWLRQV�DVVRFLDWHG�ZLWK�PDLQWDLQLQJ�OLIH�SURFHVVHV��:LWKLQ�WKH�ERG\��QR�RUJDQ�V\VWHP�LV�DQ�LVODQG��
,QWHUDFWLRQV�DQG�FRRUGLQDWLRQ�EHWZHHQ�RUJDQ�V\VWHPV�DOORZ�RUJDQLVPV�WR�HQJDJH�LQ�WKH�SURFHVVHV�
QHFHVVDU\�WR�VXVWDLQ�OLIH��)RU�H[DPSOH��WKH�RUJDQV�DQG�VWUXFWXUHV�RI�WKH�FLUFXODWRU\�V\VWHP�FDUU\�RXW�D�
QXPEHU�RI�IXQFWLRQV��VXFK�DV�WUDQVSRUWLQJ���

� 

� 

� 

� 

QXWULHQWV�DEVRUEHG�LQ�WKH�GLJHVWLYH�V\VWHP���
JDVHV�DEVRUEHG�IURP�WKH�UHVSLUDWRU\�V\VWHP�DQG�PXVFOH�WLVVXH��
KRUPRQHV�VHFUHWHG�IURP�WKH�HQGRFULQH�V\VWHP��DQG��
EORRG�FHOOV�SURGXFHG�LQ�ERQH�PDUURZ�WR�DQG�IURP�FHOOV�LQ�WKH�ERG\�WR�KHOS�ILJKW�GLVHDVH��

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�PDMRU�RUJDQ�V\VWHPV�RI�WKH�ERG\�
LQFOXGLQJ�WKH�UHVSLUDWRU\��FLUFXODWRU\��O\PSKDWLF��LPPXQH��GLJHVWLYH��H[FUHWRU\��UHSURGXFWLYH��PXVFOH��
VNHOHWDO��DQG�VNLQ�V\VWHPV��$OVR�FRYHUHG�LQ�WKLV�FDWHJRU\�LV�WKH�LQWHJUDWLRQ�RI�WKHVH�V\VWHPV�DQG�WKHLU�
FRQWURO�DQG�FRRUGLQDWLRQ�E\�WKH�HQGRFULQH�DQG�QHUYRXV�V\VWHPV��7KH�WRSLFV�DQG�VXEWRSLFV�LQ�WKLV�
FDWHJRU\�DUH�WKH�IROORZLQJ��

Respiratory System (BIO) 
� 

� 
� 

� 
� 
� 

� 
� 

*HQHUDO�IXQFWLRQ�
o
o 

*DV�H[FKDQJH��WKHUPRUHJXODWLRQ�
3URWHFWLRQ�DJDLQVW�GLVHDVH��SDUWLFXODWH�PDWWHU�

6WUXFWXUH�RI�OXQJV�DQG�DOYHROL�
%UHDWKLQJ�PHFKDQLVPV�

o
o

'LDSKUDJP��ULE�FDJH��GLIIHUHQWLDO�SUHVVXUH�
5HVLOLHQF\�DQG�VXUIDFH�WHQVLRQ�HIIHFWV�

7KHUPRUHJXODWLRQ��QDVDO�DQG�WUDFKHDO�FDSLOODU\�EHGV��HYDSRUDWLRQ��SDQWLQJ�
3DUWLFXODWH�ILOWUDWLRQ��QDVDO�KDLUV��PXFXV�FLOLD�V\VWHP�LQ�OXQJV�
$OYHRODU�JDV�H[FKDQJH�

o
o 

'LIIXVLRQ��GLIIHUHQWLDO�SDUWLDO�SUHVVXUH�
+HQU\¶V�/DZ��*&��

S+�FRQWURO�
5HJXODWLRQ�E\�QHUYRXV�FRQWURO�

o &2��VHQVLWLYLW\

Circulatory System (BIO) 
� 

� 
� 
� 
� 
� 

)XQFWLRQV��FLUFXODWLRQ�RI�R[\JHQ��QXWULHQWV��KRUPRQHV��LRQV�DQG�IOXLGV��UHPRYDO�RI�PHWDEROLF�
ZDVWH�
5ROH�LQ�WKHUPRUHJXODWLRQ�
)RXU�FKDPEHUHG�KHDUW��VWUXFWXUH�DQG�IXQFWLRQ�
(QGRWKHOLDO�FHOOV��
6\VWROLF�DQG�GLDVWROLF�SUHVVXUH�
3XOPRQDU\�DQG�V\VWHPLF�FLUFXODWLRQ�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



� 

� 

� 

� 
� 

� 
� 

$UWHULDO�DQG�YHQRXV�V\VWHPV��DUWHULHV��DUWHULROHV��YHQXOHV��YHLQV��
o

 o
6WUXFWXUDO�DQG�IXQFWLRQDO�GLIIHUHQFHV�
3UHVVXUH�DQG�IORZ�FKDUDFWHULVWLFV�

&DSLOODU\�EHGV�
o
o
o

0HFKDQLVPV�RI�JDV�DQG�VROXWH�H[FKDQJH�
0HFKDQLVP�RI�KHDW�H[FKDQJH�
6RXUFH�RI�SHULSKHUDO�UHVLVWDQFH�

&RPSRVLWLRQ�RI�EORRG�
o
o
o

3ODVPD��FKHPLFDOV��EORRG�FHOOV�
(U\WKURF\WH�SURGXFWLRQ�DQG�GHVWUXFWLRQ��VSOHHQ��ERQH�PDUURZ�
5HJXODWLRQ�RI�SODVPD�YROXPH�

&RDJXODWLRQ��FORWWLQJ�PHFKDQLVPV�
2[\JHQ�WUDQVSRUW�E\�EORRG�

o
o
o

+HPRJORELQ��KHPDWRFULW�
2[\JHQ�FRQWHQW�
2[\JHQ�DIILQLW\�

&DUERQ�GLR[LGH�WUDQVSRUW�DQG�OHYHO�LQ�EORRG�
1HUYRXV�DQG�HQGRFULQH�FRQWURO 

Lymphatic System (BIO) 
� 
� 

6WUXFWXUH�RI�O\PSKDWLF�V\VWHP�
0DMRU�IXQFWLRQV�

o
o
o
o

(TXDOL]DWLRQ�RI�IOXLG�GLVWULEXWLRQ�
7UDQVSRUW�RI�SURWHLQV�DQG�ODUJH�JO\FHULGHV�
3URGXFWLRQ�RI�O\PSKRF\WHV�LQYROYHG�LQ�LPPXQH�UHDFWLRQV�
5HWXUQ�RI�PDWHULDOV�WR�WKH�EORRG 

Immune System (BIO) 
� 
� 

� 

� 

� 
� 
� 
� 
� 

,QQDWH��QRQ�VSHFLILF��YV��DGDSWLYH��VSHFLILF��LPPXQLW\�
$GDSWLYH�LPPXQH�V\VWHP�FHOOV�

o
o 

7�O\PSKRF\WHV�
%�O\PSKRF\WHV�

,QQDWH�LPPXQH�V\VWHP�FHOOV�
o
o

0DFURSKDJHV�
3KDJRF\WHV�

7LVVXHV�
o
o
o
o

%RQH�PDUURZ�
6SOHHQ�
7K\PXV�
/\PSK�QRGHV�

&RQFHSW�RI�DQWLJHQ�DQG�DQWLERG\�
$QWLJHQ�SUHVHQWDWLRQ�
&ORQDO�VHOHFWLRQ�
$QWLJHQ�DQWLERG\�UHFRJQLWLRQ�
6WUXFWXUH�RI�DQWLERG\�PROHFXOH�
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� 
� 

5HFRJQLWLRQ�RI�VHOI�YV��QRQ�VHOI��DXWRLPPXQH�GLVHDVHV�
0DMRU�KLVWRFRPSDWLELOLW\�FRPSOH[ 

Digestive System (BIO) 
� 

� 

� 

� 

� 

� 

� 

� 
� 

� 

� 

,QJHVWLRQ�
o
o 

6DOLYD�DV�OXEULFDWLRQ�DQG�VRXUFH�RI�HQ]\PHV�
,QJHVWLRQ��HVRSKDJXV��WUDQVSRUW�IXQFWLRQ�

6WRPDFK�
o
o
o
o

6WRUDJH�DQG�FKXUQLQJ�RI�IRRG�
/RZ�S+��JDVWULF�MXLFH��PXFDO�SURWHFWLRQ�DJDLQVW�VHOI�GHVWUXFWLRQ�
3URGXFWLRQ�RI�GLJHVWLYH�HQ]\PHV��VLWH�RI�GLJHVWLRQ�
6WUXFWXUH��JURVV��

/LYHU�
o
o
o

6WUXFWXUDO�UHODWLRQVKLS�RI�OLYHU�ZLWKLQ�JDVWURLQWHVWLQDO�V\VWHP�
3URGXFWLRQ�RI�ELOH�
5ROH�LQ�EORRG�JOXFRVH�UHJXODWLRQ��GHWR[LILFDWLRQ�

%LOH�
o
o 

6WRUDJH�LQ�JDOO�EODGGHU�
)XQFWLRQ�

3DQFUHDV�
o
o

3URGXFWLRQ�RI�HQ]\PHV�
7UDQVSRUW�RI�HQ]\PHV�WR�VPDOO�LQWHVWLQH�

6PDOO�,QWHVWLQH�
o
o
o
o
o

$EVRUSWLRQ�RI�IRRG�PROHFXOHV�DQG�ZDWHU�
)XQFWLRQ�DQG�VWUXFWXUH�RI�YLOOL�
3URGXFWLRQ�RI�HQ]\PHV��VLWH�RI�GLJHVWLRQ�
1HXWUDOL]DWLRQ�RI�VWRPDFK�DFLG�
6WUXFWXUH��DQDWRPLF�VXEGLYLVLRQV��

/DUJH�,QWHVWLQH�
o
o
o

$EVRUSWLRQ�RI�ZDWHU�
%DFWHULDO�IORUD�
6WUXFWXUH��JURVV��

5HFWXP��VWRUDJH�DQG�HOLPLQDWLRQ�RI�ZDVWH��IHFHV�
0XVFXODU�FRQWURO�

o 3HULVWDOVLV
(QGRFULQH�FRQWURO�

o
o 

+RUPRQHV�
7DUJHW�WLVVXHV�

1HUYRXV�FRQWURO��WKH�HQWHULF�QHUYRXV�V\VWHP�

Excretory System (BIO) 
� 5ROHV�LQ�KRPHRVWDVLV

o
o

%ORRG�SUHVVXUH�
2VPRUHJXODWLRQ�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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o
o 

$FLG±EDVH�EDODQFH�
5HPRYDO�RI�VROXEOH�QLWURJHQRXV�ZDVWH�

� 

� 

� 

� 
� 
� 

.LGQH\�VWUXFWXUH�
o
o

&RUWH[�
0HGXOOD�

1HSKURQ�VWUXFWXUH�
o
o
o
o
o
o

*ORPHUXOXV�
%RZPDQ¶V�FDSVXOH�
3UR[LPDO�WXEXOH�
/RRS�RI�+HQOH�
'LVWDO�WXEXOH�
&ROOHFWLQJ�GXFW�

)RUPDWLRQ�RI�XULQH�
o
o
o
o

*ORPHUXODU�ILOWUDWLRQ�
6HFUHWLRQ�DQG�UHDEVRUSWLRQ�RI�VROXWHV�
&RQFHQWUDWLRQ�RI�XULQH�
&RXQWHU�FXUUHQW�PXOWLSOLHU�PHFKDQLVP�

6WRUDJH�DQG�HOLPLQDWLRQ��XUHWHU��EODGGHU��XUHWKUD�
2VPRUHJXODWLRQ��FDSLOODU\�UHDEVRUSWLRQ�RI�+�2��DPLQR�DFLGV��JOXFRVH��LRQV�
0XVFXODU�FRQWURO��VSKLQFWHU�PXVFOH 

Reproductive System (BIO) 
� 

� 

0DOH�DQG�IHPDOH�UHSURGXFWLYH�VWUXFWXUHV�DQG�WKHLU�IXQFWLRQV�
o
o
o

*RQDGV�
*HQLWDOLD�
'LIIHUHQFHV�EHWZHHQ�PDOH�DQG�IHPDOH�VWUXFWXUHV�

+RUPRQDO�FRQWURO�RI�UHSURGXFWLRQ�
o
o
o
o

0DOH�DQG�IHPDOH�VH[XDO�GHYHORSPHQW�
)HPDOH�UHSURGXFWLYH�F\FOH�
3UHJQDQF\��SDUWXULWLRQ��ODFWDWLRQ�
,QWHJUDWLRQ�ZLWK�QHUYRXV�FRQWURO 

Muscle System (BIO) 
� 

� 
� 

� 

,PSRUWDQW�IXQFWLRQV�
o
o
o

6XSSRUW��PRELOLW\�
3HULSKHUDO�FLUFXODWRU\�DVVLVWDQFH�
7KHUPRUHJXODWLRQ��VKLYHULQJ�UHIOH[��

6WUXFWXUH�RI�WKUHH�EDVLF�PXVFOH�W\SHV��VWULDWHG��VPRRWK��FDUGLDF�
0XVFOH�VWUXFWXUH�DQG�FRQWURO�RI�FRQWUDFWLRQ�

o
o
o
o
o

7�WXEXOH�V\VWHP�
&RQWUDFWLOH�DSSDUDWXV�
6DUFRSODVPLF�UHWLFXOXP�
)LEHU�W\SH�
&RQWUDFWLOH�YHORFLW\�RI�GLIIHUHQW�PXVFOH�W\SHV�

5HJXODWLRQ�RI�FDUGLDF�PXVFOH�FRQWUDFWLRQ�

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���

:KDW¶V�RQ�WKH�0&$7�����([DP"�%LRORJLFDO�DQG�%LRFKHPLFDO�)RXQGDWLRQV�RI�/LYLQJ�6\VWHPV



� 
� 

2[\JHQ�GHEW��IDWLJXH�
1HUYRXV�FRQWURO�

o
o
o
o

0RWRU�QHXURQV�
1HXURPXVFXODU�MXQFWLRQ��PRWRU�HQG�SODWHV�
6\PSDWKHWLF�DQG�SDUDV\PSDWKHWLF�LQQHUYDWLRQ�
9ROXQWDU\�DQG�LQYROXQWDU\�PXVFOHV�

Specialized Cell - Muscle Cell (BIO) 
� 
� 
� 

� 
� 
� 

6WUXFWXUDO�FKDUDFWHULVWLFV�RI�VWULDWHG��VPRRWK��DQG�FDUGLDF�PXVFOH��
$EXQGDQW�PLWRFKRQGULD�LQ�UHG�PXVFOH�FHOOV��$73�VRXUFH��
2UJDQL]DWLRQ�RI�FRQWUDFWLOH�HOHPHQWV��DFWLQ�DQG�P\RVLQ�ILODPHQWV��FURVVEULGJHV��VOLGLQJ�ILODPHQW�
PRGHO��
6DUFRPHUHV��³,´�DQG�³$´�EDQGV��³0´�DQG�³=´�OLQHV��³+´�]RQH�
3UHVHQFH�RI�WURSRQLQ�DQG�WURSRP\RVLQ��
&DOFLXP�UHJXODWLRQ�RI�FRQWUDFWLRQ� 

Skeletal System (BIO) 
� 

� 

� 

� 
� 
� 

)XQFWLRQV�
o
o
o

6WUXFWXUDO�ULJLGLW\�DQG�VXSSRUW�
&DOFLXP�VWRUDJH�
3K\VLFDO�SURWHFWLRQ�

6NHOHWDO�VWUXFWXUH�
o
o
o

6SHFLDOL]DWLRQ�RI�ERQH�W\SHV��VWUXFWXUHV�
-RLQW�VWUXFWXUHV�
(QGRVNHOHWRQ�YV��H[RVNHOHWRQ�

%RQH�VWUXFWXUH�
o
o 

&DOFLXP�SURWHLQ�PDWUL[�
&HOOXODU�FRPSRVLWLRQ�RI�ERQH�

&DUWLODJH��VWUXFWXUH�DQG�IXQFWLRQ�
/LJDPHQWV��WHQGRQV�
(QGRFULQH�FRQWURO�

Skin System (BIO) 
� 

� 
� 

� 

6WUXFWXUH�
o
o 

/D\HU�GLIIHUHQWLDWLRQ��FHOO�W\SHV�
5HODWLYH�LPSHUPHDELOLW\�WR�ZDWHU�

)XQFWLRQV�LQ�KRPHRVWDVLV�DQG�RVPRUHJXODWLRQ�
)XQFWLRQV�LQ�WKHUPRUHJXODWLRQ�

o
o
o
o

+DLU��HUHFWLOH�PXVFXODWXUH��
)DW�OD\HU�IRU�LQVXODWLRQ��
6ZHDW�JODQGV��ORFDWLRQ�LQ�GHUPLV�
9DVRFRQVWULFWLRQ�DQG�YDVRGLODWLRQ�LQ�VXUIDFH�FDSLOODULHV�

3K\VLFDO�SURWHFWLRQ�
o
o

1DLOV��FDOOXVHV��KDLU��
3URWHFWLRQ�DJDLQVW�DEUDVLRQ��GLVHDVH�RUJDQLVPV��

�������$$0&��0D\�QRW�EH�UHSURGXFHG�ZLWKRXW�SHUPLVVLRQ�� ���
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� +RUPRQDO�FRQWURO��VZHDWLQJ��YDVRGLODWLRQ��DQG�YDVRFRQVWULFWLRQ
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

What will the Chemical and Physical Foundations of Biological Systems section test? 
The Chemical and Physical Foundations of Biological Systems section asks you to solve problems by 
combining your knowledge of chemical and physical foundational concepts with your scientific inquiry 
and reasoning skills. This section tests your understanding of the mechanical, physical, and biochemical 
functions of human tissues, organs, and organ systems. It also tests your knowledge of the basic 
chemical and physical principles that underlie the mechanisms operating in the human body and your 
ability to reason about and apply your understanding of these basic chemical and physical principles to 
living systems.  

This section is designed to: 

x 
x 

x 

x 

x 

test introductory-level biology, organic and inorganic chemistry, and physics concepts;  
test biochemistry concepts at the level taught in many colleges and universities in first-semester 
biochemistry courses;  
test cellular and molecular biology topics at the level taught in many colleges and universities in 
introductory biology sequences and first-semester biochemistry courses;  
test basic research methods and statistics concepts described by many baccalaureate faculty as 
important to success in introductory science courses; and  
require you to demonstrate your scientific inquiry and reasoning, research methods, and statistics 
skills as applied to the natural sciences.  

Test Section Number of Questions Time 
Chemical and Physical 

Foundations of Biological 
Systems 

59 
(note that questions are a 

combination of passage-based 
and discrete questions) 

95 minutes 
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

Scientific Inquiry and Reasoning Skills 
As a reminder, the scientific inquiry and reasoning skills that you will be asked to demonstrate on this 
section of the exam are: 

Knowledge of Scientific Concepts and Principles 

x
x

Demonstrating understanding of scientific concepts and principles 
Identifying the relationships between closely-related concepts 

Scientific Reasoning and Problem Solving 

x
x

Reasoning about scientific principles, theories, and models 
Analyzing and evaluating scientific explanations and predictions 

Reasoning about the Design and Execution of Research 

x
x

Demonstrating understanding of important components of scientific research 
Reasoning about ethical issues in research  

Data-Based and Statistical Reasoning 

x
x

Interpreting patterns in data presented in tables, figures, and graphs 
Reasoning about data and drawing conclusions from them 
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

General Mathematical Concepts and Techniques 
It’s important for you to know that questions on the natural, behavioral, and social sciences sections will 
ask you to use certain mathematical concepts and techniques. As the descriptions of the scientific inquiry 
and reasoning skills suggest, some questions will ask you to analyze and manipulate scientific data to 
show that you can 
� 

� 

� 

� 

� 

� 

� 

Recognize and interpret linear, semilog, and log-log scales and calculate slopes from data found in 
figures, graphs, and tables 
Demonstrate a general understanding of significant digits and the use of reasonable numerical 
estimates in performing measurements and calculations 
Use metric units, including converting units within the metric system and between metric and 
English units (conversion factors will be provided when needed), and dimensional analysis (using 
units to balance equations) 
Perform arithmetic calculations involving the following: probability, proportion, ratio, percentage, 
and square-root estimations 

Demonstrate a general understanding (Algebra II�level) of exponentials and logarithms (natural 
and base 10), scientific notation, and solving simultaneous equations 
Demonstrate a general understanding of the following trigonometric concepts: definitions of basic 
(sine, cosine, tangent) and inverse (sin௅�, cos௅�, tan௅�) functions; sin and cos values of 0°, 90°, and 
180°; relationships between the lengths of sides of right triangles containing angles of 30°, 45°, 
and 60° 
Demonstrate a general understanding of vector addition and subtraction and the right-hand rule 
(knowledge of dot and cross products is not required) 

Note also that an understanding of calculus is not required, and a periodic table will be provided during 
the exam. 
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

References 
During the actual exam, you will have access to the periodic table below while answering questions in 
this section of the exam. 
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

Chemical and Physical Foundations of Biological Systems Distribution of Questions by 
Discipline, Foundational Concept, and Scientific Inquiry and Reasoning Skill 

You may wonder how much chemistry you’ll see on this section of the MCAT exam, how many 
questions you’ll get about a particular foundational concept, or how the scientific inquiry and reasoning 
skills will be distributed on your exam. The questions that you see are likely to be distributed in the 
ways described below. These are the approximate percentages of questions you’ll see on a test for each 
discipline, foundational concept, and scientific inquiry and reasoning skill.* 

Discipline: 
x 
x 
x 
x 
x 

First-semester biochemistry, 25% 
Introductory biology, 5% 
General chemistry, 30% 
Organic chemistry, 15% 
Introductory physics, 25% 

Foundational Concept: 
x 
x 

Foundational Concept 4, 40% 
Foundational Concept 5, 60% 

Scientific Inquiry and Reasoning Skill: 
x 
x 
x 
x 

Skill 1, 35% 
Skill 2, 45% 
Skill 3, 10% 
Skill 4, 10% 

*These percentages have been approximated to the nearest 5% and will vary from one test to another for a variety of reasons.
These reasons include, but are not limited to, controlling for question difficulty, using groups of questions that depend on a 
single passage, and using unscored field-test questions on each test form.       
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

Chemical and Physical Foundations of Biological Systems Framework of Foundational 
Concepts and Content Categories 

Foundational Concept 4: Complex living organisms transport materials, sense their environment, 
process signals, and respond to changes using processes understood in terms of physical principles. 

The content categories for this foundational concept include  

4A. Translational motion, forces, work, energy, and equilibrium in living systems  
4B. Importance of fluids for the circulation of blood, gas movement, and gas exchange 
4C. Electrochemistry and electrical circuits and their elements  
4D. How light and sound interact with matter  
4E. Atoms, nuclear decay, electronic structure, and atomic chemical behavior 

Foundational Concept 5: The principles that govern chemical interactions and reactions form the basis 
for a broader understanding of the molecular dynamics of living systems.  

The content categories for this foundational concept include  

5A. Unique nature of water and its solutions  
5B. Nature of molecules and intermolecular interactions  
5C. Separation and purification methods  
5D. Structure, function, and reactivity of biologically-relevant molecules 
5E. Principles of chemical thermodynamics and kinetics  
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

How Foundational Concepts and Content Categories Fit Together 

The MCAT exam asks you to solve problems by combining your knowledge of concepts with your 
scientific inquiry and reasoning skills. Figure 1 illustrates how foundational concepts, content 
categories, and scientific inquiry and reasoning skills intersect to create test questions. 

Foundational Concept 1 Foundational Concept 2 

Content 
Category 

1A 

Content 
Category 

1B 

Content 
Category 

1C 

Content 
Category 

2A 

Content 
Category 

2B 

Content 
Category 

2C 

Skill 1 
Skill 2   
Skill 3 
Skill 4 

� 

� 

Each cell represents the point at which foundational 
concep ts, content cat egories, and sci entific inquiry a nd 
reasoning skills cross. 
Test questions are written at the intersections of the 
know ledge and skills . 
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

Understanding the Foundational Concepts and Content Categories in the Chemical and 
Physical Foundations of Biological Systems Outline 

The following are detailed explanations of each foundational concept and related content categories 
tested in this section. As with the Biological and Biochemical Foundations of Living Systems section, 
lists describing the specific topics and subtopics that define each content category for this section are 
provided. The same content list is provided to item writers who develop the content of the exam. Here is 
an excerpt from the content list.  

EXCERPT FROM THE CHEMICAL AND PHYSICAL FOUNDATIONS OF BIOLOGICAL SYSTEMS 
OUTLINE 

Separations and Purifications (OC, BC)  Topic 

� 
� 
� 

� 

� 

Extraction: distribution of solute between two immiscible solvents         Subtopic  
Distillation  
Chromatography  

o 

o 
o 

Basic principles involved in separation process 
� 
� 

Column chromatography, gas-liquid chromatography 
High pressure liquid chromatography 

Paper chromatography 
Thin-layer chromatography  

Separation and purification of peptides and proteins (BC)  
o
o
o

Electrophoresis
Quantitative analysis 
Chromatography  
� 
� 
� 

Size-exclusion 
Ion-exchange 
Affinity  

Racemic mixtures, separation of enantiomers (OC) 

The abbreviations found in parentheses indicate the course(s) in which undergraduate students at many 
colleges and universities learn about the topics and associated subtopics. The course abbreviations are  

�
�
�
�
�

�BC: first semester of biochemistry  
�BIO: two-semester sequence of introductory biology  
�GC: two-semester sequence of general chemistry  
�OC: two-semester sequence of organic chemistry  
�PHY: two-semester sequence of introductory physics 

In preparing for the MCAT exam, you will be responsible for learning the topics and associated 
subtopics at the levels at which they are taught at many colleges and universities in the courses listed in 
parentheses. A small number of subtopics have course abbreviations indicated in parentheses. In those 
cases, you are responsible only for learning the subtopics as they are taught in the course(s) indicated.  
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What’s on the MCAT2015 Exam? Chemical and Physical Foundations of Biological Systems 

Using the excerpt above as an example: 

��

��

��

You are responsible for learning about the topic Separations and Purifications at the level at 
which it is taught in a typical two-semester organic chemistry sequence and in a typical first-
semester biochemistry course.  
You are responsible for learning about the subtopic Separation and purifications of peptides and 
proteins (and sub-subtopics) only at the level at which it is taught in a first-semester biochemistry 
course.  
You are responsible for learning about the subtopic Racemic mixtures, separation of enantiomers 
only at the level at which it is taught in a two-semester organic chemistry course.  

Remember that course content at your school may differ from course content at other colleges and 
universities. The topics and subtopics described in this chapter may be covered in courses with titles that 
are different from those listed here. Your pre-health advisor and faculty are important resources for your 
questions about course content. 
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Chemical and Physical Foundations of Biological Systems 

Foundational Concept 4 
Complex living organisms transport materials, sense their environment, process signals, and 
respond to changes using processes that can be understood in terms of physical principles. 

© 201� AAMC. May not be reproduced without permission. �� 

The processes that take place within organisms follow the laws of physics. They can be quantified with 
equations that model the behavior at a fundamental level. For example, the principles of electromagnetic 
radiation, and its interactions with matter, can be exploited to generate structural information about 
molecules or to generate images of the human body. So, too, can atomic structure be used to predict the 
physical and chemical properties of atoms, including the amount of electromagnetic energy required to 
cause ionization. 

Content Categories 
� 

� 

� 

� 

� 

Category 4A focuses on motion�DQG its causes, DQG�various forms of energy and their interconversions. 

Category 4B focuses on the behavior of fluids, which is relevant to the functioning of the 
pulmonary and circulatory systems.  

Category 4C emphasizes the nature of electrical currents and voltages; how energy can be 
converted into electrical forms that can be used to perform chemical transformations or work; 
and how electrical impulses can be transmitted over long distances in the nervous system. 

Category 4D focuses on the properties of light and sound; how the interactions of light and 
sound with matter can be used by an organism to sense its environment; and how these 
interactions can also be used to generate structural information or images. 

Category 4E focuses on sub-atomic particles, the atomic nucleus, nuclear radiation, the structure 
of the atom, and how the configuration of any particular atom can be used to predict its physical 
and chemical properties. 

With these building blocks, medical students will be able to apply their understanding of basic physical 
principles such as mass flow, transport, electricity, biomechanics, and signal detection and processing, to 
the understanding of living systems and how perturbations from the normal functioning of specialized 
tissues contribute to disease. 



Content Category 4A: Translational motion, forces, work, energy, and equilibrium in living 
systems 
The motion of any object can be described in terms of displacement, velocity, and acceleration. Objects 
accelerate when subjected to external forces and are at equilibrium when the net force and the net torque 
acting upon them are zero. Many aspects of motion can be calculated with the knowledge that energy is 
conserved, even though it may be converted into different forms. In a living system, the energy for 
motion comes from the metabolism of fuel molecules, but the energetic requirements remain subject to 
the same physical principles. 

The content in this category covers several physics topics relevant to living systems including 
translational motion, forces, work, energy, and equilibrium. The topics and subtopics in this category are 
the following: 

Please Note 
Topics that appear on multiple content 
lists will be treated differently. Questions 
will focus on the topics as they are 
described in the narrative for the content 
category. 
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Translational Motion (PHY) 
� 
� 
� 
� 
� 

Units and dimensions 
Vectors, components 
Vector addition 
Speed, velocity (average and instantaneous) 
Acceleration 

Force (PHY) 
� 
� 
� 
� 
� 

Newton’s First Law, inertia 
Newton’s Second Law (F = ma) 
Newton’s Third Law, forces equal and opposite 
Friction, static and kinetic 
Center of mass 

Equilibrium (PHY) 
� 
� 

Vector analysis of forces acting on a point object 
Torques, lever arms 

Work (PHY) 
� 
� 
� 
� 

Work done by a constant force: W = Fd cosș 
Mechanical advantage 
Work Kinetic Energy Theorem 
Conservative forces 

Energy of Point Object Systems (PHY) 
� 
� 

� 
� 

Kinetic Energy: KE = ½ mv2; units 
Potential Energy 

o
 o

PE = mgh (gravitational, local) 
PE = ½ kx2 (spring) 

Conservation of energy 
Power, units 

:KDW¶V�RQ�WKH�0&$7�����([DP"�&KHPLFDO�DQG�3K\VLFDO�)RXQGDWLRQV�RI�%LRORJLFDO�6\VWHPV�



Periodic Motion (PHY) 
� 
� 

Amplitude, frequency, phase 
Transverse and longitudinal waves: wavelength and propagation speed 
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Content Category 4B: Importance of fluids for the circulation of blood, gas movement, and 
gas exchange 
Fluids are featured in several physiologically important processes, including the circulation of blood, gas 
movement into and out of the lungs, and gas exchange with the blood. The energetic requirements of 
fluid dynamics can be modeled using physical equations. A thorough understanding of fluids is 
necessary to understand the origins of numerous forms of disease. 

The content in this category covers hydrostatic pressure, fluid flow rates, viscosity, the Kinetic 
Molecular Theory of Gases, and the Ideal Gas Law. The topics and subtopics in this category are the 
following: 

Fluids (PHY) 
� 
� 
� 

� 
� 
� 
� 
� 
� 

Density, specific gravity 
Buoyancy, Archimedes’ Principle 
Hydrostatic pressure 

o
o 

Pascal’s Law 
Hydrostatic pressure; P = ȡJK (pressure vs. depth) 

Viscosity: Poiseuille Flow 
Continuity equation (AÂv = constant) 
Concept of turbulence at high velocities 
Surface tension 
Bernoulli’s equation 
Venturi effect, pitot tube 

Circulatory System (BIO) 
� Arterial and venous systems; pressure and flow characteristics

Gas Phase (GC, PHY) 
� 
� 
� 
� 

� 

� 

� 

Absolute temperature, (K) Kelvin Scale 
Pressure, simple mercury barometer 
Molar volume at 0°C and 1 atm = 22.4 L/mol 
Ideal gas 

o
o
o
o
o

Definition 
Ideal Gas Law: PV = nRT 
Boyle’s Law: PV = constant 
Charles’ Law: V/T = constant 
Avogadro’s Law: V/n = constant 

Kinetic Molecular Theory of Gases 
o
o 

Heat capacity at constant volume and at constant pressure (PHY) 
Boltzmann’s Constant (PHY) 

Deviation of real gas behavior from Ideal Gas Law 
o
o

Qualitative 
Quantitative (Van der Waals’ Equation) 

Partial pressure, mole fraction 
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Content Category 4C: Electrochemistry and electrical circuits and their elements 
Charged particles can be set in motion by the action of an applied electrical field, and can be used to 
transmit energy or information over long distances. The energy released during certain chemical 
reactions can be converted to electrical energy, which can be harnessed to perform other reactions or 
work.  

Physiologically, a concentration gradient of charged particles is set up across the cell membrane of 
neurons at considerable energetic expense. This allows for the rapid transmission of signals using 
electrical impulses — changes in the electrical voltage across the membrane — under the action of some 
external stimulus.  

The content in this category covers electrical circuit elements, electrical circuits, and electrochemistry. 
The topics and subtopics in this category are the following: 

Electrostatics (PHY) 
� 
� 
� 
� 

� 

Charge, conductors, charge conservation 
Insulators 
Coulomb’s Law 
Electric field E 

o
o 

Field lines 
Field due to charge distribution 

Electrostatic energy, electric potential at a point in space 

Circuit Elements (PHY) 
� 
� 
� 

� 

� 

� 

Current I  �ǻQ�ǻt, sign conventions, units 
Electromotive force, voltage 
Resistance 

o
o
o
o

Ohm’s Law: I = V/R 
Resistors in series 
Resistors in parallel 
Resistivity: ȡ = R•A / L 

Capacitance 
o
o
o
o
o

Parallel plate capacitor 
Energy of charged capacitor 
Capacitors in series 
Capacitors in parallel 
Dielectrics 

Conductivity 
o
o

Metallic 
Electrolytic 

Meters 

Magnetism (PHY) 
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� 
� 

Definition of magnetic field B 
Motion of charged particles in magnetic fields; Lorentz force 

Electrochemistry (GC) 
� 

� 

� 
� 

Electrolytic cell 
o
o
o
o

o 

Electrolysis 
Anode, cathode 
Electrolyte 
Faraday’s Law relating amount of elements deposited (or gas liberated) at an electrode to 
current 
Electron flow; oxidation, and reduction at the electrodes 

Galvanic or Voltaic cells 
o
o
o

Half-reactions 
Reduction potentials; cell potential 
Direction of electron flow 

Concentration cell 
Batteries 

o
o
o

Electromotive force, Voltage 
Lead-storage batteries 
Nickel-cadmium batteries 

Specialized Cell - Nerve Cell (BIO) 
� 
� 

Myelin sheath, Schwann cells, insulation of axon 
Nodes of Ranvier: propagation of nerve impulse along axon 
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Content Category 4D: How light and sound interact with matter 
Light is a form of electromagnetic radiation — waves of electric and magnetic fields that transmit 
energy. The behavior of light depends on its frequency (or wavelength). The properties of light are 
exploited in the optical elements of the eye to focus rays of light on sensory elements. When light 
interacts with matter, spectroscopic changes occur that can be used to identify the material on an atomic 
or molecular level. Differential absorption of electromagnetic radiation can be used to generate images 
useful in diagnostic medicine. Interference and diffraction of light waves are used in many analytical 
and diagnostic techniques. The photon model of light explains why electromagnetic radiation of 
different wavelengths interacts differently with matter. 

When mechanical energy is transmitted through solids, liquids, and gases, oscillating pressure waves 
known as “sound” are generated. Sound waves are audible if the sensory elements of the ear vibrate in 
response to exposure to these vibrations. The detection of reflected sound waves is utilized in ultrasound 
imaging. This non-invasive technique readily locates dense subcutaneous structures, such as bone and 
cartilage, and is very useful in diagnostic medicine. 

The content in this category covers the properties of both light and sound and how these energy waves 
interact with matter. The topics and subtopics in this category are the following: 

Sound (PHY) 
� 
� 
� 
� 
� 
� 
� 
� 
� 

Production of sound 
Relative speed of sound in solids, liquids, and gases 
Intensity of sound, decibel units, log scale 
Attenuation (Damping) 
Doppler Effect: moving sound source or observer, reflection of sound from a moving object 
Pitch 
Resonance in pipes and strings 
Ultrasound 
Shock waves 

Light, Electromagnetic Radiation (PHY) 
� 
� 
� 
� 
� 

� 
� 

Concept of Interference; Young Double-slit Experiment 
Thin films, diffraction grating, single-slit diffraction 
Other diffraction phenomena, X-ray diffraction 
Polarization of light: linear and circular 
Properties of electromagnetic radiation 

o
o

Velocity equals constant c, in vacuo 
Electromagnetic radiation consists of perpendicularly oscillating electric and magnetic 
fields; direction of propagation is perpendicular to both 

Classification of electromagnetic spectrum, photon energy E = hf 
Visual spectrum, color 
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Molecular Structure and Absorption Spectra (OC) 
� 

� 

� 

� 

Infrared region 
o
o 

Intramolecular vibrations and rotations 
Recognizing common characteristic group absorptions, fingerprint region 

Visible region (GC) 
o
o

Absorption in visible region gives complementary color (e.g., carotene) 
Effect of structural changes on absorption (e.g., indicators) 

Ultraviolet region 
o
o 

ʌ-Electron and non-bonding electron transitions 
Conjugated systems 

NMR spectroscopy 
o
o

Protons in a magnetic field; equivalent protons 
Spin-spin splitting 

Geometrical Optics (PHY) 
� 
� 
� 
� 
� 

� 

� 
� 
� 

Reflection from plane surface: angle of incidence equals angle of reflection 
Refraction, refractive index n; Snell’s law: n1 sin ș1 = n2 sin ș2 
Dispersion, change of index of refraction with wavelength 
Conditions for total internal reflection 
Spherical mirrors 

o
o
o

Center of curvature 
Focal length 
Real and virtual images 

Thin lenses 
o
o
o

Converging and diverging lenses 
Use of formula 1/p + 1/q = 1/f, with sign conventions 
Lens strength, diopters 

Combination of lenses 
Lens aberration 
Optical Instruments, including the human eye 
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Content Category 4E: Atoms, nuclear decay, electronic structure, and atomic chemical 
behavior 
Atoms are classified by their atomic number: the number of protons in the atomic nucleus, which also 
includes neutrons. Chemical interactions between atoms are the result of electrostatic forces involving 
the electrons and the nuclei. Because neutrons are uncharged, they do not dramatically affect the 
chemistry of any particular type of atom, but do affect the stability of the nucleus itself.  

When a nucleus is unstable, decay results from one of several different processes, which are random, but 
occur at well-characterized average rates. The products of nuclear decay (alpha, beta, and gamma rays) 
can interact with living tissue, breaking chemical bonds and ionizing atoms and molecules in the 
process. 

The electronic structure of an atom is responsible for its chemical and physical properties. Only discrete 
energy levels are allowed for electrons. These levels are described individually by quantum numbers. 
Since the outermost, or valence, electrons are responsible for the strongest chemical interactions, a 
description of these electrons alone is a good first approximation to describe the behavior RI�any 
particular type of atom. 

Mass spectrometry is an analytical tool that allows characterization of atoms or molecules, based on well 
recognized fragmentation patterns and the charge to mass ratio (m/z) of ions generated in the gas phase. 

The content in this category covers atomic structure, nuclear decay, electronic structure, and the periodic 
nature of atomic chemical behavior. The topics and subtopics in this category are the following: 

Atomic Nucleus (PHY, GC) 
� 
� 
� 
� 

� 

Atomic number, atomic weight 
Neutrons, protons, isotopes 
Nuclear forces, binding energy 
Radioactive decay 

o
o 

Į��ȕ��Ȗ�GHFD\ 
Half-life, exponential decay, semi-log plots 

Mass spectrometer 

Electronic Structure (PHY, GC) 
� 

� 
� 
� 
� 
� 
� 
� 
� 
� 

Orbital structure of hydrogen atom, principal quantum number n, number of electrons per orbital 
(GC) 
Ground state, excited states 
Absorption and emission line spectra 
Use of Pauli Exclusion Principle 
Paramagnetism and diamagnetism 
Conventional notation for electronic structure (GC) 
Bohr atom 
Heisenberg Uncertainty Principle 
Effective nuclear charge (GC) 
Photoelectric effect 
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The Periodic Table - Classification of Elements into Groups by Electronic Structure (GC) 
� 
� 
� 
� 
� 
� 
� 
� 

Alkali metals 
Alkaline earth metals: their chemical characteristics 
Halogens: their chemical characteristics 
Noble gases: their physical and chemical characteristics 
Transition metals 
Representative elements 
Metals and non-metals 
Oxygen group 

The Periodic Table - Variations of Chemical Properties with Group and Row (GC) 
� 
� 

� 

� 

� 
� 

Valence electrons 
First and second ionization energy 

o
o 

Definition 
Prediction from electronic structure for elements in different groups or rows 

Electron affinity 
o
o

Definition 
Variation with group and row 

Electronegativity 
o
o 

Definition 
Comparative values for some representative elements and important groups 

Electron shells and the sizes of atoms 
Electron shells and the sizes of ions 

Stoichiometry (GC) 
� 
� 
� 
� 
� 
� 
� 

� 

Molecular weight 
Empirical versus molecular formula 
Metric units commonly used in the context of chemistry 
Description of composition by percent mass  
Mole concept, Avogadro’s number NA  
Definition of density  
Oxidation number  

o
o 

Common oxidizing and reducing agents 
Disproportionation reactions  

Description of reactions by chemical equations 
o
o
o
o

Conventions for writing chemical equations 
Balancing equations, including redox equations 
Limiting reactants 
Theoretical yields 
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Chemical and Physical Foundations of Biological Systems 

Foundational Concept 5 
The principles that govern chemical interactions and reactions form the basis for a broader 

understanding of the molecular dynamics of living systems. 
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The chemical processes that take place within organisms are readily understood within the framework of 
the behavior of solutions, thermodynamics, molecular structure, intermolecular interactions, molecular 
dynamics, and molecular reactivity. 

Content Categories 
� 

� 

� 

� 

� 

Category 5A emphasizes the nature of solution formation, factors that affect solubility, and the 
properties and behavior of aqueous solutions, with special emphasis on the acid-base behavior of 
dissolved solutes.  

Category 5B focuses on molecular structure and how it affects the strength of intermolecular 
interactions.  

Category 5C emphasizes how differential intermolecular interactions can be used to effect 
chemical separations.  

Category 5D emphasizes the varied nature of biologically-relevant molecules, and how patterns 
of covalent bonding can be used to predict the chemical reactivity of these molecules and their 
structure and function within a living system.  

Category 5E emphasizes how relative energy dictates the overall favorability of chemical 
processes and the rate at which these processes can occur. 

With these building blocks, medical students will be able to apply the understanding of basic chemical 
principles to an understanding of living systems, and will be prepared to learn how the atomic and 
molecular characteristics of biological constituents can be used to predict normal and pathological 
molecular function. 
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Content Category 5A: Unique nature of water and its solutions 
In order to fully understand the complex and dynamic nature of living systems, it is first necessary to 
understand the unique nature of water and its solutions. The unique properties of water allow it to 
strongly interact with and mobilize many types of solutes, including ions. Water is also unique in its 
ability to absorb energy and buffer living systems from the chemical changes necessary to sustain life.  

The content in this category covers the nature of solutions, solubility, acids, bases, and buffers. The 
topics and subtopics in this category are the following: 

Acid/Base Equilibria (GC, BC) 
� 
� 

� 
� 
� 

� 
� 

Brønsted–Lowry definition of acid, base 
Ionization of water 

o
o 

Kw, its approximate value (Kw = [H+][OH–] = 10–14 at 25°C, 1 atm) 
Definition of pH: pH of pure water 

Conjugate acids and bases (e.g., NH4
+ and NH3) 

Strong acids and bases (e.g., nitric, sulfuric) 
Weak acids and bases (e.g., acetic, benzoic) 

o
o
o

Dissociation of weak acids and bases with or without added salt 
Hydrolysis of salts of weak acids or bases  
Calculation of pH of solutions of salts of weak acids or bases  

Equilibrium constants Ka and Kb: pKa, pKb 
Buffers 

o
o

Definition and concepts (common buffer systems) 
Influence on titration curves 

Ions in Solutions (GC, BC) 
� 

� 

Anion, cation: common names, formulas and charges for familiar ions (e.g., NH4
+ ammonium, 

PO4
3– phosphate, SO4

2– sulfate) 
Hydration, the hydronium ion 

Solubility (GC) 
� 
� 
� 

Units of concentration (e.g., molarity)  
Solubility product constant; the equilibrium expression Ksp 
Common-ion effect, its use in laboratory separations 

o
o
o

Complex ion formation  
Complex ions and solubility 
Solubility and pH 

Titration (GC) 
� 
� 
� 
� 

Indicators 
Neutralization  
Interpretation of the titration curves 
Redox titration  
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Content Category 5B: Nature of molecules and intermolecular interactions 
Covalent bonding involves the sharing of electrons between atoms. If the result of such interactions is 
not a network solid, then the covalently bonded substance will be discrete and molecular.  

The shape of molecules can be predicted based on electrostatic principles and quantum mechanics since 
only two electrons can occupy the same orbital. Bond polarity (both direction and magnitude) can be 
predicted based on knowledge of the valence electron structure of the constituent atoms. The strength of 
intermolecular interactions depends on molecular shape and the polarity of the covalent bonds present. 
The solubility and other physical properties of molecular substances depend on the strength of 
intermolecular interactions. 

The content in this category covers the nature of molecules and includes covalent bonding, molecular 
structure, nomenclature, and intermolecular interactions. The topics and subtopics in this category are 
the following: 

Covalent Bond (GC) 
� 

� 

� 

� 

� 

Lewis Electron Dot formulas 
o
o
o

Resonance structures 
Formal charge 
Lewis acids and bases 

Partial ionic character 
o
o 

Role of electronegativity in determining charge distribution 
Dipole Moment 

ı�DQG�ʌ�ERQGV 
o
o

o
o

Hybrid orbitals: sp3, sp2, sp and respective geometries 
Valence shell electron pair repulsion and the prediction of shapes of molecules (e.g., 
NH3, H2O, CO2) 
Structural formulas for molecules involving H, C, N, O, F, S, P, Si, Cl 
Delocalized electrons and resonance in ions and molecules 

Multiple bonding 
o
o 

Effect on bond length and bond energies 
Rigidity in molecular structure 

Stereochemistry of covalently bonded molecules (OC) 
o Isomers

o
o

�
�
�

Structural isomers 
Stereoisomers (e.g., diastereomers, enantiomers, cis/trans isomers) 
Conformational isomers 

Polarization of light, specific rotation 
Absolute and relative configuration 

�
�

Conventions for writing R and S forms 
Conventions for writing E and Z forms 
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Liquid Phase - Intermolecular Forces (GC) 
� 
� 
� 

Hydrogen bonding 
Dipole Interactions 
Van der Waals’ Forces (London dispersion forces) 
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Content Category 5C: Separation and purification methods 
$QDO\VLV�RI�FRPSOH[�PL[WXUHV�RI�VXEVWDQFHV�ʊ�HVSHFLDOO\�ELRORJLFDOO\�UHOHYDQW�PDWHULDOV�ʊ�W\SLFDOO\�
requires separation of the components. Many methods have been developed to accomplish this task, and 
the method used is dependent on the types of substances which comprise the mixture. All of these 
methods rely on the magnification of potential differences in the strength of intermolecular interactions. 

The content in this category covers separation and purification methods including: extraction, liquid and 
gas chromatography, and electrophoresis. The topics and subtopics in this category are the following: 

Separations and Purifications (OC, BC) 
� 
� 
� 

� 

� 

Extraction: distribution of solute between two immiscible solvents 
Distillation 
Chromatography 

o

o
o 

Basic principles involved in separation process
�
�

Column chromatography, gas-liquid chromatography 
High pressure liquid chromatography 

Paper chromatography 
Thin-layer chromatography 

Separation and purification of peptides and proteins (BC) 
o
o
o

Electrophoresis 
Quantitative analysis 
Chromatography 
�
�
�

Size-exclusion 
Ion-exchange 
Affinity 

Racemic mixtures, separation of enantiomers (OC) 
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Content Category 5D: Structure, function, and reactivity of biologically-relevant molecules 
The structure of biological molecules forms the basis of their chemical reactions including 
oligomerization and polymerization. Unique aspects of each type of biological molecule dictate their 
role in living systems, whether providing structure or information storage, or serving as fuel and 
catalysts. 

The content in this category covers the structure, function, and reactivity of biologically-relevant 
molecules including the mechanistic considerations that dictate their modes of reactivity. The topics and 
subtopics in this category are the following: 

Nucleotides and Nucleic Acids (BC, BIO) 
� 

� 
� 
� 

Nucleotides and nucleosides: composition 
o
o 

Sugar phosphate backbone 
Pyrimidine, purine residues 

Deoxyribonucleic acid: DNA; double helix 
Chemistry (BC) 
Other functions (BC) 

Amino Acids, Peptides, Proteins (OC, BC) 
� 

� 

� 

Amino acids: description 
o
o
o

o 

$EVROXWH�FRQILJXUDWLRQ�DW�WKH�Į�SRVLWLRQ 
Dipolar ions 
Classification 
� 
� 

Acidic or basic 
Hydrophilic or hydrophobic 

6\QWKHVLV�RI�Į-amino acids (OC) 
� 
� 

Strecker Synthesis 
Gabriel Synthesis 

Peptides and proteins: reactions 
o
o
o

Sulfur linkage for cysteine and cystine 
Peptide linkage: polypeptides and proteins 
Hydrolysis (BC) 

General Principles 
o
o
o
o

3ULPDU\ structure of proteins�
6HFRQGDU\�structure of proteins�
7HUWLDU\ structure of proteins��
Isoelectric point 

The Three-Dimensional Protein Structure (BC) 
� 

� 
� 

Conformational stability 
o
o

Hydrophobic interactions 
 Solvation layer (entropy) 

4uaternary structure 
Denaturing and Folding 
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Non-Enzymatic Protein Function (BC) 
� 
� 
� 

Binding 
Immune system 
Motor 

Lipids (BC, OC) 
� Description, Types

o 

o 

o 

Storage 
� 
� 

Triacyl glycerols 
Free fatty acids: saponification 

Structural 
� 
� 
� 

Phospholipids and phosphatids 
Sphingolipids (BC) 
Waxes 

Signals/cofactors 
� 
� 
� 

Fat-soluble vitamins 
Steroids 
Prostaglandins (BC) 

Carbohydrates (OC) 
� 

� 
� 
� 
� 

Description 
o
o
o
o

Nomenclature and classification, common names 
Absolute configuration 
Cyclic structure and conformations of hexoses 
Epimers and anomers 

Hydrolysis of the glycoside linkage 
Keto-enol tautomerism of monosaccharides 
Disaccharides (BC) 
Polysaccharides (BC) 

Aldehydes and Ketones (OC) 
� 

� 

Description 
o
o 

Nomenclature 
Physical properties 

Important reactions 
o

o
o

Nucleophilic addition reactions at C=O bond
�
�
�
�

Acetal, hemiacetal 
Imine, enamine 
Hydride reagents 
Cyanohydrin 

Oxidation of aldehydes 
Reactions at adjacent positions: enolate chemistry 
�
�
�

Keto-HQRO�WDXWRPHULVP��Į-racemization) 
Aldol condensation, retro-aldol 
Kinetic versus thermodynamic enolate 

© 201� AAMC. May not be reproduced without permission. �� 

:KDW¶V�RQ�WKH�0&$7�����([DP"�&KHPLFDO�DQG�3K\VLFDO�)RXQGDWLRQV�RI�%LRORJLFDO�6\VWHPV�



� General principles
o
o

Effect of substituents on reactivity of C=O; steric hindrance 
$FLGLW\�RI�Į-H; carbanions 

Alcohols (OC) 
� 

� 

Description 
o
o 

Nomenclature 
Physical properties (acidity, hydrogen bonding) 

Important reactions 
o
o
o
o

Oxidation 
Substitution reactions: SN1 or SN2 
Protection of alcohols 
Preparation of mesylates and tosylates 

Carboxylic Acids (OC) 
� 

� 

Description 
o
o 

Nomenclature 
Physical properties 

Important reactions 
o 

o 

Carboxyl group reactions 
�
�
�

Amides (and lactam), esters (and lactone), anhydride formation 
Reduction 
Decarboxylation 

Reactions at 2-position, substitution 

Acid Derivatives (Anhydrides, Amides, Esters) (OC) 
� 

� 

� 

Description 
o
o 

Nomenclature 
Physical properties 

Important reactions 
o
o
o

Nucleophilic substitution 
Transesterification 
Hydrolysis of amides 

General principles 
o
o
o
o

Relative reactivity of acid derivatives 
Steric effects 
Electronic effects 
6WUDLQ��H�J���ȕ-lactams) 

Phenols (OC, BC) 
� Oxidation and reduction (e.g., hydroquinones, ubiquinones�: biological 2e– redox centers

Polycyclic and Heterocyclic Aromatic Compounds (OC, BC) 
� Biological aromatic heterocycles
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Content Category 5E: Principles of chemical thermodynamics and kinetics 
The processes that occur in living systems are dynamic, and they follow the principles of chemical 
thermodynamics and kinetics. The position of chemical equilibrium is dictated by the relative energies 
of products and reactants. The rate at which chemical equilibrium is attained is dictated by a variety of 
factors: concentration of reactants, temperature, and the amount of catalyst (if any).  

Biological systems have evolved to harness energy, and utilize it in very efficient ways to support all 
processes of life, including homeostasis and anabolism. Biological catalysts, known as enzymes, have 
evolved to allow all of the relevant chemical reactions required to sustain life to occur both rapidly and 
efficiently, and under the narrow set of conditions required. 

The content in this category covers all principles of chemical thermodynamics and kinetics including 
enzymatic catalysis. The topics and subtopics in this category are the following: 

Enzymes (BC, BIO) 
� 
� 

� 

� 
� 

Classification by reaction type 
Mechanism 

o
o
o
o

Substrates and enzyme specificity  
Active site model  
Induced-fit model 
Cofactors, coenzymes, and vitamins 

Kinetics 
o
o
o
o

General (catalysis) 
Michaelis–Menten 
Cooperativity 
Effects of local conditions on enzyme activity 

Inhibition 
Regulatory enzymes 

o
o

Allosteric 
Covalently modified 

Principles of Bioenergetics (BC) 
� 

� 

� 

Bioenergetics/thermodynamics 
o
o 

Free energy/Keq 
Concentration 

Phosphorylation/ATP 
o
o

$73�K\GURO\VLV�ǻG << 0 
ATP group transfers 

Biological oxidation–reduction 
o
o
o

Half-reactions 
Soluble electron carriers 
Flavoproteins 
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Energy Changes in Chemical Reactions – Thermochemistry, Thermodynamics (GC, PHY) 
� 
� 
� 
� 
� 

� 
� 
� 

� 
� 
� 
� 
� 
� 

Thermodynamic system – state function 
Zeroth Law – concept of temperature 
First Law � conservation of energy in thermodynamic processes 
PV diagram: work done = area under or enclosed by curve (PHY) 
Second Law – concept of entropy 

o
o 

Entropy as a measure of “disorder” 
Relative entropy for gas, liquid, and crystal states 

Measurement of heat changes (calorimetry), heat capacity, specific heat 
Heat transfer – conduction, convection, radiation (PHY) 
Endothermic/exothermic reactions (GC) 

o
o

Enthalpy, H, and standard heats of reaction and formation 
Hess’ Law of Heat Summation  

Bond dissociation energy as related to heats of formation (GC) 
Free energy: G (GC) 
6SRQWDQHRXV�UHDFWLRQV�DQG�ǻG° (GC) 
Coefficient of expansion (PHY) 
Heat of fusion, heat of vaporization 
Phase diagram: pressure and temperature 

Rate Processes in Chemical Reactions - Kinetics and Equilibrium (GC) 
� 
� 

� 
� 

� 
� 
� 

� 

Reaction rate 
Dependence of reaction rate on concentration of reactants 

o
o 

Rate law, rate constant 
Reaction order  

Rate-determining step  
Dependence of reaction rate upon temperature 

o 

o 

Activation energy 
�
�

Activated complex or transition state 
Interpretation of energy profiles showing energies of reactants, products, 
DFWLYDWLRQ�HQHUJ\��DQG�ǻH for the reaction 

Use of the Arrhenius Equation 
Kinetic control versus thermodynamic control of a reaction 
Catalysts 
Equilibrium in reversible chemical reactions 

o
o
o

Law of Mass Action  
Equilibrium Constant  
Application of Le Châtelier’s Principle 

5HODWLRQVKLS�RI�WKH�HTXLOLEULXP�FRQVWDQW�DQG�ǻG° 
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What’s on the MCAT2015 Exam? Psychological, Social, and Biological Foundations of Behavior 

What will the Psychological, Social, and Biological Foundations of Behavior section 
test? 

The Psychological, Social, and Biological Foundations of Behavior section asks you to solve problems 
by combining your knowledge of foundational concepts with your scientific inquiry and reasoning skills. 
This section tests your understanding of the ways psychological, social, and biological factors influence 
perceptions and reactions to the world; behavior and behavior change; what people think about 
themselves and others; the cultural and social differences that influence well-being; and the relationships 
between social stratification, access to resources, and well-being.  

The Psychological, Social, and Biological Foundations of Behavior section emphasizes concepts that 
tomorrow’s doctors need to know in order to serve an increasingly diverse population and have a clear 
understanding of the impact of behavior on health. Further, it communicates the need for future 
physicians to be prepared to deal with the human and social issues of medicine.  

This section is designed to 

x 

x 

x 

x 

x 

test psychology, sociology, and biology concepts that provide a solid foundation for learning in 
medical school about the behavioral and sociocultural determinants of health;  
test concepts taught at many colleges and universities in first-semester psychology and sociology 
courses;  
test biology concepts that relate to mental processes and behavior that are taught at many 
colleges and universities in introductory biology;  
test basic research methods and statistics concepts described by many baccalaureate faculty as 
important to success in introductory science courses; and  
require you to demonstrate your scientific inquiry and reasoning, research methods, and statistics 
skills as applied to the social and behavioral sciences. 

Test Section Number of Questions Time 

Psychological, Social, and 
Biological Foundations of 

Behavior 

59 
(note that questions are a 

combination of passage-based 
and discrete questions) 

95 minutes 
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Scientific Inquiry and Reasoning Skills 
As a reminder, the scientific inquiry and reasoning skills that you will be asked to demonstrate on this 
section of the exam are: 

Knowledge of Scientific Concepts and Principles 

x
x

Demonstrating understanding of scientific concepts and principles 
Identifying the relationships between closely-related concepts 

Scientific Reasoning and Problem Solving 

x
x

x
x

x
x

Reasoning about scientific principles, theories, and models 
Analyzing and evaluating scientific explanations and predictions 

Reasoning about the Design and Execution of Research 

Demonstrating understanding of important components of scientific research  
Reasoning about ethical issues in research  

Data-Based and Statistical Reasoning 

Interpreting patterns in data presented in tables, figures, and graphs 
Reasoning about data and drawing conclusions from them 
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General Mathematical Concepts and Techniques 
It’s important for you to know that questions on the natural, behavioral, and social sciences sections will 
ask you to use certain mathematical concepts and techniques. As the descriptions of the scientific inquiry 
and reasoning skills suggest, some questions will ask you to analyze and manipulate scientific data to 
show that you can 
� 

� 

� 

� 

� 

� 

� 

Recognize and interpret linear, semilog, and log-log scales and calculate slopes from data found in 
figures, graphs, and tables 

Demonstrate a general understanding of significant digits and the use of reasonable numerical 
estimates in performing measurements and calculations 

Use metric units, including converting units within the metric system and between metric and 
English units (conversion factors will be provided when needed), and dimensional analysis (using 
units to balance equations) 

Perform arithmetic calculations involving the following: probability, proportion, ratio, percentage, 
and square-root estimations 

Demonstrate a general understanding (Algebra II�level) of exponentials and logarithms (natural 
and base 10), scientific notation, and solving simultaneous equations 

Demonstrate a general understanding of the following trigonometric concepts: definitions of basic 
(sine, cosine, tangent) and inverse (sin௅�, cos௅�, tan௅�) functions; sin and cos values of 0°, 90°, and 
180°; relationships between the lengths of sides of right triangles containing angles of 30°, 45°, 
and 60° 

Demonstrate a general understanding of vector addition and subtraction and the right-hand rule 
(knowledge of dot and cross products is not required) 

Note also that an understanding of calculus is not required, and a periodic table will be provided during 
the exam. 
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Psychological, Social, and Biological Foundations of Behavior Distribution of Questions 
by Discipline, Foundational Concept, and Scientific Inquiry and Reasoning Skill 

You may wonder how much psychology, sociology, and biology you’ll see on this section of the MCAT 
exam, how many questions you’ll get about a particular foundational concept, or how the scientific 
inquiry and reasoning skills will be distributed on your exam. The questions that you see are likely to be 
distributed in the ways described below. These are the approximate percentages of questions you’ll see 
on a test for each discipline, foundational concept, and scientific inquiry and reasoning skill.* 
Discipline: 

x 
x 
x 

x 
x 
x 
x 
x 

x 
x 
x 
x 

Introductory psychology, 65%** 
Introductory sociology, 30% 
Introductory biology, 5% 

Foundational Concept: 
Foundational Concept 6, 25% 
Foundational Concept 7, 35% 
Foundational Concept 8, 20% 
Foundational Concept 9, 15% 
Foundational Concept 10, 5% 

Scientific Inquiry and Reasoning Skill: 
Skill 1, 35% 
Skill 2, 45% 
Skill 3, 10% 
Skill 4: 10% 

*These percentages have been approximated to the nearest 5% and will vary from one test to another for
a variety of reasons. These reasons include, but are not limited to, controlling for question difficulty, 
using groups of questions that depend on a single passage, and using unscored field-test questions on 
each test form.       
**Please note that about 5% of this test section will include psychology questions that are biologically 
relevant. This is in addition to the discipline target of 5% for introductory biology specified for this 
section.   
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Psychological, Social, and Biological Foundations of Behavior Framework of 
Foundational Concepts and Content Categories  

Foundational Concept 6: Biological, psychological, and sociocultural factors influence the ways that 
individuals perceive, think about, and react to the world.  

The content categories for this foundational concept include  

6A. Sensing the environment  
6B. Making sense of the environment  
6C. Responding to the world  

Foundational Concept 7: Biological, psychological, and sociocultural factors influence behavior and 
behavior change.  

The content categories for this foundational concept include  

7A. Individual influences on behavior  
7B. Social processes that influence human behavior  
7C. Attitude and behavior change  

Foundational Concept 8: Psychological, sociocultural, and biological factors influence the way we 
think about ourselves and others, as well as how we interact with others.  

The content categories for this foundational concept include  

8A. Self-identity  
8B. Social thinking  
8C. Social interactions  

Foundational Concept 9: Cultural and social differences influence well-being. 

The content categories for this foundational concept include  

9A. Understanding social structure  
9B. Demographic characteristics and processes 

Foundational Concept 10: Social stratification and access to resources influence well-being. 

The content category for this foundational concept is  

10A. Social inequality 
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How Foundational Concepts and Content Categories Fit Together 

The MCAT exam asks you to solve problems by combining your knowledge of concepts with your 
scientific inquiry and reasoning skills. Figure 1 illustrates how foundational concepts, content 
categories, and scientific inquiry and reasoning skills intersect to create test questions. 

Foundational Concept 1 Foundational Concept 2 

Content 
Category 

1A 

Content 
Category 

1B 

Content 
Category 

1C 

Content 
Category 

2A 

Content 
Category 

2B 

Content 
Category 

2C 

Skill 1 
Skill 2     
Skill 3 

Skill 4 

� Each cell represents the point at which foundational
concep ts, content cat egories, and sci entific inquiry a nd
reasoning skills cross.

� Test questions are written at the intersections of the
know ledge and skills .
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Understanding the Foundational Concepts and Content Categories in the 
Psychological, Social, and Biological Foundations of Behavior Section 

The following are detailed explanations of each foundational concept and related content category tested 
by the Psychological, Social, and Biological FoundationV of Behavior section. As with the natural 
sciences sections, content lists describing specific topics and subtopics that define each content category 
are provided. The same content list is provided to the writers who develop the content of the exam. Here 
is an excerpt from the content list: 

EXCERPT FROM THE PSYCHOLOGICAL, SOCIAL, AND BIOLOGICAL FOUNDAT/ONS OF BEHAVIOR OUTLINE 

Self-presentation and Interacting with Others (PSY, SOC) Topic 

�
o 
o 

�
o 
o 

�
�

�Expressing and detecting emotion Subtopic 
The role of gender in the expression and detection of emotion 
The role of culture in the expression and detection of emotion 

�Presentation of self 
Impression management 
Front stage vs. back stage self (Dramaturgical approach) (SOC) 

�Verbal and nonverbal communication  
�Animal signals and communication (PSY, BIO)  

The abbreviations found in parentheses indicate the course(s) in which undergraduate students at many colleges 
and universities learn about the topics and associated subtopics. The course abbreviations are 

��
��
��

��

��

��

PSY: one semester of introductory psychology  
SOC: one semester of introductory sociology  
BIO: two-semester sequence of introductory biology 

In preparing for the MCAT exam, you will be responsible for learning the topics and associated subtopics at the 
levels at which they are taught in the courses listed in parentheses. A small number of subtopics have course 
abbreviations indicated in parentheses. In those cases, you are responsible only for learning the subtopics as they 
are taught in the course(s) indicated.  

Using the excerpt above as an example, 

You are responsible for learning about the topic Self-presentation and Interacting with Others at the level 
at which it is taught in a typical introductory psychology course and in a typical introductory sociology 
course.  
You are responsible for learning about the sub-subtopic Front stage vs. back stage self (Dramaturgical 
approach) only at the level at which it is taught in a typical introductory sociology course.  
You are responsible for learning about the subtopic Animal signals and communication at the level at 
which it is taught in a typical introductory psychology course and in a typical introductory biology 
course.  
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Remember that course content at your school may differ from course content at other colleges and 
universities. The topics and subtopics described in this chapter may be covered in courses with titles that 
are different from those listed here. Your pre-health advisor and faculty are important resources for your 
questions about course content. 
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Psychological, Social, and Biological Foundations of Behavior 

Foundational Concept 6 
Biological, psychological, and sociocultural factors influence the ways that individuals perceive, 

think about, and react to the world. 
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The way in which we sense, perceive, think about, and react to stimuli affects our experiences. 
Foundational concept 6 focuses on these components of experience, starting with the initial detection 
and perception of stimuli through cognition, and continuing to emotion and stress.  

Content Categories 
�

�

�

�

�

�

Category 6A focuses on the detection and perception of sensory information. 

Category 6B focuses on cognition, including our ability to attend to the environment, think about 
and remember what we experience, and use language to communicate with others. 

Category 6C focuses on how we process and experience emotion and stress. 

These are the building blocks medical students need in order to learn about the ways in which cognitive 
and perceptual processes influence their and others’ understanding of health and illness. 
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Content Category 6A: Sensing the environment 

Psychological, sociocultural, and biological factors affect our sensation and perception of the world. All 
sensory processing begins with first detecting a stimulus in the environment through sensory cells, 
receptors, and biological pathways. 

After collecting sensory information, we then interpret and make sense of it. Although sensation and 
perception are distinct functions, they are both influenced by psychological, social, and biological 
factors and therefore become almost indistinguishable in practice. This complexity is illuminated by 
examining human sight, hearing, touch, taste, and smell. 

The content in this category covers sensation and perception across all human senses. The topics and 
subtopics in this category are the following: 

Sensory Processing (PSY, BIO) 
�

o
o
o
o
o

�
o
o

�
�

o
o
o

�
�
�

�
�
�

o
o
o

�
�

Sensation 
Threshold 
Weber’s Law (PSY) 
Signal detection theory (PSY) 
Sensory adaptation 
Psychophysics 

Sensory receptors 
Sensory pathways 
Types of sensory receptor 

Vision (PSY, BIO) 
Structure and function of the eye 
Visual processing 

Visual pathways in the brain 
Parallel processing (PSY) 
Feature detection (PSY) 

Hearing (PSY, BIO) 
Structure and function of the ear 
Auditory processing (e.g., auditory pathways in the brain) 
Sensory reception by hair cells 

Other Senses (PSY, BIO) 
Somatosensation (e.g., pain perception) 
Taste (e.g., taste buds/chemoreceptors that detect specific chemicals) 
Smell 

Olfactory cells/chemoreceptors that detect specific chemicals 
Pheromones (BIO) 
Olfactory pathways in the brain (BIO) 

Kinesthetic sense (PSY) 
Vestibular sense 
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Perception (PSY) 
�
�
�

Bottom-up/Top-down processing 
Perceptual organization (e.g., depth, form, motion, constancy) 
Gestalt principles 
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Content Category 6B: Making sense of the environment 
The way we think about the world depends on our awareness, thoughts, knowledge, and memories. It is 
also influenced by our ability to solve problems, make decisions, form judgments, and communicate. 
Psychological, sociocultural, and biological influences determine the development and use of these 
different yet convergent processes. 

Biological factors underlie the mental processes that create our reality, shape our perception of the 
world, and influence the way we perceive and react to every aspect of our lives. 

7KH�FRQWHQW�LQ�WKLV�FDWHJRU\�FRYHUV�FULWLFDO�DVSHFWV�RI�FRJQLWLRQʊLQFOXGLQJ�FRQVFLRXVQHVV��FRJQLWLYH�
development, problem solving and decision making, intelligence, memory, and language. The topics and 
subtopics in this category are the following: 

Attention (PSY) 
�
�

�
�

�
�

�

�

�

Selective attention 
Divided attention 

Cognition (PSY) 
Information-processing model 
Cognitive development 

o
o
o
o

o
o
o
o

o
o
o

o
o

� 
� 
� 
� 
� 

o 

Piaget’s stages of cognitive development 
Cognitive changes in late adulthood 
Role of culture in cognitive development 
Influence of heredity and environment on cognitive development 

Biological factors that affect cognition (PSY, BIO) 
Problem solving and decision making 

Types of problem solving 
Barriers to effective problem solving 
Approaches to problem solving 
Heuristics and biases (e.g., overconfidence, belief perseverance) 

Intellectual functioning 
Theories of intelligence 
Influence of heredity and environment on intelligence 
Variations in intellectual ability 

Consciousness (PSY) 
States of consciousness 

Alertness (PSY, BIO) 
Sleep 

Stages of sleep 
Sleep cycles and changes to sleep cycles 
Sleep and circadian rhythms (PSY, BIO) 
Dreaming 
Sleep–wake disorders 

Hypnosis and meditation
Consciousness-altering drugs 
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o 

o 

Types of consciousness-altering drugs and their effects on the nervous system and 
behavior 
Drug addiction  and the reward pathway in the brain 

Memory (PSY) 
�

o
o 

�
o
o

�
o
o
o
o

�
o
o
o
o
o

�
o
o
o

�
�
�

Encoding 
Process of encoding information 
Processes that aid in encoding memories 

Storage 
Types of memory storage (e.g., sensory, working, long-term) 
Semantic networks and spreading activation 

Retrieval 
Recall, recognition, and relearning 
Retrieval cues 
The role of emotion in retrieving memories (PSY, BIO) 
Processes that aid retrieval 

Forgetting 
Aging and memory 
Memory dysfunctions (e.g., Alzheimer’s disease, Korsakoff’s syndrome) 
Decay 
Interference 
Memory construction and source monitoring 

Changes in synaptic connections underlie memory and learning (PSY, BIO) 
Neural plasticity 
Memory and learning 
Long-term potentiation 

Language (PSY) 
Theories of language development (e.g., learning, Nativist, Interactionist) 
Influence of language on cognition 
Brain areas that control language and speech (PSY, BIO) 
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Content Category 6C: Responding to the world 
We experience a barrage of environmental stimuli throughout the course of our lives. In many cases, 
environmental stimuli trigger physiological responses, such as an elevated heart rate, increased 
perspiration, or heightened feelings of anxiety. How we perceive and interpret these physiological 
responses is complex and influenced by psychological, sociocultural, and biological factors. 

Emotional responses, such as feelings of happiness, sadness, anger, or stress are often born out of our 
interpretation of this interplay of physiological responses. Our experience with emotions and stress not 
only affects our behavior, but also shapes our interactions with others. 

The content in this category covers the basic components and theories of emotion and their underlying 
psychological, sociocultural, and biological factors. It also addresses stress, stress outcomes, and stress 
management. The topics and subtopics in this category are the following: 

Emotion (PSY) 
�
�
�
�

o
o
o

�
o
o
o
o

�
o
o
o

�
o
o
o

�

Three components of emotion (i.e., cognitive, physiological, behavioral) 
Universal emotions (i.e., fear, anger, happiness, surprise, joy, disgust, and sadness) 
Adaptive role of emotion 
Theories of emotion 

James–Lange theory 
Cannon–Bard theory 
Schachter–Singer theory 

The role of biological processes in perceiving emotion (PSY, BIO) 
Brain regions involved in the generation and experience of emotions 
The role of the limbic system in emotion 
Emotion and the autonomic nervous system 
Physiological markers of emotion (signatures of emotion) 

Stress (PSY) 
The nature of stress 

Appraisal  
Different types of stressors (e.g., cataclysmic events, personal) 
Effects of stress on psychological functions 

Stress outcomes/response to stressors 
Physiological (PSY, BIO) 
Emotional 
Behavioral 

Managing stress (e.g., exercise, relaxation, spirituality) 
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Psychological, Social, and Biological Foundations of Behavior 

Foundational Concept 7 
Biological, psychological, and sociocultural factors influence behavior and behavior change. 
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Human behavior is complex and often surprising, differing across individuals in the same situation and 
within an individual across different situations. A full understanding of human behavior requires 
knowledge of the interplay between psychological, sociocultural, and biological factors that are related 
to behavior. This interplay has important implications for the way we behave and the likelihood of 
behavior change. 

Foundational Concept 7 focuses on individual and social determinants of behavior and behavior change. 

Content Categories 

��

� 

��

Category 7A focuses on the individual psychological and biological factors that affect behavior. 

Category 7B focuses on how social factors, such as groups and social norms, affect behavior. 

Category 7C focuses on how learning affects behavior, as well as the role of attitude theories in 
behavior and behavior change. 

These are the building blocks medical students need in order to learn about behavioral pathways for 
promoting health and preventing disease, including behaviors that pose a risk to health. Students 
entering medical school with this knowledge will also be better equipped to learn about interventions 
that help patients adopt healthy behaviors.  
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Content Category 7A: Individual influences on behavior 
A complex interplay of psychological and biological factors shapes behavior. Biological structures and 
processes serve as the pathways by which bodies carry out activities. They also affect predispositions to 
behave in certain ways, shape personalities, and influence the likelihood of developing psychological 
disorders. Psychological factors also affect behavior, and consequently, health and well-being. 

The content in this category covers biological bases of behavior, including the effect of genetics and 
how the nervous and endocrine systems affect behavior. It also addresses how personality, psychological 
disorders, motivation, and attitudes affect behavior. Some of these topics are learned in the context of 
non-human animal species. The topics and subtopics in this category are the following: 

Biological Bases of Behavior (PSY, BIO) 
�

�
�
�

�

�

�

The nervous system 
o
o
o
o

Neurons (e.g., the reflex arc) 
Neurotransmitters 
Structure and function of the peripheral nervous system 
Structure and function of the central nervous system 
� 

� 

The brain 
o
o
o
o
o

Forebrain 
Midbrain 
Hindbrain 
Lateralization of cortical functions 
Methods used in studying the brain 

 The spinal cord 
Neuronal communication and its influence on behavior (PSY) 
Influence of neurotransmitters on behavior (PSY) 
The endocrine system 

o
o 

o
o
o

o
o
o

o
o
o

�
o 

Components of the endocrine system 
Effects of the endocrine system on behavior 

Behavioral genetics 
Genes, temperament, and heredity 
Adaptive value of traits and behaviors 
Interaction between heredity and environmental influences 

Influence of genetic and environmental factors on the development of behaviors 
Experience and behavior (PSY) 
Regulatory genes and behavior (BIO) 
Genetically based behavioral variation in natural populations 

Human physiological development (PSY) 
Prenatal development 
Motor development 
Developmental changes in adolescence 

Personality (PSY) 
Theories of personality 

Psychoanalytic perspective 
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o
o
o
o
o

Humanistic perspective 
Trait perspective 
Social cognitive perspective 
Biological perspective 
Behaviorist perspective 

� Situational approach to explaining behavior
Psychological Disorders (PSY) 
�

�

�

Understanding psychological disorders 
o
o
o

Biomedical vs. biopsychosocial approaches 
Classifying psychological disorders 
Rates of psychological disorders 

Types of psychological disorders 
o
o
o
o
o
o
o
o
o

Anxiety disorders  
Obsessive–compulsive disorder 
Trauma- and stressor-related disorders 
Somatic symptom and related disorders 
Bipolar and related disorders 
Depressive disorders 
Schizophrenia 
Dissociative disorders 
Personality disorders 

Biological bases of nervous system disorders (PSY, BIO) 
o
o
o
o
o

Schizophrenia 
Depression 
Alzheimer’s disease 
Parkinson’s disease 
Stem cell-based therapy to regenerate neurons in the central nervous system (BIO) 

Motivation (PSY) 
�

� 

� 

Factors that influence motivation 
o
o
o
o

Instinct 
Arousal 
Drives (e.g., negative feedback systems) (PSY, BIO) 
Needs 

Theories that explain how motivation affects human behavior 
o
o
o

Drive reduction theory 
Incentive theory 
Other theories (e.g., cognitive, need-based) 

Biological and sociocultural motivators that regulate behavior (e.g., hunger, sex drive, substance 
addiction) 

Attitudes (PSY) 
�
�

Components of attitudes (i.e., cognitive, affective, and behavioral) 
The link between attitudes and behavior 

o Processes by which behavior influences attitudes (e.g., foot-in-the door phenomenon,
role-playing effects)
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o
o

Processes by which attitudes influence behavior
Cognitive dissonance theory
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Content Category 7B: Social processes that influence human behavior 
Many social processes influence human behavior; in fact, the mere presence of other individuals can 
influence our behavior. Groups and social norms also exert influence over our behavior. Oftentimes, 
social processes influence our behavior through unwritten rules that define acceptable and unacceptable 
behavior in society. 

Our understanding of groups and social norms is learned through the process of socialization. What we 
learn about the groups and society to which we belong affects our behavior and influences our 
perceptions and interactions with others. 

The content in this category covers how the presence of others, group decision-making processes, social 
norms, and socialization shape our behavior. The topics and subtopics in this category are the following: 

How the Presence of Others Affects Individual Behavior (PSY) 
�
�
�
�
�
�
�
�

�
�

�
o
o
o

�
o 

�

�

Social facilitation 
Deindividuation 
Bystander effect 
Social loafing 
Social control (SOC) 
Peer pressure (PSY, SOC) 
Conformity (PSY, SOC) 
Obedience (PSY, SOC) 

Group Decision-making Processes (PSY, SOC) 
Group polarization (PSY) 
Groupthink 

Normative and Non-normative Behavior (SOC) 
Social norms (PSY, SOC) 

Sanctions (SOC) 
Folkways, mores, and taboos (SOC) 
Anomie (SOC) 

Deviance 
Perspectives on deviance (e.g., differential association, labeling theory, strain theory) 

Aspects of collective behavior (e.g., fads, mass hysteria, riots) 

Socialization (PSY, SOC) 
Agents of socialization (e.g., the family, mass media, peers, workplace) 
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Content Category 7C: Attitude and behavior change 
Learning is a relatively permanent change in behavior brought about by experience. There are a number 
of different types of learning, which include habituation as well as associative, observational, and social 
learning. 

Although people can learn new behaviors and change their attitudes, psychological, environmental, and 
biological factors influence whether those changes will be short-term or long-term. Understanding how 
people learn new behaviors, change their attitudes, and the conditions that affect learning helps us 
understand behavior and our interactions with others. 

The content in this category covers learning and theories of attitude and behavior change. This includes 
the elaboration likelihood model and social cognitive theory. The topics and subtopics in this category 
are the following: 

Habituation and Dishabituation (PSY) 
Associative Learning (PSY) 
�

� 

�
�

Classical conditioning (PSY, BIO) 
o
o
o

Neutral, conditioned, and unconditioned stimuli 
Conditioned and unconditioned response 
Processes: acquisition, extinction, spontaneous recovery, generalization, discrimination 

Operant conditioning (PSY, BIO) 
o
o
o
o
o

Processes of shaping and extinction 
Types of reinforcement: positive, negative, primary, conditional 
Reinforcement schedules: fixed-ratio, variable-ratio, fixed-interval, variable-interval 
Punishment 
Escape and avoidance learning 

The role of cognitive processes in associative learning 
Biological processes that affect associative learning (e.g., biological predispositions, instinctive 

drift) (PSY, BIO) 
Observational Learning (PSY) 
�
�

�

Modeling 
Biological processes that affect observational learning 

o
o 

Mirror neurons 
Role of the brain in experiencing vicarious emotions 

Applications of observational learning to explain individual behavior 
Theories of Attitude and Behavior Change (PSY) 
�
�
�

Elaboration likelihood model 
Social cognitive theory 
Factors that affect attitude change (e.g., changing behavior, characteristics of the message and 
target, social factors) 

© 2014 AAMC. May not be reproduced without permission. �� 



What’s on the MCAT2015 Exam? Psychological, Social, and Biological Foundations of Behavior 

Psychological, Social, and Biological Foundations of Behavior 

Foundational Concept 8 
Psychological, sociocultural, and biological factors influence the way we think about ourselves and 

others, as well as how we interact with others. 
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The connection between how people think about themselves and others is complex and affects social 
interactions. The interplay between thoughts about ourselves, thoughts about others, and our biology has 
important implications for our sense of self and interpersonal relationships.  

Foundational Concept 8 focuses on the physical, cognitive, and social components of our identity, as 
well as how these components influence the way we think about and interact with others. 

Content Categories 

�

�

�

�

�

�

Category 8A focuses on the notion of self and identity formation. 

Category 8B focuses on the attitudes and beliefs that affect social interaction. 

Category 8C focuses on the actions and processes underlying social interactions. 

These are the building blocks medical students need to learn about interacting and collaborating with 
patients, their families, and other health professionals, as well as the factors that influence patient–
provider interactions. 
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Content Category 8A: Self-identity 
The self refers to the thoughts and beliefs we have about ourselves. Our notion of self is complex and 
multifaceted. It includes gender, racial, and ethnic identities, as well as beliefs about our ability to 
accomplish tasks and exert control over different situations. 

Our notion of self develops over time and is shaped by a variety of factors, including society, culture, 
individuals and groups, and our unique experiences. How we view ourselves influences our perceptions 
of others, and by extension, our interactions with them. 

The content in this category covers the notions of self-concept and identity, along with the role of self-
esteem, self-efficacy, and locus of control in the development of self-concept. Identity formation, 
including developmental stages and the social factors that affect identity formation, is also covered here. 
Theories are included to provide historical context for the field of identity formation. The topics and 
subtopics in this category are the following: 

Self-Concept, Self-identity, and Social Identity (PSY, SOC) 
�
�

�
�

o
o 

�

The role of self-esteem, self-efficacy, and locus of control in self-concept and self-identity (PSY) 
Different types of identities (e.g., race/ethnicity, gender, age, sexual orientation, class)  

Formation of Identity (PSY, SOC) 
Theories of identity development (e.g., gender, moral, psychosexual, social) 
Influence of social factors on identity formation 

Influence of individuals (e.g., imitation, looking-glass self, role-taking) 
Influence of groups (e.g., reference group) 

Influence of culture and socialization on identity formation 
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Content Category 8B: Social thinking 
Social thinking refers to the ways in which we view others and our environment, as well as how we 
LQWHUSUHW�RWKHUV¶�EHKDYLRUV��$�YDULHW\�RI�IDFWRUVʊSHUVRQDOLW\��HQYLURQPHQW��DQG�FXOWXUHʊIDFWRU�LQWR�WKH�
beliefs and attitudes we develop. 

Our beliefs and attitudes about others and the environment also shape the way we interact with each 
other. To interact with others, we need to interpret different aspects of a situation, including our 
perception of ourselves, the behavior of others, and the environment. 

The content in this category covers our attitudes about others and how those attitudes develop, including 
how perceptions of culture and environment affect attributions of behavior. It also covers how our 
attitudes about GLIIHUHQW�JURXSVʊSUHMXGLFH��VWHUHRW\SHV��stigma, DQG�HWKQRFHQWULVPʊ�PD\�LQIOXHQFH�RXU�
interactions with group members. The topics and subtopics in this category are the following: 

Attributing Behavior to Persons or Situations (PSY) 
�
�
�

�
o
o
o

�
�
�

o 

� 
� 

Attributional processes (e.g., fundamental attribution error, role of culture in attributions) 
How self-perceptions shape our perceptions of others 
How perceptions of the environment shape our perceptions of others 

Prejudice and Bias (PSY, SOC) 
Processes that contribute to prejudice 

Power, prestige, and class (SOC) 
The role of emotion in prejudice (PSY) 
The role of cognition in prejudice (PSY) 

Stereotypes 
Stigma (SOC) 
Ethnocentrism (SOC) 

Ethnocentrism vs. cultural relativism 
Processes Related to Stereotypes (PSY) 

Self-fulfilling prophecy 
Stereotype threat 
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Content Category 8C: Social interactions 
Humans are social beings by nature. Though the sentiment is simple, the actions and processes 
underlying and shaping our social interactions are not. 

The changing nature of social interaction is important for understanding the mechanisms and processes 
through which people interact with each other, both individually and within groups. A variety of 
IDFWRUVʊHQYLURQPHQW��FXOWXUH��DQG�ELRORJ\ʊDIIHFW�KRZ�ZH�SUHVHQW�RXUVHOYHV�WR�RWKHUV�DQG�KRZ�ZH�WUHDW�
them. For example, perceptions of prejudice and stereotypes can lead to acts of discrimination, whereas 
positive attitudes about others can lead to the provision of help and social support. 

The content in this category covers the mechanisms of self-presentation and social interaction including 
expressing and detecting emotion, impression management, communication� the biological 
underpinning of social behavior, and discrimination. The topics and subtopics in this category are the 
following: 

Elements of Social Interaction (PSY, SOC) 
�

�

�

�
�

�

�

�
�

�
�
�

o 

o
o

o
o
o

o
o

� 
� 

o
o 

o
o

Status (SOC) 
Types of status (e.g., achieved, ascribed) 

Role 
Role conflict and role strain (SOC) 
Role exit (SOC) 

Groups 
Primary and secondary groups (SOC) 
In-group vs. out-group 
Group size (e.g., dyads, triads) (SOC) 

Networks (SOC) 
Organizations (SOC) 

Formal organization 
Bureaucracy 

Characteristics of an ideal bureaucracy 
Perspectives on bureaucracy (e.g., iron law of oligarchy, McDonaldization) 

Self-presentation and Interacting with Others (PSY, SOC) 
Expressing and detecting emotion 

The role of gender in the expression and detection of emotion 
The role of culture in the expression and detection of emotion 

Presentation of self 
Impression management 
Front stage vs. back stage self (Dramaturgical approach) (SOC) 

Verbal and nonverbal communication 
Animal signals and communication (PSY, BIO) 

Social Behavior (PSY) 
Attraction 
Aggression 
Attachment 
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�
�
�

o
o
o
o
o

�
�
�

Altruism 
Social support (PSY, SOC) 
Biological explanations of social behavior in animals (PSY, BIO) 

Foraging behavior (BIO) 
Mating behavior and mate choice 
Applying game theory (BIO) 
Altruism 
Inclusive fitness (BIO) 

Discrimination (PSY, SOC) 
Individual vs. institutional discrimination (SOC) 
The relationship between prejudice and discrimination 
How power, prestige, and class facilitate discrimination (SOC) 
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Psychological, Social, and Biological Foundations of Behavior 

Foundational Concept 9 
Cultural and social differences influence well-being. 

© 2014 AAMC. May not be reproduced without permission. �� 

Social structure and demographic factors influence peoples’ health and well-being. Knowledge about 
basic sociological theories, social institutions, culture, and demographic characteristics of societies is 
important to understand how these factors shape peoples’ lives and their daily interactions. 

Foundational Concept 9 focuses on social variables and processes that influence our lives. 

Content Categories 

��

��

Category 9A focuses on the link between social structures and human interactions. 

Category 9B focuses on the demographic characteristics and processes that define a society. 

Medical students will build upon these concepts, learning about the ways in which demographics and 
social factors influence health care and are determinants of health outcomes. Knowledge of these 
concepts will prepare students to learn about the ways in which patients’ backgrounds and experiences 
influence their expectations of the healthcare system, interactions with healthcare providers, and 
responses to treatment.  
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Content Category 9A: Understanding social structure 
Social structure organizes all human societies. Elements of social structure include social institutions 
and culture. These elements are linked in a variety of ways and shape our experiences and interactions 
with RWKHUVʊD�SURFHVV�WKDW�LV�UHFLSURFDO� 

The content in this category provides a foundation for understanding social structure and the various 
forms of interactions within and among societies. It includes theoretical approaches to studying society 
and social groups, specific social institutions relevant to student preparation for medical school, and the 
construct of culture. The topics and subtopics in this category are the following: 

Theoretical Approaches (SOC) 
�
�
�
�
�
�
�

Microsociology vs. macrosociology 
Functionalism 
Conflict theory 
Symbolic interactionism 
Social constructionism 
Exchange-rational choice 
Feminist theory 

Social Institutions (SOC) 
�

�

�

�

�

Education 
o
o
o

o
o
o
o

o
o
o

o
o
o

o
o
o
o
o

Hidden curriculum 
Teacher expectancy 
Educational segregation and stratification 

Family (PSY, SOC) 
Forms of kinship (SOC) 
Diversity in family forms 
Marriage and divorce 
Violence in the family (e.g., child abuse, elder abuse, spousal abuse) (SOC) 

Religion 
Religiosity 
Types of religious organizations (e.g., churches, sects, cults) 
Religion and social change (e.g., modernization, secularization, fundamentalism) 

Government and economy 
Power and authority 
Comparative economic and political systems 
Division of labor 

Health and medicine 
Medicalization 
The sick role 
Delivery of health care 
Illness experience 
Social epidemiology 
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Culture (PSY, SOC) 
�
�
�
�
�
�
�
�
�
�

Elements of culture (e.g., beliefs, language, rituals, symbols, values) 
Material vs. symbolic culture (SOC) 
Culture lag (SOC) 
Culture shock (SOC) 
Assimilation (SOC) 
Multiculturalism (SOC) 
Subcultures and countercultures (SOC) 
Mass media and popular culture (SOC) 
Evolution and human culture (PSY, BIO) 
Transmission and diffusion (SOC) 
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Content Category 9B: Demographic characteristics and processes 
In order to understand the structure of a society, it is important to understand the demographic 
characteristics and processes which define it. Knowledge of the demographic structure of societies and 
an understanding of how societies change helps us to comprehend the distinct processes and 
mechanisms through which social interaction occurs. 

The content in this category covers the important demographic variables at the core of understanding 
societies, and also includes concepts related to demographic shifts and social change. The topics and 
subtopics in this category are the following: 

Demographic Structure of Society (PSY, SOC) 
� 

�

�

�

�

�
�
�

�

�

Age 
o
o
o

o
o
o

o
o
o

o
o 

o
o
o

o
o
o

o 

o
o

Aging and the life course 
Age cohorts (SOC) 
Social significance of aging 

Gender 
Sex versus gender 
The social construction of gender (SOC) 
Gender segregation (SOC) 

Race and ethnicity (SOC) 
The social construction of race 
Racialization 
Racial formation 

Immigration status (SOC) 
Patterns of immigration 
Intersections with race and ethnicity 

Sexual orientation 
Demographic Shifts and Social Change (SOC) 

Theories of demographic change (i.e., Malthusian theory and demographic transition) 
Population growth and decline (e.g., population projections, population pyramids) 
Fertility, migration, and mortality 

Fertility and mortality rates (e.g., total, crude, age-specific) 
Patterns in fertility and mortality 
Push and pull factors in migration 

Social movements 
Relative deprivation 
Organization of social movements 
Movement strategies and tactics 

Globalization 
Factors contributing to globalization (e.g., communication technology, economic 
interdependence) 
Perspectives on globalization 
Social changes in globalization (e.g., civil unrest, terrorism) 
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� Urbanization
o
o
o

Industrialization and urban growth 
Suburbanization and urban decline 
Gentrification and urban renewal 
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Psychological, Social, and Biological Foundations of Behavior 

Foundational Concept 10 
Social stratification and access to resources influence well-being. 
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Social stratification and inequality affect all human societies, and shape the lives of all individuals by 
affording privileges to some and positioning others at a disadvantage. 

Foundational Concept 10 focuses on the aspects of social inequality that influence how we interact with 
one another, as well as how we approach our health and the healthcare system. 

Content Category 

� Category 10A focuses on a broad understanding of social class, including theories of
stratification, social mobility, and poverty.

In medical school, students will learn the ways in which social stratification influences health care and 
how social inequality can be a determinant of health. Knowledge of these concepts will prepare students 
to learn about the ways by which patients’ social class and living conditions affect their access to health 
care, interactions with providers, and health outcomes. 
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Content Category 10A: Social inequality 
Barriers to the access of institutional resources exist for the segment of the population that is 
disenfranchised or lacks power within a given society. Barriers to access might include language, 
geographic location, socioeconomic status, immigration status, and racial/ethnic identity. 
Institutionalized racism and discrimination are also factors which prevent some groups from obtaining 
equal access to resources. An understanding of the barriers to the access of institutional resources, 
informed by perspectives such as social justice, is essential to address health and healthcare disparities.  

The content in this category covers spatial inequality, the structure and patterns of social class, and 
health disparities in relation to class, race/ethnicity, and gender. The topics and subtopics in this 
category are the following: 

Spatial Inequality (SOC) 
�
�
�

Residential segregation 
Neighborhood safety and violence 
Environmental justice (location and exposure to health risks) 

Social Class (SOC) 
�

�

�

Aspects of social stratification 
o
o
o
o
o
o
o
o

Social class and socioeconomic status 
Class consciousness and false consciousness 
Cultural capital and social capital 
Social reproduction  
Power, privilege, and prestige 
Intersectionality (e.g., race, gender, age) 
Socioeconomic gradient in health 
Global inequalities 

Patterns of social mobility 
o
o
o

Intergenerational and intragenerational mobility 
Vertical and horizontal mobility 
Meritocracy 

Poverty 
o
o

Relative and absolute poverty 
Social exclusion (segregation and isolation) 

Health Disparities (SOC) (e.g., class, gender, and race inequalities in health) 

Healthcare Disparities (SOC) (e.g., class, gender, and race inequalities in health care) 
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SCIENTIFIC INQUIRY AND REASONING SKILLS 
Leaders in medical education believe that tomorrow’s physicians need to be able to combine scientific 
knowledge with skills in scientific inquiry and reasoning. With that in mind, the MCAT exam will ask 
you to demonstrate four scientific inquiry and reasoning skills that natural, behavioral, and social 
scientists rely on to advance their work:  

Knowledge of Scientific Concepts and Principles 

 Demonstrating understanding of scientific concepts and principles  

 Identifying the relationships between closely-related concepts  

Scientific Reasoning and Problem Solving 

 Reasoning about scientific principles, theories, and models  

 Analyzing and evaluating scientific explanations and predictions 

Reasoning about the Design and Execution of Research 

Demonstrating understanding of important components of scientific research 

Reasoning about ethical issues in research  

Data-Based and Statistical Reasoning  

 Interpreting patterns in data presented in tables, figures, and graphs  

 Reasoning about data and drawing conclusions from them  

The discussion that follows describes each of the skills and how you may be asked to demonstrate them. 
Three sample test questions are provided to illustrate each skill: one from the Psychological, Social, and 
Biological Foundations of Behavior section; one from the Biological and Biochemical Foundations of 
Living Systems section; and one from the Chemical and Physical Foundations of Biological Systems 
section. Also included are explanations of how each question tests a specific scientific inquiry and 
reasoning skill.  

Skill 1: Knowledge of Scientific Concepts and Principles 
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The questions in this skill category will ask you to demonstrate your knowledge of the 10 foundational 
concepts described earlier in this chapter. These questions will ask you to recognize, recall, or define 
basic concepts in the natural, behavioral, and social sciences as well as their relationships with one 
another. The concepts and scientific principles may be represented by words, graphs, tables, diagrams, 
or formulas. 

As you work on these questions, you may be asked to recognize a scientific fact or define a concept. Or 
you may be asked to apply a scientific principle to a problem. Questions may ask you to identify the 
relationships between closely-related concepts or relate verbal to graphic representations of science 
content. They may ask you to identify examples of observations that illustrate scientific principles. 
Questions may ask you to recognize a scientific concept shown in a diagram or represented in a graph. 
Or they may give you a mathematical equation and ask you to use it to solve a problem. 

Questions that test this skill will ask you to show that you understand scientific concepts and principles 
by, for example, 

� 
� 
� 

� 
� 

Recognizing correct scientific principles 

Identifying the relationships among closely-related concepts 

Identifying the relationships between different representations of concepts (e.g., verbal, 
symbolic, graphic) 

Identifying examples of observations that illustrate scientific principles 

Using mathematical equations to solve problems 

By way of example, questions from the Psychological, Social, and Biological Foundations of Behavior 
section may ask you to demonstrate your knowledge of scientific concepts and principles by 

� 
� 
� 

� 
� 

� 
� 

Recognizing the principle of retroactive interference 

Using Weber’s /aw to identify physical differences that are detectable  
Identifying the behavioral change (extinction) that will occur when a learned response is no 
longer followed by a reinforcer   

Identifying the relationship between operant conditioning and classical conditioning 

Identifying a graph that illustrates the relationship between educational attainment and life 
expectancy  

Recognizing conditions that result in learned helplessness  

Recognizing a demographic trend that is represented in a population pyramid 

The three sample questions that follow illustrate Skill 1 questions from, respectively, the Psychological, 
Social, and Biological Foundations of Behavior section; the Biological and Biochemical Foundations of 
Living Systems section; and the Chemical and Physical Foundations of Biological System section of the 
MCAT exam. 

© 2014 AAMC. May not be reproduced without permission. ϵϵ 



What’s on the MCAT2015 Exam? Scientific Inquiry and Reasoning Skills 

SKILL 1 EXAMPLE FROM THE PSYCHOLOGICAL, SOCIAL, AND BIOLOGICAL FOUNDATIONS OF
BEHAVIOR SECTION:  

Which series correctly sequences the types of cells involved in the transmission of information from 
sound detection to the moment when an individual turns his or her head in response to the sound?  

A. Sensory neurons, interneurons, afferent neurons, skeletal muscle cells 
B. Sensory neurons, efferent neurons, interneurons, skeletal muscle cells 
C. Mechanoreceptors, sensory neurons, interneurons, motor neurons, skeletal muscle cells 
D. Mechanoreceptors, sensory neurons, interneurons, afferent neurons, skeletal muscle cells  

The correct answer is C. This Skill 1 question tests your knowledge of the scientific concepts and 
principles described by Content Category 6A, Sensing the environment, and is a Skill 1 question because 
it requires you to relate scientific concepts. This question asks you to recognize and sequence the correct 
order of receptors and neurons involved in sensory processing and to conclude that C is the correct 
answer. 

SKILL 1 EXAMPLE FROM THE BIOLOGICAL AND BIOCHEMICAL FOUNDATIONS OF LIVING SYSTEMS
SECTION:  

How are the basal layer of the epidermis and the innermost lining of the small intestine similar? 

A. Both are nondividing tissues. 
B. Both are derived from ectoderm. 
C. Both are composed of squamous cells. 
D. The cells of both are connected by tight junctions. 

The correct answer is D. It is a Skill 1 question and assesses knowledge of Content Category 2A, 
Assemblies of molecules, cells, and groups of cells within singular cellular and multicellular organisms. 
It is a Skill 1 question because it requires you to recall the structural and embryological characteristics of 
two tissues and relate them to one another. To answer this question correctly, you must identify a 
similarity between the basal layer of the epidermis and the innermost lining of the small intestine.   

SKILL 1 EXAMPLE FROM THE CHEMICAL AND PHYSICAL FOUNDATIONS OF BIOLOGICAL SYSTEMS
SECTION:  

In Michaelis-Menten enzyme kinetics, what is the velocity of the reaction when the substrate 
concentration is equal to KM? 

A. ¼Vmax  
B. ½Vmax  
C. Vmax  
D. 2Vmax  
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The correct answer is B. This is a Skill 1 question and relates to Content Category 5E, Principles of 
chemical thermodynamics and kinetics. It is a Skill 1 question because you must recognize the 
relationship between two variables in the context of an experiment. To answer the question, you must 
recognize KM, recall its significance in Michaelis-Menten enzyme kinetics, and relate it to another 
fundamental variable, Vmax.  

Skill 2: Scientific Reasoning and Problem Solving 

Questions that test scientific reasoning and problem-solving skills differ from questions in the previous 
category by asking you to use your scientific knowledge to solve problems in the natural, behavioral, 
and social sciences. 

As you work on questions that test this skill, you may be asked to use scientific theories to explain 
observations or make predictions about natural or social phenomena. Questions may ask you to judge 
the credibility of scientific explanations or to evaluate arguments about cause and effect. Or they may 
ask you to use scientific models and observations to draw conclusions. They may ask you to recognize 
scientific findings that call a theory or model into question. Questions in this category may ask you to 
look at pictures or diagrams and draw conclusions from them. Or they may ask you to determine and 
then use scientific formulas to solve problems. 

You will be asked to show that you can use scientific principles to solve problems by, for example, 

� 
� 
� 
� 
� 
� 

Reasoning about scientific principles, theories, and models 

Analyzing and evaluating scientific explanations and predictions 

Evaluating arguments about causes and consequences 

Bringing together theory, observations, and evidence to draw conclusions 

Recognizing scientific findings that challenge or invalidate a scientific theory or model 

Determining and using scientific formulas to solve problems 

By way of illustration, questions from the Psychological, Social, and Biological Foundations of 
Behavior section may ask you demonstrate this skill by 

� 

� 
� 

� 

� 

Using the main premises of symbolic interactionism to reason about an observational study of 
physician-patient interactions  

Predicting how an individual will react to cognitive dissonance 

Reasoning about whether a causal explanation is possible when given an example of how 
somebody’s gender or personality predicts his or her behavior 

Concluding which stage of cognitive development a child is in, according to Piaget’s theory, 
when presented with a description of how a child responds to a conservation problem 

Determining whether an example, such as when an anorexic teenager restricts eating to satisfy 
esteem needs, is compatible with the premises of Maslow’s hierarchy of needs  
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� 

� 

Drawing a conclusion about which sociological theory would be most consistent with a 
conceptual diagram that explains how social and environmental factors influence health 

Identifying the relationship between social institutions that is suggested by an illustration used in 
a public health campaign 

For more context, let’s consider three Skill 2 questions linked to different foundational concepts in the 
Psychological, Social, and Biological Foundations of Behavior section; the Biological and Biochemical 
Foundations of Living Systems section; and the Chemical and Physical Foundations of Biological 
Systems section. 

SKILL 2 EXAMPLE FROM THE PSYCHOLOGICAL, SOCIAL, AND BIOLOGICAL FOUNDATIONS OF
BEHAVIOR SECTION: 

The concept of cultural capital predicts that: 

A. cultural distinctions associated with the young will be more valued within a society. 
B. with improved communication, there will eventually be a convergence of cultural practices of all 

classes. 
C. cultural distinctions by class will become less important during a recession because people will 

have less money to spend.  
D. cultural distinctions associated with elite classes will be more valued within a society. 

The correct answer is D. It is a Skill 2 question and assesses knowledge of Content Category 10A, 
Social inequality. It is a Skill 2 question because it requires you to make a prediction based on a 
particular concept. This question requires you to understand the concept of cultural capital in order to 
evaluate which prediction about social stratification would be most consistent with the concept.  

SKILL 2 EXAMPLE FROM THE BIOLOGICAL AND BIOCHEMICAL FOUNDATIONS OF LIVING SYSTEMS
SECTION: 

Starting with the translation initiation codon, the following sequence encodes a polypeptide of how 
many amino acids? 

5'-CUGCCAAUGUGCUAAUCGCGGGGG-3' 

A. 2 
B. 3 
C. 6 
D. 8 
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The correct answer is A. This is a Skill 2 question, and you must use knowledge from Content Category 
1B, Transmission of genetic information from the gene to the protein, to solve this problem. In addition 
to recalling the sequence for the start codon, this is a Skill 2 question because it requires you to apply the 
scientific principle of the genetic code to the provided RNA sequence. As a Skill 2 question, reasoning 
about the role of the stop codon in translation will allow you to arrive at the conclusion that this 
polypeptide has two amino acids.  

SKILL 2 EXAMPLE FROM THE CHEMICAL AND PHYSICAL FOUNDATIONS OF BIOLOGICAL SYSTEMS
SECTION:  

The radius of the aorta is about 1.0 cm and blood passes through it at a velocity of 30 cm/s. A typical 
capillary has a radius of about 4 × 10–4 cm with blood passing through at a velocity of 5 × 10–2 cm/s. 
Using this data, what is the approximate number of capillaries in a human body? 

A. 1 × 104  
B. 2 × 107  
C. 4 × 109  
D. 7 × 1012 

The correct answer is C. This Skill 2 question relates to Content Category 4B, Importance of fluids for 
the circulation of blood, gas movement, and gas exchange. This question asks you to use a mathematical 
model to make predictions about natural phenomena. To answer this question, you must be able to 
recognize the principles of flow characteristics of blood in the human body and apply the appropriate 
mathematical model to an unfamiliar scenario. Answering this question first requires recognition that the 
volume of blood flowing through the aorta is the same volume of blood flowing through the capillaries. 
It is a Skill 2 question because you then need to use reasoning skills to find the difference in the volumes 
that the aorta and capillaries can each carry in order to calculate the total number of capillaries.  

Skill 3: Reasoning about the Design and Execution of Research 

Questions that test reasoning about the design and execution of research will ask you to demonstrate 
your scientific inquiry skills by showing that you can “do” science. They will ask you to demonstrate 
your understanding of important components of scientific methodology. These questions will ask you to 
demonstrate your knowledge of the ways in which natural, behavioral, and social scientists conduct 
research to test and extend scientific knowledge. 

As you work on these questions, you may be asked to show how scientists use theory, past research 
findings, and observations to ask testable questions and pose hypotheses. Questions that test this skill 
may ask you to reason about the ways in which scientists gather data from samples of members of the 
population about which they would like to draw inferences. They may ask you to identify how scientists 
manipulate and control variables to test their hypotheses. Questions may ask you to reason about the 
ways scientists take measurements and record results. These questions may ask you to recognize faulty 
research logic or point out the limitations of the research studies that are described. Or they may ask you 
to identify factors that might confuse the inferences you can draw from the results.  
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These questions may also ask you to demonstrate and use your understanding of the ways scientists 
adhere to ethical guidelines to protect the rights of research participants, the integrity of their work, and 
the interests of research consumers.   

Questions that test this skill will ask you to use your knowledge of important components of scientific 
methodology by, for example, 

� 
� 
� 

� 

� 

� 

� 

� 

Identifying the role of theory, past findings, and observations in scientific questioning 

Identifying testable research questions and hypotheses 

Distinguishing between samples and populations and between results that do and do not support 
generalizations about populations  

Identifying the relationships among the variables in a study (e.g., independent versus dependent 
variables; control and confounding variables) 

Reasoning about the appropriateness, precision, and accuracy of tools used to conduct research 
in the natural sciences 

Reasoning about the appropriateness, reliability, and validity of tools used to conduct research in 
the behavioral and social sciences 

Reasoning about the features of research studies that suggest associations between variables or 
causal relationships between them (e.g., temporality, random assignment) 

Reasoning about ethical issues in scientific research 

Questions from the Psychological, Social, and Biological Foundations of Behavior section may ask you 
to reason about the design and execution of research by, for example, 

� 

� 
� 

� 
� 
� 
� 
� 

� 

Identifying the basic components of survey methods, ethnographic methods, experimental 
methods, or other types of research designs in psychology and sociology 

Selecting a hypothesis about semantic activation 

Identifying the extent to which a finding can be generalized to the population when given details 
about how participants were recruited for an experiment in language development  

Identifying the experimental setup in which researchers manipulate self-confidence 

Identifying the most appropriate way of assessing prejudice in a study on implicit bias   

Reasoning about the implications of relying on self-report measures for a specific study 

Identifying the third variable that may be confounding the findings from a correlational study   

Making judgments about the reliability and validity of specific measures when given information 
about the response patterns of participants  

Identifying whether researchers violated any ethical codes when given information about a study  
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The three sample questions that follow illustrate Skill 3 questions from, respectively, the Psychological, 
Social, and Biological Foundations of Behavior section; the Biological and Biochemical Foundations of 
Living Systems section; and the Chemical and Physical Foundations of Biological Systems section of 
the MCAT exam. 

SKILL 3 EXAMPLE FROM THE PSYCHOLOGICAL, SOCIAL, AND BIOLOGICAL FOUNDATIONS OF
BEHAVIOR SECTION: 

Researchers conducted an experiment to test social loafing. They asked participants to prepare an 
annual report or a tax return. Some participants performed the task individually and others performed 
it as a group. What are the independent and dependent variables?  

A. The independent variable is the overall productivity of the group, and the dependent variable is 
each participant’s contribution to the task. 

B. The independent variable is the type of task, and the dependent variable is whether the 
participants worked alone or in a group. 

C. The independent variable is whether the participant worked alone or in a group, and the 
dependent variable is each participant’s contribution to the task. 

D. The independent variable is whether the participant worked alone or in a group, and the 
dependent variable is the type of the task. 

The correct answer is C. This Skill 3 question assesses knowledge of Content Category 7B, Social 
processes that influence human behavior. This question is a Skill 3 question because it requires you to 
reason about research design. This question requires you to understand social loafing and draw 
inferences about the dependent and independent variables based on this concept and the description of 
the experimental design.  

SKILL 3 EXAMPLE FROM THE BIOLOGICAL AND BIOCHEMICAL FOUNDATIONS OF LIVING SYSTEMS
SECTION: 

Sodium dodecyl sulfate (SDS) contains a 12-carbon tail attached to a sulfate group and is used in 
denaturing gel electrophoresis of proteins. Numerous SDS molecules will bind to the exposed 
hydrophobic regions of denatured proteins. The use of SDS in this experiment allows for the 
separation of proteins by: 

A. charge. 
B. molecular weight. 
C. shape. 
D. solubility. 
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The correct answer is B. This is a Skill 3 question and requires knowledge from Content Category 1A, 
Structure and function of proteins and their constituent amino acids. It is a Skill 3 question because it 
requires you to understand the design of a denaturing gel electrophoresis experiment and the role that 
SDS plays in this technique. Based on this understanding, you will be able to determine that proteins 
will be separated only by molecular weight.  

SKILL 3 EXAMPLE FROM THE CHEMICAL AND PHYSICAL FOUNDATIONS OF BIOLOGICAL SYSTEMS
SECTION:  

A test for proteins in urine involves precipitation but is often complicated by precipitation of calcium 
phosphate. Which procedure prevents precipitation of the salt?  

A. Addition of buffer to maintain high pH  
B. Addition of buffer to maintain neutral pH 
C. Addition of calcium hydroxide 
D. Addition of sodium phosphate 

The correct answer is B. This is a Skill 3 question and relates to Content Category 5B, Nature of 
molecules and intermolecular interactions. In this Skill 3 question, you must identify a change in an 
experimental approach that would eliminate a frequently encountered complication. The complication in 
this case is related to the test for protein-involving precipitation. The test will give a false positive if 
calcium phosphate precipitates. To answer this Skill 3 question, you need to reason about how changing 
experimental parameters will eliminate the complication.  

Skill 4: Data-based and Statistical Reasoning 

Like questions about the third skill, questions that test the fourth skill will ask you to show that you can 
“do” science, this time by demonstrating your data-based and statistical reasoning skills. Questions that 
test this skill will ask you to reason with data. They will ask you to read and interpret results using 
tables, graphs, and charts. These questions will ask you to demonstrate that you can identify patterns in 
data and draw conclusions from evidence.  

Questions that test this skill may ask you to demonstrate your knowledge of the ways natural, behavioral 
and social scientists use measures of central tendency and dispersion to describe their data. These 
questions may ask you to demonstrate your understanding of the ways scientists think about random and 
systematic errors in their experiments and datasets. They may also ask you to demonstrate your 
understanding of how scientists think about uncertainty and the implications of uncertainty for statistical 
testing and the inferences they can draw from their data. These questions may ask you to show how 
scientists use data to make comparisons between variables or explain relationships between them or 
make predictions. They may ask you to use data to answer research questions or draw conclusions. 
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These questions may ask you to demonstrate your knowledge of the ways scientists draw inferences 
from their results about associations between variables or causal relationships between them. Questions 
that test this skill may ask you to examine evidence from a scientific study and point out statements that 
go beyond the evidence. Or they may ask you to suggest alternative explanations for the same data.  

Questions that test this skill will ask you to use your knowledge of data-based and statistical reasoning 
by, for example, 

� 
� 
� 

� 
� 

� 
� 
� 
� 

Using, analyzing, and interpreting data in figures, graphs, and tables 

Evaluating whether representations make sense for particular scientific observations and data 

Using measures of central tendency (mean, median, and mode) and measures of dispersion 
(range, inter-quartile range, and standard deviation) to describe data 

Reasoning about random and systematic error  

Reasoning about statistical significance and uncertainty (e.g., interpreting statistical significance 
levels, interpreting a confidence interval) 

Using data to explain relationships between variables or make predictions 

Using data to answer research questions and draw conclusions 

Identifying conclusions that are supported by research results 

Determining the implications of results for real-world situations 

Questions from the Psychological, Social, and Biological Foundations of Behavior section may ask you 
to demonstrate your use of data-based and statistical reasoning by, for example, 

� 

� 

� 
� 

� 

� 

� 

� 

Identifying the correlation between a demographic variable, such as race/ethnicity, gender, or 
age, with life expectancy or another health outcome  

Identifying the relationship between demographic variables and health variables reported in a 
table or figure 

Explaining why income data are usually reported using the median rather than the mean 

Reasoning about what inference is supported by a table of correlations between different 
socioeconomic variables and level of participation in different physical activities  

Reasoning about the type of comparisons made in an experimental study of cognitive dissonance 
and what the findings imply for attitude and behavior change  

Drawing conclusions about the type of memory affected by an experimental manipulation when 
you are shown a graph of findings from a memory experiment  

Distinguishing the kinds of claims that can be made when using longitudinal data, cross-sectional 
data, or experimental data in studies of social interaction 

Identifying which conclusion about mathematical understanding in young children is supported 
by time data reported in a developmental study 
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� 

� 

Evaluating data collected from different types of research studies, such as comparing results 
from a qualitative study of mechanisms for coping with stress with results from a quantitative 
study of social support networks 

Using data, such as interviews with cancer patients or a national survey of health behaviors, to 
determine a practical application based on a study’s results   

The three questions that follow illustrate Skill 4 questions from, respectively, the Psychological, Social, 
and Biological Foundations of Behavior section; the Biological and Biochemical Foundations of Living 
Systems section; and the Chemical and Physical Foundations of Biological Systems section of the 
MCAT exam. 

SKILL 4 EXAMPLE FROM THE PSYCHOLOGICAL, SOCIAL, AND BIOLOGICAL FOUNDATIONS OF
BEHAVIOR SECTION:  

Which correlation supports the bystander effect?   

A. The number of bystanders is positively correlated with the time it takes for someone to offer help 
in the case of an emergency.  

B. The number of bystanders is negatively correlated with the time it takes for someone to offer 
help in the case of an emergency.   

C. The number of bystanders is positively correlated with whether people judge a situation to be an 
emergency.   

D. The number of bystanders is negatively correlated with whether people judge a situation to be an 
emergency.  

The correct answer is A. This Skill 4 question assesses knowledge of Content Category 7B, Social 
processes that influence human behavior. It is a Skill 4 question because it requires you to engage in 
statistical reasoning. This question requires you to understand the distinction between negative and 
positive correlations and make a prediction about data based on your knowledge of the bystander effect. 

SKILL 4 EXAMPLE FROM THE BIOLOGICAL AND BIOCHEMICAL FOUNDATIONS OF LIVING SYSTEMS
SECTION: 

In the figure, the three curves represent hemoglobin oxygen binding at three different pH values, pH 
7.2, pH 7.4, and pH 7.6. 
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What conclusion can be drawn from these data about the oxygen binding of hemoglobin at different 
pH values? 

A. Low pH favors the high affinity oxygen binding state. 
B. Low pH favors the low affinity oxygen binding state. 
C. Oxygen affinity is independent of pH. 
D. Oxygen binding is non-cooperative at low pH. 

The correct answer is B. This Skill 4 question draws on knowledge from Content Category 1A, 
Structure and function of proteins and their constituent amino acids. This is a Skill 4 question because it 
asks you to use data to explain a property of hemoglobin. You must evaluate the hemoglobin oxygen 
binding data for each pH value and compare them to determine the relationship between pH and 
hemoglobin oxygen affinity in order to conclude that low pH favors the low affinity oxygen binding 
state.  

SKILL 4 EXAMPLE FROM THE CHEMICAL AND PHYSICAL FOUNDATIONS OF BIOLOGICAL SYSTEMS
SECTION:  

Four different solutions of a single amino acid were titrated, and the pK values of the solute were 
determined. 
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Solution pK1 pK2 pK3 
1 2.10 3.86 9.82 
2 2.10 4.07 9.47 
3 2.32 9.76 Not Applicable 
4 2.18 9.04 12.48 

Which solution contains an amino acid that would be most likely to stabilize an anionic substrate in an 
enzyme pocket at physiological pH? 

A.  Solution 1 
B.  Solution 2 
C.  Solution 3 
D.  Solution 4 

The correct answer is D. This Skill 4 question includes a table and assesses knowledge of Content 
Category 5D, Structure, function, and reactivity of biologically-relevant molecules. Here you see that 
four different solutions of a single amino acid were titrated, and the pK values were determined. These 
values are found in the table. This is a Skill 4 question because you must recognize a data pattern in the 
table, make comparisons, and use those comparisons to make a prediction. Using knowledge of amino 
acids and peptide bonds and the patterns you see in the data, you can determine that the N- and C-
terminus pK values, roughly 2 and 9 for all solutions, can be ignored since these groups will be involved 
in peptide bond formation. With further analyses, you can determine that only Solution 4 will be cationic 
at physiological pH.  
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What will the Critical Analysis and Reasoning Skills Section Test? 

The Critical Analysis and Reasoning Skills section of the MCAT exam will be similar to many of the 
verbal reasoning tests you have taken in your academic career. It includes passages and questions that 
test your ability to understand what you read. You may find this section to be unique in several ways, 
though, because it has been developed specifically to measure the analysis and reasoning skills you will 
need to be successful in medical school. The Critical Analysis and Reasoning Skills section achieves this 
goal by asking you to read and think about passages from a wide range of disciplines in the social 
sciences and humanities, followed by a series of questions that lead you through the process of 
comprehending, analyzing, and reasoning about the material you have read.  

Critical Analysis and Reasoning Skills passages are relatively short, typically between 500 and 600 
words, but they are complex, often thought-provoking pieces of writing with sophisticated vocabulary 
and, at times, intricate writing styles. Everything you need to know to answer test questions is in the 
passages and the questions themselves. No additional coursework or specific knowledge is required to 
do well on the Critical Analysis and Reasoning Skills section, but you, as the test taker, may find 
yourself needing to read the passages and questions in ways that are different from the reading required 
in the textbooks you used in most pre-health courses or on tests like the SAT Critical Reading exam. 
Passages for the Critical Analysis and Reasoning Skills section—even those written in a conversational 
or opinionated style—are often multifaceted and focus on the relationships between ideas or theories. 
The questions associated with the passages will require you to assess the content, but you will also need 
to consider the authors’ intentions and tones and the words they used to express their points of view.  

This section is designed to 

x 

x 

x 

test your comprehension, analysis, and reasoning skills by asking you to critically analyze 
information provided in passages;  
include content from ethics, philosophy, studies of diverse cultures, population health, and a 
wide range of social sciences and humanities disciplines; and  
provide all the information you need to answer questions in the passages and questions 
themselves.  

Test Section Number of Questions Time 

Critical Analysis and Reasoning 
Skills 

53 
(note the questions are all 

passage-based) 

90 minutes 
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Critical Analysis and Reasoning Skills Distribution of Questions by Critical Analysis and 
Reasoning Skill and Passages in the Humanities and Social Sciences 

You may wonder how many questions you’ll get testing a particular critical analysis and reasoning skill 
or how many humanities or social science passages you’ll see on the test.  The questions that you see are 
likely to be distributed in the ways described below.* 

Critical Analysis and Reasoning Skill: 

x
x
x

Foundations of Comprehension, 30%
Reasoning Within the Text, 30%
Reasoning Beyond the Text, 40%

Passage Content: 

x
x

Humanities, 50% 
Social Sciences, 50% 

*These percentages have been approximated to the nearest 5% and will vary from one test to another for
a variety of reasons. These reasons include, but are not limited to, controlling for question difficulty, 
using groups of questions that depend on a single passage, and using unscored field-test questions on 
each test form. 
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What is the Content of the Passages in the Critical Analysis and Reasoning Skills 
Section? 

Passages in the Critical Analysis and Reasoning Skills section are excerpted from the kinds of books, 
journals, and magazines that college students are likely to read. Passages from the social sciences and 
humanities disciplines might present interpretations, implications, or applications of historical accounts, 
theories, observations, or trends of human society as a whole, specific population groups, or specific 
countries.  

Of these two types of passages (social sciences and humanities), social sciences passages tend to be 
more factual and scientific in tone. For example, a social sciences passage might discuss how basic 
psychological and sociological assumptions help scholars reconstruct patterns of prehistoric civilizations 
from ancient artifacts. Humanities passages often focus on the relationships between ideas and are more 
likely to be written in a conversational or opinionated style. Therefore, you should keep in mind the tone 
and word choice of the author in addition to the passage assertions themselves. Humanities passages 
might describe the ways art reflects historical or social change or how the philosophy of ethics has 
adapted to prevailing technological changes.  

Critical Analysis and Reasoning Skills passages come from a variety of humanities and social sciences 
disciplines.  

Humanities 

Passages in the humanities are drawn from a variety of disciplines, including (but not limited to): 
�
�
�
�
�
�
�
�
�
�
� 

�Architecture 
�Art  
�Dance  
�Ethics  
�Literature  
�Music  
�Philosophy  
�Popular Culture  
�Religion  
�Theater  

Studies of Diverse Cultures1 

1 Depending on the focus of the text, a Studies of Diverse Cultures passage could be classified as belonging to either the 
Humanities or Social Sciences 
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Social Sciences 

Social sciences passages are also drawn from a variety of disciplines, including (but not limited to): 
��
��
��
��
��
��
��
��
��
��
��
� 

Anthropology 
Archaeology  
Economics  
Education  
Geography  
History  
Linguistics  
Political Science  
Population Health  
Psychology  
Sociology  
Studies of Diverse Cultures2 

What Kinds of Analysis Skills does the Critical Analysis and Reasoning Skills Section 
Require? 

2 Depending on the focus of the text, a Studies of Diverse Cultures passage could be classified as belonging to either the 
Humanities or Social Sciences 
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The Critical Analysis and Reasoning Skills section assesses three broad critical analysis and reasoning 
skills. Questions in this section will ask you to determine the overall meaning of the text, to summarize, 
evaluate, and critique the “big picture,” and to synthesize, adapt, and reinterpret concepts you processed 
and analyzed. The questions following Critical Analysis and Reasoning Skills passages lead you through 
this complex mental exercise of finding meaning within each text and then reasoning beyond the text to 
expand the initial meaning. The analysis and reasoning skills on which you will be tested mirror those 
that mature test takers use to make sense of complex materials. The skills assessed in the Critical 
Analysis and Reasoning Skills section are represented below, and each skill is explained in the following 
sections.  

Critical Analysis and Reasoning Skills 

Foundations of Comprehension 
•
•
Understanding the basic components of the text  
Inferring meaning from rhetorical devices, word choice, and text structure 

Reasoning Within the Text 
•Integrating different components of the text to increase comprehension

Reasoning Beyond the Text 
•
•
Applying or extrapolating ideas from the passage to new contexts  
Assessing the impact of introducing new factors, information, or conditions to ideas from the 

passage  
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Foundations of Comprehension 

The topics of some passages in the Critical Analysis and Reasoning Skills section will be familiar; some 
will not. Explanations, illustrative examples, and definitions of significant specialized terms in these 
passages will help you develop the strong basic foundation needed for answering all the questions you 
encounter in this section of the MCAT exam.  

Additionally, some questions may ask you about the overall meaning of information in the passages or 
the author’s central themes or ideas; others may ask you to select the definitions of specific words or 
phrases as they are used in context. These kinds of questions help you build the foundation that will 
allow you to think in new ways about concepts or facts presented in the passages. Paragraph numbers 
may be included in questions to help you locate relevant portions of the text.  

Two sets of skills are the basis of the Foundations of Comprehension questions on the Critical Analysis 
and Reasoning Skills section.  

Understanding the Basic Components of the Text 

The most fundamental questions on the Critical Analysis and Reasoning Skills section ask about the 
basic components of the passages. Comprehension questions at this level may ask you to provide a 
general overview of the passage or to focus on specific portions of the text. You may be asked to 
identify the author’s thesis, the main point or theme of the passage, examples, or something slightly 
more complex, such as portions of the passage where the author digresses from the central theme.  

In responding to these questions, you need to be able to recognize the purpose of different portions of 
the target passage: what is the thesis statement, what examples support the main idea, and what 
statements pose an argument or assumption? An author distinguishes sections of text that indicate the 
existence of a sustained train of thought, as opposed to an isolated detail, with rhetorical labels such as 
“for example,” “therefore,” or “consequently.”  

You will also need to be able to recognize when an author seems to have drawn upon multiple sources to 
support a thesis or when he or she presents different points of view in the single passage. It’s also 
important to attend to perspective: does the author present his or her own perspective, or does he or she 
use verbatim quotations or restatements from the perspective of other sources?  

Inferring Meaning from Rhetorical Devices, Word Choice, and Text Structure 

Questions may also require you to infer meanings that can’t be determined from a superficial reading of 
the text, such as meanings that the author has implied but did not state directly. You may have to 
determine how the author has structured the text—for example, through cause-and-effect relationships 
for discussions in the behavioral sciences, chronologically for historical discussions, or point-and-
counterpoint for political science pieces. Identifying the structure should help you understand the 
passage and determine its purpose. To do that, you will need to understand how the parts of a text fit 
together via these different kinds of relationships.  
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You may also need to attend to specific subtle and nuanced rhetorical decisions an author has made to 
shape his or her ideas, arguments, or discussions and perhaps to complicate a passage’s meaning. For 
example, questions may ask you to explain paradoxes, a highlighted word or phrase, or an unexpected 
transition in ideas. To answer these questions, look for clues in the context around the specific sections 
of the passage. You may be asked to identify points of view, other than the author’s, presented indirectly 
through authorial summaries or paraphrases. An author’s choice about tone (e.g., humorous, 
authoritative, satirical) also contributes to—or obscures—meaning, and tone can often communicate the 
purpose for which a passage is written (e.g., to persuade, instruct, inform, entertain). For example, a 
satirical piece may at first seem merely entertaining, but a closer examination often reveals that its 
purpose is actually to persuade.  

Some questions at this level may ask about information not specifically stated in the passage, and you 
must make assumptions based on what the author merely hints at through his or her use of connotative 
language or figures of speech. Look for the author’s expressed point of view and the extent to which he 
or she uses summaries or paraphrases to introduce others’ points of view. 

The ending of passages is also fair game for questions at this level. Does the passage have a definitive 
solution, a partial resolution, or a call for additional research? Does it end with a dramatic rhetorical 
statement or a joke that leaves unanswered questions? Again, considering these questions requires you 
to understand how the different parts of the passage fit together to support the central thesis of the 
author.  
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Reasoning Within the Text 

Questions that test Reasoning Within the Text differ from those assessing Foundations of 
Comprehension in that they ask you to integrate separate passage components into a more generalized 
and complex interpretation of passage meaning. Questions assessing Reasoning Within the Text will 
direct your attention to an argument, claim, or theme presented in the passage and then ask you to judge 
the passage according to specific criteria. The criteria could be the logic and plausibility of the passage 
text, the soundness of its arguments, the reasonableness of its conclusions, the appropriateness of its 
generalizations, or the credibility of the author and the sources he or she cites. The questions require you 
to dig beneath the passage’s surface as you examine evidence, biases, faulty notions of causality, and 
irrelevant information and to determine the significance of and relationships among different parts of a 
passage. Additionally, some questions may require that you analyze the author’s language, stance, and 
purpose. For example, plausible-sounding, transitional phrases may in fact be tricky. If read quickly, the 
words appear to make a legitimate connection between parts of a passage; however, when subjected to 
scrutiny, the links they appear to have established may fall apart.  

This may sound like a long list of possible critical and analysis skills to have mastered, but they are 
skills you probably already possess and use every day. Similar to your reactions when you hear someone 
trying to convince you about something, persuade you to think a particular way, or sell you something, 
these questions often invite you to doubt and then judge the author’s intentions and credibility. 
Questioning an author is a legitimate and often necessary analysis strategy that can serve test takers well 
when making sense of complex text. Answering these questions requires looking beyond contradictions 
or omission of facts or details to find clues such as vague or evasive terms or language that sounds self-
aggrandizing, overblown, or otherwise suspect within the context of the passage. Credible sources—
essayists, scientists, lecturers, even pundits—should be both authoritative and objective and should 
clearly demonstrate expertise. Blatant, one-sided arguments and rigid points of view are easy to identify, 
but some authors are more nuanced in presenting biased ideas in the guise of objectivity. The key to 
identifying bias lies in identifying the author’s treatment of ideas, which you achieve by analyzing and 
evaluating different aspects of the passage. For example, an author who uses demeaning stereotypes or 
derogatory labels is not likely to be a source of objective, judicious analysis.  

It’s important to remember that Reasoning Within the Text questions do not ask you to provide your 
own personal opinion. You may, in fact, disagree with the author’s overall conclusion yet find that the 
conclusion is a reasonable inference from the limited information provided in the passage. If you happen 
to know some obscure fact or anecdote outside the scope of the passage that could invalidate the 
author’s conclusion, ignore it. The content of the passage or new information introduced by the 
questions should be the only sources on which you base your responses. Achieving a good score on the 
Critical Analysis and Reasoning Skills section depends on this!  
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Reasoning Beyond the Text 

The final category, Reasoning Beyond the Text, requires you to use one of two analysis or reasoning 
skills, which in a way can be thought of as two sides of a single coin. Questions assessing the first set of 
skills ask you to apply or extrapolate information or ideas presented in the passage to a new or novel 
situation�for example, extending information the author presents beyond the actual context of the 
passage.  

The second set of skills involves considering new information presented in a test question, mentally 
integrating this new information into the passage content, and then assessing the potential impact of 
introducing the new elements into the actual passage. Reasoning about new, hypothetical elements 
should cause you to synthesize passage content anew and alter your interpretation of the passage in some 
plausible way.  

Application and integration questions elicit some of the same kinds of thinking. Both types deal with 
changes caused by combinations or comparisons, and both test your mental flexibility. They do differ, 
however, and their distinct requirements are explained in more detail below. Remember, though, that as 
with questions assessing different levels of analysis and reasoning, you must still use only the content of 
the passages and the new information in the questions to determine your answers. Keep avoiding the 
temptation to bring your existing knowledge to bear in answering these questions.  

Applying or Extrapolating Ideas from the Passage to New Contexts 

Virtually all questions assessing application or extrapolation skills ask you how the information or ideas 
presented in the passage could be extended to other areas or fields. This is the kind of high-level analysis 
and reasoning skill scientists or theoreticians use when they consider a set of facts or beliefs and create 
new knowledge by combining the “givens” in new ways. Of course, these combinations may or may not 
result in a successful combination or outcome.  

For each application question, the passage material is the “given,” and the test question provides specific 
directions about how the passage information might be applied to a new situation or how it might be 
used to solve a problem outside the specific context of the passage. As the test taker, your first task is to 
analyze the choices offered in the four response options so that you can gauge the likely outcome of 
applying the existing passage content to the specified new context. Each response option will yield a 
different result, but each test question has only one defensible and demonstrably correct response option.  

The correct answer is the one option that presents the most likely and most reasonable outcome, based 
only on the information provided in the passage and question. The questions do not assess your personal 
ability to apply information or solve problems, only your ability to apply information from the question 
to the passage you have read. For example, if a question asks you to determine the author’s likely 
response to four hypothetical situations, you would choose the response most consistent with what the 
author has already said or done according to the text of the passage. In determining the correct response, 
rule out the options that do not fit or are incongruent with the context (e.g., framework, perspective, 
scenario) created by the passage material. 
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Application questions sometimes require selection of a response option that is most analogous to some 
relationship in the passage. Here the parameters are broad. Likeness is measured not by inherent 
similarity but by analogy. Questions dealing with analogies test the ability to identify a fundamental 
common feature that seemingly different things or processes share. This may sometimes require 
translating a figurative comparison into equivalent sets of literal terms. However, the task always 
requires looking beneath surface imagery to discern underlying relationships or paradigms.  

Assessing the Impact of Incorporating New Factors, Information, or Conditions to Ideas from 
the Passage 

The essential difference between application and incorporation skills is that the two-part purpose of 
incorporation questions is to introduce a specific piece of information for you to consider and ask you to 
assess how ideas in the passage might be affected by its introduction. The premise of these questions is 
that ideas and information in the passages are potentially malleable, not a fixed framework, as in 
application questions.  

In some incorporation questions, you must find the best answer to a “what if” question by reinterpreting 
and reassessing passage content with the additional fact or idea introduced by the question. Does the 
new information support or contradict the inherent logic of the passage? Could the new information 
coexist with what is already in the passage, or would it negate an aspect of the author’s argument? If the 
latter is the case, the question could ask what modifications or alterations might need to be made to the 
passage content to accommodate the new element introduced by the question. Remember, the passage 
should be considered malleable.  

Other forms of incorporation questions may ask you to think about a possible logical relationship that 
might exist between the passage content and the facts or assertions included in the answer options. The 
task is to select the one option that, if added to the passage content, would result in the least amount of 
change. The correct response option will present the situation or argument that is most similar to what is 
outlined in the passage. In other words, you must determine which new fact or assertion would least 
alter the central thesis the passage has developed. 
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Sample Skills Passage and Questions 

How will the MCAT exam ask you to demonstrate each of the critical analysis and reasoning skills? The 
sample passage and questions that follow provide some examples.  

Passage 

The exhibition, The Garry Winogrand Game of Photography, was a reminder of why so many people 
consider Winogrand to be one of the great American photographers of the twentieth century. Although 
they continue to acquire further layers of historical specificity, his street photographs, many of them shot 
in Midtown Manhattan in the 1950s and 1960s, have lost none of their kinetic immediacy; the best of his 
animal photographs provide sly, incisive views of the human condition; his pictures from the American 
road grab the wheel from Walker Evans and Robert Frank to send the genre on an unpredictable detour; 
in photographing all manner of public events, from antiwar demonstrations to art-world parties to 
political press conferences, Winogrand added significantly to the pictorial record of midcentury United 
States history. With his liking for seemingly random compositions and his famous tilted-frame effect, 
Winogrand made photographs that initially struck many viewers as devoid of formal strengths. Now, 
however, we can appreciate the subtlety and unexpectedness of his framing and the complex interplay he 
often achieves between anecdote and form. 

In putting together the exhibition, one of the curators, Richard Misrach, decided to focus on an aspect of 
Winogrand’s work to which little attention had been given: the color slides. Winogrand began shooting 
color photos in the 1950s and continued doing so until the late 1960s. He never explained why he 
stopped shooting in color, but the difficulty and expense of making color prints and their instability may 
have contributed to his decision. 

Misrach was especially drawn to the photographs Winogrand made at boxing matches in the 1950s, and 
his selections for the exhibition included eighteen boxing shots. In each, the fighters’ bodies are isolated 
against dark backgrounds and often fragmented by the out-of-focus, quasi-abstract ropes cutting across 
the frame. In one amazing, weirdly off-center shot, a boxer doubling up from a body blow appears to be 
ascending into the surrounding void. 

This small selection whetted one’s appetite for seeing more images from Winogrand’s color work. 
However, it was the slides that caused some of the most heated arguments among curators. Bill Jay 
objected to the slides being shown in any format because they had never been edited by Winogrand. 
While the prints in the archive had already been chosen for enlargement by the photographer from 
contact sheets, Jay pointed out, the slides had undergone no such process. Jay insisted that the archive’s 
hoard of thousands of slides and unproofed negatives should be used only for research and never 
published or exhibited. 

Misrach came to his own defense by saying that if “curatorial laws” were followed, the “real hidden 
treasures” of the archive would never be seen by anyone. He also observed that Winogrand gave his 
photographs, slides, and negatives to the Center for Creative Photography without conditions, which 
implies permission to show and publish the work. If Winogrand didn’t want the photographs in his 
archive to be seen, Misrach argued, he could have simply destroyed them. Indeed, as others remarked, 
some photographers have sought to exert control over the future of their work by destroying negatives. 
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Furthermore, some curators argued for the importance of posthumous discoveries of artists’ work. And 
taking the discussion into a wider realm, one curator argued that the “artist is not always in the best 
position to judge his or her work,” citing the example of author Franz Kafka asking Max Brod to destroy 
his manuscripts and how Brod had ignored the request, to the world’s benefit. 

Source: Adapted from R. Rubinstein, Snap Judgments: Exploring the Winogrand Archive. Copyright 
2002 by Brant Publications, Inc. 
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FOUNDATIONS OF COMPREHENSION EXAMPLE: Foundations of Comprehension questions test two 
skills: 1) understanding the basic components of the text and 2) inferring meaning from rhetorical 
devices, word choice, and text structure. The following question addresses the first of these.   

Which of the following best captures the main goal of the passage? 

A. To bring additional attention to Winogrand, unfairly neglected as an important American 
photographer 

B. To showcase the diversity of Winogrand’s subject matter and the genres he explored 
C. To describe the controversy over the appropriate use of Winogrand’s archival color slides 
D. To argue that art lovers and scholars have a right to see all of the work that Winogrand left after 

his death 

The correct answer is C. This question asks you to determine which of the four options presented best 
captures the main goal of the passage. 
To answer this question, you must understand the author’s main points and arguments and distinguish 
these from subordinate points. This question illustrates understanding of basic components of text by 
asking you to identify the primary goal of the passage.   
The answer is correct because most of the passage emphasizes the curator’s decision. Note that the 
passage author does not take a clear position on the controversy (making D incorrect). Instead, the 
author represents multiple perspectives on the controversy, which is the central concern of the passage.  

FOUNDATIONS OF COMPREHENSION EXAMPLE: Now, let’s take a look at a question that tests the 
second skill in Foundations of Comprehension, which is making assumptions based on the author’s 
inference through the use of rhetorical devices, word choice, and the text structure.  

The author’s use of the term kinetic immediacy (paragraph 1) to describe Winogrand’s photographs 
most likely refers to the photographs’: 

A. ability to capture the hustle and bustle of the city. 
B. incorporation of roadside scenes.  
C. historically significant details and context.  
D. unique compositional strategies.  

The correct answer is A. You are asked to determine which of the four options presented most likely 
refers to the phrase “kinetic immediacy” as used to describe Winogrand’s photographs. 
Because of the way the term “kinetic immediacy” is used in the context of the sentence in which it 
appears, the answer is A. The term refers to Winogrand’s “street photographs” of New York City, shot 
decades ago; the author says that the pictures retain their “kinetic immediacy” over time. So the author 
suggests that the speed and dynamism of the photos is still present, and this is best captured in option A. 
Because this question asks you to determine the implication of a term or phrase by considering the 
context of its use, it’s an example of the second skill in Foundations of Comprehension. 
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REASONING WITHIN THE TEXT EXAMPLE: Now we’ll move on to a question that addresses the next 
skill, Reasoning Within the Text. The analysis skill related to Reasoning Within the Text is integrating 
different components of the text to increase comprehension. 

The curator who used the example of Max Brod refusing to destroy the manuscripts of Franz Kafka 
(final sentence) was most likely implying that: 

A. the individual rights of an artist are sometimes outweighed by the greater public and artistic 
good. 

B.   the destruction of an artist’s work is never warranted.  
C.   once a work of art is created, its destruction is almost a crime against humanity.  
D.   great artists will always attempt to keep their works from being seen and must be prevented from 

doing so.  
The correct answer is A. This question asks you to integrate different components of the text to increase 
comprehension, specifically the way the author has framed his or her use of the example of Max Brod 
refusing to destroy the manuscripts of Franz Kafka. To answer the question, you must determine the 
function or purpose of this example, determining which point or argument the evidence of Max Brod 
refusing to destroy the manuscripts is used to support.  

The author provides as evidence the curator’s point that the artist may not be the ultimate judge of his or 
her work. Then the author suggests that Brod ignored Kafka’s request that Brod destroy Kafka’s work, 
“to the world’s benefit.” So both points lead to the conclusion that the curator means to suggest that 
sometimes aesthetic value and the “good” of the “world” may take precedence over an artist’s desire or 
expressed wish. The answer is A because of the way the passage author has framed his or her use of this 
example. 

REASONING BEYOND THE TEXT EXAMPLE: The final Critical Analysis and Reasoning Skills skill is 
Reasoning Beyond the Text. This skill includes the following two skills: 1) applying or extrapolating 
ideas from the passage to new contexts and 2) assessing the impact of introducing new factors, 
information, or conditions to ideas from the passage. 
Let’s look at a question asking you to apply or extrapolate information or ideas presented in the passage 
to new or novel situations. 

Someone who agreed with Misrach’s defense of his choice to show the color slides would be most 
likely to also approve of: 

A. exhibiting works that an artist had donated to a museum for scholarly purposes only.  
B. examining the rest of Winogrand’s unprinted photographs and selecting some for display.  
C. requiring that artists clearly state their intentions for display and publication when donating works 

to a museum.  
D. organizing an exhibition that included all of Winogrand’s work whether previously shown and 

published or not. 
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The correct answer is B. This question illustrates the first Reasoning Beyond the Text skill because it 
asks you to begin with an argument presented in the passage—Misrach’s defense of his choice to show 
the color slides—and then apply that understanding to a new situation to see if the new situation is 
analogous to the idea presented in the passage. To answer the question, you must identify the option that 
matches Misrach’s defense of his choice to show the color slides.   

In the final paragraph of the passage, Misrach explains his logic in defense of his choice to show the 
color slides, including the suggestion that the archive contains some “hidden treasures,” and implying 
that the curator, not necessarily the artist, might select these. Therefore, option B most closely aligns 
with the principle behind Misrach’s defense. 

REASONING BEYOND THE TEXT EXAMPLE: The second skill in Reasoning Beyond the Text involves 
considering new information presented, integrating this new information into the passage content, and 
then assessing how ideas in the passage might be affected by this new information.  
Here is a question asking you to demonstrate the second skill in Reasoning Beyond the Text. 

If it were established with certainty that Winogrand did, as the author suggests, stop shooting in color 
because of the “difficulty and expense of making color prints and their instability” (paragraph 2), this 
information would best support which of the following arguments? 

A. Winogrand would have liked to have his color slides printed once the technology made this 
feasible.  

B. Winogrand felt that working in color was stylistically inferior to black and white.  
C. The color slides should be viewed as finished products and not printed.  
D. Winogrand would have returned to photographing in color once the technology improved. 

The correct answer is D. This question asks you to assess new information—what it would mean if it 
was established with certainty that Winogrand did stop shooting in color because of the difficulty and 
expense of making color prints and their instability. You need to decide which of the arguments this new 
information would best support. 

This question illustrates the second skill in Reasoning Beyond the Text because it presents a novel 
scenario (one not discussed in the passage) and asks you to assess how that novel scenario would affect 
the arguments in the passage. 

If Winogrand had stopped shooting in color because of the technical and financial challenges posed by 
shooting in color, it follows logically that if he could surmount those challenges, he would likely return 
to shooting in color. The other options involve assumptions that the information in the question does not 
support. It does not imply anything about Winogrand’s feelings about printing color slides or about his 
preference for black and white over color photography. 
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