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Test Description: EmSAT Biology Achieve measures test taker proficiency in Biology and determines
their readiness for college. EmMSAT Biology Achieve has four major sections: (1) From molecules to
living organisms - Structure and function; (2) Heredity and genetic technology; (3) Evolution and
Diversity of Life; (4) Ecology - Interdependence, energy, and dynamics.

The exam is adaptive. Exam content and difficulty is customized to the individual test taker. When a
test taker answers a question correctly, they will be given more difficult content; when they answer a
guestion incorrectly, they will be given easier content. This process of continuous adjustment delivers
optimized content for each test taker throughout the exam, maximizing their opportunity to perform
at their best and providing a more accurate measure of their ability. Test takers should do their best to
answer each question correctly; once a question is answered, they will not be able to go back and
change the answer.

Test Duration: 120 minutes

Questions: 50 questions

(1) From molecules to living organisms: Structure and function
(2) Heredity and genetic technology

(3) Evolution and Diversity of Life

(4) Ecology: Interdependence, energy, and dynamics

Content Areas:

Task Types: Multiple Choice, Multi-select, Fill-in the-Blank, and Drag and Drop

EmSAT Achieve Biology

Score Score Descriptors

High Proficiency: High Proficiency: students at this level are well-prepared

1500 - 2000 ) ) L
for first-year biology courses at the university level.

Proficient: students at this level are at a satisfactory level of preparation to

1100-1475 o . L
begin first-year biology courses at the university level.

Borderline Proficient: students at this level are minimally prepared for first
900-1075 year biology courses at the university level and may need additional
support in some areas

Basic: students at this level do not have sufficient mastery of prerequisite
700-875 knowledge for first-year courses in chemistry at the university level and will
likely need some additional support in some biology topics.

Needs Improvement: students at this level need additional instructional
500-675 support in basic chemical concepts and skills before beginning any first-year
biology courses.

Little knowledge of basic science: students at this level lack knowledge and

<500 skills of basic science concepts.
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Appendix 1: Content Areas

Below are the major sections and related content specifications that grade 12 students should be able
to demonstrate to meet the expectations of this test.

Section 1: From molecules to living organisms: Structure and function

This section includes the chemistry of life as well as living organisms’ organization and development.
The chemistry of life focuses on the importance of biological macromolecules in the body and the
properties of water that allow life to exist on earth, as well as the role of enzymes in chemical
reactions carried out in living organisms. It also focuses on the major cellular processes of breaking
energy (photosynthesis and cellular respiration) and energy transformation.

Living organisms’ organization and development focuses of the role of the cell in different living
organisms emphasizing on cellular structures and their functions, as well as the use of microscopes in
cellular studies. In addition, this part focuses on major body systems and processes in living organisms.
It emphasizes the role of body systems in different living organisms with relation to the importance of
the interaction between the body systems in maintaining the internal body environment.

Content Specifications

. Distinguish between the four major categories of carbon compounds in terms of composition,
energy values, and primary functions in the body

Relate the properties of water to its roles in living organisms

Explain the role and effect of enzymes and other factors, such as pH and temperature, in the
chemical reactions carried out in living organisms

Identify and summarize the major cellular processes of breaking energy-rich molecules to
obtain energy

Demonstrate a good understanding of handling and using the light microscope for
examination purposes, and compare with electron microscope in terms of resolution,
magnification and use

Explain the role of the cell in different living organisms and describe the cellular processes to
sustain life and maintain homeostasis

Relate the structure of major body systems in multicellular organisms to their specific
functions and their interaction with each other to maintain homeostasis
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Section 2: Heredity and genetic technology

This section includes inheritance of traits and heredity and genetic technology. Inheritance of traits
focuses on cell growth and division emphasizing on the behavior of chromosomes during different
phases and consequences of specific errors during these phases. It also encompasses gene expression
and regulation in eukaryotes and prokaryotes, genetic variations and modes of inheritance including
Mendelian and non-Mendalian genetics.

Heredity and genetic technology focuses on the importance of genetic engineering in medicine,
industry and agriculture with the emphasis on their impact on human'’s life.

Content Specifications

. Explain the importance of cell growth and division and explain possible outcomes when errors
occur during the cell cycle

Explain transcription, post-transcriptional modifications and translation, and relate these
processes to gene expression in prokaryotes and eukaryotes

Use the genetic code rules to read the DNA sequence, and to identify the amino acids in the
polypeptide chain

Describe genetic variation and explain how and why it occurs with relation to the importance
of population biodiversity and stability

Identify the role of genes in determining the phenotype and predict the probable outcomes of
offspring with reference to various modes of inheritance including dominance, codominance,
sex-linked, polygenic and multiple alleles

Evaluate the importance of genetic engineering in medicine, industry and agriculture and its

impacts providing examples on its use in each field
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Section 3: Evolution and Diversity of Life

This section includes evolution and diversity of life. Evolution focuses on theory and evidence of

evolution to determine the evolutionary relationships among different species, as well as evolutionary

processes such as natural selection and genetic drift and their consequences on the populations’
stability.

The focus of diversity of life is the classification of living organisms according to specific structural and
functional characteristics. In addition, it focuses on the importance of biodiversity, and reasons for
maintaining biodiversity emphasizing the impact of human activity on the survival of different species.

Content Specifications

. Discuss the early concepts of evolution and investigate different evidence to determine the
evolutionary relationships among different species

Identify the processes of microevolution and explain the mechanisms by which they function
to influence alleles’ frequencies in populations and lead to macroevolution.

Describe how living organisms are classified, and categorize them according to specific
structural and functional characteristics

Explain the importance of and the reasons for maintaining biodiversity, and describe the
threats that can lead to extinction including the impact of human activity
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Section 4: Ecology: Interdependence, energy, and dynamics

This section includes ecological interdependence and environmental sustainability. Ecological
interdependence focuses on the different ecological concepts used in ecology and community

interactions, as well as biogeochemical cycles and energy flow with reference to food chains and
webs, emphasizing on the effects of biotic and abiotic factors on ecosystem stability and biodiversity.

Environmental sustainability focuses on human impact on environment and the importance of
sustainable management of resources on Earth, emphasizing on ways to manage the use of natural
resources and possible solutions that could help to reduce the effect of changing climate on the health
of natural ecosystems.

Content Specifications

. Distinguish between different ecological concepts (e.g. biomes, ecosystem, communities,
habitats and niches) and give examples of interactions among different organisms

Interpret food chains and food webs in terms of interaction of organisms through different
trophic levels and flow of energy, and analyze the effects of biotic and abiotic factors on
ecosystems dynamics

Discuss the impact of human activities on the environment and explain the effect of density
dependent factors and density independent factors on carrying capacity and changing
ecosystems dynamics

Explain the importance of individual contributions to sustainable management of resources on
Earth
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Appendix 2: Sample Items

1
Which of the following macromaolecules contains
a phosphate group?

¢ P-group <ie gl

A | Nucleic acids inggll oalea) ‘
B |

|. Carbohydrates <y g Sl ‘
“ | Lipids opdl
o | Proteins i g i ‘

2
Which of the following statement is correct
regarding the "induced-fit model’ in enzyme-

ijH C':j“"\ o a:',.’a"a s'q_JLIH .LIJL‘L!_I'L '\J-FFI
Jelss B (induced-fit model) Lzl
€55 g e )

substrate interaction?
A The structure of the active site of :
g . A r-_-T] su_n g‘_m e
the enzyme is changed by the il & 5)5
substrate. T
B. - ] o ' » ok 1
The enzyme directly binds to the aime JoClil 8 S s piles as Y1 da
substrate to form an enzyme- enzyme-substrate) 3 x£ ;- a ¥
substrate complex. . (complex
c. The shape of the enzyme is -
Sleasll Jetill @t J88 s
changed by the chemical reaction. T A P
D The active site of the enzyme ' , '
[ "L]S.:. .‘-.I-.-T 1 "-'.l 5 hl =4
changes its shape to accept a o FAE t}:;::h
substrate. e
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Cystic fibrosis i1s a chronic and frequently fatal
genetic disease of the body's mucus glands. It is
caused by an autosomal recessive mutation. In
the European population, one out of
approximately 10,000 babies is born with the
disorder. What is the frequency of the cystic
fibrosis allele in the European population
assuming the Hardy-Weinberg conditions are
met?

A

Each alternative version of a gene is called

e g e g ) bl m e
e el B Adlad) 2ol 3 oa Jild g
e Aaiie daena b b g a pall 2
,_';&,_Iija_‘llj:-."dis]_lmj‘;ji —'JE""\.'F‘ __,]_\:, n- \;1
# el sl Slas i 10000 S o
g s DSl B el il ) s

EE g g e das el o Ll ) e

] -1 "S‘l

01

0.00001

an allele

i

a centromere

i S yal) Aaladl)

a chromatid
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Which of the following cell structures is
considered as a factory for protein
synthesis?
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Ty aiae el AUl 4 glal) ~.—25U|531 o
ealal) i gl

A
| Rough endoplasmic reticulum

2322)) A U gy A< |

B. 7
| Golgi Apparatus

sl e |

C. (
| Mitochondria

b S gl |

b | Nucleus

1-1}'JL“'|

The diagram below represents a cross section
through a plant root. A student is given samples
of a fluid that is rich with water. From which
tissue does this fluid come?
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The following pedigree represents the bal doaen o (Dlia &l g Jiad sliaf Jalad ol
inheritance of an autosomal recessive syndrome Ledlile EEI
in a family.

KEY

affected male
Clas i

affected female
dlas 5

Jo¥l e .
I el
gineration | Gﬂ .
{HPEN] Normal male
€ D I:I
O

generation Il ek Ay

Normal female
daub &l

If the affected male in generation Il marries a By S Jaadl e i Ja 7 9 3513
normal female who is homozygous for the trait, sl Elaal o Lo dboall A dlate deuls
what is the possibility to have an affected child? ' - ¢ s _3&

A
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A scientist is studying the phylogeny of 4 species
(species 1,2 3, and 4). To this end, she
sequenced a fragment of DNA and she obtained
the following alignment:

Species 1& sl
Species 2¢& &l
Species 3 & sl
Species 4 & sl

With this alignment, she constructed a
phylogenetic tree using the parsimony method (a
method that minimizes the number of changes
on a phylogeny).

Which of the 4 phylogenetic trees below is
supported by the DNA sequences?

A
Species 1

Species 3

Species 2

_I-__

— Species 1

Species 4

Species 3

Species 2

Species 4
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el g3 Enjﬁ"‘i o Al Adlls g
Al ) e lgdas (adas Jal e (1624344
$DNA 3l Cmenll e gt cudls
Al s @) e lias

AATCGGA
CAGGTAC
AATCTGA
CATGTGC

b b yat plin adld cus gl tan ) ol
4L, ylall) lESlel) e A8, o aladils A1)
(A e ] 22 e J.I'LN'F\.'IL

PRIKCRRRER E PR TE R W EN Y P2
‘DNA ) Jmenll s 5

pr— SOECIES 2

— SpCIES ]

— Species 3

— Species4

Species 1
Species 4

Species 3

Species 2
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' The ecological relationship between two different o A e pilid e g e Al] 4830
species Is shown in the graph below. sl et

Species  a.auigigy
introduced
|

Ol g

Population size

|
|
|
|
|
|
I
I
I
I

What ecological relationship does the graph ¢ il Ll ol Al 2350 8 L
represent?

| Mutualism dabidl Jala |

| Extinction =l A

C. 7
| Commensalism

D [ L
| Parasitism
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A student immersed a small piece of potato
tissue in a 0.25 mol.dm ™2 sucrose solution and

the tissue showed no change in mass.

What would the student find out when he
immerses the piece ina 0.1 mol.dm™3sucrose

solution?
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Uil A il e Aatad (U jei
als 55 Sl Jslae 50 0.25 mol.dm™3 &

-

@58l Jddae e 0.1 mol.dm™3 &

A )
The mass would have increased

because the water potential of the
cells has decreased.

plall aga il e A1) 02 Yo
Lol

The mass would have decreased
because the water potential of the
cells has increased.

plall dea 2l 3 (o ALY L
olall

The mass would have increased
because the water potential of the
solution has decreased.

plall dga allin s ALl ala i
J gl

The mass would have decreased
because the water potential of the
solution has increased.

plall 2ga ol 35 (s ALYl

el
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11. The diagram below represents a food web in an
ecosystem.

If the population of hawks in this area increases,
What effect will this increase have on the web?
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gl AUl 8 A1 ASuS Jia ool Jalaadl)

/Cal'erpillars

Ol

Dandelions
s

SV e Al sia ) ghiall 220 2331 13)
fAlall Asull) o 5ala ol (e o il

O The prey populations of hawks
might decrease Later, the other
populations in the web might
decrease.

8y bl L) 8 el s
Al b o AY) S Slaef il

The prey populations of hawks
might decrease. Later the hawk
population might remain
unchanged.

ysteall 88 el il 8
5 steall glas | i a8 (lEaY
L JuaS el

The prey populations of hawks
might decrease. Later, the hawk
population might increase.

8 aay | gl La) g dael ol 8
o sheall laed ala

The prey populations of hawks
might decrease. Later, the hawks
would find another prey population.

8 ey | ghall L8 @ dael allin 8
oA e g AT alae ] dieal) aas
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The chart below shows the mRNA codons ekl MRNA i 52 58 sl Jaladdl)
for different amino acids. Adlia ) A
Given the following codon sequence: B S

5 AUG UCU UAC CUG GCU CGG ... UAA 3°

Which of the following can be described as 8 bl Ll Ll o caa s of S .;“'? )
base substitution causing a nonsense mMRNA 4Ll 2 (nonsense) Al Jlasa
mutation in the mRNA sequence above? 3]

Substitution of UAC for UAA in the oSl 2 UAA JUAC Jiacad
third codon P A |

Substitution of UAC for UAU in the < UAU J UAC Jlasu
third codon Ll (A (

Substitution of UAC for UCC in the o0l 2 UCC J UAC Jlas
third codan PR

Substitution of UAC for UGC in the gl 2 UGC JUAC Jlasiud
third codon P A
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Which of the following could not be considered a o dein Shale s sl (Sa Y AU e _.51
gregjlttg;dependentfactoraffer:llng population ?#'5_.:.13..:.15 e s ﬁl EHES]

A
| climate temperature Flals ) mda |

limited nutrients P

build-up of toxins psad 15|

predation o BN
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