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Introduction Page 

The validity and importance of the theory of biological evolution runs strong throughout the 
topic of biology. Evolution serves as a foundation to many biological concepts by tying together the 
different tenants of biology, like ecology, anatomy, genetics, zoology, and taxonomy. It is for this reason 
that evolution plays a prominent role in the state and national standards and deserves thorough 
coverage in a classroom. A prime example of evolution can be seen in our own ancestral history, and 
this unit provides students with an excellent opportunity to consider the multiple lines of evidence that 
support hominid evolution. By allowing students the chance to uncover the supporting evidence for 
evolution themselves, they discover the ways the theory of evolution is supported by multiple sources. It 
is our ƘƻǇŜ ǘƘŀǘ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ƘŀƴŘƭŜ ƻǳǊ ŀƴŎŜǎǘƻǊǎΩ ōƻƴŜ Ŏŀǎǘǎ ŀƴŘ ŜȄŀƳƛƴŜ ǊŜŀƭ ƳƻƭŜŎǳƭŀǊ Řŀǘŀ, 
in an inquiry based environment, will pique the interest of students, ultimately leading them to conclude 
that the evidence they have gathered thoroughly supports the theory of evolution.  
 Students begin their investigation of evolutionary evidence after a short introductory lesson that 
familiarizes them with key vocab terms, like hominids, phylogenies, and cladograms, that feature 
prominently in the lab. The laboratory activities designed as stations allow the students the opportunity 
to measure the cranial capacities of various hominid skulls, examine pelvic morphology to compare 
bipeds to quadrupeds, and compare the skulls of multiple hominid species. After gathering fossil 
evidence from multiple sources, students brainstorm how to build phylogenetic relationships using 
morphological characteristics.  
 Once students feel comfortable constructing diagrammatic relationships based off of observable 
traits, they will examine relationships between primate species at the molecular level. Students 
compare stained chromosomes, amino acid sequences, and base pair sequences for a variety of 
primates and construct small phylogenies depicting relatedness based on each type of molecular 
evidence. Students then employ critical thinking skills to develop a consensus phylogeny and determine 
which primates are more closely related to humans. This activity provides a basis for students to use 
multiple lines of evidence to reach a sound scientific conclusion by highlighting the importance of using 
both the fossil record and various modern molecular techniques to draw conclusions regarding 
evolutionary relatedness.  
 In the final activity students explore modern research in paleoanthropology. Through a jigsaw 
reading activity students will learn of the recent discovery of Homo naledi by Lee Berger. It allows 
students to step into the role of a paleoanthropologist by discussing the new fossil discovery, analyzing 
hypotheses about how those fossil remains gathered at the site, and by coming to consensus on the 
burial events after discussing evidence gathered by Lee Berger himself. The hypotheses that groups of 
students are analyzing are different hypotheses that scientists have proposed of how the H. Naledi 
fossils got into the Rising Star cave site. Each group will present their hypothesis and argue for why their 
group should receive funding to test their hypothesis at the cave site. Once each group has made their 
case, they wiƭƭ ǊŜŎŜƛǾŜ ǘƘŜƛǊ ǊŜǎŜŀǊŎƘ ǘŜŀƳΩǎ ǊŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ŀǊŜ ǘƘŜ ŀŎǘǳŀƭ ŜǾƛŘŜƴŎŜ ǘƘŀǘ 
Berger and his team found while investigating the site, and the groups will take a few moments to 
discuss what their results entail before they present them to the class. The class will then take a vote on 
which hypothesis seems most likely based on the evidence that was gathered.  

 

 

 

 



Lesson Plan format 
 
Each lesson in this curriculum unit is formatted in the same manner, which will include the following 
components:  
 
KEY QUESTION(S):  Identifies key questions that the lesson explorers  
 
*GRADE AND ABILITY LEVEL:  Specifies grade level and ability of students lesson is intended for 
 
SCIENCE CONCEPTS:  Identify key science topics.  Try not to be too narrow. 
 
OVERALL TIME ESTIMATE:  Indicate total amount of time needed for the lesson, including advanced preparation  
 
LEARNING STYLES:  Lesson styles employed by the lesson  
 
VOCABULARY: List key vocabulary terms used and defined in the lesson 
 
LESSON SUMMARY:  Provide a 1-2 sentence summary of WHAT the lesson will cover and HOW this content will 
be covered (Lab? Discussion? Role play? Simulation? Lecture and demonstration? etc.) 
 
STUDENT LEARNING OBJECTIVES: Focuses on what students will know, feel, or be able to do at the conclusion of 
the lesson. 
 
STANDARDS: Specific state and national benchmarks that are addressed in the lesson 
 
MATERIALS:  Items needed to complete the lesson. Number required for different types of grouping formats are 
also included  
 
BACKGROUND INFORMATION:  Provides modern and accurate information from reliable sources about the 
ƭŜǎǎƻƴΩǎ ǘƻǇƛŎ.  
ADVANCE PREPARATION:  Explain what the teacher needs to do to get ready for the lesson 
 
ASSESSMENT SUGGESTIONS:  Formative assessment suggestions have been given. Teachers should feel free to 
create additional formative and summative assessment.   
 
EXTENSIONS: There are many activities and reading sources available to augment and enhance the curriculum. If 
you find additional ones that should be included please let us know.  
 
RESOURCES/REFERENCES:  This curriculum is heavily based on primary sources.  
 
TEACHER PAGES: Version of the student pages with answers or the activity material for preparation  
 
**  

 

 



Lesson Summaries:  

Lesson 1: Hominid Evolution Evidence Stations  

In this lesson, students investigate different aspects of human evolution through a series of seven 

laboratory stations. Each station is specifically designed to allow students to investigate hominid 

evolution in an inquiry based manner, while providing questions to guide their critical thinking. These 

stations include investigating the genera Homo and Australopithecus, looking at pelvic morphology to 

compare bipeds to quadrupeds, and comparing brain capacity across multiple species. Lesson one 

introduces students to the human fossil record and shows the importance of using morphological 

characteristics when investigating phylogenetic relationships.  

 

Lesson 2: Molecular Evidence  

Lesson two introduces students to modern techniques in the investigation of phylogenetic relationships 

and also highlights the importance of using both the fossil record and DNA to draw conclusions 

regarding relatedness. Students compare stained chromosomes, amino acid sequences and base pair 

sequences for a variety of extant primates. They use critical thinking skills to construct small phylogenies 

and determine which primates are more closely related to humans. This lesson provides the students 

with a basis in using multiple lines of evidence to come to scientific conclusions.  

 

Lesson 3: Nalendi Jigsaw   

Students are presented with current research in hominid evolution to engage their interests and 
ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ƴŜǿ ŘƛǎŎƻǾŜǊƛŜǎ ŀǊŜ ŎƻƴǘƛƴǳƛƴƎ ǘƻ Ǉŀƛƴǘ ŀ ŎƭŜŀǊŜǊ ǇƛŎǘǳǊŜ ƻŦ ƻǳǊ ŀƴŎŜǎǘƻǊΩǎ ƘƛǎǘƻǊȅΦ 
Using a jigsaw approach ǎǘǳŘŜƴǘǎ ǿƛƭƭ ƭŜŀǊƴ ŀōƻǳǘ .ŜǊƎŜǊΩǎ ŘƛǎŎƻǾŜǊȅ ƻŦ Homo naledi, and how this fossil 
ŎƘŀƴƎŜŘ ǎŎƛŜƴǘƛǎǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǿƘŀǘ ŘŜŦƛƴŜǎ ǘƘŜ ƎŜƴǳǎ Homo. By discussing the article through 
guided questions, this lesson challenges students to understand the difficulties involved in ongoing 
evolutionary research. Additionally, this lesson has students defend conflicting scientific claims, present 
ƛƴŦƻǊƳŀǘƛƻƴ ŦǊƻƳ .ŜǊƎŜǊΩǎ ǊŜǎŜŀǊŎƘ ŀǊǘƛŎƭŜ ŀōƻǳǘ ǘƘŜƛǊ ŎƭŀƛƳΣ ŀƴŘ ƛǘ Ƙŀǎ ǎǘǳŘŜƴǘǎ ŀƴŀƭȅȊŜ ǾŀǊƛƻǳǎ 
research positions in order to conclude which scientific claim is best supported by the evidence 
presented by the students. 

 

 

 

 



Lesson Sequencing Guide  

 Day 1 Day 2 Day 3 Day 4  Day 5 

 
Week 1 
 

 Lesson 1  
 

Hominid 
Human 

Evolution 
Evidence 
Stations 

(55 minutes) 

Finish lesson 1 
 

Finish rotating 
labs and 

culminating 
discussion  

 (30 minutes) 
 

Begin lesson 2  
 

Molecular 
Evidence 

Introductory 
lesson 

(25 minutes) 
  

Lesson 2  
 

Molecular 
Evidence 

(55 minutes)  
 

Finish lesson 2 
and wrap-up 
discussion  

( 20 minutes)  
 

Begin Lesson 3 
 

H. Nalendi 
Articles 

(35 minutes)  

Finish lesson 3 
 

H. Nalendi 
Articles/wrap 
up discussion 
(55 minutes)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Vocabulary Page:  

¶ Amino Acids - The building blocks of proteins 

¶ Amino Acid Sequence - A particular order of amino acids within a specific protein 

¶ Base Pairs - Nitrogenous bases that pair up to connect the complementary strands of DNA  

¶ Bioinformatics - The use of computer programs and technology to manage biological 

information  

¶ Bipedalism - Form of terrestrial locomotion utilizing two rear limbs (legs)  

¶ Brow ridge - Bony ridge located above the eye sockets on a skull  

¶ Chromosome - Packaged and threadlike structure that contains an ƻǊƎŀƴƛǎƳΩǎ nuclear DNA 

¶ Cladistics - Builds hierarchical classification based on observable shared and derived 

characteristics  

¶ DNA - Deoxyribonucleic acid is a molecule that carries the genetic instructions for the 

development and maintenance of all organisms     

¶ Evolution - Descent with modification or change over time 

¶ Foramen magnum - Hole at the base of the skull from which the spine exists  

¶ Gene sequences - The precise order of nucleotides within a DNA molecule 

¶ Hominid - Members of the Homindae family that include all apes, such as humans, 

chimpanzees, orangutans, and gorillas  

¶ Hominin - a term exclusively used as a subcategory of the Hominidae family that refers to 

humans and their ancestral relatives  

¶ Nuchal crest - A bony ridge that runs laterally around the back of the skull centered on the 

external occipital protuberance 

¶ Opposable - Being capable of moving thumb toward or touching other fingers on a hand  

¶ Phylogeny - Branching diagram or "evolutionary tree" showing the inferred evolutionary 

relationships among biological species based on morphological or molecular data 

¶ Quadrupedal - Form of terrestrial locomotion utilizing four limbs 

¶ Sagittal crest - Ridge of bone running lengthwise along the midline of the top of the skull along 

the sagittal suture.  

¶ Sternum - A breastbone   

¶ Zygomatic arches - The cheek bones that extend from the side of the skull, connecting the 

temporal and zygomatic bones 

 

 

 

 

 



Standards Page:  

Next Generation Sunshine State Standards ς Science 

Benchmark Lesson 1 Lesson 2 Lesson 3 

SC.912.L.15.1 Explain how the scientific theory of 
evolution is supported by the fossil record, 
comparative anatomy, comparative embryology, 
biogeography, molecular biology, and observed 
evolutionary change. 
 

 
 
X 

 
 

X 

 
 
X 

SC.912.L.15.10 Identify basic trends in hominid 
evolution from early ancestors six million years ago to 
modern humans, including brain size, jaw size, 
language, and manufacture of tools. 
 

 
 
X 

  
 
X 

SC.912.L.15.11 Discuss specific fossil hominids and 
what they show about human evolution. 
 

 
X 

  
X 

SC.912.L.15.2 Discuss the use of molecular clocks to 
estimate how long ago various groups of organisms 
diverged evolutionarily from one another.  
 

 
 
X 

 

SC.912.L.15.3 Describe how biological diversity is 
increased by the origin of new species and how it is 
decreased by the natural process of extinction. 
 

  

 
 
X 

SC.912.N.3.1 Explain that a scientific theory is the 
culmination of many scientific investigations drawing 
together all the current evidence concerning a 
substantial range of phenomena; thus, a scientific 
theory represents the most powerful explanation 
scientists have to offer. 

X X 

 

SC.912.N.2.5 Describe instances in which scientists' 
varied backgrounds, talents, interests, and goals 
influence the inferences and thus the explanations that 
they make about observations of natural phenomena 
and describe that competing interpretations 
(explanations) of scientists are a strength of science as 
they are a source of new, testable ideas that have the 
potential to add new evidence to support one or 
another of the explanations. 

  

 
 
 
X 

SC.912.N.1.3 Recognize that the strength or usefulness 
of a scientific claim is evaluated through scientific 
argumentation, which depends on critical and logical 
thinking, and the active consideration of alternative 
scientific explanations to explain the data presented. 

 X 

 
 
X 



SC.912.N.2.4 Explain that scientific knowledge is both 
durable and robust and open to change. Scientific 
knowledge can change because it is often examined 
and re-examined by new investigations and scientific 
argumentation. Because of these frequent 
examinations, scientific knowledge becomes stronger, 
leading to its durability. 

  

 
 
 
X 

 

Next Generation State Standards ς Science 

Benchmark Lesson 1 Lesson 2 

HS-LS4-1 Communicate scientific information that common 
ancestry and biological evolution are supported by multiple lines 
of empirical evidence. 
 

 
 
X 

 
 

X 

 

Next Generation Sunshine State Standards ς English Language Arts  

Benchmark Lesson 1 Lesson 2 Lesson 3 

LAFS.910.RST.1.2 Determine the central ideas or 
ŎƻƴŎƭǳǎƛƻƴǎ ƻŦ ŀ ǘŜȄǘΤ ǘǊŀŎŜ ǘƘŜ ǘŜȄǘΩǎ ŜȄǇƭŀƴŀǘƛƻƴ ƻǊ 
depiction of a complex process, phenomenon, or 
concept; provide an accurate summary of the text. 
 

 
 
 

 
 

 

 
 
X 

LAFS.910.RST.3.8 Assess the extent to which the 
ǊŜŀǎƻƴƛƴƎ ŀƴŘ ŜǾƛŘŜƴŎŜ ƛƴ ŀ ǘŜȄǘ ǎǳǇǇƻǊǘ ǘƘŜ ŀǳǘƘƻǊΩǎ 
claim or a recommendation for solving a scientific or 
technical problem 

 
 
 

  
 
X 

LAFS.1112.RST.3.8 Evaluate the hypotheses, data, 
analysis, and conclusions in a science or technical text, 
verifying the data when possible and corroborating or 
challenging conclusions with other sources of 
information. 

   
 
X 

 

Next Generation Science Standards (NGSS)  

Benchmark Lesson 1 Lesson 2 Lesson 3 

HS-LS4-1: Communicate scientific information that 
common ancestry and biological evolution are 
supported by multiple lines of empirical evidence. 

 
X 
 

 
X 
 

 
 
 

RSY.11-12.1 Cite specific textual evidence to support 
analysis of science and technical texts, attending to 
important distinctions the author makes and to any 
gaps or inconsistencies in the account. 

 
 
 

  
X 
 
 

HS-LS3-1: HS-LS3-1. Ask questions to clarify    



relationships about the role of DNA and chromosomes 
in coding the instructions for characteristic traits 
passed from parents to offspring. 

 
X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Background Information:   

Evolution in its simplest form can be described as the inherited natural change of a population 
over time. All living organisms, be it bacteria, plants, or animals, experience gradual changes over time 
because of various environmental pressures. Other living organisms that cause competition or 
predation, deforestation, or sudden natural disasters can help propel those best adapted for the new 
environmental conditions. Living organisms with the alleles and traits best suited to survive are most 
likely to reproduce, passing on the beneficial genes to the next generation. Such as the proposal of any 
scientific theory, scientists have used multiple lines of evidence to concretely prove that evolution 
exists. Of these many lines of evidence, two strong pieces stand out when examining human evolution: 
the fossil record and molecular data.  

The fossil record is a substantial piece of evidence for evolution. The extensive collections of 
ancestral human skeletons have given scientist a look into the different genotypes to help provide clues 
to the path of human evolution. Scientists use cladistics to build hierarchical classifications of human 
ancestors based on observable shared and derived characteristics. It is important to note that these 
diagrams do not show the evolutionary time frame for the development of these traits, but rather give 
visualization to hypothesized relationships between species. The traits that are typically found on a 
cladogram are referred to as primitive and derived. The primitive traits are the original traits that would 
be found on the common ancestor. The derived trait is the one that has evolved over time and breaks 
the organisms into a separate clade. The cladistical diagram (figure 1) shows the order Primates. This 
order includes all great apes, gorillas, and old world monkeys. For example, the tribe hominini shows a 
clade containing both Homo and Pan. 

 

Figure 1 
 

 
As new fossils emerged, more specific subfamilies were introduces based on derived traits. The 

subfamily homininae specifically refers to the species of the genus Homo, Pan and Gorilla. The members 
of this subfamily were grouped together by comparing different anatomical structures, such as the 
skulls, spine and hips 

 
 
 
 



 
Figure 2 

 
One of the defining traits found in human evolution is bipedalism. When looking at a species 

such as the gorilla, the quadrupedal hip has a distinct tilt forward. The tilt allows for the organism to 
disperse weight across all four of the limbs. These hips also tend to be much thinner, and elongated 
when compared to the hips of other hominins. One of the features that allow for upright posture is the 
extended width of the hip bones. Wider hips gave these species the ability to walk upright on two legs 
for longs distances, making travel possible . This upright posture impacted the development of other 
organs such as the eyes, and the use of hands. Standing taller allowed human ancestors to begin to rely 
heavily on their vision to spot danger, or complex situations. Along with having two newly free limbs, 
the development of more complex tools for hunting, eating, and specialized skills.  

 
When looking at the skulls of the hominidae species there is a distinct difference in the bone 

structure of the faces. While all Hominidae have a brow ridge and opening at the base of the skull where 
the spinal cord enter that is known as the foramen magnum. The hominins do not have as clearly 

defined sagittal crests, zygomatic arches, and nuchal crests as the rest of their Hominidae family does.  

 
http://www.savalli.us/BIO201/Labs/06-Skeleton/LabImages/SkullSideLabel.jpg 

Figure 3 

http://www.savalli.us/BIO201/Labs/06-Skeleton/LabImages/SkullSideLabel.jpg


 
 

 

 
http://australianmuseum.net.au/uploads/images/9365/dsc_0008_big.jpg 

Figure 4 
 
The brow ridge is a bony structure that rests above the eye socket, all species within Hominidae 

possess this feature. As time went on, and species began evolving the brow ridge recedes and blends 
into the forehead, creating a smooth frontal portion of the skull. One feature that differs between 
hominins and hominidae is the sagittal crest. The sagittal crest is a ridge of bone that runs lengthwise 
along the midline of the skull along the sagittal suture. In non-hominins this crest is very clear and 
present, just like the nuchal crest. The nuchal crest is the bony ridge that runs laterally around the back 
of the skull centered on the external occipital protuberance.  The zygomatic arches or the cheek bones 
that extend from the side of the skull to connect the temporal and zygomatic bones are also more 
prominent in non-hominin Hominidae.  

 
Using the skulls and hips of hominins scientists have tracked the development of bipedalism and 

the various changes the skull has gone through to become the modern human skull. Across the different 
human ancestors starting with Ardipithecus ramidus to Australopithecus afarensis to Homo habilis to 
Home erectus to Homo neanderthalensis, and to Homo sapiens, ǘƘŜ ǎƪǳƭƭΩǎ Ƨŀǿ Ƙŀǎ ǎƭƻǿƭȅ ǊŜŎŜŘŜŘ ŦǊƻƳ 
a protruding position and the brain cavity has grown with each new hominin. Scientists measure these in 
labs to show the evolution of the human ancestor.   

 
When examining the fossil evidence of the hominidae lineage, scientists use molecular data to 

help understand the genetic makeup and estimated age of the species. Deoxyribonucleic acid or DNA is 
the molecule that carries all of the genetic instructions for the development and maintenance of an 
organism. The DNA is made up of millions of nitrogenous base pairs that connect the complementary 
strands of DNA. 

DNA acts as a blueprint for the structure of an organism, and gives researchers vital information 

on how species are related to one another. Using base pairs, amino acids, and chromosomes species are 

organized based on similarities of their genetic code. A phylogenetic tree can be built using this 

information. In a phylogenetic tree the species are related using molecular DNA to help build branches 

that show the estimated time in between. The length of a branch allows for the viewer to understand 

http://australianmuseum.net.au/uploads/images/9365/dsc_0008_big.jpg


how slowly or quickly a species may have evolved, or appeared in an area. By comparing Hominidae 

molecular data, scientists have found the close ancestral link humans share with chimpanzees. Gorillas, 

orangutans, and macaques are also related to humans, but more closely related to each other than to 

humans and chimps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lesson 1: Hominid Evolution Evidence Stations  

Key Questions: What are hominins? What are key differences between hominids and hominins? How do 

hominid fossils provide evidence for evolution? How can we use living organisms as examples for 

behavioral patterns in extinct species? 

Science Subject: Biology and Life Science  

Grade Level: Grades 6-12, including regular, honors and AP classes 

Science Concepts: Evolution 

Overall Time Estimate:  

¶ Advanced Preparation: 30 minutes to assemble the stations 

¶ Student Procedure: 85 Minutes ( 15 minute introduction and 70 minutes of rotating lab stations)   

Learning Style: Visual, auditory, and kinesthetic 

Vocabulary: 

¶ Bipedalism - Form of terrestrial locomotion utilizing two rear limbs (legs)  

¶ Brow ridge - Bony ridge located above the eye sockets on a skull  

¶ Cladistics - To build a hierarchical classification based on observable shared and derived 

characteristics  

¶ Evolution - Descent with modification or change over time 

¶ Foramen magnum - Hole at the base of the skull from which the spine exists  

¶ Hominid - Members of the Hominidae family that include all apes, such as humans, 

chimpanzees, and orangutans 

¶ Hominin - A term exclusively used as a subcategory of the Hominidae family that refers to 

humans and their ancestral relatives  

¶ Nuchal crest - A bony ridge that runs laterally around the back of the skull centered on the 

external occipital protuberance 

¶ Opposable - Being capable of moving thumbs toward or touching other fingers on a hand  

¶ Phylogeny - Branching diagram or "evolutionary tree" showing the inferred evolutionary 

relationships among biological species based on morphological or molecular data 

¶ Quadrupedal - Form of terrestrial locomotion utilizing four limbs 

¶ Sagittal crest - ridge of bone running lengthwise along the midline of the top of the skull along 

the sagittal suture.  

¶ Sternum - A breastbone   

¶ Zygomatic arches - The cheek bones that extend from the side of the skull connecting the 

temporal and zygomatic bones 



Lesson Summary: In this lesson, students investigate different aspects of human evolution through a 

series of seven laboratory stations. Each station is specifically designed to allow students to investigate 

hominid evolution in an inquiry based manner, while providing questions to guide their critical thinking. 

These stations include investigating the genera Homo and Australopithecus, looking at pelvic 

morphology to compare bipeds to quadrupeds, and comparing brain capacity across multiple species. 

Lesson one introduces students to the human fossil record and shows the importance of using 

morphological characteristics when investigating phylogenetic relationships.  

Student Learning Objectives:  

¢ƘŜ ǎǘǳŘŜƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻΧ 

1. Define the scientific theory of biological evolution and describe how the fossil record supports it. 

2. Explain the basic trends in hominid evolution by identifying the changes in brain and jaw size. 

3. Explain how specific hominid fossils provide evidence for human evolution. 

4. Describe the validity of a scientific theory. 

5. Identify common misconceptions about human evolution. 

Standards: 

See table on page 11 

SC.912.L.15.1, SC.912.L.15.10, SC.912.L.15.11, SC.912.N.3.1 

Materials:  

¶ Skull casts of: Homo sapiens, H. habilis, H. neanderthalensis, H. erectus, Australopithecus 

africanus, and A.afarensis 

¶ Hip bones or hip bone casts of the hominids Australopithecus afarensis, Ardipithecus ramidus, 

ŀƴŘ ŀ ŎƘƛƳǇŀƴȊŜŜΩǎ ƘƛǇ ōƻƴŜ 

¶  scale skull casts of human, gorillas, chimpanzees, Australopithecus africanus, Australopithecus 

afarensis, Australopithecus boisei, Homo erectus, and Homo neanderthalensis 

¶ Three laminated pictures of a gorilla skeleton, a human skeleton, and an Ardipithecus skeleton  

¶ 7 copies of the Human Evolution Phylogeny  

¶ Station labels numbered 1 through 7  

¶ True/False cards 

¶ 4 bags of dry beans (at least 2,000 grams of beans) 

¶ Four 1000 ml measuring cup, beaker, flask, or cylinder to measure beans 

¶ 4 funnels for the beans 

¶ Round cushions for skulls casts 

¶ A timer 

¶ 1 post-it note per student  

 



Description Source Catalog number Price 

Cranium Set, Hominids 

(Skull casts of H. habilis, H. 
neanderthalensis, H. 
erectus, Australopithecus 
africanus, Australopithecus 
afarensis. and H. sapiens) 

Carolina Biological Supply 
Company  
http://www.carolina.com/  

281016 $617.50 

Set of 7 Primate skulls, Half 

Scale (human, gorillas, 
chimpanzees, 
Australopithecus africanus, 
Australopithecus afarensis, 
Australopithecus boisei, 
Homo erectus, and Homo 
neanderthalensis) 

Bone Clones, Inc.  
https://boneclones.com/  

KAM-SET-7 $498.00 

Ardipithecus ramidus Pelvis, 
Disarticulated  

Bone Clones, Inc.  
https://boneclones.com/ 

SC-039-PD $700.00 

Australopithecus afarensis, 
ά[ǳŎȅέΣ tŜƭƛǾǎΣ !ǊǘƛŎǳƭŀǘŜŘ 

Bone Clones, Inc.  
https://boneclones.com/ 

KO-036-PA $500.00 

Replica Human Pelvis 
(Female) 

Skulls Unlimited 
http://www.skullsunlimited.com/  

WSP-34:Replica $70.00 

Fetal Chimpanzee Humerus, 
Femur, Pelivs, Sacrum, and 
Coccyx 

Skulls Unlimited 
http://www.skullsunlimited.com/ 

WKO-205: Bone 
Clone 

$199.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.carolina.com/
https://boneclones.com/
https://boneclones.com/
https://boneclones.com/
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http://www.skullsunlimited.com/


Advanced Preparation: 

1. Create seven lab stations  

 

Station 1  Station number 1 label 
Human Evolution Phylogeny Image 
Skull cast for Homo neanderthalensis 
Skull cast for Homo habilis 
2 1000 mL beakers  
A container of beans 
2 funnels 

Station 2 Station number 2 label 
Human Evolution Phylogeny Image 
Skull cast of Homo erectus 
One modern human skull 
1 beaker of 1000 mL 
A container of beans 
1 funnel 

Station 3 Station number 3 label 
Human Evolution Phylogeny Image 
Modern human hip model 
Chimpanzee hip model 
Ardipithecus ramidus hip model 
Australopithecus afarensis hip model 

Station 4 Station number 4 label 
Human Evolution Phylogeny Image 
½ scale sized models of a human skull 
½ scale sized models of a gorilla skull 
½ scale sized models of a chimpanzee skull 

Station 5  Station number 5 label 
Human Evolution Phylogeny Image 
Skull cast of Australopithecus africanus 
Skull cast of Australopithecus afarensis  
1 1000 mL beaker 
A container of beans 
1 funnel 

Station 6 Station number 6 label 
Human Evolution Phylogeny Image 
½ scale sized models for Australopithecus boisei  
½ scale sized models for Australopithecus afarensis 
½ scale sized models for Homo erectus  
½ scale sized models for Homo neanderthalensis 

Station 7 Station number 7 label 
Human Evolution Phylogeny Image 
Laminated sheet of a gorilla skeleton 
Laminated sheet of a human skeleton 
Laminated sheet of Ardipithecus ramidus skeleton 



2. Copy of lab station directions for each student 

3. Create or preload the human evolution PowerPoint slides 

4. Provide each student desk with a True/False card 

 

Background information: 

When fossils are discovered by archaeologists, one of the first aspects of identification is 

through sight. When looking at the evolution of the homindae species we see very similar changes in the 

phenotypes as time progresses. One of the most obvious phenotypic changes happens to the cranium.  

¢ƘŜ ƎǊŜŀǘ ŀǇŜǎ ƛƴŎƭǳŘŜǎ ƘǳƳŀƴǎΣ ƎƻǊƛƭƭŀǎΣ ŀƴŘ ōƻƴƻōƻǎΦ DƻǊƛƭƭŀΩǎ ŀƴŘ ōƻƴƻōƻǎ ƘŀǾŜ ŀ ŘǊŀǎǘƛŎŀƭƭȅ 

ŘƛŦŦŜǊŜƴǘ ŦŀŎƛŀƭ ǎǘǊǳŎǘǳǊŜ ǘƘŀƴ ǘƘƻǎŜ ǿƛǘƘƛƴ ǘƘŜ ƘƻƳƛƴŘŀŜ ŦŀƳƛƭȅΦ Lƴ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘŜ ƎƻǊƛƭƭŀΩǎ ǎƪǳƭƭΣ 

one of the most noticeable structure is the projection of the facial region, this is known as prognathism. 

The mandible of the gorilla is the furthest forward feature of the skull. In an human skull, the mandible 

and facial region are equal to the height on the nasal bone. There is a slight projection from the chin, 

which is a feature that is unique to the homindae family. The prominence of a brow ridge is present in 

the gorilla, but is recessed in homo sapiens. This thick ridge of bone is important in the support of the 

large lower manible, muscles attach to top of this  When looking at the back of the skulls, we see that 

the nuchal area (where neck muscles attach to the skull for balance) occupy a much larger space on apes 

than they do on humans.  

The zygomatic arches or the cheek bones that extend from the side of the skull to connect the 

temporal and zygomatic bones are also more prominent in non-hominin Hominidae. Using the skulls and 

hips of hominins, scientists have tracked the development of bipedalism and the various changes the 

skull has gone through to become the modern. Across the different human ancestors starting with 

Ardipithecus ramidus to Australopithecus afarensis to Homo habilis to Home erectus to Homo 

neanderthalensis, and to Homo sapiens, ǘƘŜ ǎƪǳƭƭΩǎ Ƨŀǿ Ƙŀǎ ǎƭƻǿƭȅ receded from a protruding position 

and the brain cavity has grown with each new hominin. Scientists measure these in labs to show the 

evolution of the human ancestor.   

 



 
http://www.savalli.us/BIO201/Labs/06-Skeleton/LabImages/SkullSideLabel.jpg 

 

 
http://australianmuseum.net.au/uploads/images/9365/dsc_0008_big.jpg 

Brow ridges are bony ridges above the eye socket that all Hominids possess, and this bony ridge 

has receded over time throughout the evolutionary history of humans. Like bony ridges, all Hominids 

also have foramen magnums, which are holes at the base of the skull for the spine to enter through. 

Differences between hominins and Hominids become evident when comparing sagittal crests. These 

crests are a ridge of bone that runs lengthwise along the midline of the skull along the sagittal suture. In 

non-hominins this crest is very clear and present, just like the nuchal crest. The nuchal crest is the bony 

ridge that runs laterally around the back of the skull centered on the external occipital protuberance.  

The zygomatic arches or the cheek bones that extend from the side of the skull to connect the temporal 

and zygomatic bones are also more prominent in non-hominin Hominidae.  

http://www.savalli.us/BIO201/Labs/06-Skeleton/LabImages/SkullSideLabel.jpg
http://australianmuseum.net.au/uploads/images/9365/dsc_0008_big.jpg


Using the skulls and hips of hominins, scientists have tracked the development of bipedalism 

and the various changes the skull has gone through to become the modern. Across the different human 

ancestors starting with Ardipithecus ramidus to Australopithecus afarensis to Homo habilis to Home 

erectus to Homo neanderthalensis, and to Homo sapiens, ǘƘŜ ǎƪǳƭƭΩǎ Ƨŀǿ Ƙŀǎ ǎƭƻǿƭȅ ǊŜŎŜŘŜŘ ŦǊƻƳ ŀ 

protruding position and the brain cavity has grown with each new hominin. Scientists measure these in 

labs to show the evolution of the human ancestor.   

 

Vocabulary:  

¶ Amino Acids - The building blocks of proteins 

¶ Amino Acid Sequence - A particular order of amino acids within a specific protein 

¶ Base Pairs - Nitrogenous bases that pair up to connect the complementary strands of DNA  

¶ Bioinformatics - The use of computer programs and technology to manage biological 

information  

¶ Bipedalism - Form of terrestrial locomotion utilizing two rear limbs (legs)  

¶ Brow ridge - Bony ridge located above the eye sockets on a skull  

¶ Chromosome - tŀŎƪŀƎŜŘ ŀƴŘ ǘƘǊŜŀŘƭƛƪŜ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ŀƴ ƻǊƎŀƴƛǎƳΩǎ ƴǳŎƭŜŀǊ 5b! 

¶ Cladistics - Builds hierarchical classification based on observable shared and derived 

characteristics  

¶ DNA - Deoxyribonucleic acid is a molecule that carries the genetic instructions for the 

development and maintenance of all organisms     

¶ Evolution - Descent with modification or change over time 

¶ Foramen magnum - Hole at the base of the skull from which the spine exists  

¶ Gene sequences - The precise order of nucleotides within a DNA molecule 

¶ Hominid - Members of the Homindae family that include all apes, such as humans, 

chimpanzees, orangutans, and gorillas  

¶ Hominin - a term exclusively used as a subcategory of the Hominidae family that refers to 

humans and their ancestral relatives  

¶ Nuchal crest - A bony ridge that runs laterally around the back of the skull centered on the 

external occipital protuberance 

¶ Opposable - Being capable of moving thumb toward or touching other fingers on a hand  

¶ Phylogeny - Branching diagram or "evolutionary tree" showing the inferred evolutionary 

relationships among biological species based on morphological or molecular data 

¶ Prognathism ς Projection of a lower jaw forward, i.e. muzzle 

¶ Quadrupedal - Form of terrestrial locomotion utilizing four limbs 

¶ Sagittal crest - Ridge of bone running lengthwise along the midline of the top of the skull along 

the sagittal suture.  

¶ Sternum - A breastbone   

¶ Zygomatic arches - The cheek bones that extend from the side of the skull, connecting the 

temporal and zygomatic bones 



 

 

Procedure and Discussion Questions: 

1. (5 min, slide 2) Prompt the students to think about what organisms evolve, and have 

them put their thoughts on a post-it note. The post-it notes will be put on the board 

once they have finished brainstorming. Once all post it notes are on the board, go 

through the answers, and as a class make connection between the answers. Ask the 

students to explain the similarities and connections between their answers.   

What organisms evolve? (Answer: every organism evolves).  

 

2. (2 min, slide 4 ) Now using the True or False cards, students will answer with their 

cards by either showing the front side with true or the back side with false. Ask the 

following true or false question to address common misconceptions about human 

ŜǾƻƭǳǘƛƻƴΥ ά¢ǊǳŜ ƻǊ CŀƭǎŜΣ ƘǳƳŀƴǎ ŀǊŜ ǎǘƛƭƭ ŜǾƻƭǾƛƴƎΦέ όAnswer: True).  

ά¢ǊǳŜ ƻǊ CŀƭǎŜΣ ƘǳƳŀƴǎ ŜǾƻƭǾŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ŎƘƛƳǇŀƴȊŜŜǎΦέ όAnswer: False).  

ά¢ǊǳŜ ƻǊ CŀƭǎŜΣ ƘǳƳŀƴǎΩ Ƴƻǎǘ ǊŜŎŜƴǘ ŀƴŎŜǎǘƻǊ ǿŀǎ ŀƭƛǾŜ нллл ȅŜŀǊǎ ŀƎƻΦ άόAnswer: 

False) 

ά¢ǊǳŜ ƻǊ CŀƭǎŜΣ ǘƘŜ ƘǳƳŀƴ ƘŜŀŘ Ƙŀǎ ŀ ƭŀǊƎŜǊ ŎǊŀƴƛŀƭ ŎŀǇŀŎƛǘȅ ǘƘŀƴ ŀ ƎƻǊƛƭƭŀΦέ όAnswer: 

True). 

 

 Use this as an informal formative assessment to figure out what the students 

already kƴƻǿΦ Wǳǎǘ ǿŀǘŎƘ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǊŜǎǇƻƴǎŜǎΣ ōǳǘ ŘƻƴΩǘ ƎƛǾŜ ǘƘŜƳ ŀƴ ŀƴǎǿŜǊ 

until later. 

 

3. (6 min, slide 5 and 6)  Begin explaining to the students how to correctly read a 

cladogram. Highlight the common ancestors, and where new branches begin.  

Show how the cladogram can be drawn in different orientations, but is still read the 

same way. On slide 6 have the students explain what organisms would make up a 

clade, which derived trait lead them to be related?  

 

Using this information go back to the T/F questions on Explain that humans and 

chimpanzees evolved from a common ancestor. Remind students of the true or false 

question that asked how recent our last ancestor was around, and ask them to use 

the chart to figure out how many years ago our most recent ancestor existed and to 

raise their hand once they have an idea.  



4. (5 min, slide 8) Explain how to read the human evolution phylogeny chart. Show 

students that the bars next to the hominid skulls represent the length of time each 

hominid existed. The chart also shows ǎŎƛŜƴǘƛǎǘǎΩ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴǎ ƻŦ Ŧƻǎǎƛƭǎ ōȅ ǳǎƛƴƎ 

dotted lines and question marks. Emphasize that scientists do not know everything 

immediately; sometimes they have to speculate, drawing from the evidence they 

have. We are constantly finding new evidence to support human evolution. These 

discoveries do not rewrite human evolution; they instead fill holes in the already 

well developed working theory. That is what these dotted lines show on the 

diagram.  

5. (Slide 9) Ask students if they can think of any examples or evidence that leads them 

to believe that humans are still evolving. Remind them that scientists always have to 

back their ideas and hypothesis with facts and logic. After fielding a few examples, 

tell students about sickle cell disease. This disease serves as an example of human 

evolution. It is more common in geographic regions with high instances of malaria. 

The sickle cell trait makes it harder to contract the malaria disease and conveys a 

heterozygote advantage in the human population. Emphasize that this is not a 

perfect evolution because sickle cell disease causes other consequences, like blood 

clots in normal arteries and veins. If students are interested or more examples are 

needed, the wisdom teeth are another example of human evolution. The third 

molars (wisdom teeth) are thought to be an evolutionary remnant of the days when 

early humans had to eat coarse leaves, nuts, and roots.  

   

6.  (5 min, slide 10-17) Tell the students that today they will be familiarizing 

themselves with species closely related to Homo sapiens by using casts to provide 

evidence for the theory of evolution. Today they will be the scientists collecting 

evidence to demonstrate the evolution of the genus Homo. At this point divide the 

students up into groups and give each student a copy of the lab station directions (or 

student group/lab station with student notebooks). Students will have 10 minutes at 

each station to carry out the activity, make observations, and answer the guiding 

questions.  

7. (70 min, slide 18-20) Each group of students will start at one station, spend 10 

minutes at that station, and then be prompted to move to the next numerical 

station. Be sure to use the timer to remind the students when it is time to move to 

the next station. Give students a two minute warning before a station switch to 

remind them of where they should be.  

8. (20 min slide 21) Ask students to sit in seats again and have them answer the true or 

false questions again. Write on the board skull and hips with plenty of room to write 

underneath them. Ask the students for trends that they noticed in each of these 



anatomical regions (these will include an increase in cranial capacity, a receding 

brow ridge, a receding jaw, and a more upright pelvis). Write the trends on the 

board under the appropriate section. Then give each group 3 minutes to determine 

why our evolution could have favored a these anatomical trends.  

- What could have been the benefit of a receding brow ridge? Listen to each 

group, and make sure to push the students to explain their reasoning.  

- Could there have been any disadvantages to an increased brain/skull size (Yes, 

there could be. If the brain size or the skull size increased faster than the pelvis 

size or more specifically the birth canal then there could be birthing troubles.)  

 

Listen to their responses and ideas then clarify that skull sized is limited to what 

can go through the birthing canal.  

- Finally ask them for evidence that supports their belief that humans are still 

evolving by asking them to give examples of evolutionary trends they found in 

Homo. Give all the groups three to four minutes to synthesize a response, and 

then listen to the groups ideas. Record their findings on the board.  

After recording them all, ask the students to come up with what humans could 

look like 100,000 years in the future. Remind them to give realistic responses. For 

example it is very unlikely for us to develop wings between now and then, but 

maybe our eyesight will get sharper or our reflexes get better as our brain and 

ƴŜǊǾŜǎ ŜǾƻƭǾŜΦ [ƛǎǘŜƴ ǘƻ ŜŀŎƘ ƎǊƻǳǇΩǎ ŜȄŀƳples, and as a closing activity ask the 

students to draw what their human would look like with an accompanying 

paragraph describing it.  

Assessment Suggestions: 

¶ Students worksheets are checked for completion 

¶ On an upcoming assessment students can be asked: 

o In 4 to 5 sentences describe the evolutionary trend of the genus Homo. 

Á Have students highlight specific features of the skull and pelvis 

¶ Brow ridge 

¶ Sagittal Crest  

¶ Zygomatic Arch  

¶ Cranial Capacity 

o In 2 to 3 sentences use at least one piece of evidence that humans are still 

evolving.  

Resources:  



ω Lents, N. H., Cifuentes, O. E., & Carpi, A. (2010). Teaching the process of molecular phylogeny 

and systematics: a multi-part inquiry-based exercise. CBE-Life Sciences Education, 9(4), 513-523. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Teacher Pages:  

Lab Station Directions:  

Station 1: Cranial Capacity in the genus Homo Part 1 

At this station, the following casts are present: H. habilis and H. neanderthalensis. Both of these 

species are within the genus Homo, which is the same genus we are part of. Using the beans 

and measuring apparatus, determine which species has the largest brain capacity and which 

has the smallest.  

Directions for measuring brain capacity: 

1. Place skull upside-down on the cushion provided for you. This will aid in the stability 

and protection of the skull during this activity.  

2. Place the funnel inside of the foramen magnum (hole at the bottom on the skull where 

the spinal cord would be). 

3. Using your small cup, scoop out beans and begin funneling them into the skull.  

4. Make sure to move the beans around in the skull in order to ensure that all places 

inside the cranium are filled with beans.  

5. Once the skull is full, carefully dump the beans from the skull into a large beaker by 

simply turning the skull right side up into the glassware. Make sure to have a good grip 

on the skull as it can get heavy due to the added weight of the beans. 

6. Make sure all the beans are transferred from the skull into the beaker. This may take a 

bit of shaking of the skull.  

7. Measure the amount of beans you have in mL, and RECORD it on your worksheet. In 

the metric system, mL = cm3, which is a standard measurement for volume. Use cm3 to 

record skull volume. 

 

Station 2: Cranial Capacity in the genus Homo Part 2 

At this station, the following casts are present: H. erectus and H. sapiens (your species name). 

Both of these species are within the genus Homo, which is the same genus we are part of. Using 

the beans and measuring apparatus, determine which species has the largest brain capacity and 

which has the smallest.  

Directions for measuring brain capacity: 

1. Place skull upside-down on the cushion provided for you. This will aid in the stability 

and protection of the skull during this activity.  



2. Place the funnel inside of the foramen magnum (hole at the bottom on the skull where 

the spinal cord would be). 

3. Using your small cup, scoop out beans and begin funneling them into the skull.  

4. Make sure to move the beans around in the skull in order to ensure that all places 

inside the cranium are filled with beans.  

5. Once the skull is full, carefully dump the beans from the skull into a large beaker by 

simply turning the skull right side up into the glassware. Make sure to have a good grip 

on the skull as it can get heavy due to the added weight of the beans. 

6. Make sure all the beans are transferred from the skull into the beaker. This may take a 

bit of shaking of the skull.  

7. Measure the amount of beans you have in mL, and RECORD it on your worksheet. In 

the metric system, mL = cm3, which is a standard measurement for volume. Use cm3 to 

record skull volume. 

 

Station 3: Bipedalism  

At this station, you will be working with casts of hip bones of various species of hominids. 

Chimpanzees walk on all four limbs (quadrupedal) and have a very distinct hip morphology. 

Their hip bones are orientated along their backs and are very slender and narrow. Modern day 

humans have a drastically different hip morphology due to the fact that we walk on two legs 

(bipedal). Human hips are oriented beneath the body and are wider and with a άōƻǿƭέ shaped.  

 

Station 4: Apes and Humans 

At this station, small scale casts are present for modern day humans, gorillas and chimpanzees. 

The following picture can be used to help use the proper vocab when formulating your 

answers. 



 

Station 5: Cranial Capacity in the Australopithecines  
At this station are members of the genus Australopithecus. The following casts are present: A. 

africanus and A. afarensis. Using the beans and measuring apparatus, determine which species 

has the largest brain capacity and which has the smallest.  

Directions for measuring brain capacity: 

1. Place skull upside-down on the cushion provided for you. This will aid in the stability and 

protection of the skull during this activity.  

2. Place the funnel inside of the foramen magnum (hole at the bottom on the skull where 

the spinal cord would be). 

3. Using your small cup, scoop out beans and begin funneling them into the skull.  

4. Make sure to move the beans around in the skull in order to ensure that all places inside 

the cranium are filled with beans.  

5. Once the skull is full, carefully dump the beans from the skull into a large beaker by 

simply turning the skull right side up into the glassware. Make sure to have a good grip 

on the skull as it can get heavy due to the added weight of the beans. 

6. Make sure all the beans are transferred from the skull into the beaker. This may take a 

bit of shaking of the skull.  

7. Measure the amount of beans you have in mL, and RECORD it on your worksheet. In the 

metric system, mL = cm3, which is a standard measurement for volume. Use cm3 to 

record skull volume. 

 



Station 6: Investigating differences between Homo and Australopithecus  

At this station, small scale casts are present from two species within the genus Homo and two 

species within the genus Australopithecus. Without looking at their tags, what two do you 

think belong in each respective genus and why? Use the numbers in front of each species in 

order to discuss them on your worksheet. 

 

Station 7: Ardipithecus ramidus  

In the station are images of the skeletons of A. ramidus (Ardi), Gorilla gorilla (Gorilla), and 

Homo sapiens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Student Lab Station Worksheet 

Name:                                                                       .                                                     

 

Station 1: Cranial Capacity in the genus Homo Part 1 

 

H. habilis: ____________ 

H. neanderthalensis: ______________ 

 

Station 2: Cranial Capacity in the genus Homo Part 2 

 

H. erectus: ____________ 

 

Based on your results from Station 1 and the phylogeny given to you, what brain capacity would 

you expect modern day humans, H. sapiens, to have and why? (Only answer this question after 

you have also completed Station 1). 

 

 

 

 

Using the H. sapiens skull as your reference, what differences do you see between anatomically 

modern humans and the H. erectus?  

 

 

 

 



 

Station 3: Bipedalism  

Based on the descriptions at the station, circle the form of locomotion you think the species 

below had. Use their hip morphology as an indicator.  

Australopithecus afarensis 

Quadrupedal  Bipedal 

Please explain why you chose this answer below. 

 

 

 

Ardipithecus ramidus  

Quadrupedal  Bipedal 

Please explain why you chose this answer below. 

 

 

 

Using your phylogeny as a guide, what does this tell us about the appearance of bipedalism 

during the course of human evolution? 

 

 

 

 

 

 

 



Station 4: Apes and Humans 

List the physical similarities between gorillas and chimps. 

 

 

 

List the physical differences between the group of apes and humans. 

 

 

What similarities do you see in all three species? 

 

 

Based on all the characteristics listed above, fill in the provided phylogeny for the three species, 

denoting which two you think are more closely related to each other, with the exclusion of the 

third.  

 

 

 

 

What could the sagittal crests have been used for?  

 

Station 5: Cranial Capacity in the Australopithecines  

 

A. africanus: ______________ 

A. afarensis: ______________ 

 



What major similarities and differences do you see between these two species? 

 

 

 

 

Station 6: Investigating differences between Homo and Australopithecus  

Without looking at their tags, what two do you think belong in each respective genus and why? 

Use the numbers in front of each species in order to discuss them below. 

 

 

 

What are the major differences between the two groups? 

 

 

 

 

Using your phylogeny and the names of the species on their tags, order the species from the 

oldest to youngest. What features do you see change over the course of the millions of years 

between these species? 

 

 

 

 

 



Station 7: Ardipithecus ramidus: Use the triple Venn diagram to compare and contrast the 

species. 

 



Which species does Ardi appear to be more similar to? Remember, many of these fossils show a 

mosaic of traits that are particular to both species. This is important to keep in mind, as the 

ancestors of certain lineages will also have a mosaic of traits for the species they gave rise to.  

 

 

  

 

Student Lab Worksheet Answers: 

Station 1: Cranial Capacity in the genus Homo Part 1 

H. habilis: __smallest_____ (~620 cm3) 

H. erectus: __middle_____ (~880 cm3) 

H. neanderthalensis: _largest___ (~1400 cm3) 

Station 2: Cranial Capacity in the genus Homo Part 2 

Based on the phylogeny given to you, what brain capacity would you expect modern day 

humans, H. sapiens, to have and why? 

H. sapiens would be expected to have a larger brain capacity than any of the species mentioned 

above. This would be because one of the trends within human evolution is that later species 

have larger brains. 

Using the H. sapiens skull as your reference, what differences do you see between anatomically 

modern humans and the other three species in front of you?  

H. habilis has a broader gave, smaller brain case, and more robust features.  

H. erectus has a sagittal keel present, very prominent brow ridges and a more protruding facial 

region. 

H. neanderthalensis also has prominent brow ridges, but more gracile than H. erectus. The 

features of this skull are overall more gracile and has a more protruding facial region. 

 

 



Station 3: Bipedalism  

Based on the above descriptions, circle the form of locomotion you think the species below 

had. Use their hip morphology as an indicator.  

Australopithecus afarensis 

Quadrupedal  Bipedal 

 

Ardipithecus ramidus  

Quadrupedal  Bipedal 

 

What does this tell us about the appearance of bipedalism during the course of human 

evolution? 

Bipedalism appeared very early in human evolution. The ability to walk on two legs within our 

evolution history must have evolved over 4 million years ago. This differs from the time we see 

increased brain capacity in Homo, as the genus must have evolved just over 2 million years ago. 

²Ƙŀǘ ǿŜ ǎŜŜ ƘŜǊŜ ƛǎ ǘƘŀǘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƘŀǘ ƳŀƪŜ ǳǎ ǎǘǊƛŎǘƭȅ άƘǳƳŀƴέ ǿŜǊŜ ŀŎǉǳƛǊŜŘ ŀǘ 

different times over our evolutionary history.  

Station 4: Apes and Humans 

  

List the physical similarities between gorillas and chimps. 

Presence of sagittal crest. Robusticity of skull. Large canines. Strong brow ridges. Protruding 

lower face etc.  

List the physical differences between the group of apes and humans. 

Humans more gracile. Humans have smaller canines. They have a more gracile skull etc.   

What similarities do you see in all three species? 

Same number and types of teeth. Post orbital closure etc.  

 



Based on all the characteristics listed above, draw a small level phylogeny for the three species, 

denoting which two you think are more closely related to each other, with the exclusion of the 

third.  

Humans and chimps are more closely related to each other, with gorillas falling outside that 

clade. The students may say that chimps and gorillas are more closely related. We will further 

explore why morphological features may not always hold the key to phylogenetic relationships.  

Station 5: Cranial Capacity in the Australopithecines  

 

A. africanus: _____largest_ (~320 cm3)___ 

A. afarensis: ____smallest_(~250 cm3)____ 

 

What major similarities and differences do you see between these two species? 

Presence of brow ridges. Small brain cases. Protrusion of the lower face.  

 

Station 6: Investigating differences between Homo and Australopithecus  

What are the major differences between the two groups? 

The australopithecines have a smaller brain case than the members of the genus Homo. Their 

skulls are overall more robust and they have more protrusion of the lower face. The nuccal area 

of the australopithecines is also larger and more robust.  

Using your phylogeny and the names of the species on their tags, order the species from the 

oldest to youngest. What features do you see change over the course of the millions of years 

between these species? 

Getting more gracile from oldest to youngest. Larger brain case from oldest to youngest.  

Station 7: Ardipithecus ramidus  

In the station are images of the skeletons of A. ramidus (Ardi), Gorilla gorilla (Gorilla), and 

Homo sapiens.  

Provided for you is a triple Venn diagram for you to compare and contrast each species to each 

other.  



 

 

 

 

 

 

 

 

 

 

 

 

Which species does Ardi appear to be more similar to? Remember, many of these fossils show a 

mosaic of traits that are particular to both species. This is important to keep in mind, as the 

ancestors of certain lineages will also have a mosaic of traits for the species they gave rise to.  

Ardi is a bipedal ape. It shares many similarities between both species and clearly shows 

transitions from an ape like ancestor for chimps and humans to a more human like appearance. 

 

 

 

 

 

 

 

 



 

Human Evolution Phylogeny: 

 

 

 

 

 

 

 

 

 

 

 



Skeleton Pictures: 

 

https://encrypted -tbn3.gstatic.com/images?q=tbn:ANd9GcTHJ5xhn-

xyVKENtPdjjnFh1W5Qg8d7byyLk01x6oROC8KycD21  

 

 

 

https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTHJ5xhn-xyVKENtPdjjnFh1W5Qg8d7byyLk01x6oROC8KycD21
https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTHJ5xhn-xyVKENtPdjjnFh1W5Qg8d7byyLk01x6oROC8KycD21
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Lesson 2: Molecular Evidence 

Lesson 2 is adapted from Lents, N. H., Cifuentes, O. E., & Carpi, A. (2010). Teaching the process of 

molecular phylogeny and systematics: a multi-part inquiry-based exercise.CBE-Life Sciences 

Education, 9(4), 513-523.  

Open source manuscript available at http://www.lifescied.org/content/9/4/513.full 

Key Questions: How does molecular data serve as evidence for evolution? How do phylogenies 

help demonstrate recent common ancestry between organisms? How do multiple lines of 

evidence make for stronger scientific conclusions?  

Science Subject: Biology and Life Science  

Grade Level and Ability: 6th through 12th grade including, honors and AP classes 

Science Concepts: Evolution, Molecular Biology 

Overall Time Estimate:  

¶ Advance Preparation: 20 Minutes to organize molecular evidence for each of the three 

activities and laminating the activities for future use  

¶ Student Procedure: 95 minutes (15 to 20 minute introduction and about 20 minutes per 

activity)  

Learning Styles: Visual, auditory, and kinesthetic 

Vocabulary:  

¶ Amino Acids- The building blocks of proteins 

¶ Base Pairs- Nitrogenous bases that pair up to connect the complementary strands of 

DNA  

¶ Bioinformatics- Using computer programs and technology to manage biological 

information  

¶ Chromosome- Packaged and threadlike structure that contains an  ƻǊƎŀƴƛǎƳΩǎ nuclear 

DNA 

¶ DNA- Deoxyribonucleic acid is a molecule that carries the genetic instructions for the 

development and maintenance of all organisms     

¶ Deletion- When errors in DNA replication (or meiosis) cause the permanent loss one or 

more bases which can result in the loss of part of a chromosome 

¶ Duplication- When errors in DNA replication cause one or more base pairs of DNA to be 

repeated. 



¶ Enzymes- Protein molecules that catalyze chemical reactions  

¶ Euchromatin- Chromatin (DNA, RNA, and protein) that are only lightly packaged because 

of its role in active transcription  

¶ Gene sequence- The precise order of nucleotides within a DNA molecule 

¶ Heterochromatin-  A variety of chromatin that is tightly packaged preventing active 

transcription 

¶ Inversion- When part of a chromosome breaks loose and reassembles, but in the 

backwards orientation. 

¶ Meiosis- A type of cell division that causes a cell to divide twice from one cell into four 

cells that each contain half of the number of chromosomes of the original parent cell. 

This reduces the number of chromosome by half and produces gametes.  

¶ Protein Coding DNA Sequence- A particular order of nucleotides within a DNA molecule 

that code for a specific protein 

¶ Pseudogene- A nonfunctional evolutionary remnant of a gene in a species or group of 

related species 

¶ Transcription- The first step of gene expression that involves the creation of mRNA from 

DNA by RNA polymerase  

¶ Translocation- When part of one chromosome breaks loose, and is inadvertently joined 

to the end of a different chromosome. 

Lesson Summary:  

Lesson two introduces students to modern techniques in the investigation of phylogenetic relationships 

and also highlights the importance of using both the fossil record and DNA to draw conclusions 

regarding relatedness. Students compare stained chromosomes, amino acid sequences and base pair 

sequences for a variety of extant primates. They use critical thinking skills to construct small phylogenies 

and determine which primates are more closely related to humans. This lesson provides the students 

with a basis in using multiple lines of evidence to come to scientific conclusions.  

Student Learning Objectives:  

¢ƘŜ ǎǘǳŘŜƴǘǎ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻΧ 

1. Explain how molecular data is used as evidence to support the scientific theory of evolution. 

2. Create phylograms to demonstrate the evolutionary divergence of recent common ancestors.  

3. Consider multiple lines of evidence in order to create scientifically sound conclusions. 

4. Explain that a scientific theory, like evolution, is a conclusion built upon multiple lines of 

evidence.  

Standards: 

See table on page 11: 



SC.912.L.15.1, SC.912.L.15.2, SC.912.N.3.1, SC.912.N.1.3,  HS-LS4-1  

Materials:  

¶ Envelope containing printed chromosome, one per group 

¶ Laminated Amino acid sequences of all species, one per group 

¶ Laminated base pair sequences of all species, one per group 

¶ Copies of the Molecular Phylogenetics Activity, one per student 

¶ 1 fine-tip dry erase marker per group  

¶ True or false cards 

Advanced Preparation:  

1. Print and laminate chromosomes, amino acid sheet, and DNA base pair sheet for eight 

student groups.  

2. Cut chromosomes apart and place a chromosome pair for each species into one of eight 

envelopes so that each envelop contains the chromosomes for each of the species.  

3. Repeat for the amino acid sequences and DNA sequences.  

4. Print out copies of the Molecular Phylogenetics Activity for each student to make sure 

each student is accountable for their own work. Pull up the BLAST website on the 

computer display before students come in so the website can be explored as a class 

later.  

Background Information: 

Besides examining fossil evidence for human evolution, scientists also examine molecular 

evidence. Deoxyribonucleic acid or DNA is the molecule that carries all of the genetic instructions for the 

development and maintenance of an organism. The DNA is made up of millions of nitrogenous base 

pairs that connect the complementary strands of DNA. 

 



(http://www.stembook.org/sites/default/files/pubnode/9f82a6e695df6084e39d3197b7a575c2f

95316e9/The_chromatin_signature/Sha01.jpg) 

DNA, itself, is packaged into threadlike structures known as chromosomes that are considered 

heterochromatin if the chromosome is too tightly packaged for any active transcription or gene 

expression to occur. Chromosomes are considered Euchromatin when it becomes lightly packaged 

enough to allow different enzymes to transcribe the DNA. This transcription is the first step of gene 

expression, and it involves the creation of mRNA from DNA by RNA polymerase. In order to create a 

protein this RNA polymerase will read the protein coding DNA sequences to code for a specific protein. 

These mRNA will code for different amino acids, which are the building blocks of proteins.  

DNA or genes are passed on through reproduction, and sex cells that are used for the purpose of 

reproduction are created through meiosis. Scientists studying bioinformatics use computer programs to 

manage and analyze this biological information. They have found that chromosomes can experience 

mistakes when being recreated. Deletions occur when parts of the chromosome are lost during meiosis, 

while duplication occurs when parts of the chromosome are inadvertently repeated. Chromosomes can 

also be fixed incorrectly by the cell by gluing it back together in a backwards orientation known as an 

inversion or by gluing it at the end of a different chromosome, known as translocation.  

.ŜŎŀǳǎŜ 5b! ǎǘƻǊŜǎ ŀƭƭ ƻŦ ŀƴ ƻǊƎŀƴƛǎƳΩǎ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǇƭŀƴǎΣ ǎŎƛŜƴǘƛǎǘǎ ŀǊŜ ŀōƭŜ ǘƻ ŎƻƳǇŀǊŜ 

DNA between species to discover similarities. Even pseudogenes, nonfunctional remnant genes, are 

used to show the relationship between different species. Scientists compare base pairs, amino acids, 

and chromosomes to help create phylogenies, which are evolutionary trees showing the inferred 

evolutionary relationships among biological species based on molecular data. By comparing Hominidae 

molecular data, scientists have found the close ancestral link humans share with chimpanzees. Gorillas, 

orangutans, and macaques are also related to humans, but more closely related to each other than to 

humans and chimps.  

Procedure and Discussion Questions:  

¶ (5 min slide 23) Begin by handing out the true or false cards. Pose the following 

question to the students and assess their knowledge. ά 

True or false: The casts we examined yesterday demonstrated a common ancestry 

between us and our hominid ancestors. (Answer: True)  

True or false: the bones, which the casts are made from, look the way they do because 

of genes and DNA. (Answer: True)  

True or false: Molecular data, like DNA, can also show how organisms are related. 

(Answer: True) 

 True or false: Amino acids, the building blocks of proteins, can also show how 

organisms are related. (Answer: True) 

 True or False: Scientists only use one piece of evidence to reach a conclusion on a 



question (Answer: False).έ 

 5ƻƴΩǘ ŘƛǎŎǳǎǎ ǘƘŜ ŀƴǎǿŜǊǎ ǘƻ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ǎǘǳŘŜƴǘǎ ȅŜǘΦ CŜŜƭ ŦǊŜŜ ǘƻ 

comment on the varying responses received for certain questions, but be sure to 

reassure the students that they will discover the answers to all of these questions 

throughout the activity.  

¶ (8 to 10 min, slide 24) Ask the students if anyone remembered what cladistics were 

from yesterday. (A practice that builds hierarchical classification based on observable 

shared and derived characteristics). The students might not be able to give an exact 

definition, but help them along to define cladistics as a practice that focuses on 

classifying observable traits of an organism.  

After helping the students discover this definition pose them the following question: 

Could we group organisms based on unobservable traits? (Yes, we can with molecular 

evidence, and the practice is called phylogenetics). tƻƭƭ ŀ ŎƻǳǇƭŜ ƻŦ ǘƘŜ ǎǘǳŘŜƴǘǎΩ 

answers to give them a chance to respond, and then give the whole class an opportunity 

to respond. Have them give a thumbs up if they think we can group organisms based on 

observable traits and thumbs down ƛŦ ǘƘŜȅ ǘƘƛƴƪ ǿŜ ŎŀƴΩǘΦ ¢ƘŜƴ ǘŜƭƭ ǘƘŜ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǿŜ 

can in fact group organisms based of molecular data, like DNA. Gesture at the slide, and 

reminŘ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ǿƛǘƘ ǘƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎȅ ǎŎƛŜƴǘƛǎǘǎ Ŏŀƴ ƎŀǘƘŜǊ ƳƻƭŜŎǳƭŀǊ Řŀǘŀ ǘƘŀǘ 

past scientists did not have the opportunity to analyze. Scientists can compare 

chromosomes through chromosomal staining. By comparing chromosome bands 

scientists can look for similarities between the chromosomes of different organisms. 

Explain that the darker stained regions are A-T base pairs from DNA and that the lighter 

regions are the G-C base pairs. Scientists can also examine and compare amino acids 

between organisms, and they can compare the base pair sequences of DNA itself to gain 

a better understanding of how related certain organisms are to each other.   

¶  (3 min) Tell the students that today, like scientists, they will be examining real 

molecular data to look for similarities and differences. Be sure to study your evidence 

ŎƭƻǎŜƭȅΣ ƛǘΩƭƭ ǘŀƪŜ ŀ ǎƘŀǊǇ ŜȅŜ ǘƻ ŎŀǘŎƘ ŀƭƭ ǘƘŜ ŜǾƛŘŜƴŎŜΦ ¢ƘŜȅ ǿƛƭƭ ōŜ ǎǘŀǊǘƛƴƎ ōȅ ŜȄŀƳƛƴƛƴƎ 

chromosomes and ǘƘŜȅΩƭƭ ǿƻǊƪ ǘƘŜƛǊ ǿŀȅ Řƻǿƴ ǘƻ ƴƛǘrogenous base pairs at the end. 

Have them assemble in their groups from yesterday.  

¶ (7 mins) Before beginning activity 3, tell the students that besides examining base pair 

sequences and protein sequences, scientists also compare chromosomes to one 

another. Like we discussed earlier in the slide show, stained chromosomes can be 

compared because different base pair sequences stain differently. Compare your shirt 

or blouǎŜΩǎ ŎƻƭƻǊ ǘƻ ŀ ǎǘǳŘŜƴǘΩǎ ǎƘƛǊǘ ƻŦ ǘƘŜ ǎŀƳŜ ŎƻƭƻǊ. Ask the students if the student 

and you are wearing the same thing. (¢ƘŜȅΩƭƭ ǎŀȅ ƴƻύ !ǎƪ ǘƘŜƳ ƛŦ ǘƘŜȅΩǊŜ ǎǳǊŜ ōŜŎŀǳǎŜ 

the colors are the same (¢ƘŜȅΩƭƭ ǎŀȅ ƴƻ ŀƎŀƛƴ). Ask them why they are not wearing the 



same shirt if the colors are the same. (The shirts need to match on all things to be 

considered homologous or the same. Matching the color alone does not make them the 

same.) Congratulate the students on their reasoning, and tell them scientists think 

about that as well when comparing chromosomes. One tiny part of the arm cannot be 

the only thing to match for the chromosome pairs to be considered almost homologous. 

A significant portion of the chromosomes need to share similarities in order for them to 

be labeled homologous.  

¶ (1 mins) Have a student pass out the third activity.  

¶ (30 mins) Students complete activity 3. 

o This activity is probably the most difficult of the threeΣ ŀƴŘ ƛǘΩǎ ƳƻǊŜ ƭƛƪŜƭȅ ǘƘŀǘ 

they will have a hard time making the big separations. Help students see the 

changes as a gradual transition from one to the other. 

o When searching for the homologous chromosomes (shared by all four), there 

will be a common tendency to match up and then stick with regions of only 

partial homology. You will have to constantly remind students that for 

chromosomes to be considered true homologues, they must share significant 

homology throughout the length of the chromosome, and for this exercise, we 

are only interested in homologues shared by all four species. 

o Once the students have found the three homologous chromosomes shared by all 

four species, they can proceed with the attempt to dissect the ancestry of the 

four species. This will not be a trivial task for them ς remind them to consider 

the entire length of the chromosomes. But if they take each chromosome set 

one at a time, they point to the same relationship: #1 and #4 are considerably 

closer to each other than either is to #2 and #3. 

¶ (7 min) Have students return to their seats, and have students examine their 

phylograms from the previous activities. Once everyone is seated, break the code for 

the students by revealing what species name each of the species numbers stood for. Ask 

the student to write underneath each of their numbered phylograms the actual name 

the species number represents. Have students make a prediction about if further 

molecular data will support their conclusion or if there is a chance that it could change. 

(Students could vote either way!) It is important to remind students that either way, it is 

always a better idea to gather more evidence to support your conclusion.   

¶ (5 mins) Before beginning activity 2, ask the students if there is a difference between 

5b! ŀƴŘ ǇǊƻǘŜƛƴΦ ό¸Ŝǎ ǘƘŜǊŜ ƛǎΦ 5b! ŎƻŘŜ ǎǘƻǊŜǎ ǘƘŜ ōƻŘȅΩǎ ƎŜƴŜǎ ǿƘƛƭŜ ǇǊƻǘŜƛƴǎ ŀǊŜ ŀ 

product of those genes.) Pass out activity 2 to each student. Have a student help pass it 

out to each student.  

¶ (20 mins) Students complete activity two. 



o Once again, the goal is to get them to see how certain pairs are closer than other 

pairs. Counting up all the individual differences will be very laborious (but still 

get them to the right answer). This one is a bit harder for them to see, but let 

them search for it for a while. 

o Again, the trick to make it easier is to ignore all of the cases where there is a 

change only in ONE species, since it likely occurred after it diverged from all the 

others. The trick is to look for patterns, which is much faster than detailed 

numerical calculations. Where are differences that are shared in some organisms 

and not others?  

o Where to put #3? There are three instances where #3 is similar to #1-#2 and only 

two instances where #3 is similar to #4-#5, so there is slightly more evidence that 

#3 is more closely related to #1-#2 than with #4-#5. However, students will likely 

be divided on the issue. This is totally okay ς do not try to correct this ς the 

students can debate this!  

¶ (5 mins) Have students examine the tree they drew. Break the code for the students by 

revealing what species name each of the species numbers stood for. Ask the student to 

write underneath each of their numbered phylograms the actual name the species 

number represents. Ask the students if their newfound data has corroborated their 

previous data? Does it match? Are they creating multiple sources of evidence? (Yes) Tell 

ǘƘŜ ǎǘǳŘŜƴǘǎ ǘƘŀǘ ƴŜȄǘ ǿŜΩƭƭ ōŜ ŜȄŀƳƛƴƛƴƎ ōŀǎŜ ǇŀƛǊǎΣ ŀƴŘ ŀǎƪ ǘƘŜ ǎǘǳŘŜƴǘs to predict 

again if the next task will further support or refute their gathered evidence.   

¶ (10 min) Before letting them begin activity #1 introduce it with a small discussion on 

pseudogenes. Write pseudogenes on the board and underline the different parts of the 

word (pseudo and gene). Ask the students what they think the word means. (A 

nonfunctional evolutionary remnant of a gene in a species or group of related species). 

If they have trouble, ask them to examine the different parts of the word, and tell them 

that pseudo means not real. Once they are able to define the term, ask the students 

how a gene could become broken (through random mutations). The genes could 

ōŜŎƻƳŜ άōǊƻƪŜƴέ through random mistakes ǘƘŀǘ ƘŀǇǇŜƴ ǿƘŜƴ ǘƘŜ ōƻŘȅΩǎ 5b! ƛǎ 

copied, and these mistakes are known as mutations. How could pseudogenes tell us 

about our human ancestry though? Well, ƭŜǘΩǎ ŜȄŀƳƛƴŜ ŀƴ ŜȄŀƳǇƭŜ. The GULO gene is 

needed for the synthesis of Vitamin C, which is important to life, why would natural 

selection have eliminated a need for this gene in humans? (If the mutation occurred in 

an individual or population that already had an abundance of citrus fruit in their diet, 

like in Africa ƻǊ ƻǘƘŜǊ ǘǊƻǇƛŎŀƭ ǊŜƎƛƻƴǎΣ ǘƘŜǊŜ ǿƻǳƭŘ ōŜ ƴƻ ǊŜŀƭ ŀŘǾŀƴǘŀƎŜ ŦƻǊ ǘƘŜ άǾƛǘŀƳƛƴ 

/ ƎŜƴŜΦέ) After polling for a few answers, remind the students that by studying 

pseudogenes scientists learned that our human ancestors must have had an abundance 



of citrus or Vitamin C in their diet for a long period of time for this gene to fall out of 

use.  

¶  (20 mins) Students complete activity number one.  

o A way to simplify this activity: tell students to ignore all mutations that exist in 

just one species because this occurred after it diverged from the others and are 

not helpful for retracing shared ancestry with other species. This is an 

ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ŘƛǎŎǳǎǎ ǘƘŜ άƳƻƭŜŎǳƭŀǊ ŎƭƻŎƪΤέ ǘƘŜ ƴǳƳōŜǊ ƻŦ Ƴǳǘŀǘƛƻƴǎ ōŜƛƴƎ 

useful for determining the time that has passed since the divergence of two 

species. 

¶ (5 mins) Have students examine the tree they drew. Ask the students if they were able 

to determine some relatedness even with such a short stretch of DNA. After polling 

students tell them that scientists normally analyze millions of these base pairs to 

determine common ancestry. Then break the code for the students by revealing what 

species name each of the species numbers stood for. Ask the student to write 

underneath each of their numbered phylograms the actual name the species number 

represents. Ask the students if their newfound data has corroborated their previous 

data? Does it match? Does all of their evidence point to a similar conclusion? Does 

having multiple pieces of evidence make for a better conclusion? (Yes! If different pieces 

of evidence are all reinforcing the same point in their own way, then the conclusion is 

more likely to be true.)  

¶  (5 mins) Once the students have done this remind them that some scientists study 

anatomical features to create cladograms based of observational characteristics, while 

other scientists work with DNA sequences to build phylograms. Ask the class if they 

think one way is more right than the other. Try to lead students to the answer that both 

ways are valid and just different approaches to the same problem. These scientists are 

creating multiple lines of evidence (Slide 13) to create a more scientifically sound 

conclusion. By proving things are related through cladograms and phylograms we are 

supporting a conclusion in two separate ways, making it more believable. Sometimes 

scientists will not have matching results when pursuing multiple lines of evidence, and 

ǘƘŀǘΩǎ ƻƪŀȅ ōŜŎŀǳǎŜ ƛǘ ŜƴŎƻǳǊŀƎŜǎ ǘƘŜƳ ǘƻ ǘŜǎǘ ŀƎŀƛƴ ŀƴŘ ǘǊȅ ŘƛŦŦŜǊŜƴǘ ƳŜŀƴǎ ƻŦ 

researching something.  

¶ (6 mins) Take a moment to discuss that in exercise two the molecular evidence made it 

hard to figure out where to place the gorilla. Ask students to raise their hands if they 

placed the gorilla with the human and chimp and then ask them to raise their hands if 

they placed the gorilla with the orangutan and the macaque. Tell them this is scientific 

controversy, and it happens! In situations like this where scientists are unsure they 

would gather more data. Luckily they already have, so they can reexamine their other 

data. Based off the evidence in activity 3 we can more safely conclude, thanks to 



multiple lines of evidence, that the gorilla is more closely related to orangutans and 

macaques.  

¶ (5 mins) Remind students that they have been using actual molecular data for all of 

these activities, nothing was fabricated, so they examined real DNA information just like 

professional scientists. In actuality scientists studying molecular information use tens of 

thousands of DNA base-pairs to conduct their research. It can take years to reach a 

conclusion, but the more data scientists examine the more likely they are of getting it 

right. Ask the students if they think newer technology has the power of changing the 

way some phylograms look. (They do! As new technology comes out, allowing us to 

examine DNA in new ways, scientists might discover ancestral relationships we have not 

considered before or they could paint a clearer picture of already established ancestral 

links.) Go ahead and show students the final slide which contains the phylogenetic tree 

from page 27 from the Lents article. This tree encompasses all the data the students 

have seen today, and like them scientists have used multiple lines of evidence to 

construct this family tree.  

¶ (7 mins) As a post-assessment use the true or false cards to reexamine the questions 

ǎǘŀǘŜŘ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ƭŜǎǎƻƴΦ ά¢ǊǳŜ ƻǊ ŦŀƭǎŜΥ ¢ƘŜ Ŏŀǎǘǎ ǿŜ ŜȄŀƳƛƴŜŘ ȅŜǎǘŜǊŘŀȅ 

demonstrated a common ancestry between us and our hominid ancestors. (True, this 

time talk about how the students used multiple lines of evidence yesterday to prove this 

very fact) True or false: the bones, the casts are made from, look the way they do 

ōŜŎŀǳǎŜ ƻŦ ƎŜƴŜǎ ŀƴŘ 5b!Φ ό¢ǊǳŜΣ 5b! ŎŀǊǊƛŜǎ ƻǳǊ ōƻŘƛŜǎΩ ƎŜƴŜǎ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ŦƻǊ ƻǳǊ 

development and maintenance) True or false: Molecular data, like DNA, can also show 

how organisms are related. (True, the students showed that they can organize species 

according to their DNA in three separate activities) True or false: Amino acids, the 

building blocks of proteins, can also show how organisms are related. (True, the 

students physically did this in activity number 2) True or False: Scientists only use one 

piece of evidence to reach a certain conclusion on a question (False, scientists use 

multiple lines of evidence to reach a conclusion, just like the students did today).έ 

Assessment: 

¶ As a warm up activity the next day, have students respond to the following 

paragraph prompt: In 4 to 5 sentences discuss one piece of evidence that supports 

the scientific theory of evolution 

¶ Check the phylograms the students created during the activity for understanding. 

Any student whose phylogram is wrong can be asked to correct it with help. 

¶ During their next exam give them a scientific article in which scientists demonstrate 

using multiple lines of evidence to support their argument. The task for the students 

will be to identify the different pieces of evidence that the scientist is utilizing. 



Resources: 

¶ Lents, N. H., Cifuentes, O. E., & Carpi, A. (2010). Teaching the process of molecular 

phylogeny and systematics: a multi-part inquiry-based exercise.CBE-Life Sciences 

Education, 9(4), 513-523. 

¶ Yunis, J. J., & Prakash, O. (1982). The origin of man: A chromosomal pictorial 

legacy. Science, 215, 1525-1530. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Teacher Pages:  

Molecular Phylogenetic Activity Sheets 

 

 

 

 

 

 

 

 

 

 









 

 

 

 

 



 



 









 

 









 

 



 

 


