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Foreword

The idea of a hands-on, inquiry-based lab on hominin evolution was born out of a 2004
"discovery" made by Chris Bayer at the National Museum of Kenya in Nairobi, where a visitor
was welcomed to inspect and prod an array of fossil replicas, native originals which were
unearthed from the East African soil. "Why should one have to come all the way to Nairobi to
come face-to-face with humanity's forefathers and mothers?" he wondered.

With early guidance from Tulane anthropology professor Dr. Trenton Holliday, the 'Be a
Paleoanthropologist for a Day' lab began to take conceptual shape in 2011. A serendipitous
meeting at a New Orleans bike shop between recent Tulane graduate Michael Luberda and
then grad student Chris Bayer led to a dialectic that is now AncientAncestors, a project which
seeks to bridge cutting-edge Paleoanthropogy with high school biology instruction. Together
we developed this curriculum, fine-tuning the nuances of pedagogy and subject.

After assembling the main components of this lab i the eleven skulls, protractors, calipers, and
this curriculum 1 we delivered the lab free of charge to interested teachers in the greater New
Orleans area. Throughout the 2013-2014 school year, Michael Luberda administered the

lab as a guest lecturer to 8 different schools, reaching over 300 students. Post-lab survey data
and exit interviews with the teachers allowed us to hone our curriculum to what it is today,
encouraging also biology teachers to administer this lab.

We believe in this tactile, hands-on approach for students to use to answer tough questions

concerning our distant past. In fact, this curriculum places your students in the driver seat of
discovery. Initial observations substantiate our belief that when young minds are enabled to

discover facts, and provided the tools to measure and interpret the data, they are effectively

empowered to themselves draw scientifically accurate conclusions.

At first, students gain an appreciation for the morphological diversity of our hominin ancestors,
and by the conclusion of this lab they are able to empirically grasp the major adaptations that
became hallmarks of human evolution.

The question 'Where do we come from?' is timeless. Today, the field of Paleoanthropology
provides more answers than ever before, which, through an engaging lab, can be conveyed in
your classroom.

Wedd | i ke to thank our experts in the fi addd,

Larry Flammer for their input and support.
With this lab, dear instructor, you are offering your students a stellar learning opportunity!

- Michael Luberda and Chris Bayer
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|. Course Specs

Objectives: The objective of this lab-based courseistoen hance the biol ogy st
understanding of the discipline of paleoanthropology i i.e. the multidisciplinary study of human
evolution i deepen his/her knowledge about the hominid fossil record, and awaken an interest

in the subject of human origins.

Purpose: Granting high school students hands-on exposure to anthropological facts i in the

form of cranium replicas of our early biological ancestors and relatives i has a profound effect

on their understanding of evolution and the prehistory of humankind. Having in many cases

survived for millions of years until they were found, hominin skulls provide irrefutable evidence

for human evolution. Through lab-based analysis, high school biology students are challenged

to become the paleoanthropologists and discover facts about human evolution from guided
observations and measurements of skull replicas. In doing so, this course will help the student
answer t he Wheredswacomesrom?® awhdt méthods are applied to generate
knowledge about human evolution? @ his learning experience on the essential subject of

human evolutionwi | | pl ace the young mi ndyandknotwladge. dr i ver

Timeframe: The course may be completed between 2 and 5 hours of lab time, depending on
thet e a c himea parameters.

Learning format: This course emphasizes scientific inquiry in the lab setting. While the
subject will be briefly introduced through a mini lecture, the principal pedagogical method
employed by the workshop is inquiry-based learning i data collection, interpretation and
discussion. This course thus moves away from the lecture-and-demonstration model and
textbook-based treatments of the subject. Through hands-on analyses of replicas of hominin
crania and participative discussion to interpret the findings, students' inductive reasoning skills
are tested and rewarded, enabling first-hand learning.

Prerequisite Knowledge: Students should have a prior knowledge with regard to: (1) the
concept of ratio, (2) concept of index, (3) taxonomical groupings (genus, species), and (4)
evolutionary principles (common ancestry, descent with modification, survival of the best
adapted, natural selection). No prerequisite knowledge of paleoanthropology is needed.
Pertinent terms will be taught and no prior knowledge on the subject is presumed.

Learning Objectives:
A. Knowledge
Clearly articulated knowledge that the student will be able to acquire from this lab-based
course are the following:
1 Paleoanthropology is the multidisciplinary study of human evolution.
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A fossilized skull of a hominin is harder to find than a diamond.

A skull replica is a copy of the original fossilized skull.

The origins of principal hominin fossil finds and the importance of Africa.

Foramen magnum progressively moves to the center of the cranium as hominins

increasingly walk upright.

1 The variation/increase of cranial capacity and the emergence of a pronounced frontal
lobe over time is correlated with the flowering of intelligence.

1 The face becomes generally less prognathic (orthognathic) over time i linked to the
improved diet (less fibrous food) consumed by hominins.

1 The chronology of the three milestones of hominin evolution i in terms of dramatic
change over time 1 are bipedalism, orthognathism, and encephalization.

1 The smart, social, versatile, bipedal human is the sole surviving hominin species.

= =4 —a A

B. Skills
Students will have the opportunity to hone the following skills:
1 conduct angle and length measurements with specialized tools;
1 analyze a complex dataset and apply inductive reasoning to come to conclusions.

Materials: 11 hominin skull replicas (as listed in Handout #2), a selection which comprises
some of the best-preserved examples of hominin species, 11 protractors (custom, bevel angle
gauge) and 11 calipers (long jaw) and a few handouts are employed.

Target Audience: This short course has been tailored for high school biology students.

Procedures:
1. Place a caliper and a protractor at each station (11);
Divide into groups and assign station;
Introduce paleoanthropology and the skull replicas and provide Handouts #1 1 #5 to students;
Demo measurement with Homo sapiens;
Students measure skull replicas, record the measurement data, and perform the calculations on
the worksheet. Each student is to participate fully by undertaking a specific task at the station;
6. Students are to rotate until they have visited each station or until the time limit has been
reached;
7. Upon completing the assigned measurements, students share data and analyze trends;
8. Discuss findings as a class and conclude by revealing the hominin phylogenetic tree (pass out
Handout #6).

abkowbd

Quiz: To discern to what extent the students retained and appreciated the delivered content,
at the discretion of the biology teacher a short quiz may be administered to the students. Quiz
guestions relate to the learning objectives, focusing on the concepts presented in the short
course as well as gauge the broader effect this human origins course had on the individual
student.
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ll. Course Contents

A. Brief introductory lecture

Learning objectives

Students will be able to answer the following questions:

T

= =4 =4

What is the field of paleoanthropology?

What is a skull replica?

What are fossils and how did they come into being?

What is the distinction between a hominin and a hominid?

What is the significance of skull locations and the Great Rift Valley?

(@]
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Paleoanthropology: The multidisciplinary study of human origins, of which the two main
branches are human paleontology and paleolithic archaeology.

Humans, chimpanzees, and the other great apes are hominids. Hominins are
hominids that belong to the taxonomic tribe Hominini that are probable ancestors to
humans. Homo sapiens is the only surviving hominin species, while extant great apes
are present day examples of other hominid lineages.

Figure 1 below is a helpful resource for showing the difference between Hominid and
Hominin, but also is helpful for noting the shared common ancestors. 13-15 million
years ago, we have the origin of all great apes, and 5-7 million years ago the split
between chimpanzees and humans occurs. These findings are based on genetic data,
not archaeology data.

Fossilization processes proceed differently for different kinds of tissues and under
different kinds of conditions. The most common process is permineralization or
petrification, in which rock-like minerals seep in slowly and replace the original organic
tissues with silica, calcite or pyrite, forming a rock-like fossil i it can preserve hard and
soft parts, and discoloration is a result of specific minerals in the soil.

A fossilized skull of a hominin is harder to find than a diamond: simply put, the
environmental conditions under which fossilization takes place are quite rare i and it is
highly unlikely that any given organism will leave behind a fossil.

Paleoanthropology fieldwork is hard work i it often takes place in unforgiving terrain
where you are exposed to the elements.
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Figure 1: Hominid cladogram
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0 Paleoanthropologists look in certain geographical strata, caves, gorges, quarries, and
on the ground. Early discoveries relied on chance encounters at well preserved areas,
while modern technology and satellite imagery expedite the survey process.

3 Richard Leakeybds lucky walk
y  One hot day in mid-1969 near Koobi Fora, not far from the Kenya-
Ethiopian boarder, Richard pretended to feel unwell, and then had a good
excuse to head back to the camels for a cool drink. As they returned,
Richard spotted an Australopitecus skull gazing at him in the sand. It
turned out to be an Australopithecus boisei, almost perfectly intact, save
for the teeth.!
3 Use of satellite imagery to locate promising exposed strata / promising terrain
with Geographic Information Systems (GIS):
y  In 2008 paleoanthropologist Lee Berger and his then nine-year-old son,
Matthew, were scouting for fossils in an area Berger had identified as
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promising through Google Earth. Matthew stumbled upon a fossilized
bone which led to the Australopithecus sediba find in South Africa.

Skull finds are the real thing! One @i f iTmMidPd | t d o ivwas exposed as forgery in

1953, consisting of a human skull and orangutan jaw.?

O«

A skull replica is a copy of the original skull: skull replicas are made either through:

3 careful casting techniques in which a mold is made from the original skull, and
then a cast is made from the mold, or
3 utilizing 3D printing technology (3D computer model & a printer).

This is the end of the introductory lecture. Following this phase is the lab demo where students
will learn to accurately measure the crania. Lab group sizes are flexible to class size, but
certain measurements are best conducted with one or two partners. Briefly review the hominin
species, discoverer/anthropologist, year of discovery as well as the location of the skull finds
using Handout #2. Below are a few intriguing anecdotes related to some species that can be
mentioned as skulls are being announced and distributed to groups. Also mentioned in each
classification are notable skull finds not included in this lab analysis at the high school level.

Ancient Genus

Species Nickname Unique Description

Ardipithecus AArdi o Particularly small, with pronounced canine teeth and opposable big
ramidus toes.

Sahelanthropus |7 T ¢ h a d 0| A very recent find (2001), small football shaped cranium, large
tchadensis brow ridge, pronounced canine(s), small face.

Notable mentions: Kenyanthropus platyops, Orrorin tugensis

Australopithicus

Australopithecus |fi Bl a c k Robust, very prognathic, or protruding face, note the sagittal crest

aethiopicus (food for thought to students: How would this adaptation be
advantageous?). Discovered in 1985 by Dr. Alan Walker near Lake
Turkana in Kenya.

Australopithecus |fi L ucy 0 | A majorfind with a relatively intact skeleton, this small female,

afarensis expanded interest and awareness of Paleoanthropology.

Australopithecus | /AT r i ¢ a n Early known species first discovered in South Africa in the 1940s,

africanus prognathic face.

Australopithecus
boisei

ANutcr a
Mano

Very robust jaw, huge flat molars, prognathic face and pronounced
sagittal crest. Found by Mary Leakey, affectionately referred to as
60l e Boisbdé, originally .given t

Notable mentions: Australopithecus robustus, Australopithecus sediba
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Homo

Homo erectus fErectus

Traveled all over the world (with the exception of the Americas)
with upright posture, first discovered in China in the early 1900s.

Homo habilis AT he Haj Ourfirst tool maker, basic chip stone tools.
Man o
Homo AHei d @&l | Human-like Homo, sloping forehead, wide brain base, crack in
heidelbergesis skull i possible spear to the head.
Homo i Ne an dda | Our closest cousin, dies out 30,000 years ago (the only date

neanderthalensis | (pr: ..derTaal)

mentioned up-front, the rest must be deduced by lab until the very
end), a very effective tool maker of Europe and Western Asia,
known to bury dead and make art, language capabilities.

Homo sapiens Humans

Us! This skull should be dispersed during the lab phase, but will be
used by instructor for the demo.

Notable mentions: Homo rudolfensis, Homo floresiensis, Homo naledi
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Figure 2: Map of featured fossil finds
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The cluster of the sites in East Africa is known as the Great Rift Valley, where much of hominin evolution occurred.

This work is licensed under the Creative Commons Attribution-NonCommercial 4.0 International License.
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B. Measurement demo

Learning objectives

Students will be able to answer the following questions:
1 What are the 3 important milestones of human evolution?
1 How do you identify the cranium, nasion, maxilla, and foramen magnum?
1 How do you correctly use measurement tools to conduct measurements?

1 There are number of milestones in hominin evolution, 3 very important ones are:
0 bipedalism 1 walking on two legs
o orthognathism 1 a less protruding jaw resulting in a more vertical face
0 encephalization i an increasing cranial capacity

Using Homo sapiens as the demo skull, students are introduced to the morphological feature,
then shown how to conduct the measurements featured in each of the 3 modules (which will
be further explained in successive sections as well as the video resources available online).
They will conduct their first skull measurement alongside the demo, and any measurement
guestions will be answered at thistime. Th e 06 An al y z mdy begpasedstd the stadents
during the lab demo to keep them focused on the purpose, but the discussion will go deeper
into these concepts.

C. Open lab

Learning objectives

Students will be able to answer the following questions:
1 How does one measure and calculate the size of the cranium, maxillary angle, and the
position of the foramen magnum?
1 How does one analyze and interpret the data?

The open lab consists of 3 modules. Students have a few minutes at each station to
measure, record in their data sheet (shown below), calculate and analyze, until
switching to the next skull. Student measurements will vary, below are the expert
measurements.

11
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Measurements Bipedalism Prognathism Qranial Capacity (CC)

with answers Opisthocranion Opisthocranion | Opisthion | Maxillary Height | Width | Length | CQ(cn?)

Name opisthion distance| orale distance | index angle(°) (H) (W) (8 (LXWxH}
(cm) (A (cm) (B) (A/B)x100 5236

Ardipithecus 3.4 14.5 23 33 7.5 8.7 10.3 352

ramidus

Australopithecus 4.5 21.6 21 20 6.9 10.4 13.7 514

aethiopicus

Australopithecus 3.2 16 20 37 8.5 9.4 12.6 527

afarensis

Australopithecus 3 16.8 18 30 9.4 8.8 12.5 541

africanus

Australopithecus 4 19.8 20 35 9 11.3 15 799

boisei

Homo 5.2 20 23 51 10.5] 13.2 17.4 1263

erectus

Homo 3.3 15.4 24 44 10 10.2 12.8 683

habilis

Homo 4.8 19.5 23 44 11 13.2 16 1216

heidelbergensis

Homo 5.8 22.2 23 48 14 145 17.8 1892

neanderthalensis

Homo 5.5 18.6 30 54 145 14 16.9 1796

sapiens

Sahelanthropus 2.5 17.2 15 46 8.2 8.8 12.7 480

tchadensis

12
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Figure 3:

Measurement 1: Foramen Magnum

Introduction: Bipedalism is a unique trait to hominins and clearly sets us
apart from other modern-day mammals. It is certain that early hominins
were walking as evidenced at the Laetoli site, a well-preserved series of
footprints covered in volcanic ash
(see Figure 3 to the right).3

To compare skulls, scientists use measurements of certain features to
calculate indexes. An index is a ratio of one measurement to another. In this
case, we will be measuring the distance from the foramen magnum to the
opisthiocranion, then compare it to the total skull length. Students will see the trend of the foramen
magnum centering on the skull T a clear adaptation for bipedalism. Figure 4 below shows how two
guadrupeds (dog & chimp) compare to the human concerning spinal entrance to the cranium.

Figure 4: Spine and foramen magnum position
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The index for measuring hominin skullsé b i p i Bnawniad tlye opisthion index. The opisthion
is the rear most point of the foramen magnum. This index indicates the distance of the foramen
magnum from the rearmost point of the cranium relative to the total length of the cranium.

An opisthion index value greater than 15 means that the foramen magnum is situated close to the
center of the cranium. This position is found in species that stand upright and demonstrates
bipedalism. An opisthion index less than 15 means the foramen magnum is situated more in the
rear of the cranium. This position is found in species that walk on their knuckles or on all four
legs®.

Opisthion

Foramen
Magnum

Orale

Guiding question: How does one determine whether a species was bipedal?

A. Measure: To determine the opisthion index, follow the steps below and record
the value in Handout #3.
1 Position the skull so the underside is facing up and the upper jaw line is parallel to the lab
desk
1 Using the caliper, measure the distance from the opisthocranion to the opisthion, as shown
at top right. Record the opisthocranion-opisthion distance in Handout #3.
1 Measure from the opisthocranion to the orale, as shown at bottom right. Record the
opisthocranion-orale distance in Handout #3.
f To calculate the opisthion index, divide your first measurement by your second
measurement. Multiply this number by 100. The answer should be between 0 and 50.
(A /B) x 100 = opisthion index

14
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B. Potential Measurement Issues:

Issue: Solution:

Foramen Magnum

1. | Skull is too small for the long-jaw caliper. | Use the ruler attached to the protractor arm.
2. | Angled skull. Situate skull such that teeth (upper jaw) are
parallel to table.

3. | Lower jaw is in the way of measurement. | Remove mandible from cranium.

4. | Back face of cranium is angled / the Situate ruler such that it is parallel to the table
Opisthocranion is lower than the measuring the distance between the opisthion
opisthion. and the plane of the opisthocranion.

C. Analyze: Examine the opisthion indexes you calculated.

Q. Which of these hominins was potentially not bipedal?
A. With an opisthion index of 15, Sahelanthropus tchadensis was a species representing the
ancestral quadropedal state, probably occupying an arboreal niche.

Q. Based on the opisthion indexes, which skulls are most similar to the Homo sapiens skull?
A. The Neanderthal is closest. In general, the genus Homo has a significantly larger opisthion
index than the australopiths.

Q. Did the genus Australopithecus walk upright?
A. The four australopiths were bipedal, but their stature was hunched over. This is also supported
by their larger torso length and shorter leg length.

Measurement 2: Maxillary Prognathism

Introduction: In this module, the degree of maxillary prognathism will be measured using a

protractor. The teeth and the bones around the mouth provide a great deal of information about

both a speciesd diet and how mailla, at@ve-lmne fusionithat e x e r
forms the upper jaw. Take a moment to identify the maxilla and where the zygomatic process
(cheekbone) meets the cranium. The Australopithecus genus is noted for having protruding faces

as in A. aethiopicus and can be clearly contrasted with the flat faced H. sapiens.

15
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Facial prognathism is the extent to which the face and jaws protrude forward when looking at the

skull from the side. Orthognathic skulls protrude less while prognathic skulls protrude more.
Prognathic skulls are marked by larger mandibles, and consequentially larger teeth.
Australopithecus boiseii s an excell ent example with mol
hint when discussing the diet of Australopiths versus Homo).

Guiding Question: How do the jaws/mouths of the hominins compare?

point where the §( 2
zygomatic process '

Cranium . )

)

S

meets the cranium

ar s

A. Measure: As shown above, hold the skull sideways, align the upper end of the extension block

with the nasion, the nasal depression between the orbital sockets, and the lower end with tip of

the maxilla, right before the teeth emerge. The extension should be situated below the brow ridge
and above the teeth.

Then, identify the socket point of the mandible and the cranium located right below the meeting

point of the zygomatic process and the cranium. Rotate the protractor's arm such that it hovers
over this point i the resulting angle (vertex) is the maxillary angle. Be sure to record the acute
(smaller) angle for each skull and complete Handout #3.

B. Potential Measurement Issues

zygomatic process meets the cranium.

Issue: | Solution:
Prognathism
1. | | can't find the socket where the Follow the cheek bone around the side of the

face until it meets the cranium.

protractor arm.

2. | The protractor angle does not sit on the | Double check that the protractor extender
face / improper application of protractor. | properly sits above the teeth and on the
nasion.
3. | My protractor is backwards. The skull is facing the wrong way.
4. | The mandible socket is larger than the Place the top edge of the protractor arm in the

center of the measuring point.
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Q. Which species had the largest maxillary prognathism?

A. Austalopithecus aethiopicus had the most acute (smallest) angle, implying it protruded the
most. The Australopiths are defined by their smaller brains but larger faces, and it should be noted
that the genus has more gracile (smaller) species, such as A. afarensis and A. africanus, and
more robust (larger) species, such as A. boisei and A. aethiopicus. This division is argued as
warranting a new genus name (Paranthropus), but the jury is still out.

Q. Which species had the smallest maxillary prognathism?

A. Homo sapiens had the largest angle implying the flattest face. Although A. boisei and Homo
sapiens are roughly the same physical size, it is very clear that humans have a much smaller jaw
and a larger brain.

Measurement 3: Cranial Capacity

Introduction: The brain is housed inside the cranium. The interior volume of the cranium is called
the cranial capacity. This module facilitates the measurement of the cranial capacity.

Brain size has a long history of analysis and measurement, sometimes washed with racism and
sexism. Within hominin lineage, brain expansion almost quadruples, from S. tchadensis to H.
neanderthalensis, and this represents a very significant change. Students should be reminded that
within Homo sapiens, cranial capacity varies widely from 1200cc (cubic centimeters) to 2000cc.
The skull that the students will measure roughly represents the average for Homo sapiens i a
cranial capacity of around 1400cc.

Guiding Question: How does the cranial capacity compare amongst hominins?

PO e 3
| T
2 LN
R\ A & ol
i P TRy B
-.v ?-‘ % S o
U >
— Opisthioncranion
Opisthion
Height Length

17
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A. Measure: To estimate the cranial capacity of each skull, using the caliper measure the space of
the part of the cranium that houses the brain, i.e. the neurocranium. Calculating the cranial
capacity provides a rough numerical value for the size of the brain. Measure the maximum length
by placing one end of a caliper on the most forward projecting point of the forehead (above the
brow ridge) and the other end on the most posterior point at the back of the skull, i.e. the
opisthiocranium. The maximum width is determined with the calipers on the sides (temples) of the
skull at the widest point (above the zygomatic process). The maximum height is measured by
holding one arm of the caliper on the underside flush with the foramen magnum and the other arm
at the top most point of the skull. Multiply these three measures and then multiply by 0.5236. *

(L x W x H)*0.5236

B. Potential Measurement Issues

Issue: | Solution:
Cranial Capacity
1. | While measuring height, the sagittal Place caliper arm directly adjacent to it.

crest is in the way.
2. | While measuring width, the zygomatic | Place caliper arm on inside or above the

processes are in the way/protruding. zygomats/cheek bones.
3. | Where does the caliper go to measure | Place one caliper arm above and behind the
the length? brow ridge and the second arm extends

back to create the longest diagonal with the
Opisthiocranion.

C. Analyze: Examine the estimated cranial capacities you calculated.

Q. Which species had the largest cranial capacity?

A. Homo Neanderthalensis had the largest brain. Although it should be noted where his brain is
larger compared to Homo sapiens, he has much less of a forehead, and a wider cranium towards
the back, in a similar fashion as Homo heidelbergensis.

* We are determining the volume of a sphere within a cube. First, we use the spherical volume [4/3 pi (1/2

length)®] and the cubic volume [cubic length (2 x radius)?], and then divide the two formulas as follows:

ki -
3

(2r)?

Thus, the ratio of sphere volume to cube volume is 0.5236.
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Q. Of what is cranial capacity a good indicator, at least across genus?

A. The larger brain size of Homo has a bigger potential for higher brain functions, increased tool
use, and group complexity. Homo habilis i as the handy man i overcame his gracile stature to
compete and outlive his competitors, the robust Australopithicines.

D. Discussion of results and interpretation

Learning objectives

Students should understand the following questions:
1 What are the morphological changes and trends evident from the data?
1 Which dating methods are used due to their accuracy and reliability?
1 What are the continuity and dead ends of evolutionary features?
1 What is the chronology of evolutionary features and inter-species competition?

1. Review of measurements

Review the observed values in plenary with Handout #3 in hand, and present the graphs below of
the summarized results. Questions follow each graph that guide some of the important
observations to be had.
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Figure 5: Opisthion Index

Opisthion index
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Q. Which of these hominins was potentially not bipedal? Where did he live?
A. Sahelanthropous tchadensis was likely a quadraped. Due to his gracile size, it is suggested
that he lived in an arboreal niche.

Q. Based on opisthion indexes, which hominin skulls are most similar to the human skull?

A. Members of the genus Homo have the most upright posture, with the Neanderthal and H.
Erectus representing the closest resemblance to human stature. The Australopithecus genus were
bipeds, but would have had a more hunkered over stature. A visual example of hunched over
walking is helpful.
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Figure 6: Maxillary angle (°)

Q. Which genus had the largest maxillary prognathism?
A. Australopithecus aethiopicus had the most protruding jaw because its angle was the least.

Q. What other traits correspond with those species which have protruding upper jaws?

A. The robust Australopiths have the most pronounced upper jaws and consequentially have large
lower jaws. A. boisei is a prime example to note the thick mandible, huge cow-like molars, and
large space for the temporalis muscle. This muscle passes through the zygomatic processes
which are significantly larger than humans, and then attaches at the sagittal crest (bone protrusion
on top of the head).

A helpful activity to show the function of the temporalis muscle is having students put the fingers
on their temples, move their jaw up and down, and it becomes apparent that the jaw (temporalis)
muscle attaches on the side of the head.
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