Hold Yourself Together					Name ________________________
									Date ________________ Pd_______
Overview: The fingerlike projections of the dermal papillary layer penetrate the lower epidermis to form a strong bond between the two skin layers. The ridges of the dermal papillae contain nerve receptors for sensory perception and capillary loops for the delivery of nutrients and temperature regulation.
Materials 
· 2 foam pieces to represent papillary layer of dermis and epidermis
· scissors
· string, 3 pieces each about 25 -30 cm long
· plastic tubing or straws, 3
· spring scales: 10 N, 20 N, and 30 N
· tape measure
· calculator

Procedure 
Part A: Frictional Resistance
1. Prepare one foam piece by using the scissors to create three holes though the pad about 3 cm from the edge and centered about 5 cm apart. See image below.
2. Insert the plastic tubing into each hole to strengthen the opening.
3. Thread a piece of string through each piece of tubing and tie the ends in a knot to form large loops.
4. Place the two pieces of foam with the flat sides together and the prepared piece on top.
5. Attach the 10N spring scale to the string loops on the top layer.
6. Hold the bottom piece of foam firmly to prevent it from moving, and hold the spring scale horizontally, as you slowly but firmly try to pull the layers apart using the spring scale.
7. Note the force required, in Newtons, to move the top layer and separate it from the bottom layer. Record your results in Data Table A. Repeat twice. Average the results of the three trials.
8. Place the ridged sides of the foam pieces together. Be sure to line up the hills and valleys of each piece to maximize contact between the layers.
9. Repeat steps 5-7, using larger spring scales as needed.
Use the spring scale to pull top piece in this direction -->
Hold the bottom piece on this side.



Part B: Surface Area
1. Use the tape measure to measure the length and width of the flat side of one foam piece. Record your results in Data Table B.
2. Measure the length and width of the ridged side of one foam piece, being sure to press the measuring tape to the surface to trace the hills and valleys. Record your results.
3. Calculate the surface area of each side of the foam.

Data Analysis
Data Table A
	Frictional Resistance
	Force Required to Separate Layers (N)

	
	Trial 1
	Trial 2
	Trial 3
	Average

	Flat Sides 
	
	
	
	


	Ridged Sides
	
	
	
	



 
	Calculate the percentage increase in force required to separate the ridged layers compared to the flat layers.



Data Table, Part B
	Surface Area
	Length (cm)
	Width (cm)
	Surface Area (cm2)

	Flat Sides 
	
	
	


	Ridged Sides
	
	
	




Calculate the percentage increase in surface area provided by the ridges compared to the flat side.



Conclusions
1. Compare the force required to separate the flat layers and the ridged layers.



2. How does increased frictional resistance at the papillary layer contribute to homeostasis?



3. Compare the surface area of the flat layer to the ridged layer.



4. How does increased surface area of the papillary layer contribute to homeostasis?



5. How are surface area and frictional resistance related?









Hold Yourself Together							Teacher's Guide 

Purpose: 
The purpose of this lab is to demonstrate functions of the skin's papillary layer. The increased surface area of this layer provides for greater resistance to friction and more efficient delivery of nutrients to the epidermal layer, temperature regulation, and sensory perception.
Overview: 
The fingerlike projections of the dermal papillary layer penetrate the lower epidermis to form a strong bond between the two skin layers. The ridges of the dermal papillae contain nerve receptors for sensory perception and capillary loops for the delivery of nutrients and temperature regulation.
Materials (per student group):
· 2 foam pieces to represent papillary layer of dermis and epidermis
· scissors
· string, 3 pieces each about 25 - 30 cm long
· plastic tubing or straws, 3
· spring scales: 10 N, 20 N, and 30 N
· tape measure
· calculator

Teacher Prep and Set-Up: 
1. Use an egg crate foam mattress pad for the foam pieces. A twin-size pad, cut into roughly 30 cm squares, will provide enough pads for 9 student groups.
2. Plastic tubing or straws should be about the same length as the thickness of the foam.
3. If you don't have tape measures for part B, show students how to use a piece of string to outline the distance and then transfer the string length to a meter stick.
Procedure 
Part A: Frictional Resistance
1. Prepare one foam piece by using the scissors to create three holes though the pad about 3 cm from the edge and centered about 5 cm apart. See image below.
2. Insert the plastic tubing into each hole to strengthen the opening.
3. Thread a piece of string through each piece of tubing and tie the ends in a knot to form large loops.
4. Place the two pieces of foam with the flat sides together and the prepared piece with the spring loops on top.
5. Attach the 10N spring scale to the string loops.
6. Hold the bottom piece of foam firmly to prevent it from moving, and hold the spring scale horizontally, as you slowly but firmly try to pull the layers apart using the spring scale.
7. Record the force required, in Newtons, to move the top layer in Data Table A. Repeat twice. Average the results of the three trials.
8. Place the ridged sides of the foam pieces together. Be sure to line up the hills and valleys of each piece to maximize contact between the layers.
9. Repeat steps 5-7, using larger spring scales as needed.
								Hold the bottom piece on this side.

								Use spring scale to pull top piece -->


Part B: Surface Area
1. Use the tape measure to measure the length and width of the flat side of one foam piece. Record your results in Data Table B.
2. Measure the length and width of the ridged side of one foam piece, being sure to press the measuring tape to the surface to trace the hills and valleys. Record your results.
3. Calculate the surface area of each side of the foam.

Data Analysis
Data Table, Part A Sample Data - Student answers will vary.
	Frictional Resistance
	Force Required to Separate Layers (N)

	
	Trial 1
	Trial 2
	Trial 3
	Average

	Flat Sides 

	4.0
	4.6
	4.2
	4.3

	Ridged Sides

	26
	30
	24
	26.7


 
	Calculate the percentage increase in force required to separate the ridged layers compared to the flat layers. 
	increase			26.7 - 4.3 = 22.4 = 5.2  x 100  = 520% more force was required 
	original #   x 100			         4.3    			to separate the ridged layers


Data Table, Part B Sample Data - Student answers will vary.
	Surface Area
	Length (cm)
	Width (cm)
	Surface Area (cm2)

	Flat Sides

	30
	29
	870

	Ridged Sides

	35
	37
	1295



Calculate the percentage increase in surface area provided by the ridges compared to the flat side.
	increase			1295 - 870 = 425 = 0.49  x 100  = 49% more surface area was
	original #   x 100			          870    			provided by the ridges


Conclusions Sample Answers - Student answers will vary.
1. Compare the force required to separate the flat layers and the ridged layers.
	Over five times more force was required to separate the ridged layers of foam 	compared to the flat layers. 

2. How does increased frictional resistance at the papillary layer contribute to homeostasis?
	Increased frictional resistance at the papillary layer holds the epidermis and dermis 	together. This provides structural support and protection to the dermis and prevents 	the top lay of skin from sloughing off due to mechanical forces.

3. Compare the surface area of the flat layer to the ridged layer.
	The ridges increased the surface area of the foam by 49% compared to the flat side of 	the foam.

4. How does increased surface area of the papillary layer contribute to homeostasis?
	The increased surface area of the papillary layer allows for more efficient delivery of 	nutrients to the lower layers of the epidermis through capillary loops in the papillae. The 	capillary loops also allow for heat exchange to regulate body temperature. Sensory 	receptors such as those that detect pain and touch are also located in the papillary 	layer.

5. How are surface area and frictional resistance related?
	Increased surface area provides for more contact between the layers and therefore, 	more resistance to friction.


Materials Sources:

egg crate mattress pad
spring scales
plastic tubing
tape measure
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