
FORMATIVE

Stage 1 Biology Completion Practical

Diffusion & The Limits to Cell Size

Instructions:


Refer to Lab background and instruction sheet (attached)

Assessment Conditions: 
Supervised 90 minute lesson





Collaborative groups of 2-3





Performance Standards: IAE 2,3,4; KA 4
Summary of Submission Requirements:

Draft Submission

· 1 week before final due date

Final Submission

· Formative Lab report (1100 words max) or 10 min oral presentation

· Use report guidelines

· Word count includes: Introduction; Hypothesis, Variables; Analysis & Evaluation; Conclusion
Rough Guide to word count:

Intro



200


Discussion & Analysis

750


Conclusion


150
Diffusion & The Limits to Cell Size
Introduction: Why can't cells continue to grow larger and larger to become giant cells, like a blob? Why are most cells, whether from an elephant or an earthworm, microscopic in size? This investigation simulates the changing relationship of surface area-to-volume for a growing cell.

Cells are small. Consider your little toe: it is made of about 2-3 billion cells! A newly made cell will grow, but once it reaches a certain size it will divide to form two new cells. Why is this? Why aren’t you made of a few dozen, or a few hundred cells instead of trillion? Why don’t single celled organisms like amoebas and paramecia grow as big as a human? 

In this lab you will place small potato cubes in a solution of iodine and observe how far the iodine solution diffuses into the potato after a given length of time. The potato cube represents a cell, and the iodine solution represents nutrients that must reach the center of the cell quickly effectively.
Aim: To understand how the effectiveness of diffusion in cells is influenced by the size of the cell. 

Hypothesis: 


Materials:

	Lugol’s iodine solution
Potatoes for cubes (1,2,3,4 cm)
Scalpel/cutting blade
	Ruler

1000ml beaker
Forceps/tongs
	Paper towel



Procedure: 

1. Cut a 1 cm, 2 cm, 3 cm and a 4 cm cube out of potato (be careful with the scalpel/cutting blade).

2. Place them in the beaker of iodine solution for 24 hours if possible. Record the time in your table when done being sure to calculate the number of hours in minutes.
3. While waiting, calculate surface area, volume and ratio of surface area to volume. Use Data Table 1.
4. Fill in your hypothesis – in which cell will diffusion be the most effective?
INTERMISSION
5. After soaking, remove cubes with forceps, and place on a paper towel. Cut each cube in half. How far in centimeters did the stain mark travel through the three cubes (measure where it diffused the most into the cube)? Record in your data table.

6. Calculate the diffusion rate of iodine. Use Table 2.

7. Calculate the volume of each cube not changed by iodine solution. Use Table 3.
8. Collect all data for the class (average) so you have your group and the class average

9. Graph your group and class average results in Excel:  Fraction of cell that received iodine (y axis) vs SA:V ratio of cell (x axis)
Data Records:

While recording your data, be sure to use correct units. The ONLY units in this lab are: 

· Length=cm

· Surface Area=cm2
· Volume = cm3
Note: these tables can be cut and paste into a word document for final report.

	

Data Table 1: Ratio of surface area to volume

	Cell size
	1cm cube
	2cm cube
	3cm cube
	4cm cube

	Surface area (cm2)

Length x width x 6


	
	
	
	

	Volume (cm3)

length x width x height


	
	
	
	

	Ratio of surface area to volume; (reduce fraction, use a colon :)
	
	
	
	


	

Data Table 2: Calculate diffusion rate of iodine

	
	Distance of iodine in cm.
	Time in solution in minutes
	Diffusion rate= distance divided by time

	1cm cube


	
	
	

	2cm cube


	
	
	

	3cm cube


	
	
	

	4cm cube


	
	
	


	

Data Table 3: Calculation of volume of cube not covered by iodine solution

	
	Unstained cube side length*Either: 1) measure the length of the white part, or 2) subtract the length that the iodine moved into the potato cube (both sides) from the original dimension.
	Unstained cube volume (LxWxH)
	Stained volume 
= original volume-unstained volume
	Percent of cube that received iodine
= (stained volume/original volume) * 100
Note: this will be the final measure of how effective diffusion was in each different cell size (will go on y axis)

	
	
	
	
	My Group
	Class Average

	1cm cube


	
	
	
	
	

	2cm cube


	
	
	
	
	

	3cm cube


	
	
	
	
	

	4cm cube


	
	
	
	
	


Guidelines for how to address the Performance Standards in the lab report:

*see further guidance in Appendix and Resources from Teacher
	Section of the Report
	Requirements/Indicators

	Introduction*
	· Relevant biological Information presented that relates specifically to the practical being investigated.  The information relates to the aim of the experiment.

· Own words; refer to lab to get ideas

· May include the following terms/ideas in the intro (as a guide):

· Diffusion

· Osmosis (define both)

· Concentration gradient

· Passive transport

· Solute/solvent

· Surface area to volume ratio

· What does the potato represent?

· What does the iodine represent?

	Aim
	· Indicates the purpose of the experiment

	Hypothesis
	· Has the correct format- is not in the form of a question.

· Links the independent and dependent variable and is a prediction.

	Materials & 

Method
	· Copy from lab handout

· List materials used (dot point form)



	Variables
	List each type of variable (with units) with brief explanation – use a subheading for each type:
Independent (the thing you change; what is on the x-axis)

Dependent (the thing you measure as results; what is on the y-axis)

Controlled (the things you keep the same to make it fair; briefly explain why for each one; should have 3-4)

Uncontrolled (the things you could not really control that may have impacted results; briefly explain why for each one; should have 2-3)

	Safety/Ethical Audit
	· Detailed analysis of the potential risks, hazards and how they are managed, and the precautions taken in the classroom. Any relevant ethical considerations.

	Results
	· Include all data tables from lab
· Tables have the correct format (title; units at top of column; etc.)

·  Table 1: _____________
· Data is represented in an appropriate manner- all data is shown

· Significant figures are correct

· Graph is drawn appropriately- axis are labelled, appropriate scale used, title, size, correct format; lines/curves of best fit

· X axis = independent variable

· Y axis = dependent variable
Average Class Results compared to group results

	Discussion*
Analysis
Evaluation
	· Explains all the data obtained

· Provides reasoning based on the data for supporting or rejecting the hypothesis

· Identify any trends and discuss; if none – say so; explain

· Link/discuss results to biological concepts/background
· Identifies potential sources of random and systematic error specifically & their impact on data (to what degree and justify!); sources of uncertainty 

· States and justifies to what degree the data is reliable, etc.

· Discusses the data’s reliability, precision, accuracy and validity with justification!!! *(explain your thinking)

· Evaluates the experimental method and suggests possible relevant improvements to the design and how it would impact data.

Further Help with Discussion and Analysis:
Firstly, discuses the general findings and trend of your data, and how this links to your hypothesis and prior knowledge.  

· What is the overall pattern?  

· What is it telling you?  

· Why are you getting these results based on biological understanding?

Analysis and Critical Evaluation of Data

· Compare your group to the class average; to what degree are they similar/different?  Why – justify your thinking and reasoning.

Critical evaluation of procedures and data can determine the meaningfulness of the results.

· Identify sources of uncertainty, including: 

· random and systematic errors

· uncontrolled factors.
· Evaluate reliability, accuracy, and validity of results, by discussing factors including: 

· sample size 

· precision (are results all close the best fit? Why or why not?; to what degree?

· random error

· systematic error

· uncontrolled factors.
KEY:  determine ‘TO WHAT DEGREE’ the data is reliable, accurate, or valid – AND GIVE JUSTIFCATION FOR WHY YOU THINK SO.
Example sentence stems:

“…this would impact the results by causing…”

“… this would affect the validity of the data because…”

“This is a valid result because…”

“Changing this would increase the accuracy of the data by…”

“This reveals the precision of the data is low because…”

“This must have had a major impact on the reliability of the data, because…”

“This would have had negligible or no impact on the validity of the data because…”

	Conclusion*
	· Indicates whether the aim of the experiment has been met with justification;

· Briefly restates the overall trend of the experiment.

· Any overall limitations of the study pointed out with justification

	Communication
	· Use of appropriate biological terms and conventions; 3rd person


Stage 1 Biology

FORMATIVE Diffusion & The Limits to Cell Size
MARKSHEET
	Specific features
	Grade
	Comments

	IAE2
	Obtaining, recording, and representing data

	
	

	IAE3
	Analysis and interpretation of data and other evidence;

formulate and justify conclusions

	
	

	IAE4
	Evaluation of procedures and their effect on data

	
	

	KA1
	Demonstration of knowledge and understanding of biological concepts

	
	

	KA4
	Communication of knowledge and understanding of biological concepts and information using appropriate terms conventions and representations
	
	


Appendix

Example Summary Table and Graph

Table 1: Summary of group and class data for percent cube stained by iodine.
	
	Percent of Cube Stained by Iodine

	Cube Side (cm)
	Group Result
	Class Average

	1
	88%
	100%

	2
	68%
	75%

	3
	57%
	70%

	4
	45%
	33%
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