Errors to Avoid While Writing the Math Exploration IA
**Solutions, discussion points and teacher notes**
Choose between example A and example B for the more acceptable way to avoid common errors during the IA process
**Remember both examples for each are not perfect, your students should choose and discuss 
    the best option. Feel free to also discuss how the students could make the example better.**

1. Showing personal engagement and interest in the topic should come out in the writing. 
Sample IA about the relationship between on-water and machine speeds in rowing.
Example A:
I can see that the slowest erg is faster than the fastest on-water rower. This is because there are more factors that can affect a rower’s on-water speed compared to erg speed. As a rower myself, I know that the most impacting factor to have an effect on on-water speed is technique. A rower’s strength can dominate on an erg machine, but in the water, the strength could be at the expense of one’s technique. Weather conditions can affect on-water speed, whereas an erg machine is usually stable in an indoor location.
Example B:
I can see that the slowest erg, which is short for ergometer or a device that measures work (rowing machine), is faster than the fastest on-water rower. This is because there are more factors that can affect a rower’s on-water speed compared to erg speed. As a rower myself, I have experienced that technique is the most impactful factor for on-water speed. I have rowed in many different scenarios that include many differing forms of weather and to me, and my teammates, nothing compares to the battle you face with the water and elements. Let’s look into several sets of data showing the direct impact that weather and water turbulence have on rowers. We will also discuss how each type of situation changes the technique of the rower as compared to the stationary erg that mainly relies on strength and power to achieve one’s goals. 

Which example would you say shows more personal engagement and interest in the topic of rowing? Explain your reasoning.
____Example B _______________________________________________________________
____Possible reasoning/discussion points:  ________________________________________
____In example B, the student does not assume the reader knows what the abbreviation ___
____erg stands for, so more detail is given, also the student goes further with the idea _____
____where weather is a factor and gives more depth to this discussion.__________________
2. Having clear reasoning for why students chose the math they are exploring will aid the reader.
Sample IA about packaging and geometrical shapes.
Example A:
First I will be taking the measurements of all three packages, in centimeters. The shapes of the containers will be two rectangular prisms and one cylinder. Using these measurements I will calculate the surface area and volume of each. I will then use the topic in calculus called optimization to minimize the surface area for each package. 
Example B:
First I will be taking the measurements of all three packages. I shall calculate their surface area and volume. I will use calculus to find the dimensions for the least surface area and find the least surface area.

Which example would you say clearly states the math to be used and why they are using it? Explain your reasoning.
____Example A  ________________________________________________________________
____Possible reasoning/discussion points: __________________________________________
____In example A the student not only describes the unit of measure and the shapes to be ___
____measured, but also how optimization will be used in the context of the problem.________


3. Showing that connections are made to other topics, not just in math, and connections are made globally will give the paper a holistic feel.
Sample IA about human population growth, from its conclusion.
Example A:
In this investigation, I modelled growth of the South Korean population with three different models (quadratic, cubic and logistic equations). There are many reasons why each of the models would be the best choice and reasons why they would not be the best choice. The logistic model was the best model of the three, as it seemed to fit my data the best. 


Example B:
In this investigation, I modelled growth of the South Korean population in hopes to use this model to make predictions for growth in South Korea and countries from around the world. After trying a quadratic, a logistic, and a cubic model, my data seemed to fit with the logistic model the best. Although even the logistic model is not a perfect fit. One topic I learned about in my biology class and from what we have all learned over the last two pandemic filled years, is that one or more countries can have a catastrophic year of viral epidemics, such as the corona virus of 2019. This may easily skew the data and the predictions made in whatever country we are researching. Also, in my environmental science class, we discussed how technology alters the carrying capacity (the number of people, other living organisms, or crops that a region can support without environmental degradation) in any given environment. Changes in technology modify the carrying capacity of a territory as irrigation and fertilization in agriculture, for example, or shorter rotations between crops, which increases the number of people who can be fed from the resources of a given territory.

Which example has a more global feel to it that also may connect to other IB courses students can be taking? Explain your reasoning.
_____Example B ________________________________________________________________
_____Possible reasoning/discussion points:  _________________________________________
_____In example B the student gives some connection to the S. Korean data in hopes to use  __
_____it for comparison countries, then the student makes connections to topics covered in ___
_____other IB courses and how that could affect their data._____________________________

4. Having more than superficial reflections and trying to reflect throughout the paper, not just the end will show depth of understanding. 
Sample IA about social media.
Example A:
The box and whisker plot shows that men and women express two different medians and mean scores. Hence, women appear to show a much larger median score than men. For example, males have a median score of 2, whereas women double this and indicate a score of 4. This means that over 50% of women spend more than 4 hours a day on social media because the median is located more towards the higher spectrum of the box. Whereas less than 50% of men spend up to 2 hours a day on social media because the median is seen to be a the lower end of the spectrum. This demonstrates that women on average spend a greater time on social media because they indicate a much larger median figure. 
Example B:
The box and whisker plot shows that men and women express two different median scores. Hence, women appear to show a much higher median score than men. For example, males have a median score of 2, whereas women double this and indicate a score of 4. This means that over 50% of women spend more than 4 hours a day on social media because the median is located more towards the higher spectrum of the box. Whereas less than 50% of men spend up to 2 hours a day on social media because the median is seen to be a the lower end of the spectrum. This demonstrates that the women in my survey spend a higher time on social media because they indicate a much higher median value. Why might women spend more time than men on social media? Some research, as seen on the site https://www.statista.com, has found that females use social media less than men for business reasons, whereas women use social media to share more personal information than me, revealing more about their personal lives. Women are more vocal, expressive and willing to share. In other words, women are biologically wired for social networking. 

Which example goes beyond just discussing the results of the math and reflects on what might be the cause of the results? Explain your reasoning.
_____Example B _______________________________________________________________
_____Possible reasoning/discussion points:  ________________________________________
_____In example B the student not only talks about the results, but also takes the time to  ___
_____give some possible reasoning/research to why these percentages are the way they are._
_____The student also has reflected in the body of the paper and not just in the conclusion.  _
 
5. Have all axes, on every graph, labeled in the context of the paper.
Example A:
[image: ]
Example B:
[image: ]
Which example contains clearer labeling to better help the reader understand the graph in the context of the problem? Explain your reasoning.
_____Example B ________________________________________________________________
_____Possible reasoning/discussion points:  _________________________________________
_____In example B the student has obviously taken the time to label in the context of the  ____
_____problem, making it very clear not only what each axes stands for but also a title of the  __
_____graph itself, so as not to confuse the reader._____________________________________

6. Have the width of each column and row of every table wide enough to fit the entire heading and each data value.
Example A:
	Movie Title
	Box Office Gross (US Dollars)
	Lead Actor Salary (US Dollars)

	The Binder
	47,000,000
	5,000,000

	Star Conflicts
	1,200,000,000
	4,000,000

	Forrest Cruise
	405,000,000
	10,000,000

	Toy Tale 5
	635,000,000
	2,000,000

	Locating Tiny Fin
	555,600,000
	1,000,000

	Metal Guy
	723,000,000
	3,500,000

	Apparition Hunters
	235,000,000
	1,000,000

	The Rectangular Collection of Data
	895,000,000
	8,000,000




Example B:
	Movie Title
	Box Office Gross (US Dollars)
	Lead Actor Salary (US Dollars)

	The Binder
	47,000,000
	5,000,000

	Star Conflicts
	1,200,000,
000
	4,000,000

	Forrest Cruise
	405,000,000
	10,000,000

	Toy Tale 5
	635,
000,000
	2,000,000

	Locating Tiny Fin
	555,600,000
	1,000,000

	Metal Guy
	723,000,000
	3,500,000

	Apparition Hunters
	235,
000,000
	1,000,000

	The Rectangular Collection of Data
	895,
000,000
	8,000,000



Which table is clearer for the reader to understand not only what the data stands for but also understanding the data itself? Explain your reasoning.
_____Example A ________________________________________________________________
_____Possible reasoning/discussion points: _ ________________________________________
_____In example A the student takes the time to adjust the width of each row and column  ___
_____so that the data is displayed clearly for the reader to understand. ___________________

7. Have students refrain from using pictures of their  calculator screen in the paper. (screen shots are ok!)
Example A:
[image: ]	[image: ]
Example B:
         [image: ]                            [image: ]

Which example shows a clearer way to understand graphs and tables? Explain your reasoning.
_____Example A ________________________________________________________________
_____Possible reasoning/discussion points:  _________________________________________
_____In example A the student demonstrates excellent presentation, communication and ____
_____technology skills. Screen shots should be encourages where photos of a calculator  _____
_____should be discouraged, to avoid reflections and unclear representations. _____________

8. Have students use proper notation, and not ^ for exponents, * for multiplication, X for chi, and E for scientific notation, to name a few.
Example A:
When finding X^2, you need to find the degrees of freedom, which can be found by using the formula (r – 1)*(c – 1). The X^2 value is found to be 3.275E-2.
Example B:
When finding , you need to find the degrees of freedom, which can be found by using the formula (r – 1)·(c – 1). The  value is found to be .

Which of these examples contains poor notations you need to look out for while writing your math exploration IA? Explain your reasoning.
____Example B   ________________________________________________________________
____Possible reasoning/discussion points:  __________________________________________
____In Example B the student avoids the common errors of using ^ for exponents, * for ______
____multiplication, and E for scientific notation. The student also using the actual chi symbol. _
9. Data tables and graphs should come with detailed explanations that any reader could understand.
Sample IA about the relationship between on-water and machine speeds in rowing.
Example A:
Here is a summary, Table 2, of all the results required to draw the box and whisker graph.
Table 2: Interquartile ranges of On-water and Erg speed
	Interquartile ranges of On-water speed (km/h)
	

	Minimum
	12.30

	Q1
	13.70

	Q2
	14.35

	Q3
	14.84

	IQR
	1.14

	Maximum
	15.50

	Upper Boundary
	16.55

	Lower Boundary
	12.00

	Interquartile ranges of Erg speed (km/h)
	

	Minimum
	14.35

	Q1
	16.49

	Q2
	18.56

	Q3
	18.93

	IQR
	2.44

	Maximum
	19.42

	Upper Boundary
	22.58

	Lower Boundary
	12.83









Example B:
Here is a summary, Table 2, of all the results I will be using to draw the box and whisker graph. I will also use the results from the table to find any outliers from either of my data sets.
Table 2: Five Number Summary and Interquartile Ranges of On-water and Erg speeds
	Five Number Summary and Interquartile range of On-water speed (km/h)
	

	Minimum
	12.30

	Q1
	13.70

	Q2
	14.35

	Q3
	14.84

	Maximum
	15.50

	IQR
	1.14

	Upper Boundary
	16.55

	Lower Boundary
	12.00

	Five Number Summary and Interquartile range of Erg speed (km/h)
	

	Minimum
	14.35

	Q1
	16.49

	Q2
	18.56

	Q3
	18.93

	Maximum
	19.42

	IQR
	2.44

	Upper Boundary
	22.58

	Lower Boundary
	12.83



Which example’s data summary and table description is clearer to understand in the context of the topic? Explain your reasoning.
____Example B _________________________________________________________________
____Possible reasoning/discussion points:  __________________________________________
____In example B the student gives a correct title of what is in the actual table and the _______
____quick explanation before the table is more detailed on how the values will be used. ______


10. Define all variables in the context of the topic.
Sample IA about microwave popcorn.
Example A:
The expected observed relationship was the exponential function , where  is the percentage of the kernels popped,  is Euler’s number and this base is often used in natural relationships in the real world,  is the time elapsed in seconds, and , , and  (transformation factors) that either dilate or translate the graph.
Example B:
The expected observed relationship was , where t is my input and p is my output. 

Which example better defines the variables in the context of the microwave popcorn problem? Explain your reasoning.
____Example A_________________________________________________________________
____Possible reasoning/discussion points: __________________________________________
____In example A the student not only defines the variables in the context of the topic, but  __
____also discusses e and a brief discussion of the parameters a, b, and c.  _________________












[bookmark: _GoBack]Some other common errors to look out for:
1. Try to stick to the recommended 12 – 20 pages, more does not mean better, focused and concise means better.

2. Having an appendix can be helpful but is not always necessary. Only use one if it helps with the focus of the paper.

3. Do not separate headings of tables and the tables or headings of sections and the sections between pages.

4. Have the students proofread their work for punctuation, grammatical and flow issues!

5. If the student chooses a statistical route, make sure they understand the progression of correlation, correlation coefficient, line of best fit and how to apply them all. And also if the chi-squared test is truly necessary.

6. Too much math does not make a better paper! As mentioned in number one, focus and conciseness make a better paper. More than 5 math processes can be too much.

7. Math should be double and triple checked for accuracy.

8. Have notation that is consistent throughout the paper, don’t use x as a variable and then use X later on for the same variable.

9. Math outside the curriculum is permitted, but make sure it is commensurate with the level and is understandable to the reader. Higher math does not necessarily mean higher marks!

10. Showing how to collect data, analyze it and reflect on the results is a good choice for a paper, but go further and ask why, what if, and where to next? 
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