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Using Open Data in First Year Math



Open data

What is open data?

European Data Portal: Open data is data that anyone can access, use and share. Governments,
businesses and individuals can use open data to bring about social, economic and environmental

benefits.

Many open data sources, and growing:

« Open Canada (open.canada.ca); Open Data (open.canada.ca/en/open-data)
« Open Toronto (open.toronto.ca)

« EU Open Data (data.europa.eu/euodp/en/data)
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Using open data to provide meaning to first year math

Typical First-year university math course:

- Purpose: to equip students with the foundational knowledge and skill in higher-level algebra
and study of Functions (calculus) to support a wide range of higher-level courses within the
chosen discipline

- Typically quite abstract (as is required in order to gain mastery of the required skills)

> Hard for students to motivate; seeming lack of connection to their discipline breeds
resentment, frustration

> Effect can be reduced through hands-on applications to real-life problems

> Open data provides avenue to creating such opportunities (current issues, different
perspectives, reliable/curated sources)

Challengesin creating learning opportunities using open data:

- Applicability to math learning outcomes

- Reading and comprehension of written materials using technical language

- Learning curve associated with technology tools used to analyze and interpret data

- "Hand-waving” due to students’ lack of knowledge and skills related to statistical methods
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Examples

Overall learning objectives: understanding data and information related to data; using
mathematical Functions and critical thinking skills in modeling the given data and making
predictions; using technology in data analysis

1. Modeling Canadian household mobile subscription data

«  First year calculus (business and IT streams); large, independent project; minimal technology
skills required; primary technological tool: Desmos graphing calculator (online, free access)

- Math learning outcomes focused on: basic function types and their characteristics,
transformations and products of functions, limits at infinity, evaluations of functions, and
differentiation of Functions and rates of change

2. Modeling data using linear relationships: CPl and earnings over time
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Modeling Canadian household mobile subscription data

Step 1: Sourcing the data

Sourcing the data
1. Retrieving the data

a. Using a web browser, locate the Canadian Radio-television and Telecommunications
Commission's Communications Monrtoring Report 2018 on Communicabions Services in
Canadian Households: Subscriptions and Expenditures 2012-2016. Briefly (in one to three
sentences) state what the report is about and include the website address,

b. Read Quick Facts and briefly state what they say about trends in household
communication services subscriptions.

¢. Read the summary on what communication services Canadian households use and
briefly state what additional trends are identified.

d. Onthe webpage, follow the
Government of Canada - Op
publication and the publishe|

e. State the licenge under whic
briefly why you are allowed
related to use.

f. Download the XLSX file cont
Households Subscriptions ar
document here

2. Understanding the data

b.

f.

Download the data dictionary (DOCX or TXT formal) and read it.

Review the information in Table 1.1 and explain what the data is describing,

What are the input values and the output values, and their units of measurement?

What appear to be trends in the data, if any? Are there any holes or inconsistencies in
the data and, if yes, how can they be explained?

Select the rows and columns containing the data (including the headings) and use the

Excel Charts tool to create a scatter plot of the data. Give it a title, add axis titles and
copy it here,

Briefly provide your prediction for each of the categories as many years pass. Which
mathematical concept describes this process?
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Understanding and getting the feel of the data:

data source: what is the background behind
the data and what are the restrictions of use, if
any (contextual, technical, proprietary)

existing information: what did others learn by
looking at the overall data?

the First big picture: what can we, at the Ffirst
glance, tell from the data tables and scatter
plots about the trends in Canadian household
mobile subscription rates?

Math concepts:

Input and output variables
Trends and rates of change

Limits




Modeling Canadian household mobile subscription data
Step 2: Modeling the data for household mobile
subscription rates

Create a new Excel spreadsheet containing the Mobile subscription data from Table
1.1. Change the Year column heading to Years since 2004 and update the data in the
column accordingly.

Open a new graph in the Desmos Graphing Calculator and copy the data into the first
line. Rename the independent and dependent variable in the Desmos table to ¢, and
M,, respectively. Using the Graph Settings tool (wrench icon in top right corner), add

3. Choosing the model

arrows and
export and
in height.

What Lype
Describe t
the data.

Which tran|
to obtain t

State the d
rate t year

4, Creating the model Function using regression

Go to Help tool (2 icon) and run the Regression Tour. If needed, go to Video Tutorials
and watch a video on Regressions.

[] 1 completed the Regression Tour (check the box to confirm)

Using what you learned about creating the regression models using Desmos, create
the regression model using the type of Function you chose above. Using the Share
Graph tool (top right corner), export and insert the image of the resulting graph
below, resizing it to 2" in height.

Using the regression function parameters given by Desmos, write below the function
M(t) represented by that regression model.

Does this model provide a reasonable model for the data and why?

Using the Share Graph tool (top right corner), copy below the link to your graph.
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Fitting a model to data:

trends: when plotted on a graph, what do the
data points tell us about the overall trends in
household mobile subscription rates?

regression tools: how can we use technology
to help us find curves of best fit?

Math concepts:

Basic Function types
- Algebraic representation
- Fundamental characteristics
« Visual representation (graphs)

Transformations of functions

Regression: linear and non-linear




Modeling Canadian household mobile subscription data
Step 2: Modeling the data for household mobile
subscription rates (continued)

5. Adjusting the model as necessary by considering context Adj usti ng the model:
a. Do you think that, over time, all of the Canadian households will have a mobile
5ubsufplfon, and why? Make a prediction for % of households that will have a mobile ° the context: d Oes the m Odel
subscription as years pass. bl t h t
6. Adjusting the model as necessary by considering additional information reasona, y represent what you
. ‘Lacking : _ : e expect in terms of long term trends
s a. Consider the data on household mobile subscriptions prior to 2004. Download the . . . .
::e;c';? data from the 1997 - 2009 Survey of household spending on household equipment N househOld m0b|le Su bSCI‘I pthﬂS?
using m from Open Canada. Open the CSV file and use the following Filters (Data - Filter Excel
tool) torell o poes the regression function M(t) you used to model household subscription rates o addltlonal Informatlon: IF
c. whichp * GEO: Car appear to model well the expanded data set? Briefly explain your reasoning. additional information were to be
predicti % . oy o
Hotiselia considered, such as additional data,
g e UOM: Pe| F. Createa n.em..r regressmn. model th.at.lncorporates the expande.d data set and models WOUld |t be beneﬂCIal to ad_] USt the
TS Copy the r your prediction For mobile subscription rates as years pass. Using the Share Graph tool t d l t . l d th
:::Jhelqh (top right corner), export and insert the image of the resulting graph below, resizing it current modet to incwude e
| to 2" in height. additional info?
b. Does this ¢
e. Doesth rates for y
agresin g. Consider the history of cellular phone use, particularly in Canada, by reading Complete
Visual History of Cellphones and Cellphones mark 30 years in Canada. Which of the .. o
f. If applic €. Add the da two models you created would be a better reflection of the trends since the Math ConceptS: l| m|tS at |nF| nItIeS
and wril rates for 2 introduction of mobile phones to Canadian society, and why?
since 2004
§::Using it h. Ifapplicable, change the parameters in M(t) to reflect the revised regression model
d. Copythen and your long term predictions, and write the new formula for M(t) below.
on househ
export and
i. Using the Share Graph tool (top right corner), copy below the link to your graph.
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Modeling Canadian household mobile subscription data

Step 3: Making predictions

7. Household mobile subscription rates

a. Using the model you developed for household mobile subscription rates, predict the
percentage of households that will have a mobile subscription in year 2025, in 2030

91 8. Modeling the number of households with mobile subscriptions

To obtain the data on number of Canadian households over years since 2004, follow
the link to the Statistics Canada data on Distributions ol household economic

accq

e. What does H(t) tell you about the rate of change in the number of Canadian

chas households?

toy|
disp
Chal f-  Using your models M(t) and H(t) for the household mobile subscription rates and the
cell number of Canadian households, determine the Function H,,(t) madeling the number

{in of Canadian households with a mobile subscription t years from 2004. Write H,(t)
row below.
repi|

Add
g. Using the model H,,(r) for the number of Canadian households with mobile

subscriptions t years from 2004, predict the number of househalds that will have a

Loo mobile subscription in years 2025 and 2030. Show your calculations.
of ¢
thall ’ : :
h. What are the projected rates of change in the number of households that will have a
mobile subscription in 2025 and 20302 Show your calculations and interpret the
Statl resuits.

yea

i. Suppose that, due to new technology developments in communications, the
Add household mobile subscription rate in 2050 is 95% and is decreasing at the rate of 5%
disn per year, Suppose further that the number of Canadian households continues to grow

at the same rate as today. Find the rate of change in the number of households with a

mobile subscription in 2050. Show your calculations and interpret the result.
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Extending:

going beyond the data: what does the model
tell us, in the short term and in the long term,
about the mobile subscription rates and the
trends?

reality checks: to what extent can we rely on
this model to make long-term predictions,
given historical and other contexts?

combining data to learn more: what can we
learn by combining the data on the number of
Canadian households with the data on
Canadian household mobile subscription rates?

Math concepts:

Evaluations of functions

Rates of change and differentiation
Differentiation rules: product rule
Related rates




Examples

Overall learning objectives: understanding data and information related to data; using
mathematical Functions and critical thinking skills in modeling the given data and making
predictions; using technology in data analysis

1. Modeling Canadian household mobile subscription data

2. Modeling data using linear relationships: CPl and earnings over time

- First year business math; large, independent project; minimal technology skills required; primary
technological tool: Microsoft Excel

- Math learning outcomes focused on: indexes as measures of change, linear relationships and
their characteristics, rates of change as descriptors of trends
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Modeling data using linear relationships: CPI and earnings over time

PREPARATION TASK:
Create a Word document titled BUSI1915Week6ActivityNotes, Use this document to write down your

notes af
Priort
particull
1) Wal

exp
2) Wa

are

3) Che

TASK 1: Finding and investigaling the data
1) Getting the data - create the data spreadsheat
Sed TASK 2: IModeling the CPI data using linear regression dex, annual
avy 1) Creating the chart
o Gotod - . .
Lo headind TASK 3: Changes in earnings per industry
¥eq o Right<| 1) Getting the data —create the data spreadshest
o5 Clig = Gotot o Search For St "™k &Weekly eamings ard Ration
Canadi 11 o $nos index deta ~ & . — :
) N i week!'yeamm 1) Crestirg earnings irdex data ~ calcuiate weeldy eamings inosues
o W o Adju_st ) 3 Open s new workaheet within the document and name It Saucaslnsies
Clid in 11 A = Cl_"" on Add/ = Copyinto the worksheet the colurn headiegs row with years snce bese yeer
2) Understan click on Appl; o
sy = Inthe nest row, copy the Al-items CPY cata from the spreacsheet created in Task 1. Name the
o Whatd = What are the row CAY index
3 Sau titles (g . 5 Mame the rovwes below for each of the industries selected in Task 3 with & refererce to index
Do thel o Click on Dowr a0 the incustey <ategory. For exampie, if you siected the marulactsrng indeitry, nare the
2) Visualig = orawi symbols) oW MATLNY SArings i
- 9 Foresck of the selected indeatnies, enter 100 For the index under the base yeer colurn For ¢l
Sal{ 3) Modeling = Savethe spre| other yeers, enter the formuls that calculates the marrings ndex for thet specic year aed
i - - Indentey (use mdex ratios distumad in class Lo create the sgoreprate Fommudad snd entar the
Scy o Right- 2) \isualizing the da Formelas iebo corresponding cels
Rig| = h:'g‘::a"s o Adjust the ing 2) Vissslizieg the dats - plot the eermings index data on & grach
the do you| years since Eh| = Sn:xunm'm.r.r.;n dex ieformation, ecluding the row and colume headingi; then dick os
Invert — Charts - Scatter
Go ° 5230;( = Selectthero s Pght-ciick on the ':art and selact Move Chart - New Sheet anc rame it by typing Geexihar n
al s k-cl ed elect Move O & ¥ typing 3
: and any threg the box
Car in kerm| . Y
What d Lines and Ma = Gotothe newly crested workshast with the graph of the eernings data you selected ard type
Adj = nun:be Right-click on Weekty Exnings Index into Chart Tithe ox
] |
N 3 Adust the verticel son's to remose the empty sres below the loweit duls ports (Tollow steps
» |4 Adjustingt EarningsCha) in 1) From Task 1)
o Ir!serta o  Gotothe new 3 Making sense of the dats - write down your cbsesvabons For sxample
since b Weekly Earnif = wWhat does the vertical axis tepresent? What does tee hocizontal axis represest? Add ack
L4 years. Adiust th tiies (see steps i 3) for Task 1)
3) Making o I{n t;e( @ n :l‘I‘SI Frofn\'_lf-'a o What treads do you notice? Are the earnings i':‘ynnr\ inu'wi?q o s they decreming?
under J Are they doing 50 ot 8 consistent rate or are t uctusting
the adj "
0 Wh i - = Woald it be reasonable to try to model these index trends using a Baear madel {a straight
e o Howh 31 Making sense of i ioe of best Ft) and why?
thel varialtlil o What does B 4 scdeing the dete uung leesr regresiioe
equa i i
i aue titles \SEE stey = Foreech of the dats point sets right-click on one of the data points, then select Add trendine
5 Ist 5) Making sen| = What trends ore, under Trendline Options, choose Lineer, ciick on Dupley Equetion on Chart
o Ifyoud duing soata = ‘Write down the equations in two vartables (= and y) that are peovided for cach of the
o W of y, wl selected industry earnings index linear models and fFor the (71
wil the co o Which indust] 5 saiirg sense of the modeis - weite down yeur sbaervations. For exampie
o Canyo wildest rate 2 What does the vatiable & represent and what does the variable ¥ reprevent for each of the
down tf | jons? What do the numbers in the equations represent?

o

these results mean?

‘Why do you think CPI forecasts m
economists, and to the policy malg
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= How does the carnings index for each of the sedected ladustries compace to CP1 over time?

o Can you use the lineat regression models Lo forecat the CPY and the carnings indexes in
year 20237 in 20507 Write down the expected index veloes for thove two years, with 2002
as the base year. What does that mean to the chaage in earniags ia real terms?

2 Why do you think Forecasting e-nings index and the (P and the relationship between
them may be veimable to you, to the busi and the ec and to the policy
maekery in the government 7 Write down your thoughts.

™

he

Steps:

background: why do indexes matter in business
and commerce?

obtaining and making sense of processed data:
what do data tables and the scatter plots tell us
about the trends in the Canadian consumer price
index and the average weekly earnings of
Canadians?

modeling to make comparisons and predictions:
what does the visual representation of the data
tell us about the best choice for model functions
CPl and earnings indexes?

extending: how can the modeling of index data be
useful to you, to the businesses and the
economists, and to the Government of Canada?

Math concepts:

Ratios; indexes; real vs. nominal amounts

Input and output variables; linear relationships as
linear functions: straight line vs. constant rate of
change; initial value

Trends and rates of change ”




Wrap-up

Examples such as those presented above can be adapted or created anew for comprehensive
projects and for short, quick in-class exercises by:

« using updated or new data sets,

« taking into account different use of technology, research, critical thinking and math-related
levels of student skill,

« setting different learning objectives.

Things to consider:

« Student skill level

* Primary objectives and resulting scaffolding requirements

* Fit within the course learning objectives

« Teaming up with colleagues teaching other courses for cross-relevance

Project documents related to examples discussed in this presentation can be obtained free of
charge by contacting Ana Duff at ana.duff@ontariotechu.ca.
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