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1 Introduction to the Multi-Regression R Shiny tool
Z oA EER Shiny T E &/

R is a powerful statistical programming language that allows us to perform data analysis,
which is useful for mathematical modeling. Even better, we have set up a set of online
tools using R Shiny so that you can perform various mathematical modelling tasks without
any coding background
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In particular, multiple regression is a common modelling technique used to investigate the
relationship between a response variable and several explanatory variables.
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The model has the form
BAE AT
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Here is the guideline on how to use our Multi-Regression R Shiny tool.
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2 Using the Multi-Regression R Shiny tool
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To use the tool, please visit our main website:
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https://cuhkmathmodel. com

for the list of tools, or simply go to
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https://mathmodelcuhk.shinyapps.io/multi-regression/


https://cuhkmathmodel.com
https://mathmodelcuhk.shinyapps.io/multi-regression/

for the Multi-Regression R Shiny tool.
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After getting into the website, you can see the following:
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Multiple Regression =

Upload your file: + 7

Browse...  Nofileselected

O Min-Max Scaling (Normalization) ' 2

O z:Score Standardization 7

Choose the model terms

‘The model includes an intercept and updates automatically.
Choose 1-3 predictors for plotting

Fitted model ?

Upload or paste a dataset to begin.

Fitted coefficients

Prediction ?

O Show prediction on plot

Test set evaluation + 7

Don’t worry if you think this is complicated! We will guide you step by step, and you can
do multiple regression using our R Shiny tool.
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2.1 Step 1: Data input
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At the top left-hand corner, you can see “Upload your file”, this is where we input the
data. There are three different buttons.
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Firstly, the “?” gives you the general guide on data input.
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Secondly, the “+” allows us to input data directly. After clicking it, you can see the
following;:
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Input your data

Paste comma-separated data with a unique column name in the first row for every variable.

Cancel Submit

On the first line, you can input the names of the variables respectively. For example,
sales will be used as the response variable, while TV, radio and newspaper will be used as
explanatory variables. Therefore, on the first line we type “TV radio,newspaper,sales”
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For the following lines, you can simply type in the data points respectively. You should
be able to have a result that looks like this:
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Input your data

Paste comma-separated data with a unique column name in the first row for every variable.

"TV","radio","newspaper
230.1,37.8,69.2,22.1
44.5,39.3,45.1,10.4
17.2,45.9,69.3,9.3
151.5,41.3,58.5,18.5
180.8,10.8,58.4,12.9

8.7,48.9,75,7.2

57.5,32.8,23.5,11.8
120.2,19.6,11.6,13.2

8.6,2.1,1,4.8

199.8,2.6,21.2,10.6

66.1,5.8,24.2,8.6

sales'

Scroll down and press “submit”.

like this:
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Multiple Regression =

Upload yourfile: + 7

Browse... | Nofileselected

Select data normalization options:
@ None
O Min-Max Scaling (Normalization) 2

O Zz-Score Standardization  ?

Choose the response variable / outcome ?

sales

Maximum interaction order

3

Choose the model terms
o

@ radio

@ newspaper

O TV radio

O TV newspaper

O radio x newspaper

O TV xradio x newspaper

The model includes an intercept and updates automatically.

Choose 1-3 predictors for plotting
LY
O radio

O newspaper

sales

25

20

Cancel Submit

Your data points should be shown on the screen
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You can also upload an Excel file to the website directly. Firstly, you will need to prepare
your Excel file like this:
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1 TV,"radio","newspaper","sales"
2 230.1,37.8,69.2,22.1
3 44.5,39.3,45.1,104
4 117.2,45.9,69.3,9.3
5 151.5,41.3,58.5,18.5
6 180.8,10.8,58.4,12.9
7 8.7,48.9,75,7.2

8 57.5,32.8,23.5,11.8
9 1120.2,19.6,11.6,13.2
10 8.6,2.1,1,4.8

11 /199.8,2.6,21.2,10.6
12 166.1,5.8,24.2,8.6
13 1214.7,24,4,17.4

14 123.8,35.1,65.9,9.2
15 197.5,7.6,7.2,9.7

16 1204.1,32.9,46,19
17 1195.4,47.7,52.9,22.4
18 67.8,36.6,114,12.5
19 281.4,39.6,55.8,24.4
20 69.2,20.5,18.3,11.3
21 147.3,23.9,19.1,14.6
22 218.4,27.7,53.4,18
23 237.4,5.1,23.5,12.5

Then go back to our website, press the “Browse...” button and look for the file stored on
the computer. After uploading, you will see your data points shown on the graph.
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If you face any problem regarding the upload, you may need to save your Excel file
in .csv format. To do so, you can go to file — save as, and you can look for the following:
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[ Downloads

test

| Excel Workbook ¢xis)

Maore options.

Expand the dropdown list, and look for the .csv format.
JEBA N HISIER » FHcsv FET o

1 [ Downloads

test

Excel Workbook (*xisx)

Excel Workbook (*xlsx)

Excel Macro-Enabled Workbook (*xIsm)
Excel Binary Workbook (*xIsb)

Excel 97-2003 Workbook (*s)

CSV UTF-8 (Comma delimited) (%.csv)
XML Data (xml)

pl
Excel Macro-Enabled Template (*xIitm)
Excel 97-2003 Template (*xIt)

Text (Tab delimited) (*.txt)

Microsoft Excel 5.0/95 Workbook (*as)
CSV (Comma delimited) (*.csv)
Formatted Text (Space delimited) (*.prn)
DIF (Data Interchange Format) (*dif)
SYLK (Symbolic Link) (<slk)

Excel Add-in (*xlam)

Excel 97-2003 Add-in (“xIa)

PDF (*pdf)

XPS Document (*xps)

Strict Open XML Spreadsheet (“xIsx)

OpenDocument Spreadsheet (*.ods)

After that, you can upload the file onto our website, and it will work normally.
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2.2 Step 2: Data analysis

BB BRI
After you have input the dataset, we can now perform multiple linear regression. The
following sections will briefly explain the main functions on the page.
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Multiple Regression =

Upload your file: + ? [} - i
Browse... No file selected

Select data normalization options: . .
O None T S
Min-Max Scaling (Normalization) 7 ¢ M
O z-Score Standardization  ?

scaled)

Choose the response variable / outcome  ?

sales -

Maximum interaction order

sales (min-max

3

Choose the model terms
2w

The model includes an intercept and updates automatically
© Training data —— Fitted model

Choose 1-3 predictors for plotting
v

If you have any questions about the tool, you can always click the boxes with “?” for a
short introduction.
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2.2.1 Choose the Response Variable and the Model Terms
RSB NEATHH

In the section below, you can choose the response variable and the model terms that you
want to use for the multiple regression. In our example, we want to model the sales using
the advertising expenditure on TV, radio and newspaper. Therefore, we choose sales
as the response variable, and tick TV, radio and newspaper under “Choose the model
terms”. The tool will automatically include an intercept in the model.
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You can also choose interaction terms if necessary. For example, by selecting TV x

radio, the model will include an additional term describing the interaction between TV

and radio advertising expenditure. The maximum interaction order can be adjusted using

“Maximum interaction order”.
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Multiple Regression H

For example, if we select only TV, radio and newspaper, the fitted model has the form

fFlan » R FA HFEIETV ~ radio Mnewspaper » EEABAIE X A

sales = By + B1(TV') + Pa(radio) + [s(newspaper).

The values of the coefficients are determined automatically by the fitting process. Therefore,
unlike the general fitting tool, we do not need to enter the initial values of the parameters
manually.
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2.2.2 Data Normalization

BRI

The tool also provides three data normalization options: “None”, “Min-Max Scaling
(Normalization)” and “Z-Score Standardization”. If necessary, users can select one of the
two normalization methods before fitting the model.
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“None” leaves the data unchanged. Min-Max Scaling transforms the data to a com-
mon range, while Z-Score Standardization rescales the data according to its mean and
standard deviation. The normalization option is optional.
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Select data normalization options:
® None

O Min-Max Scaling (Normalization) ?

(O Z-Score Standardization ?

2.3 Step 3: Regression analysis

HER= BT
After selecting the response variable and at least one model term, the tool automatically
displays the fitted regression model and fitted coefficients.
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The “Fitted model” section displays the regression model obtained from the selected
terms, while the “Fitted coefficients” section gives the estimated values of the coefficients.
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The tool also allows users to choose 1-3 predictors for plotting. This is useful for
visualizing the fitted results when several explanatory variables are involved.
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Users can also select “Show prediction on plot” to display the prediction on the graph.
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2.3.1 Test set evaluation
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The tool provides a “Test set evaluation” section for assessing the prediction performance
of the fitted model on additional data. To use this function, upload or enter the original
(unscaled) test-set values, including the observed outcome.
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After the test set is loaded, the tool calculates four commonly used error measures:
Mean Squared Error (MSE), Mean Absolute Error (MAE), Root Mean Squared Error
(RMSE) and Mean Absolute Percentage Error (MAPE).
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In general, a smaller error value indicates a smaller difference between the observed
and predicted values for the test set.
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2.4 Worked example: Advertising data
ol EEER

In our example, we use data MLR.x1s. If we select sales as the response variable and
TV, radio and newspaper as the model terms, the fitted model takes the form
HAARE » FeMEHdata MLR. x1s © 1R #EEsales (FAREE - WHEFETV ~ radio
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sales = By + B1(TV') + Pa(radio) + Bs(newspaper) + e.

The fitted coefficients obtained from the dataset are approximately
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sales = 2.939 4 0.04576(T'V') 4 0.1885(radio) — 0.001037(newspaper).

This equation gives the fitted value of sales for given values of TV, radio and newspaper.
It is an example of how the tool converts a dataset into a multiple linear regression model.
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3 Conclusion

The Multi-Regression R Shiny tool provides a convenient way for us to apply multiple linear
regression in mathematical modelling. Through data normalization, simplified variable
selection, visualization and validation functions, we can build and evaluate regression
models efficiently.
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