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Abstract. In a market, what the sellers care the most is their budgets and their sales. They need to
know how to make more money. In order to do this, they need to find ways to compare different
plans and the results they get from them. For selling products, advertisement is indeed an important
part. This paper compares three different social medias, trying to decide which is the best way to
invest for advertisement: newspaper, facebook, or youtube. By examining the regression statistics,
this paper shows how to use multiple linear regression to make the best marketing decisions when
it comes to advertising. Particularly in this case, the preferable order of spending budgets on the
social medias for advertisement is facebook or youtube, and lastly newspaper. It also compares
single and multiple linear regression, and it is found that the latter is more important. This paper
provides people with helpful information to sell their products properly.
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1. Introduction

When it comes to making marketing decisions, the business people usually compare different
methods to see which is the most profitable or efficient. These decisions should all be related to
the money they make eventually, whether it is their sales, products, or even time consumed.
Linear regression is a really good way to find relationship between variables, so this is the major
focus. Single linear regression is the most straightforward way to find those relationships, but it
is limited to one variable. Thus, the author wants to know how to use multiple linear regression
to make the best marketing decision. In real world, actual business situations, it is almost
impossible to have only one variable. In most cases, there are a lot of different means of
achieving their goals, so people need to consider all the factors and compare them. Therefore,
multiple linear regression is needed. It is more complicated, but also will be a useful tool. In this
research, the author is trying to examine the relationship between the budget spend on
advertisement for three social medias, that is youtube, facebook, and newspaper; their
relationship with the total sales [1].

Why do people use linear regression analysis, not other graphs or plots? The author would
argue that this is because regressions can clearly show the relationship between independent and
depend variables, which is very useful in different aspects of economy. “Regressions are used to
quantify the relationship between one variable and the other variables that are thought to explain it;
regressions can also identify how close and well determined the relationship is”. [2] For example, in
the research, the author examines the relationship between the budgets putting into advertisement in
three different social medias with the total sales. In this case, the total sales can be explained by the
different budgets putting into the social medias. Then, one can examine this relationship, and decide
which set of data---which way of spending the budget on advertisement, will give the most sales, that
is, the best market decision.

By computing the experimental data, people can get numerical results that explains all the
relationships. They can then generate formulas that can be used to predict other situations which can
help them make the best choices. In short, regressions analysis can help economists to value assets
and make assumption, and help investors to understand the relationship between factors such as price
and sales, which is the foundation of earning money [3].
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2. Methods and Theory

The author will introduce the data set chosen, explain the reason of using regression analysis,
and the similarities and differences with other people who uses single linear regression text.

2.1. Data

Table 1 are some example sets of the variables from the entire data, which is the advertising
experiment between social media budgets and sales in thousand dollars. There are a total of 171
data sets [1], the table below is just the very first few sets. This paper will show the preferable
order of investing budgets in three different social medias and explain the reasons.

Table 1. Advertising experiment between Social Media Budget and Sales (in Thousands $) [1]

Youtube Facebook Newspaper Sales
84.72 19.2 48.96 12.60
351.48 33.96 51.84 25.68
135.48 20.88 46.32 14.28
116.64 1.8 36 11.52
318.72 24 0.36 20.88
114.84 1.68 8.88 11.40
348.84 4.92 10.2 15.36
320.28 52.56 6 30.48

2.2. Single vs. Multiple Linear Regression

Instead of single, why would people choose to use multiple linear regression, that is more
complicated? It is true that people can directly see the relationship between the two, when only
having one depend and one independent variable [3]. There is a positive strong relationship
between them. However, in most situations, especially in the real world, there are more factors
to consider. For example, when a seller wants to know the relationship between a product and its
demand, price is not the only determinant. There are other factors that could impact the result,
such as consumer preferences and number of sellers. Therefore, people need to introduce more
variables, and use multiple linear regression.[4]

One of its main advantages is that it can better represent the real-world phenomena by including
multiple independent variables. People can account for more factors that influence the dependent
variable, and reduce the error and bias in the estimates [5]. In a similar research paper, Paik also use
multiple linear regression model to address his problem, the influential factors on consumption [6].
From this the author can see that he includes multiple variables, such as oil price and tax rate. Indeed,
it is impossible, in the real life, to only have one factor that impacts consumption. The methodology
is similar with his, where the author includes three different social media budgets, and find the
relationship between them and the sales.

The author used the formula to evaluate outputs

Y = Bo + B Xy + B2Xy + B3X5 + -t e (1)

In this research, Y represents the output, which is the sales, 3, is the intercept, 3,, B, and
B; are the corresponding coefficients for each of the variables. The variable X;, X,, and X;
represent the social medias Youtube, Facebook, and Newspaper, respectively. € is the error term but
it is not included in this research [4].

3. Results and Application

The author used 171 sets of result from advertising experiment between three different types
of social media budgets and sales (see table 1) to examine their relationships [1].
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3.1. Individual Plots and guesses

Instead of seeing to the numerical outputs directly, the author firstly generates plots separately
for each of the social medias. Based on these plots, their individual relationships with the sales
can be clearly seen. The Fig. 1 shows there is a positive strong linear relationship between
youtube advertising budgets and sales. Similar with Facebook, shown also in Fig. 1, the relation
is weaker comparing with youtube. On the other hand, for newspaper, there seem to be a weak,
or maybe not linear relationship with sales. The data points are really scattered in Fig. 2.

Youtube vs. Sales (in thousand dollars) Facebook vs. Sales (in thousand dollars)
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Fig. 1 The sale of Youtube (left) and Facebook (right) at different advertising budgets.

From these plots, the guess for the linear relationship strength for the three social medias with
the sales is (from strongest to the weakest): Youtube, Facebook, Newspaper. And the author will
see if the numerical outputs match this guess.

Newspaper vs. Sales (in thousand dollars)
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Fig. 2 The sale of Newspaper at different advertising budgets.
3.2. Results

The author used excel to generate the numerical outputs. It is found that value of Multiple R
15 0.94895095, value of R square is 0.90050791, and value of adjusted R square is 0.89870986.
In addition, the standard error is 2.01283467. The coefficients, standard error, and other
quantities are shown in Table 2.

The upper table tell people about the media budget as a whole and its relationship with the sales.
The author mainly focuses on the multiple R and R square. It is called multiple R here since here are
three different variables, instead of only one in single linear regression. The author is looking at the
relationship of all three social medias. R represent three correlations between independent variables
and dependent variable. In this research it is the budgets of the social medias and the sales. It is a
number between -1 to 1, where close to -1 indicates a strong negative correlation, one variable
increase and the other one decrease, and close to 1 indicates a strong positive correlation, both x and
y decrease or increase together. If the R is close to zero, the dependent variable and independent
variable may have a weak or no linear relationship [7]. From the table, it is clear that the multiple R
is very close to 1 (0.949), meaning that the social media budgets have a positive strong relationship
with the sales, which is what the author expected.
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Table 2. The coefficients, standard error, and other quantities.
media coefficients Standard error T stat P-value
Intercept 3.48498971 0.40128124 8.68465636 3.4408E-15
Youtube 0.04531485 0.00152266 29.7602253 1.9098E-68
Facebook 0.1887033 0.00903935 20.8757582 2.7223E-68
Newspaper 0.00398915 0.00652334 0.61151962 0.54169219

The R square, also known as the coefficient of determination, explains the variations of the
dependent variable that is caused by the independent variable. It is a number between 0 and 1, since
it is squared from R [7]. The author can see that from the results, where a R of 0.94895095 result in
a R square of 0.90050791. R square is usually state as a percentage in interpretations. For
example, in this research, this R square means that, about 90.1% of the changes of the budgets
for advertisement of the three social medias is accounted for by the sales [7].

The author also generated a formula using the intercept and coefficients. This function can be
used to predict sales when investing differently for each social media, and it is given by

Sales = 3.485 + 0.045YT + 0.189FB + 0.004NS (2)

Moreover, the author also examined the individual relationship of the three social media and
the sales by looking at their P-values and coefficients. In short, a smaller p-value gives a more
convincing coefficient. From the table, both youtube and facebook has a small p-value, which
means their coefficient should be reliable, that they won’t be affected easily. At the meantime,
facebook has a higher coefficient, so investor would get more sales if they put more budgets into
facebook advertising. However, Newspaper has a high p-value, higher than the common ones
the author uses, such as 0.05, 0.01, and 0.1. This implies that it will be easily influenced by other
factors, that it will be risky to invest on. Therefore, based on this observation, the preferable
order of spending advertising budget should be: facebook, youtube, newspaper.

This result also matches the guess, the individual plots above. The youtube and facebook
graph all have a stronger positive linear relationship than the newspaper plot, which is more
scattered. And between the youtube and facebook, facebook plots are more scattered. The
newspaper vs. sales graph also explains that it could easily be impacted by other factors, since
its relationship with sales is not that strong. Closer research can also be done, such as seeing
other non-linear relationships of the three social medias with sales.

3.3. Applications

From the results, this research can also give ideas for other similar business problems. From
the preferable orders, a clear trend of using technology is shown. People prefer using their
technologies, thus the probability of seeing the advertisement from youtube and facebook is
higher than newspaper. People can then assume that there are less people seeing the paper
advertisement than see them online. If similar decisions are needed to make when sellers are
trying to advertise their products, they can choose to use the internet, other than actual copies,
or printing them on magazines. Also, facebook works more effective than youtube. This gives
an idea for where and towards which population people should put their advertisement, and think
about the pros and cons. For example, in general, there is a huge population and age range for
people who uses youtube, but the author would say more younger people. However, much young
people now do not use facebook. So, in this research, maybe the product is more targeting to
middle-aged people, so facebook advertisement is more effective. Also, there is a lot of
advertisement on youtube, which could be more competitive. Sellers can decide where to
advertise based on their target consumers.

Other researchers also examine the importance of multiple linear regression in economics. For
example, in another research, the authors chose a fuel distributing company, and considered
seven factors that might impact the clients’ satisfaction [8]. These factors are considered
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independent variables, and the client’s spending monetary value is the dependent variable. From
their result, the authors find which factors impact the clients’ satisfaction the most. Similar with
the case considered, they can then decide how to improve the company, in order to increase the
consumers; satisfaction, and thus their spending value [9]. The purpose of this paper, similar
with the current one, is also to illustrate how to apply and interpret the linear multiple regression
analysis within a marketing research based on primary, marketing theory.

4. Conclusion

In this research, the author found the best way to spend advertising budget based on the
relationship between different social media and sales. The author used multiple linear regression
analysis, individual plots and generated numerical outputs. However, there are still several
limitations for this method. Firstly, unlike single linear regression, it is hard or even impossible
to create a graph for multiple linear regression. For one or two variables, people can still generate
2D or 3D graphs, but what about 4D and more? Even if it is possible to do so, the graph would
be hard to interpret by human eyes. It is true that people can just use technology, but the purpose
of seeing a clear graph is lost. Second, the result can be hard to interpret when having multiple
variables. When having many independent variables or complex interactions, people need to
check linearity, normality, independence, with different tests and plots. This process can be very
time-consuming and complicated. Lastly, Multiple regression can be overfitting, which is when the
model fits the data too well, and it failed to generalize to new data. Overfitting can occur when having
too many independent variables, or when the variables are highly correlated with each others. Overall,
there are still many places of improvement when using multiple linear regression analysis.
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