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Abstract
This research focuses on the study of analytical principles, economic values, and the
methods for evaluating economic and social impacts of servicing mobile broadband.
The economic concepts proposed in this research include the content in relation to the
total economic value, economic value of time, and micromotives and microbehavior.
On top of that, this research is also aimed at analyzing and accounting for the process
of impact evaluation on the basis of the procedures recommended by the World Bank.
Furthermore, this research also explains the study methods through case studies, and
is considered an in-depth study accordingly. The contributions of this research will
promote the telecommunications industry to have complete methods and to keep upto-date with the industrial changes at international levels.
Keywords: Economic value, Mobile Broadband, Impact

1. Introduction
The primary economic concepts and the study methods for analyzing economic and social
impacts of servicing mobile broadband will be used as the conceptual framework for the
analysis and quantitative methods of this study. The three economic concepts included in this
explanatory part are as follows: (1) Total economic value, (2) Economic value of time, and (3)
Micromotives and Microbehavior.
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1.1
Total economic value
The total economic value comprises either use or non-use values as shown in figure 1. The use
values can be classified into three types: direct use values such as generating incomes and
reducing mobile broadband service costs, indirect use values such as the induction which leads
to higher spending producing the chain effects on the economic system. This includes optional
values which we know little about them. However, if we have been equipped with such
knowledge, it will further benefit us, for example, the existence of new applications which have
been now unavailable in Thailand but in developed countries.
The non-use values can be classified into two types: the bequest value and the existence value.
The two types of values are used in evaluating values of the environment. However, they are
not related to the evaluation of mobile broadband impact values. Therefore, there is no need
for them to be assessed accordingly. The total economic value diagram can be demonstrated in
Figure 1.

Figure 1: Total economic value
1.2 Economic value of time
There are two features of the time used in studying costs and profits. Firstly, the value of leisure
time accounts for the study of values from personal behaviors of individuals deciding to take
leave or continue working, since they will get unpaid from taking such leave from work.
Secondly, the value of work time accounts for the trade-off between the time and the income
which workers earn from labor.
The value of time can be calculated from the value of income required to be paid for workers.
Base on this, the conversion of time units into monetary values can be undertaken through
dividing the gross income by the total working time to yield a quotient in the unit of hour or
minute.
The cost of time can be calculated by focusing on the time used in non-economic activities in
order that the opportunity cost of the time wasted can be calculated, whereas the income is
viewed as the compensation for the time wasted at work instead of relaxing.
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The value of time can be evaluated through transportation costs. Based on this, any activities
that result in travel time saving are the activities that generate economic values. The value of
travel time (VTT) is the cost of time spent on transport, including the cost of time spent on
holding goods. The travel time doesn’t generate income. In addition, it becomes the cost that
business sectors have to pay their workers for transporting goods. The value of travel time
saving refers to the benefits gained from reducing the cost of travel time.
Time is the cost that takes most proportion in transportation systems. Therefore, any activities
that can save transport time also bring about the consequences of great benefits. Besides, the
factor regarding passenger comfort can be evaluated in the form of transportation costs as well.
The assessment of travel time for economic purposes can be by various means, mainly read
through the clock. That is, the transportation cost will be calculated according to the amount of
time spent. However, the cognitive time is also applicable for the same purpose as well.
Furthermore, the transportation cost can be evaluated from both the time wasted and
monetary costs, since there is no income generated during traveling.
In order to calculate transportation costs, the effective speed which means the average travel
speed, including the travel time, depreciation of vehicles, and hours of work to pay for transport
expenses must be calculated.
The overall transportation cost can be calculated through multiplying the minutes or hours
spent by the cost of each unit, for example, 1 dollar per minute.
The transportation cost depends on the means of transportation, conditions applied to
transportation, and passengers’ transportation satisfaction. For example, spending 10 minutes
relaxing on comfortable seats generates a lower cost than sitting behind the wheel on the
congested road for an equal amount of time.
The transportation cost depends on different time intervals such as during the intervals
of walking to the bus stop, waiting for the bus, getting on the crowded bus. Based on this, the
cost will vary at different time intervals.
The transportation cost depends on passengers’ satisfaction, for example, some
passengers may prefer paying higher fares in order to travel faster when in rush.
The study that measures the transportation cost from per unit costs tend to embrace the
principle of business costs and response behaviors of passengers’ trade-off between time and
money. For example, some individuals will be encouraged to pay higher fares in order to travel
faster through a better channel [1].
The one-person model, developed by Johnson (1966) and Oort (1969) [2] [3], for the study of
Theory of Time Evaluation determines that laborers have to divide the total time into four parts:
leisure, working, traveling, and commuting as the following:
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𝑇 = 𝑇𝑙 + 𝑇𝑤 + 𝑇𝑣 + 𝑇𝑚
Where:
𝑇𝑙

𝑇

represents the total time the labor has.

represents leisure time.
𝑇𝑤

represents working time.

𝑇𝑣

represents traveling time.

𝑇𝑚

represents the commuting time.

1.3
Micromotives and Macrobehavior
This study is based on the belief that the most significant impacts created by mobile broadband
are life changes. Therefore, the approach to the study begins with micromotives which lead to
the macrobahavior according to the concept introduced by Thomas C. Schelling [4], a recipient
of the 2015 Nobel Prize in economics.
The analytical methods begin with identifying the related behaviors prior to the emergence of
mobile broadband followed by new behaviors resulted from mobile broadband, the applications
behind such behavioral changes, and the impacts caused with supporting details and related
statistical data. Then, the impacts are translated into monetary values comprising both the
positive aspect (gain benefits) and negative aspect (lose benefits). Any parts that cannot be
translated into monetary values will be considered social impacts which can be classified as
desirable and undesirable changes. Eventually, the monetary values of impacts can be obtained
through aggregating every analytical dimension into values of mobile broadband economic
impacts, whereas the details of social impacts can be depicted through the figure 2.
Prior related
behaviors

Assessment of values for
money
Positive

New
behaviors

Applications
involving
behavioral changes

Results of
behavioral
changes

Details and related
statistical data

Parts that cannot be
translated into money
Positive

Negative

Figure 2: Analysis of broadband mobile economic and social impacts through behavioral
changes
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2.

Methodology

This part features the methodology of assessing social and economic impacts of mobile
broadband. Firstly, the approach to impact evaluation based on the World Bank’s conceptual
analysis will be discussed, followed by quantitative methods such as econometrics and the
structural equation model (SEM). Finally, the qualitative methods such as field survey
techniques, both by means of paper and online questionnaires, will be discussed together with
the case study method where the in-depth study topic is carried out.
3.

Impact Evaluation

The concept of impact evaluation framed by World Bank includes the following details:
Impact evaluation is the evaluation of changes in the living standard of each individual,
household, community or business produced from any projects, schemes, policies. The key
question required in such evaluation is “What would happen to the people who had been
interfered by external factors if they were not interfered by such factors anymore?” because
this similar group of people, as a real, cannot be observed on two situations under the same
time frame. That is, either under the situations with or without external interference, the
significant challenge is therefore counted on how to form a virtual group most similar to the
group interfered by external factors (both in observable and unobservable dimensions). If the
virtual group yields a different result, the observer then can give explanations on power and the
real cause, promoting a clear observation on the difference in per-program welfare factors [5].
The impact evaluation method differs from the method which examines whether the objective
can be fulfilled because it is aimed at answering cause and effect-based questions. It can be said
that the impact evaluation seeks for direct impacts of the program. The main objective of
impact evaluation is gaining the results that can help improve patterns and policies of the
program. This can facilitate the answering of questions arisen from the formulation of
evidence-based policies through specifying which is good or bad. Moreover, the impact
evaluation is also considered a dynamic tool. That is, it can show policy makers the flaws while
the project is in progress, enabling related sectors to make improvement and changes for
greater appropriateness [6].
Nowadays, several western and developing countries are more interested in applying the
impact evaluation to policy formulation. Applications of impact evaluation in other fields are
such as agriculture, energy, and transportation. The models of impact evaluation can be
classified into three types based on the methods of creating control groups:
1)

Experimental model
Under the experimental evaluation where the experimental and comparison groups
varying in policy operations are chosen at random (the experimental group carries out policies
but not the comparison group), such policy operation will affect the results or create impacts.
This evaluation method is recognized as randomized control trails (RCTs). Here, the comparison
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group is called the control group when the samples are chosen at random from a large group
without interference. The only difference between the experimental group and control group is
that the control group does not carry out any policies.
The experimental approach is generally referred to as an evaluation standard. It is the only
evaluation method which can certainly deduce whether the selection bias rationally correlates
with policy operation and results. The random sampling and separation from project execution
may not practically be subjected to social norms and may be hard for conserving morality even
though there is a chance to adopt natural experiments. However, the criticism about
experimental methods is still based on bias, this will occur when social interference cannot hide
the secret from the experimenter, sample, and experimental investigator (triple blinded).
2)
Quasi-experimental
The quasi-experimental method can eliminate selection bias from the observation with
unobservable panel data and time invariance. The quasi-experimental method comprises
matching, difference specification, instrumental variables, and the pipeline approach. Normally,
the regression analysis with multiple variables is conducted. If the approach to selection is wellknown and observable, such bias can be eliminated. The matching approach involves the
comparison of program participants with nonparticipants based on the observation to make
selection.
3)
Non-experimental designs
This method doesn’t include the comparison group without program execution. The approach
used here is comparing the experimental group prior to and after project execution. The
evaluation during the absence of the control group or the intervention interrupted time-series
(ITS) will require several sets of data prior to and after program execution from participants,
whereas the pre-test and post-test approaches will require single data prior to and after
program execution. Non-experimental designs are the weakest evaluation method because the
rational relationships between program execution and its results must be shown for greatest
reliability and the evaluation must prove that other explanations of such results are not
incorrect. However, there are some cases that the non-experimental design is the only method
that can be carried out, for example, when the program has been widely executed or national
policies have been adjusted to exclude comparison groups.
In addition, each study type varies in terms of possibility, spending, and participation during and
after the intervals of project execution.
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4.

Econometric Models

The econometric models mostly used in this particular study include the piecewise regression
and panel data analysis as detailed below:
1)
Piecewise regression
It is the model presenting structural changes which set the impacts aside general trends arisen
from external changes, for example, utilization of the mobile phone technology after spectrum
allocation.
The model can be generated, using the time series, in the form of equations and graphs
as shown in figure 3:
𝑌𝑖 = 𝛼 + 𝛽1 𝑇𝑖 + 𝛽2 (𝑇𝑖 − 𝑇 ∗ ) 𝐷𝑖 + 𝑢
Where

𝑌𝑖

is the variable of interest at the time of 𝑇𝑖 and 𝑖 = 0, 1, 2,…, 𝑇

𝛼, 𝛽

are the parameter values required to be estimated

𝑇𝑖

is the time, where 𝑖 = 0, 1, 2,…, 𝑇

𝑇∗

is the time when a structural change undergoes

𝐷𝑖
is the dummy variable which would equal 1 when 𝑇𝑖 was the time after 𝑇 ∗
(𝑇𝑖 >𝑇 ∗ ) and would equal 0 when 𝑇𝑖 was the time before 𝑇 ∗ (𝑇𝑖 < 𝑇 ∗ )
𝑢

is the approximation error

Before the spectrum allocation, the equation of this model is as shown below due to the
absence of the term multiplied by 𝐷𝑖 , since 𝐷𝑖 equals 0. This will make the value of Y-intercept
stand at 𝛼 with the equation’s slope value of 𝛽1.
𝑌𝑖 = 𝛼 + 𝛽1 𝑇𝑖 + 𝑢𝑖
After the spectrum allocation, the equation of this model is as shown below because the value
of 𝐷𝑖 equals 1, making the value of the Y-intercept stand at 𝛼 − 𝛽2 𝑇 ∗ with the equation’s
slope value of 𝛽1 + 𝛽2 .
𝑌𝑖 = (𝛼 − 𝛽2 𝑇 ∗ ) + (𝛽1 + 𝛽2 )𝑇𝑖 + 𝑢𝑖
When the two equations are plotted on the same graph, the bending moment is at the interval
of 𝑇 ∗ , exactly when allocation of spectrum was made.
The results of allocating spectrum can be measured from the difference between the value of
variable 𝑌𝑖 resulted from the general trend (point A) and the structural change (point B) as
shown in Figure 3.
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Figure 3: Model of Piecewise Regression
2)
Panel data analysis
There are two models of panel data: the fixed effects model and the random effects model.
These methods of econometrics are beneficial to analyzing empirical evidences gathered from
both the determined scopes and various experiments (Suriya, 2010) [7]. According to the two
types of analysis, samples will be divided into groups. For example, in case there is the data of
several countries at different time intervals, the groups will be divided according to the number
of countries. If the samples include 20 countries, there are 20 groups divided. Details about the
fixed effect model and random effects model are shown below:
Fixed effects model
The form of a fixed effects model can be as the following:
𝑌𝑖𝑡 = (𝛼0 + 𝜃𝑖 𝐷𝑖 ) + 𝛽0 𝑋𝑖𝑡 + 𝜀𝑖𝑡
Where

𝑌𝑖𝑡 is the dependent variable

𝛼0

is the constant

𝜃𝑖

is the coefficient specific for each sample group

𝐷𝑖

is the dummy variable or the variable set for each sample group

𝛽0

is the parameter of the independent variable

𝑋𝑖𝑡

is the independent variable

𝜀𝑖𝑡

is the approximation error

From the equation, it can be seen that the parameter of every sample group is equal, but the
constant of each sample group is different. It can also been noticed that the constant of each
sample group will be stable regardless of time. Calculation of the constant of each group can be
performed by referring to the study of Judge et al. (1988) [8].
17

Settapong Malisuwan and Wassana Kaewphanuekrungsi, JMAS Vol 3 Issue 1 2015

Random effects model
The form of random effects can be written as the following:
𝑌𝑖𝑡 = 𝛼0 + 𝛽0 𝑋𝑖𝑡 + 𝜀𝑖𝑡
Where

𝜀𝑖𝑡 = 𝑖𝑡 + 𝛾𝑖𝑡

This makes 𝑌𝑖𝑡 = 𝛼0 + 𝛽0 𝑋𝑖𝑡 + (𝑖𝑡 + 𝛾𝑖𝑡 )
𝑌𝑖𝑡 = (𝛼0 + 𝑖𝑡 ) + 𝛽0 𝑋𝑖𝑡 + 𝛾𝑖𝑡

and
Where
𝛼0

𝑌𝑖𝑡

is the dependent variable
is the constant

𝛽0

is the parameter of the independent variable

𝑋𝑖𝑡

is the independent variable

𝜀𝑖𝑡

is the approximation error of the non-white noise group

𝛾𝑖𝑡

is the approximation error of the white noise group

𝑖𝑡

is the approximation error specific for each sample group

In this equation, the constant of each sample group can change as time goes by. This can be
noticed from 𝑖𝑡 which is the approximation error of the sample group (i) and the time interval
of (t). The constant of this sample group will vary depending on different time intervals. The
constant of each sample group, therefore, can be calculated by referring to the study of Judge
et al. (1988) [8].
In order to choose a better model between the fixed effects and the random effects, the
hypothesis-based Hausman test criterion will be adopted as the following (when the value has
already been approximated using the fixed effects model):
Ho: The fixed effects model is better than the random effects model.
H1: The random effects model is better than the fixed effects model.
In case the Hausman effects model cannot yield any test results, the R-squared values
will be compared: the model with the higher R-squared value will be a better one.
5.

Structural Equation Model: SEM

The structural equation model (SEM) was developed by Jöreskog (1973), Keesling (1972), and
Wiley (1973) [9] [10] [11], mentioned in Piboonrungroj (2012) [12], through merging the factor
analysis with the path analysis. This particular model has been further developed from the
model regression equations in two aspects:
1)
Adding the measurement model which uses the confirmatory factor analysis (CFA) in
generating a latent variable form an observed variable can enable the analysis of relationships
between various abstract factors, for example, people’s attitude toward 3G technology,
18
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whereas the regression equation can be used only with an analysis of the variable that can
merely be directly measured such as level of incomes, prices, marital status or educational
background.
2)
The structural model can approximate the value of the parameter of the whole model
structure (sets of the cause-and-effect variables which are continuous and related to the data
simultaneously). This make the coefficient obtained better represents the relationship of latent
variables in the same decision making process compared to when more than 2 steps of the
model of regression equations are used. The way that the researcher uses the value previously
approximated as the explaining variable in the next step makes the correlation coefficient to be
derived from carrying out a step-by-step optimization discontinuously and separately.
Another advantage of SEM is that in approximating the parameter of models from data, the
program itself can introduce the hypothesis on new relationships in the model unexpected by
the researcher at the first glance. This enables the researcher to easily discover significant issues
as long as such relationships are based on rational explanations or theories.
Measurement model
This particular type of models used the principle component analysis (PCA) in generating latent
variables from observed variable. It is based on the concept that if each of the observed
variables can actually capture some latent variables, the covariance of the observed variable
(the value of the observed variable which also changes) is possibly the value of the latent
variable.
There are 2 test types involve at this stage: reliability test and validity test. The reliability test
accounts for the test to measure whether the observed variable used in generating the latent
variable is a good observed variable of the latent variable. This can be considered from the
proportion between the common correlation and total correlation of the observed variable
group used in creating each latent variable. On the contrary, the validity test is the test to
measure whether the created latent variable can represent the factors of interest, considered
from both the correlation of the observed variable within the latent variable and the correlation
between latent variables.
Structural model
The structural model accounts for the causes and effects that are continuous and related to
each other. It is suitable for the study of factors influencing the behaviors of individuals such as
the influence of the 3G technology on human behaviors. This particular model is the set of
regression equations that are the cause-and-effect structure of the abstract variable which
cannot be directly measured (latent variable). The approximation of such model can be made
through approximating the parameters of the whole model structure simultaneously. The model
included in this part requires the use of hypotheses, approximation methods, and the statistics
used in testing the model similar to the regular regression equations, for example, the normal
distribution, maximum likelihood (ML), estimator, and coefficient testing carried out through
the T-test approach.
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6.

Field Survey

Field surveys will reflect the point of views of a large number of people, especially mobile
broadband users.
The survey can be categorized into two types: paper-based and online-based. The pros and cons
of each type are as follows:
1)
Paper surveys are generally used in surveying people’s point of views or any sample
groups of businesses. The pros of paper surveys are that the questionnaires can be extensively
sent to the targets according to the statistical principle and the results can be statistically used
in referring to the whole population. However, the cons of this survey method are that it
requires a lot of expenses, and the rate of returning questionnaires is quite low. It also has the
limitation in that the time taken for the targets to answer the questions according to the
number of the questions provided must not so long that make them bored. Besides, there is
uncertainty about whether the person answering the questionnaire is the targeted one instead
of his or her secretary or assistant.
2)
The pros of online surveys are that the survey can be directly targeted at Internet
users. This makes the majority of modern surveys about Internet use behaviors to be carried out
online. Besides, this method can also enable a large number of people reaching the
questionnaires created or over 1,000 samples with low costs and the results can be collected
immediately by the researcher once all the questions have been answered. However, the cons
of this particular method is that the number of samples covering the population cannot be
determined because such questionnaires are not specific to any particular individual, affecting
the people answering the questions to poorly represent the whole population. This will give rise
to the technical problem called selection bias because the Internet users may or may not
participate in answering the questions and the participants may have the same direction of
attitudes. For example, they will answer the questions if the question topic is of their interest.
However, if the Internet users are not interested in the question topic, they will not answer the
questions. This will obstruct the researchers from gaining the point of views of this particular
sample group and affect the overall data obtained to be incomplete so that it cannot represent
the whole population.
If this particular study necessarily requires field surveys, an appropriate survey method has to
be considerably chosen, for example, if the beneficial uses of mobile broadband among SMEs,
schools or nursing homes have to be surveyed, the paper survey will be appropriately used. If
the mobile broadband use behaviors have to be surveyed, it is more appropriate that the online
method will be used by neutralizing the questions so that the mobile broadband users from all
individual groups can participate in answering the questions. This will promote the questions to
be more complete and efficiently represent the whole population accordingly.
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7.

Case Study

The case study analysis approach is the deep study which requires specific data on behaviors of
the samples. The researcher has to devote a lot of time to thoroughly and continuously
observing and recording the behaviors of samples to monitor changes and seek for causes of the
problems.
The case study approach is a suitable research tool for studying social effects since the statistical
data from the samples are required in a tiny amount, but a few samples are expected to be
deeply examined to gain the understanding of how the impacts of mobile broadband produce
changes in the way of life of the samples.
8.

Conclusion

This particular research is analytical and features guidelines for analyzing economic values and
approaches to analyzing economic and social impacts from servicing mobile broadband. It also
accounts for the process of impact evaluation used in the telecommunications industry. On top
of that, this research can also be efficiently used in analyzing the impacts after the spectrum in
the telecommunication industry has been allocated.
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