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Executive summary

This report is a guidance document aimed at standards
organizations around the world that are interested in assess-
ing what impact standards have on the local economy.

The methodology presented herein has been successfully
employed by a number of ISO members to estimate the eco-
nomic benefits of standards. It is an application of regres-
sion, which is a statistical technique for understanding how
changes in one variable affect changes in another variable.

Most standards organizations should be able to procure suffi-
cient data and technical capacity to follow this methodology,
which has been pragmatically chosen to balance statistical
robustness and ease of application.

In short, the methodology involves building a model of how
changes in a stock of standards over time cause an increase

3

in total factor productivity.
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The methodology has
been successfully

employed to estimate
the economic benefits

of standards.
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1. Introduction

“All models are wrong, some models are useful” — George Box."

The purpose of this report is to provide a detailed
description of a methodology to assess the economic
impact of standards for a given country. Its aim is to
provide adequate detail to support decision makers in
confidently procuring the expertise of a practitioner in
this area. Further, there is sufficient detail and intuition
for a decision maker to be able to critically evaluate work
produced by a practitioner and understand how to use it.

This report has two different audiences: the reader
and the practitioner. The reader is a decision maker
in a standards organization who must understand the
context of the analysis and how to interpret results.
There is sufficient intuition and detail to give the reader
confidence in the methodology presented. The bulk of
this report is targeted at the reader.

The second audience is the practitioner. Implementing
this type of research will require significant capacity,
which will likely need to be brought in from outside
any given standards organization. In this report, there
is sufficient mathematical and process detail to allow a
practitioner to successfully implement the methodology.
Some sections are targeted specifically at the practi-
tioner but are also valuable for the reader. These are
Sections 6,7, 8 and 9.

Section 2 of this report begins with a brief literature
scan intended to introduce the reader to previous liter-
ature on each of three topics: economic impact analy-
ses, standards, and the economic impact of standards.
Section 3 introduces key concepts required to under-
stand not just the methodology, but the reason for fol-
lowing it, whilst Section 4 details some assumptions
explicitly made in the methodology and provides an
argument to defend each one.

This is followed by a comprehensive description of the
intuition behind regression modelling in Section 5, the
key technique in the methodology. Section 6 contains
a mathematical description of a general model for
estimating the impact of standards. Included in this
section is a discussion on how to account for various
complexities, including multiple variables and data
that is collected over time. Following the description of
regression is a description of the data required to carry
out the methodology successfully in Section 7. Section 8
provides guidance for interpreting the results. Finally,
Section 9 includes an example of the methodology,
taken from BERL’s analysis of the impact of standards
in 2011. This example describes step by step how BERL
built and fitted the model, with detailed guidance on
how to interpret the results.

The methodology presented in this report has been
chosen to balance statistical robustness with ease of
adoption and interpretation. It is intended to be appli-
cable to the widest range of organizations possible and
is agnostic to imperfections in data. The methodology
relies on relationships between variables. It is worth
noting upfront that, as long as a practitioner can justify
that the choice of variables is related to the variable of
interest, the methodology will be useful.

1) George Box (1919-2003) was an important figure in the development of econometrics and statistical theory; this quote is generally

attributed to him.
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2. Literature scan

This section introduces the reader to the techniques that are most relevant for
undertaking an assessment of the economic impact of standards.

2.1 Economicimpact assessments

Economic impact assessment techniques lie in the realm of applied analysis.
This is reflected in the number of reports from various consulting firms assess-
ing the economic impact of different projects in their region.

There are three general methodologies (techniques) for assessing the economic
impact of any project or policy (including standards, as covered in this report):
1. Regression analysis

2. Multiplier modelling

3. Computable general equilibrium modelling

This literature scan is intended to be a brief introduction to the techniques widely
used to assess the economic impact of any project or policy. The literature scanned
did not contain any writings on standards or their impact.

Regression analysis

Regression analysis is the methodology chosen by BERL and presented in the
main of this report. The fundamental criterion for methodology selection was
that it needs to balance complexity and cost of implementation with statistical
robustness. A linear regression method does this well.

Regression analysis is a statistical technique for teasing out the correlation
between variables. Allen (1997) and Barnes (1998) trace the history of the
technique to the late 19'"-century scientist Francis Galton. For more history
concerning the technique, the reader should see Stigler (1986).

Regression is the subject of Section 5 where there is a deeper discussion of this
method. For now, regression can be understood as a methodology for finding
the best straight line that captures the relationship between one variable of
explicit interest and a number of other variables. For example, a farmer might
be interested in the relationship between the age of cattle and their milk yield.
The milk yield is the variable of explicit interest and the age of the cattle is the
variable which explains it. For this, a linear regression analysis would find the
straight line which best describes the relationship.

Regression’s use in economics is quite recent. One frequently cited paper (and
author) is Card (1990). This paper looks at estimating the effect on employment
and wages for lower-skilled workers in the city of Miami (Florida, USA) fol-
lowing a period of rapid migration of people from Cuba. This period of rapid
migration is called the Mariel Boat Lift. The specific model employed is a log-
arithmic regression, which is similar to the model presented in this report for
estimating the impact of standards on economic growth.

One of the most widely researched questions in econometrics is the effect
increasing education has on wages. On this subject, Mocan (2014) looks at the
return to education in Turkey following some significant educational reforms
in the country and its impact on wages. The analysis is completed using a

4| 1S0 R&I - Economic impact of standards — Methodological guidance
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logarithmic regression, much like Card (1990) and the
methodology presented in this report. Throughout the
presented methodology, Wooldridge (2020) is refer-
enced. This textbook is, in our opinion, the best fit for
the regression methodology presented and any readers
seeking to explain regression methodology in more
detail are encouraged to consult this source.

Multiplier modelling

This method can be traced back to Wassily Leontief who
was awarded a Nobel Prize in 1973 for the work that
made multiplier modelling possible.” The intuition of
this technique is that we can create, using official sta-
tistics, a snapshot of the way the economy works. From
this snapshot, we can calculate a set of numbers called
“multipliers”. These multipliers are combined with data
on what happened, economically, during an event used
to approximate the full effect of a change in an economy.

Applying the multipliers, an analyst can simulate a par-
ticular industry, policy or activity. For example, in 2019,
the Commercial Real Estate Development Association
(NAIOP) Research Foundation in Canada published

an analysis of the economic impact of the Canadian
commercial real-estate industry.?

Computable general equilibrium modelling

Computable general equilibrium (CGE) modelling is a
method for constructing and comparing multiple states
of a given economy, under different assumptions. This
method can be traced back to a mathematician/econ-
omist called Leif Johansen. Dixon et al. (2016) offer a
detailed description of the history of CGE modelling.

This method of analysis makes use of a set of equa-
tions that approximate an entire economy (local or
global). The equations are then solved under a set
of assumptions that describe some policy change or
programme. One example of CGE modelling is offered
by Giesecke et al. (2007). This paper is an assessment
of the economic impact of the 2000 Olympic Games in
Sydney, Australia, using a CGE approach. In another
study, Nam et al. (2010) examine the economic and
welfare costs of air pollution in Europe using a global
CGE model that included modelling of air quality and
associated health costs.

1) Seewww.nobelprize.org/prizes/economic-sciences/1973/leontief/biographical/

2) Seewww.naiop.org/en/Research-and-Publications/Reports/Economic-Impacts-of-Commercial-Real-Estate-in-Canada-2018
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Standards provide
the means to
disseminate
innovation and good

market practices to

companies.
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2.2 Standards

Safety, interoperability, quality and the prevention of
adverse incidents have been primary concerns in the
development of standards to date. However, now con-
cerns have expanded to consider other aspects such as
a product’s life cycle and the impact on the environment
and society (The Conference Board of Canada, 2007).

In terms of economic well-being, the World Trade Organ-
ization (WTO) argues “|[s|tandards are necessary for the
smooth functioning of anonymous exchanges — and,
therefore, for the efficient functioning of the market”
(WTO, 2005). The adoption of standards also ensures
the compatibility of inputs, parts and components in
industries where the final product is assembled (WTO,
2005). Hence, standards adoption can distil knowledge,
provide a common language for discussion and help
solve some externality problems (Centre for Interna-
tional Economics, 2006). Standards can also work in
tandem with innovation — they provide the means to
disseminate innovation and good market practices to
companies (AFNOR, 2009). Standards therefore facil-
itate the efficient functioning of markets and prevent
market failure.

As general guidance, the Standards Council of New

Zealand argues that New Zealand needs standards to:

> Keep people safe and prevent accidents and injuries

» Support quality regulation

> Minimize the impact of potential disasters, improve
the quality of goods and services, protect the
environment, and boost economic growth and
trade opportunities by connecting New Zealand to
international markets

> Minimize unnecessary duplication, confusion and
inconsistencies

» Support policy development and implementation

> Aid user understanding by writing highly technical
information in a document

These apply to most countries.
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2.3 Economic impact of standards literature

ISO has published a report summarizing the results
of ISO members’ research on the impact of standards
on their national economies (Standards and economic
growth: ISO members’ research on the impact of
standards on their national economies, 2021). This
research investigates the economic benefits of
standards in nine regions of the globe (eight individual
countries and the Nordic countries). Every analysis
considered by ISO reported positive effects of an
increased stock of standards on economic growth.

Below, we present summaries of a selection of studies
on the impact of standards on economic growth.

Europe

Blind et al. (2021) examine the long-term impact of the
stock of standards on economic growth in eleven EU-15
countries between 1981 and 2014 using panel cointegration
techniques. The details of the econometric techniques
employed are similar in spirit to the regression analysis
presented below, although Blind et al. (2021) is much
more complex. Prior to that study, Jungmittag, Blind and
Grupp (1999) had used German data from 1961 to 1996
to illustrate how standards may be an important factor
in determining aggregate economic activity and, as a
result, productivity growth.

Astudy by Hogan et al. (2015) on the British Department
of Trade and Industry (DTI) using British data from 1921 to
2013 came to similar conclusions. This project provided
benchmark estimates of the impact of public standards
on technology change, considered standards and the
international transmission of technology, and questioned
whether standards enable or constrain innovation. It used
an econometric model (Cobb-Douglas) to show thereis a
measurable association between the stock of standards
and productivity growth in the United Kingdom.

The Association francaise de normalisation (AFNOR), for
its part, undertook a macroeconomic and microeconomic
analysis to demonstrate the need for French companies
to become more involved in voluntary standards work.
In their macroeconomic analysis, a similar methodology
to that employed in the Conference Board of Canada
(2007) and the British Department of Trade and Industry
(2005) studies was employed. AFNOR argued that the
contribution of standards to macroeconomic performance
has been under-researched in France. This study aimed to
measure the effects of voluntary standards on economic
activity and fill some of the gaps in current research.

Australia

The Centre for International Economics (2006) used
Australian data from 1962 to 2003 to comprehensively
assess the role of standards in the economy. This study
reviewed macroeconomic data to determine if a statistical
relationship exists between the stock of standards in
Australia and productivity. It also completed four case
studies on standards or groups of standards in the
mining, water and electrical industries, and the risk
management standard. Two Australian standards data
sets were used: the annual number of new and revised
standards published each year, and the total stock of
current standards.

Canada

The Conference Board of Canada (2007) undertook
a study to examine the impact of standardization
on the Canadian economy. This study reviewed
standards-oriented economics literature, an empirical
analysis of the impact of the collection of standards
on Canadian labour productivity, a series of interviews
with Canadian business leaders, and two case studies
on the benefits of selected aspects of standardization.
This research methodology was based on that used in
Germany and the United Kingdom, and adapted to the
Canadian situation. The Standards Council of Canada
(2021) used the same methodology to quantify the
benefits of standards to the Canadian economy over
the time frame 1981-2019.

China

Briefly departing from looking at how increasing the stock
of standards improves economic growth, Zhang et al.
(2019) examined the effect of standards development
on economic growth, and trade, in China. The analysis
also examined, empirically, the direction of relationship.
The central question is: “What effect does standards
development have on economic growth, and what effect
does economic growth have on standards development?”
It was found that standards development positively
influences economic growth, and economic growth
positively influences standards development.
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3. Concepts

This section introduces the key concepts for understand-
ing economic impact and economic modelling. First, it
is useful to introduce the idea of economic impact and
the concept of a circular flow model, with standards
included for context.

After establishing this basic idea of an economy, the
ideas of what GDP is and how standards can increase
productivity (the amount of GDP produced per unit of
input) can be introduced. Finally, the idea of the circular
flow and productivity need to be formalized. The result
of this formalization is the Cobb-Douglas production
function.

3.1 Stock of standards

The “stock of standards” is a term used in this report
to refer to how standards could be measured in a way
that is useful for the presented methodology. It is con-
sistent with the treatment of standards in most of the
studies referenced in this report and collated by ISO.
Across the studies, the “stock of standards™ is defined
as the “sum of all published standards up to the end
of a specific year minus the sum of standards that has
been withdrawn up to the end of that year”. (NBN , 2020)

3.2 Economic impact

The primary purpose of examining economic impact
through this analysis is to understand and demonstrate
the benefits of standards. Economic impact analysis is
done from the perspective of evaluating a proposed or
actual policy or activity (such as standardization) to
establish whether it provides a benefit. The methodol-
ogy in general seeks to both simplify and add objectiv-
ity to executive decisions by focusing on quantitative
analysis.
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3.2.1 The specific methodology
described in the report is also
quantitative in focus.

Traditional economic modelling:
Circular flow

Economists utilize a circular model of the economy that
focuses on the flows (transactions) between: markets
for goods and factors of production, households, busi-
nesses, government, and international markets. These
transactions are the flows in an economy.

This model conceives the economy as made up of dif-
ferent sectors. There are the sectors that sell labour
(households), those that sell products, and those that
sell other inputs. In the course of a well-functioning
economy, each sector transacts with other sectors. For
example, the business sector might buy labour from
households, and pay wages, while households might
pay taxes to government and receive goods like a legal
system and roads.

Itis instructive to include standards that underpin flows
in any given economy. Standards improve the operation
of the economic model by:
> Reducing the risk for consumers of buying products
» Reducing the risks for different businesses
combining intermediate products
> Reducing risk to those businesses employing
any of the factors of production

The following diagram (see Figure 1) from Zhang et
al. (2019) is instructive in explaining how standards
improve economic growth through multiple complex
mechanisms. It is concerned with standards develop-
ment, but the same pathways are influenced by the
stock of standards as well.
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> Lagging standards that hinder technological and business innovation will impede economic growth
> Standard, as an institutional arrangement, has institutional property and double-sided influence on economy
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Figure 1-The effect of standards on an economy
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Figure 2 is a diagram BERL designed to describe the
circular flow model. Because standards underpin a
well-functioning economy, the diagram explicitly
includes the stock of standards as a structure envelop-
ing the rest of the economy.

In the interest of keeping the diagram readable, it
focuses on those standards affecting businesses and
products, and businesses and workers in the labour
market. It is worth stressing that, in reality, standards
affect every transaction in the circular flow model to
one degree or another.

GDP

As the transactions between markets for goods and
factors of production, households, businesses, govern-
ment, and international markets repeat over time, the
economy grows. This is the motivation for the measure
of GDP. To measure GDP, a statistics department usu-
ally starts by measuring the market value of household
spending on goods and services consumed, including
exports and imports.

Productivity

The idea that transactions repeat over time and contrib-
ute to a growing economy also leads to the question of

10 | 1ISO R&I - Economic impact of standards — Methodological guidance
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“how much production we are getting per input ”. This is
what economists call productivity. Loosely understood,
it is how much product you get for each of any given
input (or combination of inputs). Productivity in the
simplest terms means making more with less.

In economics, inputs are grouped into two categories:
labour and capital. Labour is the power and number
of workers and capital is the number and value of
physical objects that produce outputs. Measuring
productivity of any factor is a simple case of dividing
how much was produced by how much input was used.
For instance, to measure labour productivity, take an
estimate of what was produced and divide it by how
much labour was used.

Likewise, to find capital productivity, divide what was
produced by how much capital went into it. As an exam-
ple, imagine a single machine produces USD 400 value
of goods; the machine is worth USD 4 000. Capital pro-
ductivity in this case would be USD 0.1 value of goods
for each USD 1 of capital.

The next concept builds on this simple introduction to
productivity. It tackles the concept of considering how
much can be produced, given all inputs in total. It is
commonly called total factor productivity.
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Figure 2 - Circular flow model with standards®

1) Adapted from multiple textbook images;

addition of standards originated by BERL.
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3.2.2 Definition and calculation
of total factor productivity

Total factor productivity means making more with less
of all the (total) observable and identifiable factors —
capital and labour. It is calculated by dividing the total
output in a given period with the stock of capital plus
the stock of labour in that period.”

Measuring the stock of capital and the stock of labour in
any country poses its own challenges. Labour is gener-
ally the simpler one to determine. Any of the following
factors — hours worked, number of filled jobs, number
of people employed or number of full-time equiva-
lents (which is a function of hours worked and people
employed) — can be used to measure labour.

Estimating the stock of capital is much more complex
as it involves surveying actual businesses to build a
picture of their total assets. This is included in national
estimates of total capital, like Gross Fixed Capital For-
mation, which is part of the National Accounts. In New
Zealand and Australia, this is carried out by Statistics
New Zealand and the Australian Bureau of Statistics,
respectively. It is possible that, in any given country,
this data is not collected. To overcome this potential
barrier, see the discussion in Section 7.

3.2.3 Formalizing the circular flow

The circular flow model presented above provides the
intuition behind how the economy works and how each
part of the economy interacts. However, to make the
model useful in mathematical modelling, it would be
helpful for the diagram to be represented as a function.
To do so, consider labelling the GDP at any given period
tasy,. Also, consider labelling the entirety of the labour
input as L and capital input as K.

GDPy,should be some function of L,and K,. One simple
function could bey, =L, + K, . This says that if there are
100 units of L at time t and zero units of K, then GDP (y)
at time ¢ will be 100. This does not accurately describe
how capital and labour can be combined in the real
world to yield output.

A better function should capture the idea that labour L
and capital K are somewhat able to be substituted for
one another. But, ultimately, to have any GDP, y, some
quantity of each is required. An even better function
would also capture the idea introduced before of

1)  SeeSickles (2019).
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total factor productivity. The GDP, y, should be able to
increase without increasing either L or K. Call this A4, .

One functional form that captures all the requirements
would bey,=A,L,K,.

Finally, the functional form should also capture the idea
that adding more units of L or K should increase y, but
it should do so less and less, unless it is matched with
an increase in the other input. This is an idea called
elasticity.

It is useful to label the variables that capture the idea of
elasticity as @ and B. To ensure these variables influence
y in the intended way, it would be most useful to raise
labour L to the power of a and capital K to the power of .

One functional form that captures all the concepts
introduced is known as the Cobb-Douglas function. The
original paper describing this model is Cobb et al. (1928).

Formally, the function is written as:

Equation1

Ye = AtL(gKtﬁ

This function is read as: Qutput (y) at time (t) is the prod-
uct of total factor productivity (A) at time (t), labour (L) at
time (t), and capital (K) at time (t). Labour (L) and capital
(K) have, as exponents, their respective elasticity (a and
B). An elasticity measures the responsiveness of output
to a change in levels of either labour or capital used in
production, ceteris paribus. For example, if a = 0.45, a
1% increase in labour (L) usage at time (t) would lead to
approximately a 0.45 % increase in output (y) at time ().
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4. Assumptions

This section describes some explicit assumptions. There
are a number of assumptions that are implicitly made
by the methodology, and by the particulars of data
collection that are out of scope.” Each assumption in
this section is followed by a brief discussion to help the
reader interpret these assumptions.

Assumption 1
A stock of standards is a credible proxy
for effective standards

This assumption is primarily driven by the decision to
balance data availability and limit bias in the data col-
lection. The methodology presented and described in this
report requires the data used to be numeric. Standards by
themselves are written documents. One way to convert
written documents to a numerical data point is to count
the number of documents that are “active” in each given
time period. This method limits the bias introduced.

There are alternative approaches. For example, a
researcher could:
> Count the number of standards in use in an
economy (e.g. the number sold or the number
of certificates issued against standards)

» Make an assessment of the quality of each standard
and track the number of standards of each quality
level through time

Alternatively, a researcher could:

» Make an assessment of whether the totality of
standards at any time is sufficient using some criteria
and record this as 1if it is sufficient, or 0 if it is not.

In the latter two example methodologies, there are lay-
ers of bias introduced by requiring a subjective assess-
ment of the standards.

It is best practice to use a “stock of active standards”
approach because this is where the most reliable data is
to be found. In other approaches, data collection may be
difficult. This approach requires the standards organi-
zation in a given country to use a method of stock and
flow accounting in order to decide which standards are
active at each given period.

An implicit assumption is that the most recent version
of a standard in any time period is the one actually
adopted during that period, though each standards
organization will have some scope for testing this
assumption with different standards and industries.
This is the approach taken by most studies.

1) Wooldridge (2020) contains a discussion of these assumptions. They are highly technical in nature, relating to distributions of random

variables and statistical theory.
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Assumption 2
The Cobb-Douglas production function is
appropriate as an approximate model

This assumption is also made as a pragmatic balancing
act. The presented methodology is a balance between
a perfect world, where there is a model that perfectly
describes reality, and the real world, where the model
must be linear (or able to be transformed).

A production function describes roughly what can be
produced (output), given a set of inputs in an economy.
Economists simplify these inputs into capital and
labour. Generally, multiple combinations of capital and
labour can be used to produce any output.

For example, if one wants to produce a hole in the ground,
one can use a person and a spade. Alternatively, one can
use two people and two smaller spades, or one person and
an excavator. In this way, there is some substitutability
between capital and labour. This is a microeconomic phe-
nomenon and any macroeconomic model devised needs to
be consistent with this. The Cobb-Douglas form is assumed
to be consistent with the microeconomic theory.

The model that fits this set of requirements is the
Cobb-Douglas production function.

Assumption 3
There is a one-way relationship between
standards and economic growth

The methodology presented assumes there is a one-
way relationship between standards and economic
growth. The assumption is made because it describes
a logical reality that increasing the number of stand-
ards will make the economy function better. Making
this assumption allows the presented methodology to
be simple enough for most countries to adopt, given
capacity and capability constraints.

This assumption is made because modelling a two-way
relationship between variables in economics requires
particular models and specific skill sets. The model-
ling itself is complex, and so are the interpretation and
communication of the results. This complexity would
limit its applicability to many economies around the
world because it would require very rich sources of data,
sophisticated dynamic models, and expert capacity.

These complexities may make modelling a two-way
relationship impractical for the potential users of this
document. However, the quality of the results of our rec-
ommended methodology is not affected by the choice to
model the relationship between standards and economic
growth as one way.


https://en.wikipedia.org/wiki/Cobb%E2%80%93Douglas_production_function
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Assumption 4

The appropriate transmission mechanism
from standards to economic growth
resides in an increase in total factor
productivity

This assumption comes from microeconomic (single
business, single decision, single market or group of
markets) considerations. Consider Figure 2 and imagine
an individual production process within that diagram.
Ask how standards might result in more output in that
process. The answer is that it would make capital and
labour produce more, together, in that specific produc-
tion process.

For example, consider the product market and busi-
nesses (bottom of Figure 2). Consider an imaginary
plumbing business. Many plumbing businesses use
common standards for components from the product
market. Doing so means that each plumbing business
can order a component from any manufacturer and will
be able to use it in its business. This in turn allows it to
specialize in providing plumbing services. If it could
not expect a standardized component, it would need
to find a specific supplier, or it would need to build its
own components. Both of these options would increase
costs and decrease productivity.

A further assumption is made that what holds at the
level of this individual production process also holds
at the level of the whole economy.

Assumption 5

Data on standards, labour, capital,
productivity and any other variables
is available

This report assumes that the reader will be able to use
itas a guide to collating all the required data, assuming
that it exists for their country. Section 7 provides a possi-
ble solution if all or some required data is not available.

Assumption 6
The economy exhibits constant returns
to scale

This assumption, whose mechanics are described
below, is built into the Cobb-Douglas functional form
identified for the presented methodology. Referring to
Equation 1, intuitively, it means that if 100 more units
of both capital and labour are added to the economy,
there will be 100*A units of extra output.

Alternatives are increasing or decreasing returns to
scale. An example would be if 100 more units of both
capital and labour were added, it would yield a result
either something more than 100*A or something less
than 100*A extra output, respectively.

The assumption of constant returns to scale is defensible
because it is at least a close approximation to the real
world at an aggregate level. Many individual firms will
be enjoying increasing returns to scale at any one time.
And many firms will be facing decreasing returns to
scale at the same time. When all these firms are aggre-
gated together, it is not possible to obtain the precise
balance. Therefore, the assumption is made that the
economy as a whole exhibits constant returns to scale.
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5. Intuition for our suggested methodology

The main tool in the presented methodology for assess-
ing the impact of standards is a statistical technique
called regression. This section of the report details the
motivation behind regression analysis, as well as much
of the mathematical detail. It omits, however, discus-
sion of a number of mathematical results that are out
of scope.

This section is intended for the reader to understand
the methodology that the practitioner might follow. It
will allow the reader to critically examine the outputs
from any analysis, allowing them to draw insights of
their own.

For practitioners, this section should be a refresher
of what they already know, presented in a much con-
densed form.

5.1 Motivation

The motivation for the technique of regression is ask-
ing the reasonable question: “If we change a variable,
by how much will another variable change?” In the
agricultural sciences, for example, this might equate
to assessing the change in milk yield as cattle grow
older. Most often, in the economic sciences, the rele-
vant question is how much an increase in education
increases wages.

In this report, the specific question is: “If we increase
the number of active standards, how much will eco-
nomic growth change?” This section introduces a very
simple regression model to answer this question. This
is not the model suggested to evaluate the impact of
standards generally; rather, it is used so that the intu-
ition feels as relevant as possible. The precise model
that can be used to evaluate the impact of standards is
presented in Section 6.

To make this formal, assume there is some variable,
GDP, which can be labelled y; it is useful to know what
happens to y when the stock of standards, call it x,
changes. A simple relationship between the variables
might be that y = Bx. This relationship says that every
time x (the stock of standards) increases by one unit, y
(GDP) increases by B units. This 8 is ultimately what a
practitioner is interested in finding.

Informally, this is stating that any given observation
of y is some multiple of x. This functional form is often
called a linear form, i.e. it describes a straight line.

Generally, in mathematics, computing the change in
one variable that results from the change in another
variable is equivalent to computing the change in xand
dividing that by the change in y.

From general intuition to the real world

When applying this theory to the real world, a practi-
tioner will gather real observations of GDP, y, and the
stock of standards, x. Using a formal theorem allows
the practitioner to “estimate” 8.

When doing so, the practitioner would re-write the
equation as y = Bx + €. In this equation, y and x are
drawn from observations gathered from the real world
(data). eis used to account for all the times where there
is some discrepancy between what our simple model
says y should be, given some x, and the value y actually
takes in the data observed.

One way to get S out of this equation is to take an average
of y, which also means taking an average of fx + €. By
assumption, the average value of € is zero?. Therefore,
the average value of y, call it y~, is equal to the average
value of B (or 7) multiplied by the average of x, or x.

Thus, we have y™ = 8°x". This can easily be rearranged
to yield an estimate of 8: f~ = L

o
The value of 87 obtained in this way is likely to be dif-
ferent from a “true ” value of 8. But if the process of data
collection and regression analysis could be repeated
infinitely many times, all the different values of 8~
found would converge on the “true” value.

The regression technique is how high-level theory in
mathematics can be pragmatically mapped into the real
world. This intuition and general methodology have a
number of extensions and special considerations that
apply in the case of the economic impact of standards.
The next section deals with these.

2) This assumption is part of what’s known as the Gauss-Markov theorem.
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5.2 Special considerations

Multiple variables

The ideas discussed above generalize to any model
that is linear in any number of 8s. Any number of var-
iables, as appropriate, can be added and the intuition
remains the same. For example, there might be a case
where y = f1X1 + faxz + Baxz + -+ fpxp + € and
our discussion above still holds.” In this new model, if
any of the x variables (for example B3x3 ) are increased
by one unit, the change in y is the  attached to that x
(maybe fs).

The discussion above details how the 8 terms in a
regression model can be extracted as simple averages
combined with an assumption. When this simple model
is extended to one with multiple variables, the intuition
remains the same. The mathematical results allow a
practitioner to say that, in effect, when all these varia-
bles are included, they are “ controlling ” for their effect
in the computation of any of the § s individually. The
effect of a change x5 on y is net of the effects of every
other x; in the model.

Further in this report, there is discussion on how to
choose the right mix of variables, but a regression to
model the impact of standards might include population
or number of patents in addition to a stock of standards.
Balance should be sought between including all the
relevant variables and including all the variables one
can think of. There are formal statistical tests to assist
in deciding which variables should be included in a
final model. A general method that has been employed
successfully by BERL is discussed in Section 6.9

Time-series data

Very often, especially in economics, when a practi-
tioner wants to investigate the relationship between
two variables, the actual data available is observations
at different points in time. This sort of data is called a
time series. In the case of the economic impact of stand-
ards, variables like GDP, productivity and the stock of
standards are all observed through time.

This requires explicit discussion because the mathe-
matics, and assumptions, of regression give rise to a
number of theorems that require time-series data to
be treated differently than other data. The details of

these theorems are outside the scope of this report, but
some guidance on how to treat time series data is given
in Section 6.

What happens when variables
are strongly related

Another concept that deserves flagging, and exposition
later, is when the x variables are related to each other, as
well as being related to the y variable. This happens in
the majority of models in economics. A commonly used
concept to describe this is “multicollinearity ”.

There are two versions of this problem. The first is when
avariableis a perfect linear combination of a number of
other variables included. For example, X, = a + k3X3.
One of the variables must be omitted, otherwise the
model has no solution. Generally, if this is the case, most
statistical software packages will throw up an error. An
example of this is if a researcher included both a count
of population and a count of unemployed people in a
regression. The count of unemployed people is simply
the unemployment rate multiplied by the population.
Soit is clearly a linear combination.

More nuanced, the next version of this problem is when
two or more variables are related to each other, but notin
a perfectly linear way. There might be a situation where
y = Bixy + Pox, + € and also x, = ax; +0z+ 6§,
where 0z is a collection of one or more other variables
and 6 is “everything else” from the perspective of x
(that is distinct from €).

A good example is that patents will be strongly related
to standards. And patents will be strongly related to
the total factor productivity. So total factor productivity
would be y and standard and patents would be x; and
X, ; there will be a set of variables related to patents
which are not related to standards (0z). This example is
drawn from BERL's 2011 analysis of the economic impact
of standards in New Zealand.

This strong relationship increases a measure of the
uncertainty of the coefficient estimates. This can pro-
duce misleading results. The stronger the relationship
between the x variables, the higher the estimated uncer-
tainty will be.

Similarly to the time-series variables described above,
variables that are strongly related, combined with
the assumptions of regression, give us another set of

3) Theellipsis (...) in this equation indicates that there are any number of f;x; between the first and the last.

4) Despite a rich academic literature, the choice of test, and interpretation of the results of these tests, is still more of an art

than an objective science.
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theorems that require these types of data to be treated
with special consideration.

Additionally, in economics, this is an area that calls
for much subjective judgement. Sometimes, variables
can be related, but not very strongly. In this case, the
best option might be to ignore the fact that they are
related. The line between “too strongly related ” and
“not strongly enough related ” is open to interpretation.

The practitioner will need to balance the inclusion of
strongly related variables with the need to exclude them.
If a variable that is highly correlated with y is excluded
from the model, the size and direction of the coefficients
will be shifted away from the “ true” value.” In general,
itis more advisable to include strongly related variables
and treat them appropriately rather than exclude them.

Guidance on how to treat these variables is given in
Section 6.

5) Thisis anidea called bias in econometrics.
Refer to Wooldridge (2020) for a detailed explanation.
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6. Mathematical model

This section describes the econometric techniques
that are used to estimate the impact of standards on
economic growth in a given economy. Aimed primarily
at the practitioner, it lays out the precise model form
prescribed in this report for assessing the impact of
standards on economic growth. It also deals with com-
mon issues that arise in this sort of research, such as
choosing the right variables to include. The reader can
also follow this section, if desired, referring to Section 5,
as necessary, or consulting a resource like Wooldridge
(2020). Doing so will help the reader understand pre-
cisely what the practitioner has done and allow for
constructive dialogue.

This section begins by outlining the high-level ques-
tion that will lead to the answer of the overall research
objective.

6.1 The high-level question:
economic growth

This analysis stems from a simple question: “ What
effect does the development and adoption of standards
have on economic growth?”

As described above, the question of economic growth
centres on productivity. Loosely defined, productivity
means that more output is produced with fewer inputs.
If productivity can be increased, then, by definition,
there will be economic growth.

From theoretical work, it is understood that adopting
standards can increase productivity. This fact leads
nicely into the key question for formal analysis: “ What
is the effect of standards on productivity?”

To answer this question, this report presents a tech-
nique called regression, as described above, following
a brief formalization of productivity. To carry out this
method, it is useful to start by narrowing the idea of
productivity to total factor productivity. This tells us
how much output can be produced given a set of inputs.

1) Adiscussion of these properties is beyond the scope of this report.

6.1.1 Mathematical model

The fundamental mathematical model behind the anal-
ysis is known as the Cobb-Douglas production function,
described above. This is reproduced in Equation 2.

Equation 2
Ve = ALEKE

This function is read as: Output (y) at time (t) is the prod-
uct of total factor productivity (A) at time (t), labour (L) at
time (t), and capital (K) at time (t). Labour (L) and capital
(K) have, as exponents, their respective elasticity (a and
B). An elasticity measures the responsiveness of output
to a change in levels of either labour or capital used in
production, ceteris paribus. For example, if a = 0.45, a
1% increase in labour (L) usage at time (t) would lead to
approximately a 0.45 % increase in output (y) at time (t).

This functional form has a number of mathematical
properties, which make it well behaved.? Additionally,
this functional form is an, at least defensible, approx-
imation of, at least, a long run relationship between
factors and economic output.? It also represents best
practice, as evidenced by BERL's literature scan and
Standards Australia’s literature scan.

6.1.2 Estimating the impact
of standards on total
factor productivity

The method of regression has already been introduced
in this report. This is the method presented as the most
appropriate for undertaking this analysis.

In order to successfully implement regression method-
ology, the Cobb-Douglas function needs to be linear
in the a and B terms. It should look something like: 1
similartoy

2) Analysis of the appropriateness of the Cobb-Douglas function for use is also beyond the scope of this report.
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Hinting at the motivation for choosing this functional
form, the Cobb-Douglas function lends itself well to
transformation using a logarithm, as in Equation 3.

Equation 3

In(y,) = In(4.L¢K?) = In(4,) + aIn(Ly) + BIn(K,)

Doing so creates a function that is linear in the parame-
ters of interest (@ and f), as required by the assumptions
of linear regression.

To estimate the effect of standards on total factor produc-
tivity, a practitioner now needs to make an additional
assumption of constant returns to scale. This means that
if one were to increase both labour (L) and capital (K) by
a factor of two, one would get an increase in output (y)
of a factor of two. To make this assumption formal, set
B = (1 — a) inEquation 2 to yield Equation 4.

Equation 4

Ve = AtL‘fo(l_a)
This equation can be made linear in a, using a loga-
rithm, as in Equation 3.
In(y;) =In (4,) + aln(L,) + (1 — a) In(K,)

Now, 4; can be formally defined. For ease of exposi-
tion and a pragmatic front-running of requirements,
set:

Equation 5

n
A¢ = ¢ + w,Standards; + z Oixit + €
i=1

where:
cisa constant
Standards; is the stock of standards at time (f)

w; is the effect on 4; of increasing Standards,
by one unit

Each of the n x;; variables are control variables

Each 6; is the effect on A; of increasing a given x;
by one unit

€t is a term that varies by time (f) and measures all
the movement in A; that has not otherwise been
explained in any of the above variables.
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6.1.3 Control variables

The primary objective of this analysis is to elucidate
the effect of standards on economic growth. The meth-
odology presented in this report requires an educated
assumption that this occurs through an increase in total
factor productivity (as detailed above). However, there
are many other variables that also increase total factor
productivity. To calculate the effect of standards alone,
one needs to “control” all the other variables (or at least
as many as can be identified and for which data exists to
measure it). Failure to do so will result in an estimate of
w¢ thatis biased. It will either be too large, or too small,
as compared to the “true” effect. This is because it will
have the effect of all the x; variables intertwined with it.

An exhaustive list of control variables is beyond the

scope of this analysis, but some contenders for inclusion

could be (not all of these will have readily available

data):

» Population

> Number of firms in the economy

> A stock of patents over time

» Other variables drawn from knowledge of the local
economy and economic theory (existing studies
referenced in Section 2 have used education as a
control variable)

Blind et al. (2021) include patents as a control variable
in estimating the economic impact of standards. Stud-
ies by BERL also include patents in their analysis; this
is reproduced in Section 8 of this report. It is recom-
mended that at least patents be included as well as a
stock of standards in any model.

Population, measured by the number of people in a
country, should also be seriously considered as a con-
trol variable, since economic growth is very strongly
correlated with population.

A final control variable which should be considered is
abinary variable that indicates when some large event
occurred in time. These large events could be wars,
natural disasters, or any event that has a complex and
massive effect on the whole economy. For example,
analyses being completed post-2020 should consider
including a binary variable that equals O for years before
2020 and 1 for years thereafter. This is a period covering
the events of a global pandemic. During this time, there
were large restrictions put in place on economies around
the world to prevent infection and disease.
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Determining what variables to include

Derivation of this fact is beyond the scope of this report,
but including all of the variables one can think of in a
regression model will result in misleading results. Like-
wise, excluding a variable that is relevant will also yield
misleading results, but in a different way.

There is an ever-growing literature in econometrics on
new ways to strike a balance between too many, and
not enough, variables in a given model.

The following method from BERL is objective enough to
be defensible upon peer review, but subjective enough
that economic theory comes first. This methodology
follows general advice from the London School of Eco-
nomics to take a general-to-specific approach.

First, a practitioner should fit a model that includes all
variables that affect the variable of interest, as deter-
mined by sound economic theory. This is the general
model and should be estimated with appropriate care
to treat time-series variables and collinear variables
appropriately.

The individual coefficients of this model should be
examined one by one. Using a t-test to decide which
variables are individually statistically significant is
helpful here, though it should be noted that because
the general model is overfitted, t-tests are less reliable.

Do the results match expectations from economic the-
ory? If the answer is yes, keep the variable in; if not, note
this variable as a candidate for removal.

Furthermore, examine the goodness-of-fit statistics
such as the adjusted R-squared or the Akaike Informa-
tion Criterion. The choice is up to the practitioner. The
R-squared is more familiar to most audiences if they
request an explanation bur; but, whichever statistic is
chosen, make a note of its value.

Also note the sum of squared residuals from this model.

Armed with a list of variables that are candidates for
removal, the following algorithm should be repeated:
» Fit a reduced model with all variables
apart from the ones in question.
» Obtain the sum of squared residuals
from this restricted model.
> Calculate the F-test statistic.
» Compare the F-statistic to the appropriate critical
value and conclude if the variables are jointly
significant or not.

3) See Wooldridge (2020) for a discussion.

» If the variables are not jointly significant,
then consider them for removal.
> The final consideration should be economic
sense: Using sound economic logic,
the variables in question should explain movement
in the dependant variable.

Repeat this algorithm, as necessary, until the practi-
tioner is comfortable with the inclusion or exclusion
of each variable and finally compare the R-squared
of this final model to the R-squared of the original
model. If the R-squared has decreased too much, the
practitioner should consider adding some removed
variables back in.

The final model is the specific model.

6.1.4 Multicollinearity and estimation

Section 5 above discussed the situation of multi-
ple variables and how, in economics, the variables
believed to explain a dependant variable are often very
strongly related to each other. A good example of this is
patents that will be strongly related to standards. And
patents will be strongly related to total factor produc-
tivity. This example is drawn from BERL’s 2011 analysis
of the economic impact of standards in New Zealand.

The correct procedure to estimate this type of model
is to explicitly model some variables as a function
of other variables and estimate a system of equa-
tions using two-stage least-squares estimation. This
approach is part of the presented methodology.

6.1.5 Time-series data in regression

As per Equation 4, set
A: = ¢ + w,Standards; + X1, 0;x; + €;

Total factor productivity (A¢) is tracked through time.
Importantly, the €; variable is also assumed to change
over time.

The mathematical reasoning is out of scope, but when
€; evolves over time, the practitioner will have to “ cor-
rect” for it in the modelling process.” One way to do this
is formalized by Newey and West (1994).
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7. Data description

This section describes the data a practitioner will need
to estimate the impact of standards on economic growth
in an economy.

7.1 Atime series of
standards introduced

Standards have different functions and come in a wide
variety of types. When all (or a majority of) the stand-
ards in an industry/economy/business are collated, this
can be referred to as a “stock” of standards.

Standards Australia has summarized a list of analyses
of the economic benefits of standards from across the
world?. The report describes that, in each economy
where this analysis was undertaken, the researchers
used a stock of standards as an independent variable.

As defined above, a “stock of standards ” is “[the] sum of
all published standards up to the end of a specific year
minus the sum of standards that has been withdrawn
up to the end of that year” (NBN, 2020).

7.2 Other data

Other data that is used in the regression modelling of

total factor productivity is:

> Real GDP

» An index of multifactor productivity (or total factor
productivity, the name is interchangeable)

» A measure of labour volume (e.g. hours worked,
people employed)

> Labour productivity index

> Capital productivity index

» Number of patents granted

These are the data identified by BERL to include in its
analysis.

1) See Standards Australia, “ Research Paper: The Economic
Benefits of Standardisation”: www.standards.org.au/
StandardAU/Media/SA-Archive/OurOrganisation/News/
Documents/Economic-Benefits-of-Standardisation.pdf


http://www.standards.org.au/StandardAU/Media/SA-Archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf
http://www.standards.org.au/StandardAU/Media/SA-Archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf
http://www.standards.org.au/StandardAU/Media/SA-Archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf
http://www.standards.org.au/StandardAU/Media/SA-Archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf
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http://www.standards.org.au/StandardAU/Media/SA-archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf
http://www.standards.org.au/StandardAU/Media/SA-archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf
http://www.standards.org.au/StandardAU/Media/SA-archive/OurOrganisation/News/Documents/Economic-Benefits-of-Standardisation.pdf

7.3 Sources of data

A count of the number of active standards should be
available from a given country’s standards office.
Economic variables like GDP and employment can be
requested from the country’s statistical office, or budget
office, or central bank. Failing these sources, data for
most countries is made available by the World Bank at
https://data.worldbank.org/.

All variables should be observed over time. The more
periods of data one has, the better the final analysis will
be. However, the very lower bound on the number of
observations is likely to be somewhere around 15 peri-
ods (either years or quarters is the normal frequency of
economic data). At this bound, the results will be far
from robust, and are indicative only. But they will be
roughly useful. Ideally, it is preferable to have at least
30 periods of data. This is because, at 30 observations,
it is generally accepted that the Central Limit Theorem
applies. It is beyond the scope of this report to describe
the Central Limit Theorem, save to observe that this
theorem allows a practitioner to reasonably conclude
that any results found are robust.

Productivity indices

Itis possible that there are no official estimates of labour
and/or capital productivity for a given country. If this
is the case, one can construct an estimate of labour
productivity by dividing output (GDP) at each point in
time by the corresponding estimate of labour volume.

The World Bank does not track an estimate of capital
services over time. This must be sourced from the coun-
try’s statistical office, budget office, or central bank. If
a capital services series is unavailable from any source
in the country, a rough measure could be constructed
in the following way:
» Source a time series of the total value of listed
companies on the local stock exchange.
» Deflate this using a GDP deflator so that its value
is measured in the same real terms as real GDP.
A GDP deflator can be constructed by dividing
nominal GDP by real GDP. (This is a defensible
estimate of the volume of capital.)

» For each period, divide real GDP by this measure
of the total value of companies on the local stock
exchange.

It could also be that the country does not have an official
index of total factor productivity and that the data is
not available from any other publicly available source.
In that case, it is possible to multiply the measure of
the volume of labour and the measure of the volume of
capital. This number can then, for each period, be used
to divide the real GDP of that period. This will yield a
very approximate measure of total factor productivity.

As a last resort, this report can be used as part of a
formal process to request that the series necessary to
construct a measure of capital productivity or labour
productivity be made available. This should, however,
be seen as the very last option. As described in the
introduction to this section, data which can be argued
to be strongly related to the data to be measured can be
used as a substitute. The methodology will still yield
useful results.

Sources of other data

The World Bank tracks many data series, as do the
Organisation for Economic Co-operation and Develop-
ment (OECD) and the World Trade Organization (WTO).
Some private companies also aggregate official data,
which is available to download for a fee.

7.4 Software
recommendation

There are many different software packages capable of
running regression models. Here are a few options BERL
have found success with. Software such as R, Stata or
SAS are most useful to run the regression model pri-
marily because they create results that are easy to read.

The practitioner will need to organize the data into
a suitable format (the most useful would be a .xIsx
spreadsheet, then converted into a .csv file and import
it into the chosen software. From there, the practitioner
will need to decide how to implement the regression in
the software chosen.
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8. How to interpret the results

This section is intended to guide the reader in inter-
preting the results a practitioner will be able to produce
using the suggested methodology of this report. It is
important that both parties to this analysis understand
what the results mean so constructive dialogue can take
place.

8.1 Model equations

For convenience, the equations of interest are:

Equation 6
K,
In(LabourProd,) = Oy In(4;) + Q; In (L_t) e
t

Equation 7

In (4;) = ® + w, In(Standards;) + 6, In(Patents;) + &;

where

LabourProd; = %
t

Sy

_z;,/.ﬁb Y

y il

8.2 Suggested results
format

What to include

At the minimum, results reported should be:

> The coefficient estimates

» The standard error for each coefficient

> The t-statistic for each coefficient

> A calculation of the probability of t being
greater than the chosen significance level
for each coefficient

» Anindication of what level of statistical
significance has been chosen as the threshold

Optionally, it can assist the reader if the model equation
is reproduced in a table with the results. Additionally,
including not just the coefficient names, but the cor-
responding symbol used in the equations, is helpful.

As regards the last bullet point, most studies in the
social sciences use a 5% significance level. In some
cases, 10% can be defensible, particularly if there are
significant data issues. A 1% threshold is very rarely
used.?

Hypothesis testing is deceptively simple, and its sim-
plicity hides nuance. The process involves considering
at least two hypotheses: the null hypothesis, where the
variable of interest has zero effect, and the alternative
hypothesis, where the variable of interest has some
effect.? The algorithm for assessing statistical signif-
icance is to compare the t-statistic to a “t-table” and
see if it is greater or lesser than the value given for the
appropriate confidence level (the critical value). Another
way to do it is to calculate the probability of the t-sta-
tistic being greater than the given value in the table,
under the null hypothesis. For this methodology, it is
suggested a “two-sided ” test be used. This is a test for
the effect being anything different from zero.

Other regression output

Depending on the choice of software package, and rou-
tine used for estimating the model within that package,
other results can be reported from the regression anal-
ysis. These include an F-statistic, AIC, BIC, R-squared,
among others. These numbers are useful for specific

1) Resources such as Myers et al. (2010) would be useful to consult to understand the idea of statistical significance.

2) Itis more nuanced than this, a practitioner can choose to only test for positive values or negative values, or both.
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Estimate
Equation of model

Q
Q2

Std error

tvalue

Pr(>[t])

Estimate
Equation of model
)
W1

61

Std error

tvalue PrOlt])

Table 1- Example results tables

purposes (usually model diagnosis). They are not useful
for standards bodies or decision makers and are best left
in an appendix, if not omitted.

Example format

It is best practice to report the results of a linear regres-
sion in a table containing the variable name, estimate,
standard error and significance test values (t value,
Pr(>|t]) or both). Each variable should have its own row.
See Table 1as an example.

Each coefficient can be read off the table one at a time.
Particular attention should be given to the Pr(>|t|) col-
umn. This is a number calculated using the t-statistic
and allows for easy interpretation of results without
having to consult a t-statistics table. As long as this
number is below the chosen significance level (for exam-
ple, 0.05 for 5%), the variable in question is statistically
significant.

After determining that the variable is statistically sig-
nificant, it is instructive to refer to the original equation
and “plug in” the value of the coefficient. Then a quick
mental calculation (by setting the variable to which the
coefficient is attached to one and the others to zero) will
reveal by how much the dependant variable will change.

For example, looking at Equation 7, primary interest is
in the effect of increasing standards on the log of total
factor productivity (In(4;)). This is measured using

3) Inthe literature, this is known as a log-log equation.

w; in Equation 7. If this had a value of, say, 0.2, then
the practitioner can plug this in to Equation 7, and note
that this equation is one of a logarithm being a function
of a number of logarithms.? For this type of equation,
interpretation is that increasing the stock of standards
by 1% would increase total factor productivity by
(1.01°2 — 1) * 100 =~ 0.2 % .9

An additional useful insight can be gleaned from the
standard error. The w; can be set equal to its original
value (say 0.2) plus the standard error, and the original
value minus the standard error. If the standard error is
0.1, then the new w; could be between 0.3 (0.2 + 0.1)
and 0.1 (0.2 — 0.1). So increasing the stock of standard
by 1% might increase total factor productivity by 0.3%
or 0.1%.

Then this estimate of the In( 4;), along with the coeffi-
cient 4, canbe “plugged in” to Equation 6. This should
result in a calculation of the effect of increasing stand-
ard by 1% on labour productivity. This final estimate
can be used to estimate the effect of standards on eco-
nomic growth, following some algebraic manipulation.

In the next section, there is a “worked ” example taken
from a 2011 analysis by BERL.

4) To compute this mathematically, take a partial derivative of Equation 7 with @, = 0.2 and then plug this value
into the formula ((1 + x)“1) * 100, where x is the percentage change in the stock of standards divided by 100.
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9. Example results

This section is an example of results BERL produced
in 2011 for an analysis of the impact of standards on
economic growth in New Zealand. It is intended to give
an idea of how the results might be summarized as well
as build the reader’s confidence to follow along with
what might be produced by a practitioner. This should
support valuable dialogue.

9.1 Equations to estimate

To estimate the impact of increasing the stock of stand-
ards on economic growth in New Zealand, BERL esti-
mated the following two equation systems:

Equation 8

K,
In(LabourProd;) = Q, In(4;) + Q, In (L—t> + u;
t

Equation 9

In (4;) = ® + w,In(Standards;) + 6, In(Patents;) + &;

BERL used a two-stage regression methodology

to first estimate Equation 7 and, from the estimates
of wy, ®,and 01, plug an estimated value of A¢
into Equation 6 and estimate the Q; and ;.

), is a from Equation 3.

LabourProd,; = %: so Equation 6 can be
rearranged to show Y: as the dependant variable,
asin Equation 2.

Both equations were estimated to get a point estimate of
the effect of the capital and labour ratio on labour pro-
ductivity. This was used to estimate capital productivity.
These estimates were then “plugged in” to a further
model which is out of the scope of this report.

9.1.1 Regression results

The equations

Table 2 summarizes the results of a two-stage least-
squares regression run using the software package
R. Included in the first column is the symbol from
Equation 6 and Equation 7, which pertains to the vari-
able in the table. This should allow the reader to easily
walk through each equation to see what each variable
does.
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The first equation estimated is the relationship between
total factor productivity (In_tfp) and the ratio of capital
to labour (In_K2L). BERL included a “-1” in the equa-
tion to remove the intercept term; this is consistent with
a choice made in the 2011 analysis.

The practitioner will be interested in all data presented
in these tables and should have a strong understanding
of what each entry means. The reader should first under-
stand that the primary question of interest is: “What is
the effect of standards development and adoption on
total factor productivity? ” It will be helpful to the reader
to read this section along with Section 8.

The coefficients

The answer to the question is found in the third row of
the second table, the variable is called “eq2_In_stds”,
and this is the value represented by w, in Equation 7.
The most important number is in the second column,
the estimate. This takes a value of 0.1014 (4 d.p.), which
can be read as “if the stock of standards is increased
by 1%, then total factor productivity will increase by
0.1014 (4 d.p.)%.”

An increase in total factor productivity of 0.1014 % is
numerically a small number. But in the context of a
national economy, the result can be dramatic. BERL
used this estimate of an increase in total factor produc-
tivity as an input to a further model in 2011. When they
did so, it was found that the 0.1014 % increase in total
factor productivity increased per annum GDP growth
by 0.1% for ten years. Because economic growth com-
pounds, this means that the total effect over the ten
years was an extra 10.4 % GDP.

In New Zealand, in 2010, the primary sector accounted
for around 8.5 % GDP. This means that increasing
standards across the economy by 1% was effectively
the same as one year’s worth of primary production
over the next ten years.

Standard errors

The “Std error” (read as “standard error”) column is
a measure of how much the estimated value “wob-
bles” around a central estimate; it is a measure of
uncertainty. For example, the effect of standards is
between 0.100991 305 and 0.101 821 276. This range is
calculated by taking the estimate and subtracting the
“Std error ” for the lower bound, and adding it for the
upper bound. Each of these numbers can be “plugged
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in” to the above equations and the change in GDP cal-
culated to provide a range estimate. It is a judgement
call whether a range estimate is useful for a particular
analysis. Arguably, a range estimate is more useful the
more uncertain the practitioner is about data quality or
explanatory power of variables (apart from the stock
of standards) chosen.

Statistical significance

Explained in Section 8 above is the concept of statistical
significance. It is arguably most useful to calculate a
Pr(>|t]) value, because of the probability of the t-statis-
tic being greater than the critical value, given the null
hypothesis. This is the final column of the tables.

Care needs to be taken in interpreting this value. The
data used in the presented methodology is observed
over time. The reasoning is complex but mathematics
tells us that when variables like this (time-series varia-
bles) are used in regression, one should always ensure
that the correct estimation method is used. Advice
on dealing with time-series variables was covered in
Section 6. It is worth checking with a practitioner that
they have estimated standard errors that are “cor-
rected” appropriately for time-series analysis.

For BERL’s analysis, the Newey-West (Newey and West,
1994) method of correcting standard errors was chosen.
In Section 6, this is presented as the most appropriate
method. The Table 2 below contains the correct stand-
ard errors, t values, and Pr(>|t|) for each variable.

So long as this Pr(>|t|) number is less than the chosen
significance level (usually 0.05, sometimes 0.01, very
rarely 0.1), then the estimate (of 0.1014) is called “sta-
tistically significant ”.” The Pr(>|t|) value is 1.72E-52.
This is read as 0.0...(52 zeroes)...172. Under any reason-
able choice of threshold, this value is lower than the
threshold, so it is logical to conclude that the effect of
standards is something above what might be expected
by sheer randomness.?

Pragmatism is required in relying on the Pr(>|t|) num-
bers, as discussed above, the choice of variables should
always prioritize economic logic over statistical results.
If an analysis is undertaken and the effect of standards
is found not to be statistically significant, then the
results should be reported with a caveat attached.

1) Asignificance level of 0.05 means there is a 5% probability that the effect found is due to randomness. 0.05 is the most commonly

chosen level in econometrics literature.

2) Interestingly, the effect of patents also passes this test. But the effect is very small at 0.018 compared to 0.1014 for standards.

Estimate Std error tvalue Pr(>[t])
In_lp=In_tfp + In_K2L -1
Q eql_In_tfp 0.538 9383 3.798 99E-06 141 863.605 4 3.638E-138
Q5 eq1_In_K2L 0123 429 597 8.630 76E-05 1430112337 2.833 28E-76

Estimate Std error tvalue PrO|t])
In_tfp = In_stds + In_patents
® eq2_(Intercept) 5.986 521 52 0.031 558773 189.694 370 8 4.401 O4E-49
w1 eq2_In_stds 0101 406 291 0.000 414 985 2443611181 1723 77E-52
0, eq2_In_patents 0.018 009 701 0.000 114 151 157770 808 6 1.324 08E-46

Table 2 — Case study regression results
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9.2 Caveats

Presented above is BERL’s model of how standards affected
economic growth in New Zealand from 1978 to 2007. This
model is given only as an example of how to interpret the
results of a regression analysis of the impact of standards.
Section 6 described how to decide which variables to include
and exclude in a final model. The presented algorithm will
result in different models for different countries.

The above regression model does not account for a two-way
relationship between GDP growth and standards. As already
explained, accounting for a two-way relationship is more
complex, so BERL chose to look at a one-way relationship
in the first instance.

Regression analysis is a technique adapted from the natural
sciences, where experimenters can usually physically con-
trol for confounding factors. In adapting this methodology
to economic problems, it should be recognized that a prac-
titioner cannot physically control for confounding factors.
This implies a greater level of pragmatism in interpreting
results. Pragmatically, economic logic should trump sta-
tistical results.

All statistical modelling is only as good as the data that goes
into it. For BERL's analysis, it was fortunate that good quality,
continuous data from 1978 to 2007 was available.
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Most standards

organizations should be
well positioned to easily
adopt this methodology

in their economy.

10. Conclusions/
recommendations

This report includes a selection of existing literature on
economic impact assessments and standards, as well as
where standards fit in relation to the rest of the economy.
It is important to note that standards affect all parts of the
economy to a lesser or greater extent.

The methodology presented for assessing the economic
impact of standards is a simple regression analysis to esti-
mate the coefficients of a Cobb-Douglas production function
model. This methodology has been pragmatically chosen
to balance cost and risk with statistical robustness. Most
standards organizations should be well positioned to easily
adopt this methodology in their economy.

Also included in this report is a detailed description of
the intuition behind the methodology to give the reader
confidence in the results and guide interpretation. This
should also assist in critical dialogue between a reader and
practitioner.

The reader is walked through the assumptions necessary,
as well as a defence for each assumption. The reader is also
given guidance on how to choose relevant variables, how
to correctly treat time-series data, and how to correctly treat
models where the variables are all very closely related.
Although these considerations are unlikely to form part of
a final report received from a practitioner, having a basic
understanding of them will assist critical evaluation and
dialogue.

Finally, a case study of this methodology using work pro-
duced by BERL in 2011 is provided. This case study details
the precise data, model and results of BERL's 2011 analysis.
There are annotated tables so that the reader can easily
match the table results to the provided equations. Each rel-
evant piece of information from the results is described and
guidance on interpretation is provided.

Standards organizations looking to assess the economic
impact of standards locally can adopt the presented regres-
sion methodology approach.
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