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Abstract

In 2010, the New Zealand government embarked upon an ambitious programme of broadband
infrastructure investment, a process that will continue until at least 2019. Part of this
investment is specifically targeted at compulsory education, with initiatives that include
bringing fibre connections to the school gate, supporting on-site network upgrades (including
wireless) and providing teaching, learning and support services delivered through these
networks. Such investments are not made without some projections of the likely rate of return,
but calculating return on investment (ROI) in educational broadband is complex, as it
encompasses a range of factors. This article reports on an interview-based study engaging a
range of stakeholders in educational broadband provision. The study utilises a research model
that considers the various elements of social surplus, namely; producer surplus (savings),
producer surplus (profit) and consumer surplus (perceived value over and above cost), to
explore the elements of social surplus that have been used to define educational broadband
ROI calculations and justify the scale of investment. The results indicate that all three
components of social surplus are relevant, though the concept of profit can only be seen in the
broader context of long term contributions to the economy. A note of caution is that projections
of ROI based only on positive returns fail to acknowledge the potential for some innovations
to actually increase costs. Further, purely quantitative models do not properly take into
account qualitative components of consumer surplus.
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1 Introduction

Initiatives to extend broadband Internet access are common worldwide, and governments as
well as industry are supporting the deployment of broadband networks. These investments are
not just seen as commercial initiatives. The Digital Agenda for Europe, for example, aims to
expand broadband access to enhance digital literacy, skills and inclusion (European
Commission, 2015.) There seems to be little resistance to the idea that such initiatives have
social as well as economic benefits, including the reduction of digital divides. The main focus
of debate is therefore the best means to realise these potential benefits of broadband (Bauer,
Kim & Wildman, 2005.) There is also a view that the most effective intervention strategy for
enacting broadband policy, in the light of the empirical analysis, is a medium-intervention
strategy, whereby governments guide and support, but do not entirely dictate, how broadband
access should be expanded (Cava-Ferreruela & Alabau-Mufioz, 2006.) Cambini & Jiang (2009)
broadly classify three regulatory approaches as having regional characteristics, namely;
deregulation in the U.S., intervention in East Asia and a middle way between these approaches
in the E.U., thus medium intervention may be regarded as a European model. However, it
should be noted that Bouras, Giannaka &Tsiatsos (2009) saw a more diffuse set of exemplars
for broadband growth, where European nations were prominent but not exclusive.
Nevertheless, supporting synergies between private and public sectors was identified as a best
practice. This type of strategy requires cooperation between governments and commercial
institutions, particularly in cases where the installation of broadband infrastructure cannot be
driven purely by short term profit, such as in education (the focus of this particular study) and
regional development. Whenever long term national strategy is impacted by broadband
initiatives, it becomes necessary for governments to become co-investors in deployment. In
large jurisdictions, some of this type of development may be undertaken by municipal entities
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(Feld et al 2005.) This support from government to industry to achieve desired policy outcomes
may also involve ownership and governance changes such as the unbundling of previously
centralised infrastructure to encourage competition. This ‘private public interplay’ has been
particularly important in Australia and New Zealand (Given, 2010.)

1.1 Return on investment and social surplus

The provision of broadband infrastructure is an expensive undertaking, and neither
governments nor corporations are likely to embark on such initiatives without positive return
on investment (ROI) calculations. ROI is measured primarily in financial terms, but the source
of these finances can be derived from either profit or savings. In addition, these profit and
savings calculations (known as provider surplus) are complemented by other types of benefit.
Consumer surplus (what something is ‘worth’ over and above what it costs to consume)
encompasses many different definitions of value, which are not always easy to quantify, since
these consumer gains are often not directly reflected in higher incomes or increases in GDP.
However the value of consumer surplus may include actual financial value to the consumer,
for example in savings over alternative options. Consumer surplus is combined with producer
surplus to create social surplus, the total cost or benefit of a given investment. Hitt and
Brynjolfsson (1996) found evidence for the hypothesis that the consumer surplus created by
Information Technology in general is positive and growing over time. Therefore we might
expect it to provide a substantial contribution to the overall social surplus projected to be
gained from a broadband initiative. Measuring such returns can, however, be complex. For
example, rates of return may be ‘U-shaped’ over a period, showing significant returns only at
the early and later parts of an adoption cycle (Holt & Jamison, 2009.) Thus the point at which
rates of return are measured may have a large impact on the results of analysis. Some returns
are relatively immediate, while others may take years to emerge. A further concern is that
producer and consumer surplus must be in balance. Focusing only on consumer surplus leads
to inadequate investment, while an emphasis only on producer surplus has negative effects on
social welfare (Competition Economists Group, 2015.) Thus the research reported in this
article takes account of a range of different factors in identifying the main components of ROI,
both short term and long term, in broadband policy and deployment.

1.2 The New Zealand context

New Zealand is recognised as a valuable case study in progressive digital legislation (Eaves,
2013.) New Zealand’s economy has some unique characteristics but shares others with many
developed nations. It has been transformed from an agrarian to a more industrialized, free
market economy, but in the process has deepened socio-economic divisions, suffered from
mediocre economic performance (Auditor General, 2013) and is heavily indebted
internationally (Index Mundi, 2014.) Despite a good education system, this has not led to gains
in productivity or innovation, and youth unemployment is high (OECD, 2014.) Major business
sectors have historically been in primary products and associated with rural regions, but
employment in agriculture has been in decline. Manufacturing remains the largest employer,
but real estate provides the largest number of enterprises (Trading Economics, 2010; Statistics
New Zealand, 2014.) These problems of changing economic patterns, balance of payments
deficits and youth unemployment are challenges faced by large numbers of countries across
the world, and radical changes to education are frequently seen as essential to address these
challenges. Recent major policy initiatives in New Zealand in the area of broadband-enabled
digital teaching and learning, intended to address some of these issues, may thus provide us
with globally relevant insights into the value of broadband investment in the education sector.

The New Zealand government’s Tertiary Education Strategy 2015-2019 classifies the desired
outcomes from tertiary education as being economic, social and environmental. Specifically, it
states that:

‘this strategy focuses in particular on the economic benefits that result from tertiary
education and therefore on employment, higher incomes and better access to skilled
employees for business as critical outcomes.’ (MoE 2014a.)
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Although this strategy focuses only on tertiary education, these themes resonate across the
whole value chain of education, since the tertiary sector does not operate independently of its
incoming cohorts from secondary education. The central concern is economic benefit as
measured by income, a commonly used measure of the value of education (Psacharopoulos,
1994.) The reference to skilled employees also implicitly references the producer profit
generated by higher productivity and possibly also an increased supply of skilled labour, thus
reducing its cost due to the effect of supply and demand. Of course there is a tension between
higher incomes and a greater supply of skilled labour, which requires increased productivity to
overcome (Chang, 2011.)

1.3 Educational broadband policy implementation in New Zealand

The study reported in this article focuses not on tertiary education, which has been well
connected to broadband infrastructure for many years, but on schools. The reason for this is
that the New Zealand government is focusing its current educational technology efforts on
connecting all of the country’s schools to ultra-fast broadband (UFB.) As part of a larger
investment in UFB infrastructure, e-education is one of five points in the government action
plan for faster broadband, along with e-health, e-government, e-business and e-development
(Commerce Commission, 2012.) Government departments are taking major initiatives in
providing national broadband for schools and internal school networks (including wireless.)
The overall investment in UFB is $1.5 billion, the government contributing $1.35 billion with
private co-investment (MBIE, 2012.) $28.2 million of this sum is for fibre connections from
school boundaries into the schools. As a result of this infrastructure build, 97.7% of schools
and 99.9% of students will receive ultra-fast broadband capability, with the remaining 2.3% of
schools in remote areas given wireless or satellite services (MoE, 2014b.)

The UFB project brings fast internet connections into the school grounds, but does not directly
address how that connection may be used inside a school. To address the next stage of
broadband provision the School Network Upgrade Project (SNUP) has the objective of
upgrading internal school networks, and includes a wireless option (MoE, 2015a.) The
estimated cost of these network upgrades, which are mostly funded by the government, with
some contribution from schools, is estimated at $600 per student. New Zealand has around
750,000 school students, so if all schools were upgraded the approximate cost would be around
$450 million.

A further initiative is the Network for Learning (N4L), a $211 million government-owned
agency tasked with providing teaching, learning and support services on these new broadband
networks (MoE, 2015b.) As of March 2015, more than half a million students and teachers were
using N4L (Williams, 2015.)

Thus the total technology investment in digital teaching, learning and administration across
these three initiatives is somewhere in the region of $700 million over a period of 5 years,
approximately .5% of annual GDP (NZTE, 2015.)

Schools that have already been connected to fibre networks have reported positive effects,
including better student engagement, improved learning outcomes (especially in literacy),
more online collaboration, new distance learning opportunities and more effective assessment
and administration (Crown Fibre Holdings, 2013.) The challenge, however is to identify what
types of ROl might be embedded in these broad claims.

Given the scale of investment in broadband connectivity and related services specifically
targeted at compulsory education (i.e. the school sector) both by the New Zealand government
and individual schools (who need to further invest in their own staff and services to take
advantage of broadband connectivity) it is important to investigate the assumptions made
around the expected returns on this investment. Since education is a complex area where there
are many different stakeholders with multiple perspectives, qualitative studies such as the one
reported in this paper can capture these varying viewpoints and gain insights into return on
investment calculations that are not evident in purely quantitative analyses.
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While the results of the study reported in this article largely support the positive assumptions
made about the benefits of broadband in education, they provide a much richer and more
nuanced set of insights than the sources cited above. Importantly, they also call into question
the extent to which UFB will make a positive contribution to social surplus. The study identifies
some areas in which the proposed surplus may be negatively impacted by additional costs and
lower than expected returns.

The next section provides a review of the literature in educational broadband investment,
various aspects of return on investment in this context and the research questions for the study.
This is followed by sections on the research methodology and the results of the study. Section
five provides a discussion of these results and presents an extended model of ROI for
broadband initiatives in education. The paper concludes with a summary of the main findings
and some proposals for future work.

2 Literature Review

This review of the literature begins with a discussion around the definition of broadband,
particularly within the context of educational provision. It also addresses the components of
cost benefit analyses and considers the less easily evaluated aspects of return on investment in
educational broadband. Finally it addresses the impact of geography on educational
broadband provision.

2.1 Defining broadband

The definition of broadband connectivity is not fixed across times and contexts, since both
technology and requirements vary over time. The UNESCO report on technology, broadband
and education (UNESCO, 2013a) takes as its definition a minimum download speed for public
internet access of at least 256 Kbps (kilobits per second.) However, it also notes that speed is
the key determinant of the range of educational services that can be offered on line, and that
services such as video on demand require much faster speeds of at least 2 Mbps (megabits per
second.) Hayes (2011) classifies anything less than 2 Mbps as too slow to be classified as
broadband. He defines basic broadband as being between 2 and 12 Mbps and fast broadband
as greater than 12 Mbps. A further issue is that broadband speeds are normally stated in terms
of download traffic, since broadband is generally asymmetric (i.e. upload is slower than
download.) This can be an important restriction in the educational context since learning is
about the creation as well as the consumption of material, so upload speed can also be a key
factor in the value of broadband provision. Hayes’ (2011) definition of very fast broadband is
that it is not only faster than 20 Mbps but is also symmetric. Recognising the importance of
symmetric connections, the New Zealand Commerce Commission (Commerce Commission,
2012) specifies a series of application requirements related to symmetric broadband speeds.
At the lower end (500 Kbps to 1Mbps) are systems such as web browsing and Voice over IP.
However the minimum requirement for remote education is stated as 5 Mbps to 10 Mbps while
full online educational services require 10 Mbps to 50 Mbps. In particular, high speed
symmetric broadband is needed for the two-way traffic of cloud based applications, which are
increasingly used by schools, for example Google Classroom (Pappas, 2015.)

In New Zealand, the ultra-fast broadband and rural broadband initiatives aim to provide
typical download speeds of up to 100 Mbps, with up to 1 Gbps (gigabits per second) in some
areas. However, the technologies used to deliver broadband in different areas of the country
vary between fibre, cable, VDSL (Very-high-bit-rate Digital Subscriber Line) ADSL
(Asymmetric Digital Subscriber Line) and Wireless, meaning different broadband speeds
depending on the type of connection (MBIE, 2015.) It should be noted that there are many
factors affecting connection speed but, for example, DSL connections are unlikely to deliver
more than around 70 Mbps, and may be much slower. Wireless broadband speeds also vary
considerably depending on technology.
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2.2 Return on investment from broadband infrastructure

Return on investment calculations are based on cost benefit analyses. These analyses are
quantitative in nature and aim to calculate the financial gains and losses that might result from
a particular investment. Such calculations do not necessarily concern themselves with equality
of result and distribution of gains (Robson, 2014.) However, government investment in
broadband needs to consider as widely as possible the economic, social and environmental
impacts of policy. In New Zealand the UFB initiative aims to benefit not just business but also
education, health, government and development (Commerce Commission, 2012.) One
important component of a cost benefit analysis is to consider whether a given investment will
reflect an intermediate reference scenario, whereby the most efficient rollout of services is
achieved. This compares with pessimistic scenarios, where development is too slow or too
limited, and optimistic scenarios where there is inefficient over-investment (Robson, 2014.)
Whilst it is probably too early to make this assessment in the New Zealand context, Newman
(2012) reports that current bandwidth provision may be inadequate, suggesting that
government and schools may face a pessimistic reference scenario.

As described in the introduction, overall return on investment calculations are based on a
combination of producer surplus and consumer surplus, which together provide an overall
assessment of social surplus. Cost benefit analyses apply to both consumer and producer
surplus, and faster broadband may impact on both. Relevant factors may include better or new
use of products, savings in time, travel and transaction costs and improvements in
productivity. In addition there may be welfare effects such as reducing the costs of supplying
publicly provided private goods such as health and education (Robson 2014.) Education, in
particular, may be regarded as a merit good. Merit goods are those that may not have
immediate calculable benefits but whose consumption is seen as positive by the state (Gomez-
Barroso & Perez-Martinez, 2005.) When considering welfare effects, cost benefit analyses are
complicated by potential conflicts between economic benefits or waste on the one hand and
welfare gains or losses on the other (Robson 2014.)

2.3 Educational broadband investment

Investing in broadband provision for education takes account not only of simple cost-benefit
analyses but of welfare gains and merit goods. Thus long term policy planning is required, and
assessing the likely components of social surplus is particularly important. Although there are
direct profit and loss calculations to be made in the school sector, such as the costs of
provisioning and technical support staff, education is also a long term investment in the future
economy and sustainable social structures. Again, this is internationally recognised.
UNESCO’s policy guidelines on mobile learning emphasise the importance of providing robust
and affordable broadband and mobile networks for education that consider equity, safety,
advocacy and resources (UNESCO, 2013b.) Efforts to calculate the return on investment in
education as a result of the rollout of ultra-fast broadband networks in New Zealand estimated
gains of $3.6 billion over 20 years, a figure that includes consumer surplus. The overall benefit
of UFB over that period was estimated at $33 billion (Pullar-Strecker, 2012), so the projected
contribution of education is around ten per cent. In the report from Bell Labs and Alcatel-
Lucent New Zealand, which proposed these figures, the main benefits to education of
broadband investment were seen as lower costs for skill enhancement (primarily through
remote learning,) reduced costs for course materials, savings on field trips and better school
attendance (by 25 million pupil-days per year.) The latter estimate was based on assumptions
that using remote learning applications and better collaboration between parents and teachers
would lead to fewer days of school missed due to sickness and truancy (Alcatel-Lucent, 2012.)

Another perspective to the debate is the potential negative effects of not investing in
educational broadband, where the social experiences of students become increasingly
disconnected from their educational environment (Rosen, 2014.) Further, where the
broadband industry is primarily gaining producer surplus through profit, an approach that
mitigates against investment in non-commercial education, there is a consequent negative
affect on the overall competitiveness of the economy in international terms (Crawford, 2013.)
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A further consideration from the perspective of government policy is that a hands-off approach
from government may lead to schools making their own arrangements at a higher cost, since
governments are able to leverage the power of mass purchasing to reduce the overall costs of
equipment and connectivity (UNESCO, 2013a.)

2.4 Return on investment for broadband in education

UNESCO (2013a) suggest a strong connection between broadband and ICT policies and
education worldwide, and that broadband can be an accelerator for equitable progress in many
aspects of global society. Underlying this belief is an assumption of consumer surplus that is
not part of conventional government statistics, but includes educational or civic benefits that
go beyond direct economic measurement (Greenstein & McDevitt, 2012.) If these benefits
cannot be directly measured, how can they be assessed? Crandall & Jackson (2001), in
considering the benefits of broadband in retailing, transportation, home entertainment and
health care, asserted that they lacked the tools or vision to properly analyse the benefits in the
education sector. Nevertheless there are some areas susceptible to direct financial measures,
for example in delivering merit goods such as education, overall economic benefits depend on
whether those services are provided efficiently (Robson, 2014.) Hayes (2011) notes some
longer term measurable benefits, including increased educational attainment for school
leavers, based on exposure to ICT potentially improving examination performance, and the
efficiency of online education. However even here there are many complexities, for example
the impact of network effects in the use of cloud computing in education.

2.5 Geographical factors

The variation in broadband speed received by consumers as a result of the communication
technologies used is partly a consequence of geography. The size and topography of a country
can make a significant difference to how easy it is to reach the population with fixed broadband,
and how many areas can economically be connected using fibre. A number of small island
nations have already been able to provide fixed broadband connections to all of their primary
and secondary schools, while Uruguay has been able to provide fixed broadband to 95% of
primary schools and all secondary schools. In contrast many other countries, such as
Colombia, require extensive wireless infrastructure to be able to provide broadband access to
their schools (UNESCO, 2013a.) In New Zealand, although the population is largely
concentrated in a few cities, particularly Auckland, there are many remote rural communities.
The Rural Broadband Initiative (RBI) aims to provide fixed broadband connectivity to 937
rural schools. In addition, the Remote Schools Broadband Initiative (RSBI) will provide
wireless broadband services to New Zealand’s 57 most remote schools (Commerce
Commission, 2012). New Zealand’s mixed pattern of provision, with fibre in the main centres
and DSL and wireless covering other areas, provides a geographical model similar to many
other nations, thus providing a more relevant international case study than, for example, a
small island state (NZRS, 2015.)

2.6 Research context and questions

A review of the literature makes it clear that broadband provision is internationally recognised
as being potentially of benefit to education. However it is also evident that the estimation of
return on investment in the sector is complex, relying as it does on a number of longer term
and difficult to calculate components of social surplus. Nevertheless the significant costs
involved mean that such questions need to be addressed as accurately as possible. Situating
this question in the New Zealand context may prove informative to other nations. The
literature shows that the way broadband connectivity is provided to schools varies with
geography and national policy, but that New Zealand’s complex mix of physical environments
and public-private partnership on the European model provides an informative case study for
other developed nations.

From a review of the relevant literature, therefore, the following research questions were
derived.
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1. What assumptions underlie return on investment projections in the provision of
broadband infrastructure to schools?

2. How can the components of social surplus be defined within the provision of
educational broadband?

3 Research Methodology

Given the discussion around the components of social surplus, which are complex, long term
and focused on merit goods, the research questions outlined at the end of the literature review
were interpreted as largely qualitative questions. A number of quantitative estimates have been
cited in this paper regarding broadband investment in education and expected rates of return.
No doubt in time these figures will be confirmed or revised in government reports. What is less
evident in the literature is an evaluation of the qualitative aspects of social surplus, despite the
fact that much of the literature highlights their importance when dealing with merit goods such
as education. To address this apparent lack of prior work, a qualitative interview study was
designed to address how broadband policy in relation to the school system in New Zealand
might see a return on investment. Figure 1 shows the research model used for the study,
derived from the core components of ROI that appear in the literature. In this model,
educational broadband policy seeks justification in a return on investment calculation that has
multiple components. That calculation needs to be defined by a given set of assumptions that
are deemed relevant by policy makers. As previously discussed, the sum of components in the
ROI calculation can be termed social surplus, a sum that may be derived from three specific
sources; producer profit, producer savings and consumer surplus. The research model was
used both to help formulate the semi structured interview questions and also to guide the
thematic coding process that was used to analyse the interview data, identifying how different
aspects of social surplus might be identified in the context of education-related broadband
policy in New Zealand. It is important to note that this research concerns itself with social rates
of return, which are used to justify investment in educational services, as opposed to private
rates of return, which are concerned with how people invest in their own education. The two
are, however, linked, since the higher the level of public subsidy for education, the higher the
private rate of return (Psacharopoulos, 1994.) Further, as discussed later, we identified some
private rates of return for lower socio-economic groups that were not directly related to formal
education but were enabled by investments in educational broadband infrastructure.

Contributes to

Contributes to

Producer
Surplus

Contributes to Defines Justifies

Educational
Broadband Policy

Social Surplus Rol Calculation |

Contributes to

Consumer
Surplus

Fig. 1. Research model: ROI for broadband initiatives in education

3.1 Data description

The study gathered data from a range of stakeholders from national government, local
government, educational institutions and commercial organisations. Since the study was
focused on the New Zealand context, all the interviewees were based in New Zealand
(Auckland, Wellington and Hamilton.) The purpose of these interviews was to gather the
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perspectives of multiple informed stakeholders in the rollout of broadband to New Zealand
schools and to compare these perspectives with the published literature.

A purposeful sample of policy makers and other relevant stakeholders (partly selected via
snowball sampling) was chosen from a range of stakeholder institutions, and each of these
representatives was interviewed using a semi-structured interview. In total, ten stakeholders
were interviewed. Each of these interviews took approximately one to one and a half hours,
and was conducted face to face at the interviewee’s place of work, where possible (7 interviews.)
Where the interviewees could not be met face to face due to location, they were interviewed
either by video call (2) or by telephone (1).

The interviewees who contributed to the study represented the following organisations;
National Government (Ministry of Education), Local government (Auckland), Secondary
School, Commercial Internet Service Provider, Educational Trust, Educational Research
Institution, Crown Agency, Industry Organization and Multinational Mobile Communications
Provider. The interviews took place in late 2013 and the first half of 2014, with follow up
communication via email where necessary.

In the interviews, the stakeholders were asked to respond to a series of semi-structured
interview questions around aspects of ROI in educational broadband. In addition to asking
general questions around national ICT policy, return on investment, levels of government
investment in the broadband market and components of consumer surplus, respondents were
also asked to discuss investment in 21st century skills (including digital skills) and matching
the skills of school leavers to the employment market. The final question asked them to
comment on the future direction of education policy relating to ICT.

3.2 Data analysis

Although the research model (Figure 1) has positivist characteristics due to the economic
axioms of social surplus, the investigation process took a naturalistic approach, gathering
qualitative data from multiple perspectives. The emphasis of the questions was on the social
realities of broadband initiatives in education, primarily addressing “what’-type questions with
a fixed set of enquiries. A standard iterative analysis was applied to the data, beginning with
data reduction (the interviews were recorded, transcribed and coded in NVivo) then seeking
meaning through data display (supported by NVivo tools), and finally drawing some
conclusions from the data (Folkestad, 2010.) The main categorical variable in the data was the
type of institution represented by each stakeholder.

4 Results

The results of the interviews are presented here within the main components of the research
model. First, producer surplus derived from savings is addressed, followed by producer surplus
derived from profit. Then, consumer surplus is addressed. Finally, their relative contribution
to social surplus is considered, along with private rates of return that were not included in the
original model but emerged from the data.

4.1 Producer surplus (savings)

Given that state supported education is not directly intended as a profit generating enterprise,
most of the producer surplus in providing broadband access to schools is in potential savings.
In this context, the primary producer is the government who are investing in infrastructure,
measuring savings against what would be projected expenditure in the absence of broadband
investment. The aspect of savings explicitly stated in the five point government action plan for
faster broadband is shared procurement of internet access education services at a better price
for schools (MBIE, 2011.) Reinforcing this message, the central government representative in
the interview study emphasised the ‘benefits of centralised procurement to drive down costs,’
which they estimated at twenty per cent of the overall return on investment.

It may be, however, that such centralised procurement may not always lead to the projected
savings, because of the way that schools manage their own procurement policies:
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‘Schools don't typically like central control. There's an all of government scheme for
purchasing computers. We've got two and a half thousand odd schools, less than
thirty have signed up, and yet it's cheaper. They like to do their own thing.’ (Internet
Provider)

Another potential issue with the projection of savings from centralised procurement is the
degree of specification. This can be either too little or too much depending on your point of
view. For example one comment was made regarding the implementation of the broadband
network itself, suggesting that higher specifications could have been considered;

‘It would've been useful to have had a little more input from the market ... seems a
little like we've undercooked it' (Crown Agency)

This implication of a pessimistic reference scenario echoes comments referenced earlier from
Newman (2012.) Nevertheless, UFB investment is expected to raise New Zealand from its 2013
ranking of 27th in the world in terms of Internet speeds and 24th in overall broadband quality,
with fibre internet speed 10 to 20 times greater than many current copper connections (Crown
Fibre Holdings, 2013.) There is also a trade off in terms of investment between reaching
extremely high speeds in some places (e.g. one gigabit per second) or reaching a guaranteed
minimum speed across all connections, such as the European Commission’s goal of 100%
coverage of at least 30 Megabits per second (Shankland, 2014.) As discussed in the literature
review section, broadband provision in New Zealand will rely on a range of different
technologies, not just fibre, and the most remote areas will have wireless connections. The
investment tradeoffs mean deciding where the boundaries will lie between fibre and copper
connections, and between fixed and wireless connections. The government plans for education
thus follow the European model of guaranteeing a minimum speed across all connections.

From the other perspective, that centralised procurements may be over-specified, a comment
regarding the procurement of on-site network systems for schools stated:

‘Some of the ministry schemes are totally over specified...the school is paying 20% of
something they shouldn't be paying for’ (Internet Provider)

This seems to indicate an optimistic reference scenario, albeit in a different context (Robson,
2014.) It is worth noting, therefore, that centralised procurement may impact not only on the
performance of the systems that are being used, but also on their costs, impacting negatively
on the savings component of the producer surplus.

Another area where savings were identified was ‘Streamlining school administration, moving
a lot of school systems onto the cloud’ (Local Govt.) In fact the potential saving ‘around
streamlining and making administration easier for schools’ was estimated at around thirty
per cent of the overall ROI by the national government stakeholder. This reduction assumes
savings in the overhead of supporting in-house systems, for example hardware, software and
support staff costs, by using cloud-based infrastructure. Even more basic savings, such as a
reduction in printing costs, also make a contribution.

‘Our policy is taking away the paper ... we won't print our reports any more and we
won't even e-mail them. You've got to come and get them off our network, and you
can get them any time you like’ (School)

It should be noted at this point that one might regard cost savings within schools as part of the
consumer surplus rather than producer surplus. However, given that schools are government
funded, and the ultimate consumers are the students within the schools and their families,
school savings are included here as part of the producer component of surplus. Either way they
contribute to social surplus.

Part of the hardware and software savings are based on the ability of a broadband wireless
infrastructure to support a bring your own device (BYOD) policy in schools. Using student
owned devices reduces the need for schools to provide ICT hardware and software for their

pupils.
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Reduction of overheads was also identified in terms of the way that teaching and learning could
be provided in rural schools:

‘One of the immediate benefits [of a fibre network] was to reduce the number of hours
that kids spent on buses being shipped from one school to another so they could receive
specialist teaching’ (Crown Agency)

Another aspect of savings is the availability of free resources on line.

‘It's all here, it's on YouTube, it's on other people’s blogs and Twitter, join the Google+
communities. It's all here, you've just got to access it.’ (Trust)

It should be noted, however, that the interviewee here was not addressing all educational
resources, but speaking in particular about a set of specific resources for teachers. There is
another aspect to the cost of resource access, which is that in some cases the move from older
media to online resources may in fact be more costly over time.

‘The school has a $10,000 spend a year, say, on textbooks, where we get five years of
use. The model the publishers are talking about the moment is; we will give you access
to our textbook for one year and then it disappears, which adds up to a lot more than
$10,000. Much more expensive’ (School)

Thus, again, we cannot count on a move towards a UFB infrastructure as representing
opportunities to generate savings regardless of content. There may, in fact, be additional costs.

If savings are being made, they are more likely to be made by providers of educational material:

‘From a cost perspective once you create a piece of mobile learning you can put it out
to people with a one off cost’ (Mobile Provider)

Such providers need not, of course, be third party enterprises. However, the likelihood of
material developed by teachers independent of professional publishing houses being generally
useful is questionable:

‘from a system of publishing and editing that has filters, interventions, changes and
modifications to a more individual thing, probably the finished product will be much
more varied, from absolutely brilliant to; this works well in my class but it doesn't
work for anyone else’ (School)

From the responses of the interviewees, it can be seen that the role of savings in the producer
surplus is expected to make a major contribution to the overall return on investment. In some
areas, such as the reduction in printing costs, BYOD programmes and elimination of some
travel, savings can be easily identified. However, it is clear that savings from activities such as
centralised procurement and use of digital resources are by no means automatic, and in some
cases there may in fact be increased costs rather than savings. It should also be recognised that
savings might impact on the consumer surplus. For example parents who have to buy a digital
device to support a BYOD programme may have a reduced assessment of overall value, and
students whose face to face experiences are replaced by virtual experiences may again feel a
loss of value. Related issues are highlighted by Newman (2012) who notes that a BYOD policy
does not mean existing hardware in schools is no longer required, since BYOD provides only a
complementary function and whether schools choose to become “hardware schools” or “Web
schools”, they will still have to maintain multiple infrastructures in the short term.

4.2 Producer surplus (profit)

Estimating profit from state-sponsored education may not be directly relevant, but in the
broader national perspective there is a potential contribution to future productivity and
downstream profits though support of the knowledge economy.

‘The return on investment is a better educated, better prepared, graduating cohort’
(School)
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Including this aspect of return from a profit perspective assumes that education can make a
direct contribution to the economic well-being of the nation. Producer profit from a
government perspective is therefore predicated on higher tax incomes and a more
economically productive economy. Certainly the most relevant aspect of this is the readiness
of those graduating from education to make a contribution to the economy. One area where it
is possible to directly identify a contribution is in ensuring that graduating students have
relevant digital skills. It is recognised that there is a shortage of skilled ICT workers in New
Zealand.

‘Right now we have a deficit of 15,000 [IT people] how do we actually urgently and
directly fix this situation? Or do we forget about being a technology enabled country?’
(Industry)

Certainly the provision of broadband into educational institutions is one of many key enablers
for ensuring that the New Zealand IT industry is able to find the staff that it needs in the future.
If course it is not the only one. Pilkington (2008) notes that it may take time for teachers to
begin to fully leverage ICT in teaching and learning. There is also the possibility that, as ICT
use becomes the norm in schools, lessons to specifically teach ICT skills will actually feature
less on school timetables (Underwood et al., 2005.) Broadband provision is just the first step
in the skills value chain, but actual returns are dependent on further developments in curricula,
teaching and learning (UNESCO, 2013a.)

In seeking to measure such outcomes, there is a general acceptance that social investment in
education yields a social rate of return and that higher levels of education in general are
reflected in higher earnings (Psacharopoulos, 1994.) It is also clear that the IT profession is
relatively well paid in New Zealand, where it was the second highest paid profession in 2014
(Newson, 2014.) Investment in educational broadband makes a direct (if partial) contribution
to preparing the foundation for such careers. There are, however, some further concerns here.
It is not clear to what extent higher earnings directly impact on national productivity
(Psacharopoulos, 1994.) There is also a concern that more technologically developed
economies may actually need fewer educated people as a result of mechanisation (Chang,
2011.) Ultimately; ‘what really matters in the determination of national prosperity is not the
education levels of individuals but the nation’s ability to organise individuals into enterprises
with high productivity’ (Chang, 2010, p.179.)

Thus we might conclude that, whilst educational investment overall might not always
contribute to productivity, specific forms of investment that prepare future workers for
productive enterprises, such as broadband infrastructure, can indeed support national
prosperity. It is essential that school students are made familiar with the world of technology
that they will meet in the workplace;

‘For our learners to be able to move confidently into the workplace they need to be at
home in the digital world’ (Trust)

‘No one is going to wake up on Monday morning and turn the Internet off. The world
is moving that way, so it's ensuring all young people are moving that way as well...the
payback is how successful we are in terms of the economy in the world.’ (School)

This doesn’t just mean delivering specific technical skills that may or may not be demanded by
a particular employer, but a broad, contemporary skill set that is aware of the relevance and
use of technology.

‘Most schools are in urban environments. The kids are going to go all over the place,
so we can't predict a particular industry. It's got to be confidence, responsibility,
“technology doesn't faze me™ (School)

An important aspect of this preparedness of entrants to the workforce for using technology is
that the level of education of the population is a critical enabler for all internet and high
technology applications (Koutroumpis, 2009.) However we should also note that according to
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Psacharopoulos (1994) the social rate of return of education in technical and scientific areas is
actually lower than that for academic and general areas.

In analysing the results of the interview data related to consumer surplus (profit) it is clear that
this is difficult to measure in the short term, but there is a general consensus that education is
critical to a technologically developed economy. However, education alone is not the only
factor, indeed specifically technical education may not be as important in deriving long term
rates of return as the provision of a broad contemporary skill set. Ultimately, profit will be
dependent on education being able to support the creation and sustenance of productive
enterprises. One of the aims of the evolving digital school curriculum is to foster the kinds of
creativity that can meet the needs of future enterprises.

‘enabling those kids to express themselves and really create away and be able to get
credit for it ... and then find a pathway into further study or out into the workforce’
(Govt.)

Of course such reductionist views might be anathema to those to see education as much more
than just preparation for the workforce. It should therefore be noted that these reflections are
confined to the producer surplus (profit) element of the research model, and are not intended
to address all aspects of educational broadband investment.

4.3 Consumer surplus (social rates of return)

The research model in Figure 1 assumed that consumer surplus, in the context of this study,
would be founded on social rates of return. However, the interview data indicated that private
rates of return were also an important factor. In this section, social rates of return are
discussed, with private rates of return covered in the following section.

It might well be expected that consumer surplus has a large role to play in calculating the social
surplus of investment in education. As indicated previously, in this study the primary
‘consumer’ is the school student, though as will be seen from some of the results, the concept
of consumer also includes wider society. According to the central government interviewee, ‘half
[of the ROI is] within improved teaching and learning ... leading therefore to better student
outcomes.’ (Govt.)

If half the projected ROI from educational broadband is consumer surplus in the context of
teaching and learning, this is a significant area for investigation if we wish to identify the
specific details of these ROl assumptions. There is certainly a belief that UFB brings new
opportunities that were not possible in a more traditional learning environment.

‘Opportunities for learning as a young person are exponentially improved by UFB’
(Trust)

However, it is important that we seek to identify specific areas where broadband investment is
bringing additional value to the consumer. One aspect that certainly gets attention is
improvements the personal efficiency of educational delivery. For example,

‘[After the Christchurch earthquake] the school itself wasn't functional but people
would get on the Internet and return to study’ (Local Govt.)

Another perspective on efficiency was that students who needed to be away from school for
family or sporting events would be able to maintain their studies.

‘Taking time out of school to go somewhere special, to be part of a sports competition,
a special holiday with parents...now students can do that knowing that they can just
access the work easily, so in terms of mobility of students and parental decisions...that
will become a lot easier for parents and kids to do.’ (School)

The question that may be raised by such concepts of efficiency is whether more is necessarily
better or, perhaps more accurately, whether learning anywhere, anytime, is equal to learning
in a classroom with peers and a face to face teacher. It is notable that education is one area
where ‘output’ increases markedly as a result of broadband. Koutroumpis (2009) relates this
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specifically to broadband enabling e-learning. One of the underlying assumptions is that there
are direct benefits in terms of personal learning efficiency in situations where peers and
teachers are not so significant, that is, in the context of immediate problem solving.

‘If you can get better access to information then you're going to be able to solve
problems or educate yourself with it...10-15 years ago you had to go to library. Now
I have that in my pocket.” (Mobile Provider)

Of course the transition to digital provision of material does not just mean using a different
channel to deliver the same content. There is also an expectation that a broadband
infrastructure enables the provision of better, as well as more accessible, learning resources
and tools.

‘Moving a lot of school systems onto the cloud... gives you richer systems’ (Local Govt.)

Another important perspective is the potential benefits to wider society of improvements in
the behaviour of school age children.

‘Kids come to school early. There is a decline in truanting, in in-class off-task
behaviour and other anti-social things’ (Govt.)

In previous sections addressing components of producer surplus we have seen that not all
changes enabled by broadband infrastructure necessarily result in surplus. In fact, there may
be the potential to actually increase costs. In the context of consumer surplus, that may also be
the case. Changes to educational processes and tools may impact negatively on existing value
chains. For example, old modes of assessment will soon be outdated.

‘In about five years students will be able to do their assessments online any time they
feel like it so that has huge implications for how the learning in schools is structured’
(Researcher)

Such changes in structure may be beneficial to students, but equally they may put additional
pressures on schools. Radical change also impacts on the systems that educate staff, as well as
students;

‘I think it changes the whole nature of how we train teachers’ (School)

In fact, such changes might lead to consumer surplus, but at the cost of producer surplus, in
that major change to systems of assessment and teacher training will be expensive to
implement. Again, one important message is that surplus is not automatic, or at least may vary
by context. Here, we might refer again to Holt & Jamison (2009) and the ‘U-shaped’ rates of
return, where transition costs may be high.

4.4 Social surplus (private rates of return)

In analysing the interview data, it became clear that for a certain section of the community,
those who were otherwise disadvantaged in society by their socio-economic status, private
rates of return were an important benefit derived from some intended side effects of
educational broadband provision. These side effects were generated by certain initiatives that
have seen broadband infrastructures installed on school sites being extended to serve their
surrounding communities, linked with access to digital devices that were primarily intended
for educational use but also find their way into the hands of family members of school students.

‘The flow on effect for our lowest socio-economic community is that suddenly they are
able to access a whole world that they were never able to before...it's life changing’
(Trust)

One effect of this on private rates of return is the ability of low income families, given access to
school based community broadband and educational digital tools, to shop on line and thus save
themselves money. By such means, UFB can directly reduce digital divides.

‘Making the Wi-Fi the schools have available in some way for the community to use
so that poverty itself doesn't become an impediment’ (Researcher)
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In expanding on this comment, the interviewee noted that community access to broadband
provided equity in access to knowledge. Such positive effects, however, comprise only small
steps towards long term equity, which cannot be provided only by current UFB investments.
Nevertheless, an awareness of the relationship between strategic investment and private rates
of return for disadvantaged communities will help us to effectively plan future investment.

‘It'll take generations to truly resolve the inequity of experience or the inequity of
outcome across our society and across demographics so the further forward we can
look the better’ (Crown Agency)

5 Discussion

This article has addressed issues surrounding ROI for broadband infrastructure in the New
Zealand school system, as revealed by a series of semi structured interviews with relevant
stakeholders. A study of ROl in afield like education is intrinsically difficult, because ultimately
the outcomes of education are personal.

‘ROI is probably one of the most unquantifiable of all - what you're doing is providing
an opportunity’ (Researcher)

Nevertheless, there are some useful concepts in the literature that can be used to make such
calculations. The first research question addressed in the research was ‘What assumptions
underlie return on investment projections in the provision of broadband infrastructure to
schools?’ This question was implicit in the literature review, which provided the basis for the
research model and the interview questions. As a result, the study was based on a research
model which focused on social surplus as the prime driver for ROl in educational broadband
policy. However it is clear from the analysis that such a simplistic model fails to address all of
the relevant factors. From the results of the interview data, it has become clear that ROI
calculations of both producer and consumer surplus involve complex relationships of cost and
benefit. Cost and benefit calculations may vary in their timescales and impacts, and vary from
the easily calculated to the somewhat speculative. In particular, it is hard to quantify consumer
surplus, though this is regularly used by industry in calculating overall social surplus (e.g.
Alcatel-Lucent, 2012; Competition Economists Group, 2015.)

The second research question was ‘How can the components of social surplus be defined within
the provision of educational broadband?’ An analysis of the interview data led to a redefinition
of the original research model. Figure 2 shows this modified model, developed from the earlier
model but incorporating the outcomes of the study. A new component in the model is a
separate assessment of social and private rates of return when considering consumer surplus.
For each component in the model, the positive and negative forces on surplus that emerged
from the interview data have been indicated.

In the savings component of producer surplus, procurement, resources and overheads were
identified as key areas of importance, with costs of procurement and resources in some cases
potentially leading to negative returns. Profit calculations are long term, and can only be
measured by the employability and earnings of students when they enter the workforce. One
of the difficulties here is predicting skills demand in an unknown future, so broad rather than
narrow skills sets are important.

In assessing consumer surplus, components of social rates of return are largely positive, based
around teaching and learning, behaviour and equity, though there are concerns about the long
time scales required to truly address inequity. Nevertheless, the impact on private rates of
return was seen as very positive for the most disadvantaged members of the community, which
was an encouraging finding from the study.

14



Australasian Journal of Information Systems Parsons
2016, Vol 20, Research on Rural & Remote ICT Broadband Initiatives in Education

Procurement

e +centralised

e -overspecified
Resources

o +free

e -shortterm
Overheads

e +reduced travel
e +less printing

e +BYOD

Skills

e +work relevant digital skills
e -limited demand

Income

e +higher earnings

Contribute to

Producer
Surplus

Defines

Rol Calculation

Teaching and Learning
o + efficiency

Contributes to

I~ Justifies
o+ flexibility
e +access
Behaviour Social rates of
e +positive attitudes return Social Surplus Educational
Equity Broadband Policy

e +increased access
e -longterm process

Consumer
Surplus

Contribute to

Contributes to

Greater equity Private rates of
e +community internet access return

e +device access

e +consumer market access

Fig. 2. Extended model of ROI for broadband initiatives in education

6 Conclusions and Future Work

Estimates of ROI for educational broadband focus on areas such as increasing access to digital
learning materials, reducing the costs of producing and distributing such material, reducing
the need for travel and improving student engagement and attendance. The results of this
study generally support the main ideas underlying these assumptions. There are certainly
savings to be made in the provision of learning materials and richer interactions between
teachers, students and parents supported by broadband infrastructure. The study has also
identified further important benefits, such as resilience to natural disasters and more flexibility
for family experiences. However, it has also revealed some areas where there may be negative
impacts on producer surplus, such as increased costs for professionally published learning
materials, or unsuitable central provisioning. There is also a potential negative impact on
consumer surplus where new channels of delivery may not be considered to have increased
value by the consumer. For example the idea that savings can be made by reducing the need
for field trips stresses quantitative gains while ignoring potential qualitative losses. Most of the
analysis was based on the social rate of return within the consumer surplus. However, one
important finding from the study was that associated impacts on the private rate of return for
the lowest socio-economic groups shows that educational broadband investments can have a
positive effect on digital divides.
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In summary, this article has provided deeper and richer insights into the various components
of social surplus associated with educational broadband investment than previously available
material. It has identified both positive and negative effects within the overall calculations of
ROI. In so doing it raises some significant questions about the nature of ROI projections for
broadband in education that tend to emphasise gains but ignore potential losses. It is hoped
that these findings will help to inform relevant stakeholders about the key issues of concern in
gaining the most benefit from the national investment in broadband infrastructure.

This work was based on a qualitative analysis of social surplus. Future work might usefully
leverage the model developed from this research to provide more insights into quantitative
rates of return for broadband investment in the school sector.
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