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ABSTRACT 
Public service websites act as ofcial gateways to services provided 
by governments. Many of these websites are essential for citizens 
to receive reliable information and online government services. 
However, the lack of afordability of mobile broadband services in 
many developing countries and the rising complexity of websites 
create barriers for citizens in accessing these government websites. 
This paper presents the frst large-scale analysis of the afordability 
of public service websites in developing countries. We do this by 
collecting a corpus of 1900 public service websites, including public 
websites from nine developing countries and for comparison web-
sites from nine developed countries. Our investigation is driven by 
website complexity analysis as well as evaluation through a recently 
proposed afordability index. Our analysis reveals that, in general, 
public service websites in developing countries do not meet the af-
fordability target set by the UN’s Broadband Commission. However, 
we show that several countries can be brought within or closer to 
the afordability target by implementing webpage optimizations 
to reduce page sizes. We also discuss policy interventions that can 
help make access to public service website more afordable. 
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1 INTRODUCTION 
All around the world, governments are increasing their online 
presence to facilitate citizens across a wide range of sectors, such 
as education, health, employment, environment, justice, and social 

Permission to make digital or hard copies of all or part of this work for personal or 
classroom use is granted without fee provided that copies are not made or distributed 
for proft or commercial advantage and that copies bear this notice and the full citation 
on the frst page. Copyrights for components of this work owned by others than the 
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or 
republish, to post on servers or to redistribute to lists, requires prior specifc permission 
and/or a fee. Request permissions from permissions@acm.org. 
WWW ’23, April 30–May 04, 2023, Austin, TX, USA 
© 2023 Copyright held by the owner/author(s). Publication rights licensed to ACM. 
ACM ISBN 978-1-4503-9416-1/23/04. . . $15.00 
https://doi.org/10.1145/3543507.3583415 

protection [32]. This trend has accelerated with the COVID-19 
pandemic, as governments have started digitization of vaccination 
programs [13], health safety announcements [8], and eforts to 
combat misinformation and disinformation [39]. 

The digitization of government services is in line with the United 
Nations Sustainable Development Goals (SDGs), which describe 
digital government as a key factor towards sustainable develop-
ment [30]. An important principle underlying this goal is inclusion – 
online government services should be accessible to all. However, the 
UN’s 2020 survey on e-government highlights the risk of new digi-
tal divides [32]; low-income countries with high costs of broadband 
access or insufcient infrastructure can leave already excluded peo-
ple at an even higher risk of not being able to gain any advantage 
from online government services. 

The access to Internet in many developing countries is predomi-
nately through mobile phones [29]. However, due to the high cost of 
mobile broadband relative to income levels in developing countries 
many citizens face difculty paying for their mobile data usage and 
often restrict their data usage, which in turn limits their ability to ac-
cess online government services. For example, a survey carried out 
in 11 emerging countries by the World Bank found that a median 
of 48% of respondents had difculty paying for their mobile data 
usage, and 42% restrict the amount of data they use [15]. Moreover, 
in 2021, 95 countries did not meet the UN Broadband Commission’s 
target for afordable broadband services, which is set to 2% (or less) 
of the monthly Gross National Income (GNI) per capita [11, 12].1 

The implication is that given a fxed mobile data plan, the number 
of Web accesses a citizen can aford is limited and depends on 
the size of the webpages accessed [26]. Given the importance and 
priority of public service websites,2 it raises the question of how 
afordable is the access to these websites in developing countries. 

In this paper, we conduct the frst large-scale analysis of the 
afordability of public service websites in developing countries. We 
carry out this analysis by collecting a corpus of 1900 public service 
websites across nine developing and nine developed countries. We 
also compare against Alexa-top 100 pages in the 18 countries in 
our dataset. Our investigation is driven by webpage complexity 
analysis as well as evaluation through a recently proposed aford-
ability index, PAW [26], which captures the reduction needed in the 
average webpage size in a region to meet the afordability target of 
broadband services set forth by the UN Broadband Commission. 

Below, we highlight the key insights from our study. 
• Webpage Sizes: On average, the landing pages of public service 

websites in developing countries are 2× larger than Alexa top 100 

1For a 2GB data-only mobile broadband plan. 
2By public service websites, we mean governmental sites utilized by the public. 
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websites in the same regions and 1.8× larger than public service 
websites in developed countries (§3). 

• Afordability: Public service websites in developing countries 
do not meet the afordability target set by the UN Broadband 
Commission for both low and high data, and voice usage mobile 
broadband plans (except for Pakistan in the case of data-only 
mobile plan). Thus, page size reductions are needed to bring these 
countries within the afordability target (§3). 

• Content Type: On average, images contribute the most bytes to 
page sizes followed by JavaScript. Image bytes tend to contribute 
more to the page size for public service websites in developing 
countries (63.3% of the total bytes) than the public service web-
sites in developed countries (54.2%) and Alexa top 100 websites 
in developed (36.7%) and developing (44.7%) countries (§4). 

• Image Sizes, Formats and Resolutions: Compared to public 
service websites in developed countries, in developing countries: 
(i) the average image size is 2× larger, (ii) JPG is the most used 
image format in public sites in developing countries unlike in 
developed countries, and (iii) the average image resolution is 
2.4× greater (§4). 

• Opportunities for Improvement: (i) Lowering image reso-
lution by 25% and 50% reduces the total image bytes in public 
service websites in developing countries by 40.3% and 51.3%, re-
spectively, and (ii) converting all images into the size-efcient 
WebP format reduces the overall image bytes by 32.5%, 74.7%, and 
81.0% with average SSIM values of 0.92, 0.91, and 0.90, for lossy 
encoding qualities of 95, 75, and 50, respectively. These translate 
into signifcant reduction in PAW values with little impact on 
image quality (§5). 

• Policy Interventions: We provide guidelines and suggest policy 
interventions that can improve the afordability of public service 
websites. These include: (i) guidelines for reducing page sizes 
that can be either enforced or used as a benchmark for evaluating 
website accessibility, (ii) zero rating public service websites, and 
(iii) ofering incentives to maintain these websites (§6). 
Overall, our work highlights the issue of lack of afordability 

of public service websites in developing countries. Our fndings 
have signifcant implications for diferent stakeholders in the public 
service website ecosystem, including governments, website devel-
opers, as well as agencies such as United Nations that evaluate 
e-government health in diferent countries. Through this study we 
provide both technical and policy guidelines that can inform the 
broader discussion on this important topic. We have also made our 
code and data publicly available here. 

The remainder of this paper is organized as follows: we frst 
describe our measurement methodology (§2), then analyze public 
service websites across several countries and evaluate their aford-
ability (§3). We perform complexity analysis of websites to under-
stand the source of lack of afordability in §4 and evaluate page 
optimizations for improving afordability in §5. We discuss policy 
interventions for improving afordability of public websites in §6. 
We then discuss avenues for future work (§7), before concluding. 

2 METHODOLOGY 
This section details the methodology we used to collect data on the 
websites for this study. 

2.1 Collecting a Set of Webpages 
We consider a sample of 9 developing countries and 9 developed 
countries in our study. We defne “developing” and “developed” 
using the categorization done by the UN Human Development Re-
port 2021-22 [31].3 We include these countries in our study for two 
reasons: First, the set of developing countries in our dataset cover 
2.31 billion people or 29% of the world’s population whereas the 
set of developed countries cover 771 million people or 9.7% of the 
world’s population [19]. Second, according to the E-Government 
Development Index (EGDI),4 which ranks United Nations member 
states based on the state of e-government development, these coun-
tries cover a range of index values [18]. For instance, the developing 
countries in our set rank between 100-173 whereas the developed 
countries rank between 5-37 among the 193 UN member states for 
which the data was available. For each country, there were two 
groups of websites of interest: 
(1) Public service websites: Governmental sites that provide various 

types of services (e.g., health, education, immigration services). 
(2) Popular websites: The Alexa top 100 websites [20] within each 

country.5 In addition, we also collected data on Alexa top 100 
websites globally. 

Country Public Service Websites 
Bangladesh 86 
Ethiopia 91 
Ghana 92 
India 78 
Kenya 86 
Nigeria 112 
Pakistan 98 
Uganda 110 
Yemen 85 

Table 1: Developing countries 

Country Public Service Websites 
Australia 95 
Canada 125 
France 100 
Italy 94 
Japan 168 

New Zealand 162 
Spain 140 
UK 93 
USA 85 

Table 2: Developed countries 

The public service websites in developed countries and pop-
ular websites in each country (and globally) serve as baselines 
for our comparison of the afordability of public service websites 
in developing countries. The list of public service websites for 
each country was obtained from the ofcial online governmental 
3The developing countries we consider include Bangladesh, India, Ghana, Kenya, 
Uganda, Yemen, Pakistan, Ethiopia, and Nigeria whereas the developed countries 
include Australia, Canada, France, Italy, Japan, New Zealand, Spain, United Kingdom, 
and United States of America. 
4EGDI is a composite measure of three aspects of e-government: provision of online 
services, telecommunication connectivity and human capacity.
5We use “top 100 sites” to refer to Alexa top 100 websites in the paper. 
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gateways for each country (e.g., https://www.ghana.gov.gh/, http: 
//bangladesh.gov.bd, and https://www.usa.gov/) available at the 
UN’s e-Government Knowledgebase (UNeGovKB) [18] website. If 
we found fewer than 70 public service websites from an ofcial 
gateway , we also scraped the Google Web search results (using 
the Python Google search API) for the appropriate top-level do-
main name (e.g., ‘gov.uk’ for the governmental portals in the United 
Kingdom). We used this web scraper to fnd public service websites 
for all countries except Pakistan and Bangladesh, for which there 
were >70 public service websites on their ofcial gateways. 

Overall, we gathered 838 public service websites from developing 
countries, and 1062 websites from developed countries (country-
wise URL count is given in Tables 1 and 2). As for the websites 
selected from amongst the Alexa top 100 in each country, there were 
508 unique websites from developing countries, and 556 unique 
websites from the developed countries. 

Our dataset includes URLs listed on main gateway pages and 
obtained via Google search (latter captures popularity). Thus, less 
popular sites may be excluded as long as they were not listed on 
the gateway pages. 

Our dataset contains public service websites with varying de-
grees of complexity. Figure 1 shows the distribution of page sizes 
across our dataset for public sites. 
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Figure 1: Distribution of page sizes across our dataset of pub-
lic service websites. 

2.2 Page-level & Afordability Metrics 
We used WebPageTest [24] to collect data on webpages accessed 
on a widely used entry-level smartphone (Nexus 5) in the Google 
Chrome web browser. Nexus 5 was reported to be among the ten 
most popular Android smartphones in several countries in 2019 [7]. 
The data collected includes the total webpage size, number of difer-
ent Web objects requested, e.g., images, JavaScript, CSS, and fonts, 
size of individual Web objects, image formats, and images resolu-
tions. To measure image quality reduction due to the optimizations 
we evaluated, we computed the Structural Similarity Index Measure 
(SSIM) [37] using the Python Scikit-Image library [33]. We calcu-
late the PAW index [26] for capturing the number of Web accesses 
that can be made in a region given the average income and mobile 
broadband price in the region. For image resolution reduction and 
compression, we used the Python PIL library [1]. The error bars in 
the plots indicate 95% confdence intervals. 

3 AFFORDABILITY OF PUBLIC WEBSITES 
In this section, we quantify the afordability of 838 public service 
websites across nine developing countries, and compare them with 
public websites in developed countries as well as top 100 pages 
in diferent countries. As part of our analysis, we analyze the size 
of (landing) pages and then evaluate them in terms of the PAW 
index [26]. 

3.1 Webpage Sizes 
The size of a webpage is the total number of bytes received to load 
its contents. With limited data plans, as page sizes increase, the 
number of Web accesses available to the end-user decreases. For 
those citizens who can only aford smaller data plans, having pub-
lic service websites that are signifcantly large means they would 
have to limit access to these websites, hence impacting inclusion. 
Our evaluation shows that in developing countries, where broad-
band prices are generally higher [12], the sizes of public service 
webpages are considerably larger than their top 100 counterparts 
(Figure 2a). The average diference in page sizes between public and 
top 100 websites for developing countries is 2.37 MB. In contrast, 
there is a negligible diference in page sizes between public and 
top 100 websites in developed countries. We further note that this 
diference exists not only in comparison to the top 100 websites, 
but also between public service websites in developing and devel-
oped countries; the average page size for public service websites in 
developing countries is 1.8× larger than developed countries. 

3.2 PAW Analysis 
Ideally, public service websites would be as accessible as any other 
website (if not more, due to their exceptional importance). Addition-
ally, access to these websites should be equalized across countries. 
However, broadband prices and average income levels vary across 
countries. Thus, some countries may require their public service 
websites to be of a smaller size to get the same number of accesses 
as countries where broadband prices are generally cheaper (as a 
percentage of the average income). To consider specifcally how to 
achieve a target number of accesses, equalized across all countries, 
we must consider the average sizes of the public service websites, 
alongside the fraction of the average income consumed by broad-
band data. This relationship between broadband prices, page sizes, 
and reduction required to meet an afordability target can be quan-
tifed using the PAW index [26]. 

The PAW index [26] captures the afordability of websites in a 
region by determining the reduction needed in the average page size 
to meet a given afordability target. The PAW index is as follows: 

�� ��,��� 
���� = × 

�� ������� 

where �� refers to average broadband price in region � and �� is the 
target broadband price (throughout this paper we will consider this 
to be the broadband afordability target set by the UN Broadband 
Commission: 2% of a country’s GNIpc [11]). ��,��� and ������� 
are the average page sizes in region � and globally, respectively. 
For example, if the PAW index is 2.5, that means 2.5× reduction 
is needed in the average page size to meet the afordability target. 
The PAW index is ≤ 1 if a region meets the afordability target [26]. 

We use the PAW index as it allows us to consider Internet aford-
ability in the context of both the page sizes of websites of interest as 
well as the cost of broadband prices in the region of access. Consider 
two regions � and � , both in which broadband is equally expensive. 
However, in region � , commonly accessed webpages are smaller 
in size (require less data) as compared to region � . Internet access 
in region � is more afordable as Internet users in this region are 
able to access a greater number of commonly accessed webpages 
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Figure 2: Page sizes (MB) for public service sites and top 100 sites in (a) developing countries and (b) developed countries. Red 
line indicates the global average page size of 2.15 MB [17]. Error bars indicate 95% confdence intervals. 
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Figure 3: PAW index values for a data-only plan (2 GB) in (a) developing and (b) developed countries. Red line indicates a PAW 
index of 1 (our afordability target). 

(as they require less data to access) for the same broadband price 
as in region � . The PAW index also provides a baseline to compare 
Internet afordability against (�� as the target broadband price and 
������� as the global average webpage size). 

We apply the PAW index on two datasets for ��,��� for each 
country: their public service websites and the top 100 websites in 
that region. That is, we consider two PAW indices for each country 
� as defned below: 

����,��� = 
�� 

�� 

��,���,��� × 
������� 

(1) 

��,������,��� 
����,������ = 

�� × (2)
�� ������� 

where ��,���,��� and ��,������,��� refer to the average page size of 
the top 100 and public webpages (respectively) in country � . Thus, 
the PAW index for public websites is 1 for a given region � if a user 
in � has as many accesses to public service sites of � as a user in 
region � (which meets the broadband price target) has accesses to 
the global average website.6 

We evaluate the PAW index for three mobile broadband plans. 
These plans defned by the ITU [12] include: (i) a 2 GB data-only 
plan (DO), (ii) a hybrid plan comprising 500 MB of data and voice 
low-usage (DVLU), and (iii) a hybrid plan with 2 GB of data and 
voice high-usage (DVHU). We fnd that the PAW index for the 
public websites of all developing countries is greater than 1 for 
DVLU and DVHU. For the data-only plan, Pakistan is the only 
developing country (in our dataset) that has a PAW index < 1 
(Figure 3a) for public sites. Our results show that on average 1.2×-
11× reduction is needed to bring other developing countries within 
the afordability target for public websites. In contrast, the PAW 
Index is less than 1 for both public and top 100 websites for all 

6We have considered the target public webpage size as the global average webpage 
size. Other standards may also be valid. 

of the developed countries across all the three mobile broadband 
plans, save for public websites in Canada in the DVHU and DVLU 
plans. Figure 3 shows the PAW index values across countries for the 
data-only mobile plan (the results for the other plans are available 
in the Appendix A.1). 

4 CONTENT COMPLEXITY 

4.1 Type of Web Objects 
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Figure 4: Percentage bytes taken up by various Web objects 
across (a) developing and (b) developed countries. 
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Figure 5: Average number of Web objects per webpage for (a) 
developing and (b) developed countries. 
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Figure 6: Average MBs contributed by images per webpage for (a) developing and (b) developed countries. 

To understand what specifc webpage characteristics lead to 
public service webpages having larger sizes, we analyze the sizes 
of Web objects in such pages. We fnd that images and JavaScript 
contribute the most to the overall page size for both public and top 
100 websites (see Figure 4). However, image bytes tend to contribute 
more to the page size for public service websites in developing 
countries (63.3% of the total bytes) than the top 100 websites in 
developing countries (44.7%), public service websites in developed 
countries (54.2%), and top 100 websites in developed countries 
(36.7%). 

To further evaluate why this is the case, we frst analyzed the 
number of requests made for objects that contribute the most bytes 
to webpages. We fnd that while both the page size and the per-
centage of bytes attributed to images are greater for public service 
websites as compared to top 100 websites, there are signifcantly 
fewer requests being made for images (Figure 5).7 This led us to 
conclude that it is not the number of images on a page but rather the 
properties of the images themselves that explains the large image 
bytes despite the smaller number of requests for images by public 
service websites. 

4.2 Image Properties 

ba
ng
lad
esh

eth
iop
ia

gh
an
a

ind
ia

ken
ya

nig
eri
a

pa
kis
tan

ug
an
da

ye
me
n

0

50

100

150

200

Av
er
ag

e 
Im

ag
e 
Si
ze

 (K
B) Public Top 100

(a) Developing countries 

au
str
alia

can
ad
a

fra
nce ita

ly
jap
an

ne
w z
ea
lan
d

spa
in  k  sa

0

50

100

150

200

Av
er
ag
e 
Im

ag
e 
Si
ze
 (K

B) P blic Top 100

(b) Developed countries 

Figure 7: Average size of individual images for (a) developing 
and (b) developed countries. 

7Country-wise results are given in the Appendix A.2. 

Sizes.When it comes to the overall bytes contributed by images 
per webpage, we note a stark diference between public and top 
100 sites, specifcally for developing countries (Figure 6). For all 
developing countries, the image bytes in public service websites are 
greater than their top 100 counterpart (with an average increase 
of 204%). This is also the trend for developed countries, but the 
diference is less pronounced (a 70% increase on average). We also 
note that the average image bytes in a developing country’s public 
website is 2× that of public websites in developed countries. These 
fndings show that public service sites generally have a greater 
number of image bytes, as compared to other frequently visited 
sites. This is especially the case for developing countries. 

Considering that we found that the number of image requests 
made are generally higher in the top 100 websites (Figure 5), these 
results can be explained if we consider the bytes per image, where 
we observe a major diference in image sizes between public and top 
100 websites (for both developed and developing countries), with 
the diference being more pronounced for developing countries. 
Our fndings are that each image takes up 0.1 MB on average on 
a public websites in a developing country, whereas an image in a 
page amongst the top 100 of that region would take up 0.02 MB 
on average. This value is 0.05 MB for public websites in developed 
countries, and 0.02 MB in the top 100 websites in developed coun-
tries (Figure 7). 
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Figure 8: Average number of images of diferent formats per 
page for (a) developing and (b) developed countries. 

Formats. We observe that the number of requests per page for JPG 
images is highest in developing countries for public websites. In 
contrast, in developed countries, requests for PNGs are the highest 
in public websites. The most popular image format for the top 100 
websites of both developing and developed regions are GIFs (Figure 
8). Moreover, JPG images have the highest individual sizes for both 
public and top 100 websites of developing and developed countries 
(Figure 9). 
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Figure 9: Average individual image size across formats for (a) 
developing and (b) developed countries. 

Resolution. We fnd that high image resolutions are one of the 
major reasons that the image bytes for public websites in developing 
countries are greater as compared to the top 100 websites (Figure 
10). The average diference in the total pixel count (between public 
and top 100 sites) is 0.43 kilopixels (kp) (increase of 3.2×), compared 
to 0.08 kp in developed regions (increase of 1.5×). Moreover, the 
average pixel count in public websites of developing regions is 
0.64 kp compared to 0.27 kp in developed regions (increase of 2.4×). 
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Figure 10: Average image pixels for (a) developing and (b) 
developed countries. 

4.3 Explanation 
To understand the reasons for the diferences between the public 
and top 100 websites in developing countries, we conducted in-
terviews of eight governmental ofcials who were responsible for 
managing eight diferent public sites in one of the developing coun-
tries in our dataset (Pakistan). These websites were created between 
2 to 20 years ago. All of the interviewed ofcials informed us that 
although new data was input weekly, the structure and design of 
their respective websites had not been updated for the past 2 years. 
Two of these ofcials confrmed that for the public websites they 
managed there was no separate department that handled them. A 
larger survey can be conducted in the future, however these small 
set of interviews support the idea that it is not necessarily the in-
herent nature of public webpages that cause them to be larger than 
their top 100 counterparts, rather it is likely due to lack of resources 
and incentives needed to make these websites less complex and 
more afordable. 
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Figure 11: Complementary CDF representing the SSIM values 
of the original images compared to those after lossy WebP 
compression to qualities of 50, 75 and 95. Pink lines indicate 
MOS score boundaries, i.e, < 0.5 SSIM indicates "Bad" quality, 
≥ 0.5 and < 0.88 indicates "Poor" quality, ≥ 0.88 and < 0.95 
indicates "Fair" quality, ≥ 0.95 and < 0.99 indicates "Good" 
quality and > 0.9 indicates "Excellent" quality [10]. 

5 OPPORTUNITIES FOR IMPROVING 
AFFORDABILITY 

Several optimizations can be made to improve the afordability of 
public service websites. Considering that on average images con-
tribute the most bytes to page sizes, we evaluate the efectiveness 
of two optimizations: (i) transcoding images into the WebP format 
[22] and (ii) reducing image resolution. 

5.1 Transcoding Images into WebP 
The WebP image format, which was developed by Google, supports 
both lossless and lossy compression. We consider WebP because (i) 
even with lossy compression, it has been shown to reduce image 
sizes by 25-34% compared to JPG images at equivalent SSIM qual-
ity index [23] and (ii) it is natively supported by all popular Web 
browsers including Chrome, Safari, Firefox, Edge, and Opera [22]. 
To achieve a better balance between size efciency and quality, we 
only consider lossy compression.8 Lossy WebP compression works 
by using predictive coding to encode an image, which uses the 
values in neighboring blocks of pixels to predict the values in a 
block, and then encodes only the diference. 

We conducted an empirical analysis of the potential savings in 
sizes if all images in a webpage are transcoded into (lossy) WebP 
format while considering various encoding qualities (50%, 75%, 95%). 
We observe an average reduction of 81.0% in image bytes for an 
encoding quality of 50% (considering all public service websites in 
developing countries), 74.7% at a quality of 75%, and 32.5% if we 
use an encoding quality of 95%.9 These savings reduce the average 
page size by 2.1×, 1.9×, and 1.3× for encoding qualities of 50%, 75%, 
and 95%, respectively. 

To analyze whether these savings come at the expense of ex-
treme quality degradation, we measured the resulting image quality 
using the Structural Similarity Index Measure (SSIM). SSIM is used 
to determine how structurally similar two images are, with a higher 
score indicating the images are more similar [37]. Figure 11 shows 
the complementary CDF for the SSIM value for the transcoded and 
compressed images compared to the original images in the websites. 
At least 75% of the images have an SSIM ≥ 0.93 at all the three 

8While lossless WebP images are more size efcient compared to PNGs, they come 
at a cost of additional bytes for supporting transparency (alpha channel), which may 
result in larger sizes compared to some JPG images.
9Results showing country-wise data-savings with WebP compression are available in 
the Appendix A.3. 
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encoding qualities which suggests that for most of the images, byte 
savings do not come at a signifcant cost of image quality degra-
dation. This in part can be attributed to WebP’s efcient encoding 
mechanism and also suggests that most images in public service 
websites may have much higher quality to begin with. However, 
we do observe there is a loss of quality reduction at the tail, with 
images having signifcantly lower SSIM values. 

5.2 Resolution Reduction 
We fnd that many of the current implementations of public service 
websites in developing countries are not mobile-friendly. Thus, 
they deliver the same images on a mobile browser as they would 
on a desktop browser. These images load on a smaller screen, and 
hence do not need to retain the same resolution to preserve user 
experience and website quality. Thus, another improvement that 
can be carried out is to reduce webpage sizes by reducing image 
resolutions (that are unnecessarily high, as shown in §4.2). 

We fnd that there can be signifcant reduction in image bytes 
by reducing the image resolution. The average image bytes reduc-
tion is 51.3% if we reduce image resolutions by 50% (with the 75th 
percentile of the SSIM CCDF being 0.96) , and 40.3% if we reduce 
image resolutions by 25% (with the 75th percentile of the SSIM 
CCDF being 0.99).10 Converting images into lossy WebP images 
(50% encoding quality) and reducing the image resolution by 50% 
results in an average reduction in image bytes by 82.3% with the 
75th percentile of the SSIM CCDF being 0.92, which is still fairly 
high. Taken together, these results suggest image optimizations can 
signifcantly reduce the sizes of public service websites without 
substantial image quality degradation. 

5.3 PAW Improvement after Optimizations 
As image bytes make up a large percentage of the overall page sizes, 
the aforementioned image optimizations can signifcantly improve 
the PAW index for public websites in developing countries. We fnd 
that using either of the two image optimizations (i.e., transcoding 
into WebP with an encoding quality of 50 or applying 50% reduction 
in image resolution) allow two countries that were not previously 
meeting the afordability target (India and Nigeria) to now meet 
it, as shown in Figure 12. While not all of the countries would 
meet the PAW index target even after these optimizations, they are 
signifcantly closer to it. Notably, after WebP compression on all 
the public webpage images, the PAW index of Ethiopia can decrease 
from 12.2 to 8.1 (a reduction of 1.5×). Overall, the improvements in 
PAW index show promising results towards making public service 
websites more inclusive and afordable in developing countries. 

6 POLICY INTERVENTIONS 
There is a need for public service websites to be more afordable 
than they currently are. In this section, we describe three strategies 
to tackle this issue on a policy level: guidelines to decrease page 
sizes, zero rating these websites to make them free to access, and 
ofering incentives and resources to update these websites on a 
regular basis. 

10Results showing country-wise data savings with resolution reduction are available 
in the Appendix A.3. 
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Figure 12: PAW index of public websites in developing coun-
tries before and after various optimizations (data-only plan). 

6.1 Guidelines for Public Service Websites 
As discussed in §5, simple operations can be applied to substantially 
improve the afordability of public service websites. Accordingly, 
such changes can be implemented on a policy level with ease. 

One of the components of the E-Government Development In-
dex (EGDI), which ranks countries based on their online presence, 
strategies, and policies [18], is the Online Services Index (OSI). This 
component specifcally looks at governmental portals and gauges 
its accessibility by evaluating how easy it would be for the average 
user to fnd relevant and required information. The OSI can be 
improved by also considering afordability in its evaluation. More 
specifcally, alongside the existing criteria, public websites can be 
evaluated by assessing the following: 
(1) Mobile friendly versions of public pages are available with mul-

tiple image source sets available for diferent device sizes. 
(2) The PAW index for public websites of a given region 

(����,������ ) is ≤ 1. To achieve this, the maximum page size 

of a public service website should be 
�� ×������� . This can be 

�� 
achieved through a mixture of using optimized web formats 
such as WebP, and ensuring resolutions of images are not un-
necessarily high. 

Maintaining the aforementioned guidelines would improve the 
afordability and hence accessibility of public service websites. Thus, 
we believe that the EGDI should take these into account to promote 
afordable access to public sites. 

In addition, we believe countries can beneft by requiring their 
public websites to be made with the proposed guidelines (through 
mandates or strict regulations). Public websites are unique in that 
their development can be easily controlled and regulated due to 
their centralization (i.e they are managed by government ofcials). 
This makes implementing afordability guidelines a feasible task. 

6.2 Zero-rated Services 
Apart from page sizes, tackling high broadband prices would also 
improve the accessibility of public websites. Public websites can 
be made more accessible by ofering them as zero-rated services. 
Zero-rated services are webpages that can be accessed free of cost, 
i.e., the end user is not charged for data usage on these webpages. 
This can be implemented through an agreement between internet 
service providers (ISPs) and the government. The beneft of zero-
rated public websites is that regardless of the page size, those who 
need to access them would be able to do so free of cost and without 
bounds on the number of accesses available to them. 

There have been examples of governments zero-rating public 
services in the past. The Colombian government zero-rated an 
e-learning platform during the COVID-19 pandemic due to the 
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shutdown of schools and colleges [21]. In New Zealand, several 
healthcare websites were zero rated as a part of the Sponsored Data 
initiative [14]. Adopting the practice of zero rating public websites 
at a larger scale would improve inclusion to these services. 

While this approach may open up doors to many individuals 
who may not be able to access public sites otherwise, there are 
three main concerns: 
(1) While large page sizes would no longer be a hindrance to the 

afordability of public websites if we zero-rated them, large 
page sizes would still contribute to memory pressure on mobile 
devices [27]. This is especially the case for low-end smartphones 
which are primarily used by low-income individuals . Zero-rated 
services may thus stife motivation to decrease page sizes, and 
hence still inadvertently exclude low income communities. 

(2) Financial tradeofs would need to be made when zero rating pub-
lic websites. If network trafc is high for specifc governmental 
portals, ISPs may be disincentivized to zero rate them due to 
the loss of substantial revenue. If governments pay the ISPs 
for the data used by the end users on public websites, fnancial 
resources would have to be allocated (a tradeof governments 
would have to make to improve accessibility). If entirely zero 
rating public sites is not a feasible option for some countries and 
ISPs, a simpler route of subsidizing essential public websites 
may be a reasonable middle-ground. 

(3) The impact of zero rating governmental websites on net neutral-
ity is yet to be explored. The conversation around net neutrality 
has historically been focused on commercial services that would 
stife innovation and harm competitors if zero-rated. This has 
caused several countries to ban zero rating [3, 5, 16]. While 
public sites cannot be entirely compared to commercial services 
that exist solely to earn a proft, there may still be concerns that 
arise from giving network preference to public websites. For 
example, in 2016, the government of Jamaica planned to zero 
rate all governmental sites. One of these sites was the Jamaica 
Information Service (JIS), which provides news updates about 
the current government [6]. One could argue that zero rating a 
news source would make it easier to spread disinformation or 
present a biased view. Although there is no empirical evidence 
to suggest this has occurred in the case of JIS, it may put of 
several stakeholders such as other news outlets. 

6.3 Ofering Incentives 
The interviews in §4.3 suggest that lack of resources is an imped-
iment towards ensuring afordability of public service websites. 
Thus, we believe that allocating adequate resources to continu-
ally update public websites and ofering incentives to meet the 
afordability target would be a positive step in improving their 
afordability. Although resources may be limited in developing 
countries, improving public websites would be benefcial for a wide 
variety of departments, and hence it would worthwhile to allocate 
more funding to improve them. For example, making healthcare 
guidelines—such as COVID-19 prevention practices—more easily 
accessible through the Internet can alleviate pressure on hospitals. 
In the same vein, making educational sites more accessible would 
promote a more informed society. 

7 LIMITATIONS AND FUTURE WORK 
• Page load time improvements. Although not measured in this 

study, reducing the webpage size by applying image optimiza-
tions can reduce page load time, which is widely considered to 
be a critical metric for user engagement [9, 25, 35, 36, 40]. 

• JavaScript optimizations. We only considered image optimiza-
tions in this work. However, it would be useful to evaluate the 
impact of JS optimizations on page size reduction (e.g., removing 
unused or non-critical JS [4, 28, 38], debloating JS [34], using 
lighter JS frameworks [28]). 

• Non-landing pages and caching. Our study only considered 
the landing pages of websites. While landing pages are more 
frequently requested by users [2], the inner pages will also impact 
data usage and hence afordability of public service websites. 
Moreover, we did not consider (i) the impact of client-side caching 
(which reduces the data usage for repeated visits to a website) 
and (ii) scenarios involving a user logging into a website. In the 
future, we plan to incorporate these scenarios in our evaluation. 

• User visit profles. We did not attempt to model the visit pat-
terns of users to public service websites. While such data may 
be hard to obtain, such a modeling approach can be useful in 
obtaining more accurate estimates of mobile data usage. 

• Development and maintenance of public service sites. Fu-
ture work includes a large-scale survey to understand the require-
ments, development, and maintenance of public service websites. 
Using the results of this survey would contribute to building a 
case to implement the policy improvements suggested in §6. 

• Video. Public service websites host multimedia content (e.g., 
embedded YouTube videos), which can lead to signifcant mobile 
data usage. We did not evaluate the impact of embedded videos, 
which remains part of our future work. 

• Country selection. While the countries we analyse in our study 
represent 30% and˜ 60% of the total population in developing˜ 
countries and developed countries, respectively, the results may 
not necessarily generalise to other countries. 

8 CONCLUSION 
Public service websites serve as gateways for many essential ser-
vices provided by governments. However, there are barriers for 
many users in developing countries to access these websites. One 
such barrier is the data cost of visiting such websites. We conducted 
the frst empirical analysis of the afordability of such websites in 
developing countries. Our analysis reveals that, in general, public 
service websites do not meet the afordability target set by the UN’s 
Broadband Commission. They are unnecessarily bloated in part due 
to the use of inefcient image formats and resolutions. We show 
that several countries can be brought within or closer to the aford-
ability target by implementing webpage optimizations to reduce 
page sizes. Furthermore, we suggest three policy interventions: 
guidelines to ensure afordable access, zero rating, and ofering 
incentives to these websites to comply with the afordability target. 
Overall, our study provides both technical and policy guidelines 
that can help inform the broader discussion on this important topic 
of making public service website more inclusive and afordable. 
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A APPENDIX 

A.1 PAW index for diferent data plans 
Figures 13 and 14 represent the PAW Indexes for the 18 countries 
we considered for two other mobile broadband plans. Notably, for 
these plans, the public service websites of none of the developing 
countries meet the afordability target. 
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Figure 13: Mobile data and voice low-consumption basket (70 
min + 20 SMS + 500 MB) in (a) developing and (b) developed 
countries. 
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Figure 14: Mobile data and voice high-consumption basket 
(140 min + 70 SMS + 2 GB) in (a) developing and (b) developed 
countries. 
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Figure 15: Average number of images per webpage for (a) 
developing and (b) developed countries. 

A.2 Average Number of Total images 
Figure 15 shows the average total image count per webpage in 
developing and developed countries. 

A.3 Page Size Reduction 
A.3.1 WebP compression. Signifcant reductions in page sizes can 
be done by lossy WebP conversion, as shown in Figure 16, where 
we consider three encoding qualities: 50, 75 and 95, that provide 
average reductions in total image bytes of 81.0%, 74.7% and 32.5% 
respectively. Considering image bytes make up a large chunk of 
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Figure 16: Average % of image bytes reduction per webpage for 
public service websites in developing countries after WebP 
compression at the rates (a) 95, (b) 75, and (c) 50. 

the page sizes for public sites in developing countries (63.3% on 
average), these optimizations are especially important to consider. 

A.3.2 Resolution Reduction. Figure 17 represents the reductions 
in total image bytes that are possible for public service sites in 
developing countries if we simply reduce the resolutions to 50% or 
75%. 
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Figure 17: Average % of image bytes reduction per webpage 
for public service websites in developing countries at 75% 
and 50% image resolutions. 
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