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From face-to-face teaching of official
statistics to e-learning for the Sustainable
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Sharleen Forbes®* and John Harraway®
aStatEd Consultancy, Featherston, New Zealand
bDepartment of Mathematics and Statistics, University of Otago, Dunedin, New Zealand

Abstract. How should we teach the users of official statistics? Many government advisors lack adequate mathematical and
statistical skills. The authors were part of different teams that developed a National Certificate of Official Statistics comprising four
modules taught face-to-face with competency-based assessment that included a workplace project, and three free downloadable
web apps in official statistics hosted on the International Statistical Literacy Project website. They also supplied draft content for a
United Nations Institute of Training and Research (UNITAR) e-learning course Understanding data and statistics better — for
more effective SDG decision making comprised of five self-teaching modules. Key common elements in this progression from a
country specific paper-based course to an international e-learning course targeted at the United Nations’ Sustainable Development
Goals, included:

establishing cooperative teams, including information technology and course design experts
— de-mathematising statistical content, in favour of conceptual understanding

— using visual tools, such as dynamic and interactive graphics, to interpret data

— recreating as little material as possible with use of freely available internet tools.

There were challenges to be overcome: how to make the content internationally applicable to an international audience; how to
keep material up-to-date and relevant and how to provide appropriate formative and/or summative assessment.
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1. Introduction both present data well in their advice to Government

and interpret research information and nationally im-

Both authors are statistics educators with many years
experience (see Appendix) and have been involved in
the development and at least some of the teaching in
each of the learning programmes described in this paper.

The focus of this paper is the investigation of com-
monalities and challenges in three different forms of
learning programmes, each developed to assist local and
national government advisors to understand, interpret
and present statistical information. These users need to
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portant social and economic measures (official statis-
tics). In some cases, this will require understanding
‘traditional’ statistical concepts and methods, such as
confidence intervals, p-values and linear regression. In
other cases, it requires an understanding of new con-
cepts such as those underlying population dynamics
(demography) and macroeconomic indicators (e.g. price
indices, gross domestic product). The emphasis in the
three programmes described is on understanding the
concepts not the underlying mathematics and being able
to effectively interpret and use this data. Data visual-
isation tools such as dynamic and interactive graph-
ics [1,2] and videos are widely used to aid conceptual
understanding.
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At both the national and international level, govern-
ment advisors need to be able to effectively use pub-
lished official statistics and other statistical material
but they often have limited background mathematical
skills, making it difficult to teach even relatively ba-
sic statistical analyses. For example, in 2011, the New
Zealand Prime Minister’s Science Advisor, Dr Peter
Gluckman, pointed to the lack of capability in the state
sector for the monitoring and evaluation of key policies
and programmes stating that, ‘the costs and implica-
tions of inferior science or wrong data leading to policy
decisions are immense’ [3]. Forbes [4] also identified
highly variable or insufficient statistical understanding
in some New Zealand state sector agencies. To address
this lack, in 2007 Statistics New Zealand in negotiation
with the School of Government, Victoria University of
Wellington, created the joint position described in the
Appendix. It was quickly realised that statistical capa-
bility needed to be raised in two distinct state sector
groups:

1. Statistical specialists who generated official statis-

tics;

2. Policy advisors who informed government and

were often highly literate but with limited mathe-
matical skills.

Some targeting of the first group was undertaken with
seminars and short-courses in specific areas and also
the development of an across-university postgraduate
(Honours) course in official statistics (that is still run-
ning and has been taught for ten years with 30 to 50
students each year from six of the eight New Zealand
Universities). These are normal university students en-
rolled at honours level in statistics, social and public
policy or the social sciences (including geography, en-
vironmental studies, sociology, criminology, psychol-
ogy, political science and demography). The prereq-
uisites are a basic course in applied statistics at first
year level and a higher-level course in applied statis-
tics or completion of a programme in quantitative anal-
ysis in one of the above disciplines. The course in-
volves staff from different New Zealand universities
and Statistics New Zealand with specialist expertise
teaching in their particular area. Topics covered include
data sources (surveys and administrative data), the legal
and ethical framework of official statistics, demogra-
phy, the collection and analysis of health, social and
economic data, data visualization including spatial and
geo-visualisation, data matching and data integration,
and macroeconomic statistics with an overview of the
System of National Accounts. There is a single two-
hour lecture every week for ten weeks delivered by

video conferencing. Assessment is by five written as-
signments and there is no final exam. While there are no
formal tutorials, students can interact with each other
and also with the lecturers through the dedicated course
website [5].

Although it is the second group (policy and other
advisers) that is the focus of this paper material from
the Honours course has been included (with acknowl-
edgements to the authors) in both the latter two learn-
ing programmes described below. The three types of
learning programmes aimed at policy and other gov-
ernment advisors that are examined in this paper are: a
competency-based (learners either pass or did not com-
plete) Certificate of Official Statistics created by Statis-
tics New Zealand and taught to learners in both New
Zealand and a number of Pacific Islands between 2007
and 2017; a set of three free self-teaching web apps
(Measuring Price Change, Comparing populations and
Graph It in Excel); and an e-learning course devel-
oped by the United Nations Institute of Training and
Research (UNITAR), Understanding data and statis-
tics better — for more effective SDG decision making.
Participants in these programmes are called learners,
to distinguish them from students formally enrolled in
an educational institution. In the Certificate of Official
Statistics, the learners are usually in full-time employ-
ment and need their work-place manager’s permission
to enrol. In the two online programmes, learners can
self-select to participate and can move in and out ac-
cessing either all of the programme or only the learn-
ing they require. Each of these programmes has some
shared content with the two other programmes or the
Honours Course described above.

2. The learning programmes
2.1. Certificate of official statistics

New Zealand’s national Certificate of Official Statis-
tics was developed by a 3-way partnership between the
national statistics office (Statistics New Zealand), the
agency responsible for cross-departmental state sec-
tor issues (State Services Commission) and the Indus-
try Training Organisation responsible for state sector
training (Learning State). It targeted state sector users
(rather than producers) of official statistics. In 2007, a
group of academics (at least one from each of the seven
main New Zealand university statistics departments)
with either a general interest in statistics education or
specialist skills in a particular area of official statistics
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(e.g. demography, data matching, survey design, social
statistics, data visualisation, macroeconomic statistics)
were brought together to advise on the number of mod-
ules that the Certificate would contain and the content
of each module. They also agreed to work collectively
with Statistics New Zealand to deliver and assess these
units. The resulting Certificate was based on statistical
thinking/literacy theory focussing on conceptual rather
than mathematical understanding [6,7]. For example,
the concept of a mean is that it is the balancing point
of an ordered set of data whereas the mathematics of
the mean is that it is the sum of the data values divided
by the number of values. Similarly, conceptual under-
standing of confidence intervals and p-values focusses
on their meaning and interpretation rather than their
numeric values. The statistical content is at a relatively
simple level (e.g. univariate and bivariate measures of
association, confidence intervals and interpretation of
significance tests, the basics of demography, age stan-
dardisation and price indices). That is, the learning pro-
gramme (course) contained both general statistics and
an overview of official statistics [8,9] with as much use
as possible made of resources freely available on the
internet, such as statistics calculators, interactive tables,
graphics and video material. The following four taught
modules comprised 60% of the Certificate:

1. Resolve ethical and legal issues in the collection
and use of data in a public-sector context
Included both national legislation and internation-
ally agreed principles (e.g. United Nations Funda-
mental Principles of Official Statistics) and ethics.

2. Interpret statistical information to form conclu-
sions for projects in a public-sector context
Included univariate and bivariate combinations
of categorical and numeric variables, simple time
series, index numbers, basic health and demo-
graphic techniques.

3. Assess a sample survey and evaluate inferences
in a public-sector context
Included administrative and survey data collec-
tions, simple estimation (confidence intervals) and
interpretation of simple inferential statistics (e.g.
t-tests and Chi-squared tests) using web-based
p-value calculators.

4. Evaluate and use statistical information to make
policy recommendations in a public-sector con-
text
Using the learning from previous units this in-
cluded evaluating the appropriateness of differ-
ent data collections to help answer a given policy
question and describe the properties of appropri-
ate new data collections.

The assessment was competency based (that is, learn-
ers were required to demonstrate that they had a cer-
tain level of understanding and skill and, within a given
timeframe, could re-sit units) with no grades being
awarded. It was designed to be approximately equiva-
lent to the interface between the final year of school-
ing and first year of university. Both the learning and
assessment used real statistical research, policy and
media publications. Learners had email access to the
course teachers and special tutorial sessions were also
made available. Each module was formally assessed but
learners were free to submit assessments in their own
time frame (it was expected that this would be within
the year the course ran). In the first two years learners
could do the remaining 40% of the course by selecting
other units registered on the New Zealand Qualifica-
tions Framework [10], such as management and com-
munication skills or knowledge of public sector pro-
cesses. From 2009 onwards learners were required to
do a work-place placed project as their final assessment,
worth 40% of the course [11]. The project component
was seen as an important part of the Certificate but as
it was based in the learner’s own workplace, the level
of statistics it contained was highly variable. At a mini-
mum, the project should have contained graphs and at
least one appropriate bivariate statistical analysis such
as: relationships between pairs of numeric or categor-
ical variables, confidence intervals for means or pro-
portions, interpretation of hypothesis tests (p-values) or
investigation of time series.

Dynamic and interactive data visualisations and
YouTube videos were used to motivate learners, ac-
companying the face-to-face delivery of the units. For
example, the interactive Price Kaleidoscope developed
by the Federal Statistical Office of Germany (shown
in Fig. 1) was used, not just to discuss the Consumers
Price Index, but also to demonstrate the concepts of ‘a
basket of goods’ and of ‘weighting’. This tool is inter-
active in the sense that users can click on and zoom into
areas to get more information.

Learners were also supplied with written work-
books that contained links (urls) to these visuali-
sations, and to free simulation and teaching soft-
ware such as Massey University’s CAST programme
https://cast.idems.international/ developed by Doug
Stirling [12] and to online calculators such as Vasser-
stats (http://vassarstats.net/newcs.html) that was used to
calculate Cramer’s coefficient (V) and Chi-squared val-
ues for small cross-tabulations. Learners were expected
to be able to interpret not calculate such statistics.

Two ‘case-study’ publications (official statistics or
other government agency releases, research reports or
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Price Kaleidoscope
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Fig. 1. Federal Statistical Office of Germany’s Price Kaleidoscope for the February 2021 quarter https://service.destatis.de/Voronoi/PriceKaleido

scope.svg.

media articles) were chosen for use across all four units
for teaching purposes and two separate publications
were chosen for assessment purposes. As reported by
Harraway and Forbes in 2013 [5] when the Certificate
was taught in New Zealand the case studies were either
Statistics New Zealand’s official statistics releases or
reports (such as labour force mobility) other govern-
ment agency documents (e.g. Maori language usage)
or academic research reports on current issues (such as
on the impact of housing insulation). The intention was
that case studies were targeted to the home country in
the Pacific Islands and Vanuatu is a typical example.
When the Certificate was taught there in 2017, Vanuatu
legislation and codes of conduct around official statis-
tics were explored, and some specific Vanuatu exam-
ples (e.g. the Vanuatu Household Economics Survey
2010 [13] and the 2015 study ‘Children, Women and
Men with Disabilities in Vanuatu. What do the data
say?’ [14]) were used in exercises and assessments but

many of the other examples used were from either New
Zealand or other Pacific countries.

In their analysis of a small sample of New Zealand
learners, Forbes and Keegan [15] found that they had
highly variable backgrounds in statistics, from having
never studied statistics or mathematics through to ad-
vanced tertiary level (some doing the Certificate as pro-
fessional development for their job). The most common
reasons given for enrolling were because the learner ei-
ther wanted to learn about official statistics or to become
more confident using official statistics. At that time,
only about 2/3 of learners completed the Certificate
and the project component seemed to be a barrier for a
number (10%) of learners. One of the advantages of the
workplace based project was that managers could have
small research projects done outside their agreed annual
work plan. It was intended that the project would be ne-
gotiated between the learner and their workplace man-
agers and would be done in the workplace under their
manager’s supervision, thereby enabling the learner to
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have access to the required raw data. However one of
the problems with having a workplace based but exter-
nally assessed project is that learners need to interact
with their managers in the choice of the project and
throughout its development and this may not be a prior-
ity for the manager. The reasons given for not starting
or completing the project, included that the manager
didn’t have enough time to design or supervise it. How-
ever, examples of successfully completed projects in
New Zealand and Tonga are:

— Factors affecting participation in a government
funded children’s internet survey

— Comparing religious affiliation for Tongans in the
New Zealand and Tongan Censuses

— Analysis of travel by preschool children using New
Zealand Household Travel Survey data

— Comparison of local and international prices in
Tonga

— Survey of transport issues for residents in a new
subdivision in Christchurch, New Zealand

— Differences between the CPI and Statistics New
Zealand’s Household Consumption Expenditure
Implicit Price Deflator [11].

Projects from the other Pacific Islands were reported
as most commonly addressing the UNs Sustainable
Development Goals (SDGs), in particular, Goal 1: No
poverty, Goal 3: Good health and well-being, Goal 8:
Decent work and economic growth and Goal 16: Peace,
Justice and Strong institutions [16].

The Certificate took place over a reasonably long pe-
riod of time (theoretically up to a year but some learn-
ers took substantially longer than this) and a number
of learners changed positions, either within the same
organization or to a new agency, in the time that they
were enrolled. In order to gain maximum return from
an organisation’s investment in the Certificate, some
new initiatives were introduced in 2013 to help learners
complete the project (e.g. workshops for both learners
and their managers about the project and requiring the
submission of a project research plan).

There was a fee to enter the Certificate, usually paid
by the learner’s workplace. Small groups of 15-25
learners (all in current employment in either govern-
ment or local authority agencies) were taught in one
or two-day blocks in a traditional classroom setting,
with units usually spaced six to eight weeks apart to
give learners time to complete assessments. The cer-
tificate was taught in New Zealand between 2007 and
2012 and versions tailored for each of the Pacific Is-
lands (Tonga, Samoa, Tokelau, the Cook Islands and
Vanuatu) between 2012 and 2017. In some years there

was more than one cohort of learners with fourteen co-
horts of learners (nine in New Zealand and one in each
of the Pacific Islands) overall taking part in the certifi-
cate [11,16]. However, this was fewer than 300 learners
overall participating in the seven years the certificate
was offered. Up until 2013 (when it was delivered in
New Zealand) roughly 40% of enrolments were from
the national statistics office with the remainder coming
from a wide range of government and local authorities
as well as other non-government agencies. A total of 37
different organisations had participating learners.

While one of the strengths of the Certificate of Of-
ficial Statistics was that it was adapted for each spe-
cific country and its statistical legislation, with country-
specific case-studies being used in both the teaching
and assessments, this required substantial work on the
part of teachers. In addition, in a number of the Pa-
cific Island nations there was only variable strength
internet connectivity. The time-commitment required
of teaching staff was a weakness and not sustainable
in the longer term. As well as the face-to-face teach-
ing, encouraging learners to complete assessments of-
ten required intensive work with completion of the Cer-
tificate being an ongoing issue. It was intended that
learners complete the certificate within twelve to eigh-
teen months. However, some were very late in com-
pleting assessments with a few taking several years to
gain the full qualification. There were also a number
of learners who completed all the four taught units but
not the final project. In the early (2007-2010) cohorts,
the mean completion rate for the certificate was low
(65%) but the completion rate was larger for some of
the Pacific Island cohorts, being as high as 80% in some
countries [11,16]. Some learners also reported that ei-
ther they were not seeking formal qualifications or that
they found it hard to balance learning with their work
and family commitments [15]. Not only was delivery
of the Certificate very labour intensive, but there were
also considerable financial costs, in particular when
delivered in the Pacific Islands (even though this was
supported by a New Zealand Ministry of Foreign Af-
fairs grant). There was also the lost opportunity cost
(of investing in other activities) to the organisation,
Statistics New Zealand, doing the administration and
management of the Certificate. It was inevitable that it
would only have a limited life span. The Certificate is
no longer being offered [17].

2.2. Web apps

Leading on from the Certificate of Official Statistics
the authors began investigating the feasibility of pro-
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ducing e-learning tools to enhance and replace some
of the written material in it. The target audience was
again to be primarily government policy and other advi-
sors who may have limited mathematical skills. In 2013
a joint project between the New Zealand academics
and the United Kingdom Royal Statistical Society Cen-
tre for Statistical Education (SSCSE) was established.
As well as the two authors, the project team included
the director, Neville Davies, of the SSCSE located at
Plymouth University (United Kingdom), a webmaster
(Dominic Martignetti) and education specialist (Kate
Richards) both from the SSCSE, and an IT specialist
(Greg Trounson) from the University of Otago, Dunedin
(New Zealand). The concept of producing e-learning
tools such as apps or web apps in official statistics was
discussed in a workshop at the International Conference
on Teaching Statistics where it was decided that such
tools should:

— be free and easily accessible for learners

— be self-contained on a variety of IT platforms such
as desktop computers, laptops, tablets and Smart
Phones

— have an international perspective encouraging use
in developing countries

— be interactive, making them less like static e-books
and more like a miniature learning environment
including questions and quizzes

— be based on a structured learning approach [18].

The two primary focuses for the type of tool to be
developed were the ability to work offline and to be
as functional for mobile use as for the desktop. The
webmaster’s advice was that a web based app would be
preferable over a dedicated mobile APP as at that time,
although both were capable of delivering content via
the web to mobile devices a web app relies on a web
browser and is in essence a ‘mini’ website (optimised
for mobile viewing) while a mobile APP is tied to a
mobile device. The choice of a web app had several
distinct advantages, including:

— one version for all devices.

— reliant on web standards and not tied to proprietary
programme languages.

— distribution and downloading can be done via a
user’s browser as opposed to a dedicated APP
store.

The resultant apps needed to be reusable, shareable
and able to be updated — something that may not be
as easy to achieve with a mobile APP. The webmas-
ter decided to use HTMLS5 (then the latest version of
HTML) for the web app development as most smart-

phone browsers were more than capable of delivering
this content and also, if required the latest most up-
to-date and free browser for any given device could
be downloaded easily. In theory anything that could
be viewed via the latest web browser on a desktop
computer could also be viewed on a mobile device,
including forms, hyperlinks, images, animation and
video/audio.

The project team had only limited finances and time
available so it was decided to initially develop three web
apps. The first step was prioritisation of the learning
needs of policy advisers with the top three areas deemed
to be understanding:

— demographic change and comparison of different
population groups (within a country or between
countries);

— the measurement of price change and its use in
policy settings and

— the ability to interpret graphical information and
create simple graphs.

General statistical thinking material was sourced
from the Certificate of Official Statistics, and special-
ist official statistics material from both the national
statistics office and the Honours paper in official statis-
tics mentioned above (with acknowledgements given
to academics all of whom willingly shared material).
However, it was the webmaster and IT specialist who
were able to turn this into web apps containing both
applications and structured learning exercises.

The resulting web apps are:

1. Measuring Price Change (Prices) — includes a
focus on the Consumer Price Index (CPI), work-
ing with price indices, changing base year, time
series in connection with the CPI, moving aver-
ages, trends, seasonality, and the policy uses of
price indices. http://iase-web.org/islp/apps/gov_
stats_priceindices

2. Comparing populations (Populations) — over
time between countries and between groups
within countries that includes demographic drivers
such as fertility, mortality, migration, life tables,
population pyramids, age standardisation and
odds ratios. http://iase-web.org/islp/apps/gov_stats
_populations

3. Graph It in Excel (Graphs) — includes a history
of graphics, good (and bad) data presentation and
also gives instructions for the creation of simple
graphs including boxplots and population pyra-
mids in Excel. http://iase-web.org/islp/apps/gov_
stats_graphing
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As with the Certificate of Official Statistics as much
use as possible was made of teaching and calculator re-
sources freely available on the internet. Learners being
online meant that direct links to other websites could
be provided as well as to videos and interactive and/or
dynamic graphs (such as dynamic population pyramids
that demonstrate the demographic concept of momen-
tum; population growth and decline). Both the Popula-
tion and Price indices web apps have an introductory
video, the former to a Wingspan Production video-clip
from Hans Rosling’s “From Sick and Poor to Wealthy
and Rich” BBC4 YouTube video [19] and the latter
to a 2009 New Zealand television news report on the
Consumer and Food Price Index as shown in Fig. 2.

Figure 2 shows the structure of both the Prices and
Populations web apps which have commentary such
as history and uses in policy making on the left-hand
side and ‘how to do’ instructions on the right-hand side.
Figure 2a shows the web app viewed on a computer,
iPad or android and Fig. 2b shows it viewed on a mobile
phone.

Figure 3a is a snap shot showing the structured learn-
ing approach, with exercises getting progressively more
difficult, for calculating percentage change. Figure 3b
shows the responses that learners get depending on
whether their input is correct or not.

The Graphs web app used a different structure and
teaching method as shown in Fig. 4. It contains video
presentations about the history of graphs, how to use
graphs (particularly newer dynamic and interactive
graphs) to aid decision making and the features of good
and bad graphs. These are followed by videos, datasets
and instructions on how to create graphs in Excel (the
most common spreadsheet available to the targeted
learners).

The web apps are hosted on the International Statisti-
cal Literacy Project (ISLP) resources page of the Inter-
national Association for Statistical Education (IASE)
website  https://iase-web.org/islp/Resources.php?p=
Apps. They were designed to be international (and of
particular use in developing countries) but to achieve
this needed further input and relevant examples. It was
hoped that this could possibly be supplied by national
statistics offices, but this has not been realised. While
the primary target for the web apps was users and, to a
lesser extent, generators of official statistics, they are
free for anyone to use and easy to access. Between
1 November 2017 and 1 February 2020 the number
of unique users (multiple visits from the same email
address count as one user) to each web app was:

Measuring Price Change 14872
Comparing populations 10534
Graph it in Excel 15257

Of course, many of the unique visits may be just to
access one specific area in a web app.

It was initially envisaged that these web apps would
be used for self-teaching by individuals. However, they
are also suitable for use in classroom environments
with access to suitable technology. In New Zealand, the
web apps have been used in several different types of
university courses, including a short-course for local
and national policy advisors, and to complete assign-
ments within the Honours course in official statistics
and other university demography courses. A small sam-
ple of learners and teachers reported that the web apps
were easy to access with no technological problems (in-
cluding on different devices such as laptops or tablets
or for multiple simultaneous access) and that learners
enjoyed working with them [20]. The web apps have
been used as an electronic reference book, a source of
exercises for students to attempt either individually or
in the classroom or as a tool for students to use when
completing assignments.

One additional feature of the web apps is that they
are reasonably easy to translate into other languages.
For example, in two separate presentations the use
of Google Translate on the web apps was demon-
strated. (First copy and paste the web app address
into https://translate.google.co.uk, select the appropri-
ate language then click the translate button). Of course,
translations were not needed for mathematics, numbers
or graphs and the translations of text into Portugese and
Maori (indigenous language of New Zealand) were not
perfect but deemed to be useable.

Linkage to each of the three web apps is also given
at the appropriate point in the UNITAR e-learning pro-
gramme.

2.3. United Nations Institute of Training and Research
(UNITAR) e-learning course

In addition to having the common purpose of all
the learning programmes (to convey how data could
be used to inform public policy in general), the UNI-
TAR e-learning programme was designed specifi-
cally for users reporting on progress towards the
17 United Nations’ Sustainable Development Goals
(SDGs) https://sdgs.un.org/goals:

Goal 1. No Poverty
Goal 2. Zero Hunger
Goal 3. Good Health and Well-being
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Measuring Price Change

Price Index Calculations

Price Indices

About Price Indices > Explanation

Percentage Change

Uses Price indices measure the rate of price change of goods and services over time, usually Price Indices
Consumer Price Index published as either monthly or quarterly change. They are official statistics published by Calculating CPI
Common Indices National Statistics Offices. Time Series

About Price Indices

Watch the video 'Why Measure Prices?' below. The original news article can be found at

Download Clip

There are some key terms you need to know.

dex Ref riod
This is the period in which the average price level of goods and services has an index number
of either 100 or 1000 (depending on country). We are interested only in the relationship of the
other index numbers to this period.

(a)

Measuring Price Change

Price Indices

Common Indices

Consumer Price Index

About Price Indices > Explanation

= of price change of goods

Price indices measure the /
and services over time, usually published as either
monthly or quarterly change. They are official statistics
published by National Statistics Offices.

About Price Indices

Watch the video 'Why Measure Prices?' below. The

(b)

Fig. 2. a. Measuring Price Change web app viewed on a computer screen. b. Measuring Price Change web app viewed on a mobile phone screen.
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View Table

EXERCISE A

Fill in the blank for the percentage change between the September and October months for

all items.
[ ]-toes
—————— % 100 = 0.09 percent
106.8
An increase of 0.1%
EXERCISE B

The annual percentage change for the year from March 2013 to March 2014 for all items.

114 - 106.3
—— x 100 =4.79 percent

An increase of 4.8%

EXERCISE C

Calculate the percentage change between the February 2014 and March 2014 months for
the Food Group and select whether this Is an increase or decrease.

B

(a)
|

View Table
EXERCISE A

The percentage change between the
September and October months.

106.9 — 106.8

1063 x 100 = 0.09 %

CORRECT

EXERCISE B

The annual percentage change for the year
from March 2013 to March 2014.

111.4 — 106.3
—————x100=479%

105
(b)

Fig. 3. a. Snap shot of exercises for calculating percentage change. b. Responses to learner input in teaching exercises.
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About Graphs

1. History of Graphs

The benefits of using graphs to visually represent data has been recognised for over 200 years. (Video runtime 9:37) S

>, Using graphs in decision making

Using graphs in decision making requires interpretation of their main features. (Video runtime 6:28) &, '

Good and bad graphs

3.  Agraph should clearly show the important features of the data, but many are misleading for advertising or other purposes, or even just by accident.

(Video runtime 7:10)

Create your own graphs in Excel

Instructions for creating seven different types of graphs in Excel are given below. In each part is a video showing that type of graph being
created. A downloadable spreadsheet of the data used in this video and a printable file of written instructions are also provided so that the

user can create for themselves the same graph shown in the video.

New Zealand data has been used in all graphs in the Introductions to each graph type, and United Kingdom data in the Videos and

Instructions sections.

Fig. 4. Screenshot showing the structure of the Graphs web app.

Goal 4. Quality Education

Goal 5. Gender Equality

Goal 6. Clean Water and Sanitation

Goal 7. Affordable and Clean Energy

Goal 8. Decent Work and Economic Growth
Goal 9. Industry, Innovation and Infrastructure
Goal 10. Reduced Inequalities

Goal 11. Sustainable Cities and Communities
Goal 12. Responsible Consumption and Production
Goal 13. Climate Action

Goal 14. Life Below Water

Goal 15. Life on Land

Goal 16. Peace, Justice and Strong Institutions
Goal 17. Partnerships for the Goals.

The authors were initially contracted by UNITAR
to develop the draft content for a five-module course
focussing on the use of indicators for the SDGs that
contained a basic statistics ‘refresher’ and demonstrated
the importance of data literacy including how data can
be used, how to communicate with data correctly and
effectively, where to find appropriate data, how to anal-
yse data and how to evaluate the quality of data. A com-
bination of story-telling (use of case studies), videos,
links to other internet sites as appropriate and hands-on
exercises was included to help learners gain concep-
tual understanding and extract key measures from the
data. Some material from the previous two programmes
was included and also some from the Honours course
mentioned above (including specialist material such
as geo-visualisation techniques). Other material (for
example, that on Big Data) was contributed by other

New Zealand academics, with again all the contributors
being acknowledged in the draft course.

An effort was made to include as many international
real-world exercises and examples in the draft material
as possible so that the course would have wide interna-
tional coverage (and there was a specific request from
UNITAR to use case studies relevant to Africa). Re-
sources used included national statistics office surveys
and reports, research papers (such as the work of the
2019 Nobel Prize Winners in Economics: Abhiji Baner-
jee, Esther Dufl and Michae Kremer, e.g. [21]) and
topical issues (such as the 2019 Samoan Measles Epi-
demic, the 2019 South American Zika virus and the
world wide 2019 pandemic, COVID-19). The impact
of the authors’ location and accumulation of examples
over a number of years meant that many in the initial
draft were again based on examples from New Zealand
or the South Pacific. However, this is not the case in
the final course entitled, Understanding data and statis-
tics better — for more effective SDG decision making,
https://www.unitar.org/event/full-catalog/understanding
-data-and-statistics-better-%E2%80%93-more-effective
-sdg-decision-making as it is the result of a diverse
team comprising persons from different countries and
with different skill sets including statistics education,
course design and country specific expertise. Contribu-
tions from team members other than the authors sub-
stantially extended the course’s international perspec-
tive. As acknowledged in the online course syllabus
https://learnatunitar.org/pluginfile.php/200074/mod_res
ource/content/5/Course%20syllabus-Understanding%
20data%?20and%20statistics %20better_o.pdf, some of
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Fig. 5. Infographic from the Agency of Statistics, Kazakhstan.

those that provided substantive contributions to the
course were Helen MacGillivray (former president of
the International Statistical Institute), and UNITAR staff
including Aniket Bhushan, Vibeke Nielsen, Leandre
Ngogang Wandji and Elena Proden.

There is no fee for this Web based course, originally
of nine months duration (initially intended to run from
April to December 2020). It is targeted at public of-
ficials in charge of SDG policies, data producers and
those interested in learning more about the role of data
in public policy design. It is a self-paced course with
each of the following five modules being rolled out pro-
gressively with an estimated learning time per module
ranging from 2 to 5 hours. Each of the following mod-
ules contains a number of study questions and hands-on
exercises and is then followed by an objective final as-
sessment consisting of 10 randomly selected questions.

Module 1. Statistical literacy

Module 2. Interpreting and assessing the fitness for
purpose of data

Module 3. Communicating with data

Module 4. Data sources for SDG indicators
Module 5. Policy formulation, monitoring and eval-
uation

Real world examples, in the form of case studies or
stories are used to introduce sections of the course and
motivate learners. For example, three stories are used in
Module 1: The Hans Rosling video Moving the world
from “sick and poor” to “healthy and rich video that
was used in the Populations web app [19], Estimating

the Global Burden of Disease: Rotovirus and What's
wrong with smoking? — One country’s 180° turn in 50
years of smoking policies. In Modules 2 and 3 there
are nine and ten examples respectively used as stories,
case studies or as major sources for exercises. Several
of these are very current (for example. “COVID: The
Situation in Switzerland” https://www.swissinfo.ch/
eng/covid-19_coronavirus—the-situation-in-switzerland/
45592192 and the “WHO Coronavirus Disease (COVID-
19) Dashboard” https://covid19.who.int/.

Many examples, in both the case studies or exercises,
are derived from official statistics as these have particu-
lar qualities making them suitable for use in monitor-
ing progress towards many of the SDGs. They are of-
ten internationally comparable (using agreed standards
and classifications) enabling between country compar-
isons and are usually repeated at regular intervals giv-
ing the long time-series needed for monitoring over
time. They are usually based on complex survey designs
(often out of the cost range of other agencies) and are
large scale with broad coverage (have many variables
allowing for comparisons between groups). They are
designed to be multi-purpose (for data to be collected
once and used often). However, often only a simple
analysis is provided by the collecting agency particu-
larly when official statistics are extracted from admin-
istrative datasets designed for another purpose (such as
health records) [22]. Official statistics data, graphics
(such as the simple infographic shown in Fig. 5) or re-
ports from the national statistics agencies of the follow-
ing countries, among others, are included in the course:
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Canada, Croatia, Denmark, France, Germany, Ghana,
Jamaica, Japan, Kazakhstan, Norway, the Philippines,
New Zealand, South Africa, Sweden, Switzerland, the
United Kingdom and Vietnam. International data from
United Nations agencies and the World Health Organi-
sation (WHO) is also used.

While official statistics are a major source of data
for the SDGs, in particular those dealing with social
and economic issues, monitoring progress towards the
SDGs requires an enormous range of data types, from
numeric through to satellite imagery. One of the chal-
lenges in developing a course covering all 17 SDGs
is that the amount and quality of data available for
each SDG is highly variable. Even in some social ar-
eas such as health there is often little or only very
poor-quality data available. One example is Rotavirus
data (used as a case study in Module 1). Rotavirus
can cause death from diarrhoea in young children so
it makes sense to target the Rotavirus vaccine that is
effective against the disease to those countries which
have the highest proportions of diarrhoea cases due
to Rotavirus. However, according to one of the data
videos available on the University of Otago website
http://www.stats.otago.ac.nz/videos/statistics/Rotovirus/
index.html), while data on the number of deaths from
diarrhoea generally is available for 176 countries that
for Rotavirus specifically is available only for 39 coun-
tries. Is this data sufficient for targeting an expensive
vaccine?

In other areas, such as climate change, there are mas-
sive amounts of continuously updated data available
sometimes in non-numeric formats (such as satellite
imagery) and interpretation relies on new forms of dy-
namic and interactive visualisations [5]. In general,
learners in the UNITAR course want to use data in ei-
ther of two ways; to measure an indicator of progress or
to design some intervention aimed at improving a situ-
ation. However, data comes from a variety of sources,
from national statistics offices to citizen generated or
web-scraped data. Learners need to know not only how
to interpret data but also how to make judgements about
the quality of data. In many situations where the cost of
doing nothing is unacceptably high, decisions need to
be based on the best data available.

Metadata (data about data such as definitions of vari-
ables, how missing values were treated, what item re-
sponse rates were, etc.) is one of several areas empha-
sised more in this learning programme than the previous
two. Metadata is first mentioned in the Rotavirus case
study in Module 1 “it is at the bottom of the spreadsheet
that important information about the data (metadata)

is given.” then Module 2 begins with a detailed Case
Study on Reporting on intimate partner violence (re-
lated to SDGS that has several indicators for violence
against women and children). The first task learners are
asked to do is to link to UN metadata for one of these
indicators then answer a number of multi-choice ques-
tions about the data. This is followed by discussion of,
and an exercise related to, an extract from the Trinidad
and Tobago National Women’s Health Surve [23].

Overall the course not only gives both a broad back-
ground in statistical thinking and the analysis of data but
also provides a stepping stone into areas where further
expertise may be required. It is extremely broad with
little coverage of more sophisticated statistical tech-
niques, but it does require learners to be able to interpret
statistical results. An example is the use of work by
Bailey et al. [24] where men aged 18-24 years in Kenya
were randomly assigned to be circumcised or not and
then tested for HIV in the following 1, 3, 6, 12, 18, and
24 months. This is effectively a Randomised Control
Cohort Trial (RCCT) but learners in this course don’t
need to know the details of the technique, only being
required to interpret what the statistically significant
reduction in the risk of acquiring an HIV infection of
between 22%—72% (95% confidence interval) for the
circumcised group compared to the non-circumcised
group meant. Interpretation of data in general is an-
other area that has greater emphasis in this learning
programme than the other two, with many exercises on
interpreting data in written form, in tables and in graph-
ics, such as in the infographic shown in Fig. 5. The
e-learning environment also allows for direct linkage
to other courses including those run by UN agencies
(such as the United Nations Statistics Division’s Com-
piling national metadata for Sustainable Development
Goals https://www.unsdglearn.org/courses/compiling-
national-metadata-for-sustainable-development-goals/
and UNITAR’s Introduction to data governance for
monitoring the SDGs https://www.unitar.org/event/full-
catalog/introduction-data-governance-monitoring-sdgs.
It also enables innovative ways of teaching (for exam-
ple, using virtual flip-charts and step-by-step instruction
guides) and fun ways of structuring exercises (as shown
in the motorcycle ‘game’ in Fig. 6).

One success of this course is that it does help learn-
ers know what type of data is best for their particular
problem, where data can be sourced, how to determine
the quality of data and what can be learnt from the
data (using statistical tools to understand and explore
the impacts of chance and variation, and explore pat-
terns and trends in the data). In addition, it challenges
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Starting Point

Nice work!

Click Play to take a peek

at the second question.

Fig. 6. Motorcycle game leading learners through a series of questions
about tables.

learners to look at the relationship between data outputs
and long-term outcomes. For example, the output of
the study on the relationship between circumcision and
HIV infection in Kenyan discussed earlier is a reduc-
tion in Kenyan HIV infection, but the desired long-term
outcome for the SDG would be a global reduction in
HIV infection.

According to the course website, by mid-March
2021, almost 800 learners had enrolled in the course.
They were from over 50 countries with larger num-
bers from Africa (in particular Nigeria and Ghana) and
Asia (especially India). However, there was at least one
learner from most European, Middle Eastern and South
American countries as well as some from Canada, the
US and the Pacific.

Although the course was originally intended to be
completed before the end of 2010 one of the possible
impacts of the COVID-19 pandemic has been that by
mid-March 2021 only the first three modules had been
posted online. However, the course remains open to
learners.

3. Common threads
3.1. Educational philosophy

One common classification of educational pedagogy
gives five types: constructivist, collaborative, integra-

tive, reflective or inquiry based [25,26]. Of these, the
most applicable to all three of these learning pro-

grammes is integrative (where some theory is given,
practical skills are developed, and reflection and student
inquiry involving individual exploration of the material
is encouraged). All the programmes are mastery based
and student-centred [27] attempting to set the learn-
ing in the real world of the learner by using up-to-date
examples that are from their own experience.

There are also some distinct differences that arise
naturally from the different teaching modes (face-to-
face versus online). For example: the Prices and Popu-
lations web Apps use the technique of filling in missing
values in structure learning exercises as shown in Fig. 2;
included in the Graphs web Apps are instructions and
data so that common simple graphs can be reconstructed
using the most common spreadsheet programme avail-
able to learners (Excel); and in the UNITAR course
there are a variety of exercise forms used including free
response answers (without feedback), and several kinds
of multi-choice (from traditional through to ‘drag and
drop’ alternatives as shown in Fig. 9 below). Of neces-
sity, much of the timeframe of learning was set by the
teachers in the Certificate of Official Statistics but in
both the web apps and the UNITAR programme not
only is learning self-paced but learners can move around
freely choosing for themselves the order in which they
learn.

All three learning programmes contain sections on
the policy uses of specific data as well as giving un-
derlying concepts and simple calculations and specif-
ically target learners that do not have a high level of
mathematics. Each programme attempts to capture the
following essence of statistics: sourcing and evaluat-
ing the quality of data, understanding and exploring
chance and variation in data, and exploring patterns and
trends in data, by emphasising underlying concepts.
They could all be described as data focussed, searching
for and telling the story that lies within the data, using
the following process:

— What is the problem being investigated? (e.g. In
the UNITAR course are we monitoring progress
towards an SDG or designing an intervention aim-
ing at improving some outcome?).

— What data is available, what quality is the data and
how applicable is it to our problem?

— What can we learn from the data (using statisti-
cal tools to understand and explore chance and
variation and examine patterns and trends in the
data)?

— How can we present the story our data tells in the
most appropriate way for our audience?
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The underlying philosophy in each learning pro-
gramme is to give learners just enough basic statistics
so that they can interpret and re-present information
relevant to their situation. The UNITAR course in par-
ticular emphasises data interpretation, data presentation
and data communication.

3.2. Resources and reuse of material

Official statistics, including data and reports from
government agencies, lie at the heart of all three of these
programmes, being the focus of the first two and a ma-
jor source of data for indicators of progress towards the
Sustainable Development Goals, in particular the social
and economic ones. The second major resource is re-
search publications from academic and other accredited
research bodies.

Another common thread is that all three reuse teach-
ing material from a wide variety of sources. The three
programmes also build on one another, each using and
expanding on earlier material, and there is deliberate
re-use of good material from previous courses, other
academics or textbooks. For example, in the UNITAR
course a number of textbooks are referred to including
Harraway, 1993 [28], Arygous, 2010 [29] and Moore
and McCabe, 2006 [30]. Each programme also provides
direct links to material and software available on the
internet. As stated above the written workbooks given
to learners in the Certificate of Official Statistics con-
tained a number of links (url) to online statistical calcu-
lators, simulation and teaching packages. Of course, the
online environment of the other two programmes en-
ables much greater use of internet linkages, and both the
Khan Academy https://www.khanacademy.org/math/
ap-statistics/sampling-distribution-ap/sampling-distribu
tion-mean/v/sampling-distribution-of-the-sample-mean
and the free New Zealand statistics software, iNZSight
for Data Analysis https://inzight.nz/install/ are used in
the UNITAR course. Much of the material in Mod-
ule 3 — Communicating with data, Section c. Telling a
story with graphs and Section d. Telling a story with
maps is sourced from either the Graphs web app, or
the 2009 PARIS21 and Statistics Norway User-friendly
presentation of statistics [31].

Other examples of reuse include material from the
aforementioned Honours course in official statistics and
material on demography and price indices is included
in all three programmes, with acknowledgements to the
original creators. The ‘What’s wrong with smoking?
case study/story included in the UNITAR course was
originally created by Forbes for post-graduate Public

Policy courses in the School of Government at Victoria
University of Wellington to demonstrate how differ-
ent types of statistics (from preliminary research re-
sults through to a specific question in the national cen-
sus) have informed different types of Government pol-
icy (education, regulation, intervention or legislation).
Smoking statistics are now, together with administra-
tive data on tobacco consumption, used for ongoing
monitoring of levels of smoking and targeting of in-
terventions. That work is expanded upon with the use
of Richard Doll’s “The Man who stopped smoking”
YouTube video in Module 3 as exercise material. Some
of the visualisations mentioned below have been reused
from Hidalgo, 2010 [32] and the diagram and discussion
of policy uses in the UNITAR course of the application
of Pennsylvania State University’s GeoVista tool [33]
to 2008 Census data for Auckland City, New Zealand
was previously used in the above Honours course and
a Masters of Public Policy course at Victoria Univer-
sity of Wellington [34]. This tool allows data to be si-
multaneously displayed in a variety of both graphs and
maps. Clicking on a point of interest (such as an outlier)
results in it being highlighted on all the visualisations.

3.3. Use of visual tools

Both data visualisations and videos are used in all
the programmes but were limited to being demonstrated
only within the classroom setting in the Certificate of
Official Statistics. The e-learning environments of both
the web aps and the UNITAR programme enabled them
to be integrated into the teaching.

Many types of videos are used throughout the UNI-
TAR course: as teaching guidelines (as in Fig. 7. That
is an optional step-by-step guide that learners can use
to show how to access GDP data from the General
Statistics Office of Vietnam and use it to construct a
pie graph); as motivational case studies/stories and as
examples for exercises.

Many of the case studies/stories used in the UNITAR
course are videos. Two of these: Estimating the global
burden of disease based on World Health Data inves-
tigating World Rotavirus incidence (relevant to SDG3:
Good Health and Well-being) and Maui’s Dolphin:
Uncovering a new subspecies (relevant to SDG14:
Life below water) came from a set of 20 videos de-
veloped by Harraway that are freely available on the
University of Otago Department of Mathematics and
Statistics web site https://www.stats.otago.ac.nz/videos/
statistics/. Each of these video recordings is from an
expert in the field explaining how the data was collected
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Step 1. Click on Statistics in the options at the top of the home

page, then 03. National Accounts followed by Gross domestic
product at current prices by economic sector. Select: the single
year, 2017; Structure (%) and the 4 Economic sectors.

Choose table
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Fig. 7. Video Guide on accessing and using official statistics.

and used, placing an emphasis on the interpretation of
graphs, tables and confidence intervals without a de-
tailed explanation of any statistical analyses used. How-
ever, Excel datasets, are also included for learners to use
to replicate analyses if they wish. A link to the spread-
sheet associated with the Rotavirus video is included in
the UNITAR course. Over the last decade over 100,000
unique visits have been made to these videos and sev-
eral of the other videos are also relevant for SDG 3:
Good Health and Well Being. Three are specifically
about official statistics (Property Sales using Census
data, Natural Resource Accounts and Economic Time
Series Analysis).

Data presentation in both words and tables is cov-
ered in the Certificate and the UNITAR course. In the
latter, much of the material for the written presentation
of data is based on the 2009 PARIS21 and Statistics
Norway Guide, ‘User-friendly presentation of statis-
tics’ [31] and most of the tables are extracted from
national statistics offices. All three programmes cite
William Playfair’s famous 1786 quote, ‘Information
that is imperfectly acquired, is generally as imperfectly
retained, and a person who has carefully investigated
a printed table finds, when done, that he has only a
very faint and partial idea of what has been read, and
that, like a figure imprinted on sand, is soon totally
erased and defaced’ p3 [35]. Learners are told how
graphics can be used to summarise and make large sets
of data understandable and to show visually insights
and comparisons that may have stayed hidden other-
wise. Although learners are expected to be able to cre-
ate and interpret simple commonly used graphs (pie

charts, bar graphs, histograms, line graphs, etc.) the
emphasis in all the programmes is on the interpretation
of graphs and knowing the difference between good
and bad graphics. However, they are also exposed to
new graphical forms. Even in the Certificate, teachers
used dynamic or interactive graphics to display con-
cepts whenever possible. Dynamic population pyramids
were used in all the programmes to enable learners to
explore for themselves the impact and policy impli-
cations of high or low fertility, mortality or migration
on population structures over time. The Price Kaleido-
scope discussed above and the OECD Better Life Index
are examples of interactive graphs used. Many forms
of maps are used in all the courses as well, including
cartograms, shaded and dot maps and this is extended
to more recent integrated maps and graphs with the
WHO Coronavirus Disease (COVID-19) Dashboard,
https://covid19.who.int/, shown in Fig. 8 given as an
example. The map shown is followed by time series
on the Global number of confirmed cases and deaths.
Clicking on any country will display that country’s most
recent data together with its related time series.

Many national statistics offices are at the forefront of
the creation of new dynamic and interactive graphs and
maps that make it easier for readers to interpret the story
underlying their data, and the use of infographics (as in
Fig. 5) in official releases is becoming commonplace.

More use could be made of visual tools to demon-
strate statistical concepts. Three-dimensional scatter-
plots have already been used to teach the concept of in-
teraction in simple regression [36] but perhaps the next
challenge for statistics educators is to develop some
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Fig. 8. WHO Coronavirus Disease (COVID-19) Dashboard.

visual tools for teaching basic statistical concepts such
as the mean as the centre of gravity of a set of data or
to show percentage change visually as a proportion of
the original value.

3.4. Collaborative teams

The development of each of these programmes was
the result of the establishment of a team of collabora-
tive experts. For the Certificate of Official Statistics, the
members were primarily statistics educators but for the
web apps a webmaster and an IT specialist were also
included and for the UNITAR course there was a spe-
cialist course designer as well as an international spread
of team members. Given the specialist technology skills
needed it is unlikely that any e-learning courses could
be developed without such a team approach and the
COVID-19 pandemic has shown us all that while e-
learning may never replace the in-person teacher it is
an extremely powerful teaching tool with the ability to
cross national boundaries and facilitate large numbers
of learners.

4. Challenges and concluding comments

There are three major challenges that are common to
each of the learning programmes: internationalisation;
keeping material up-to-date and providing appropriate
assessment.

4.1. Internationalisation

The Certificate of Official Statistics was only in-

tended to be taught within New Zealand and the Pa-
cific Islands. Internationalisation was done by including
country specific examples both within the teaching and
for assessment, as described above. It was hoped that
the web apps would have a wider international appeal
but again many of the examples used come from Pa-
cific countries. The UNITAR programme is by far the
most successful in delivering an international perspec-
tive with the authors extending the number of countries
data was sourced from in the draft material and UNI-
TAR staff inserting further examples from a wide range
of countries. This is the result of having a diverse de-
velopment team comprising persons from a number of
different countries and continents. Even so, further con-
tent from Asian and South American countries could
be added.

4.2. Keeping material up to date

Teaching material, whether in paper or electronic
form, needs to be continually updated to ensure its
relevancy to learners but this is always a challenge
when learning programmes are funded for only a lim-
ited period. Some textbook exercises for teaching ba-
sic statistics have stood the test of time as discussed
above but it seems that the more current a motivational
case study is the less likely it is to remain up-to-date.
Will data on the 2019 Samoan Measles Epidemic or
even COVID-19 have more than historical interest in
another decade! Academic research reports tend to be
relatively easy to access online and have a long elec-
tronic lifetime but the same cannot be said of other in-
formation. For example, video news reports can have
a very short lifespan meaning that permission must be
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Fig. 9. Bar Graph Exercise from the UNITAR course.

obtained to create copies for e-learning courses that
do not infringe copyright. This was the case with the
New Zealand television news article “Why Measure
Prices” that was used in the Prices web app. The video
still plays as it is hosted within the web app but the
url leading to the original clip no longer functions. In
the longer term, educators may be restricted to only
using videos available on platforms such as YouTube.
Many national statistics offices also regularly update
their websites and can delete or change access to data
features. It was hoped that by directing learners to the
main webpage of a national statistics office that they
would be able to explore and find the feature mentioned
but at least one office, Statistics New Zealand, that still
has electronic access to a dynamic population pyramid
https://www.stats.govt.nz/tools/interactive-population-
pyramid-for-new-zealand then states that it is no longer
available. Cost considerations always override the needs
of users, including teachers and learners.

4.3. Assessment

Regardless of the mode being used, assessment de-
sign is a specialist area with the prime underlying prin-
ciples being validity (accurately measure the learn-
ing that it is intended to measure), reliability (provide
consistent results from repeated or equivalent assess-
ments) and authenticity (the learner’s own work) [36].
These qualities are extremely important for ‘high-
stakes’ learning (for example, secondary and tertiary
qualifications) but it is the authors’ view that also, for
both formative and summative assessments, the assess-
ment format should match the teaching format (e.g. pa-
per based or online), assumptions should not be made
about ‘common knowledge’ particularly for second lan-
guage learners, the assessment should be open to al-
ternative solutions or ways of answering and it should
give learners the chance to demonstrate what they know
and not test what they don’t know. It is hard to design
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real world assessments that are completely without cul-
tural basis (we all have to learn not to teach as we were
taught). Particularly in an electronic environment, it is
difficult to ensure that the right skill is being assessed.
Figure 9 is an exercise from the third module in the
UNITAR course.

The skill being tested is knowing which type of bar
graph to use in a given situation but, given the formal
English language used, it is likely that English language
skills are also being tested, especially for English as
Second Language learners. We are all still learning
how to assess well and fairly. In particular, when using
electronic assessments, we have to be precise about
what it is that learners are expected to do and also
aware that synonyms may not always be recognised as
correct answers. For example, in mathematics the terms
larger and smaller, higher and lower, bigger and tinier
may all simultaneously be correct when comparing two
numbers but may not all be recognised by a computer
programme.

The learning programmes all have different strengths.
The Certificate of Official Statistics was ideal for teach-
ing official statistics in small pacific island nations
where person to person contact is important and tech-
nology is sometimes limited. However, it also had the
highest cost per learner involving at least eight different
teacher and intensive resource development for the less
than 300 participants over the seven years it was of-
fered. The web apps provide learners with an opportu-
nity to explore both the policy uses and the techniques
associated with an aspect of official statistics in greater
depth than the other programmes. As all the set-up costs
for their development were donated this is possibly the
most cost effective programme, each web app reaching
between 10—15,000 learners over a three-and-a-half-
year period. However, what is not known is how the
web apps were used and what learning was achieved.
The successes of the UNITAR course are that it has
been targeted specifically at users of the United Nations
Sustainable Development Goals and that it has been
able to reach a truly international audience, with almost
800 learners accessing it in the first year. Both the web
apps and the UNITAR course can cater for large num-
bers of learners, including reasonable numbers simulta-
neously, and their major cost was in the initial develop-
ment of teaching material and design of the e-learning
programme. However, if they are to be kept up-to-date
and relevant there will be further ongoing costs.

The three learning programmes demonstrate a pro-
gression from a fee paying intensive and country spe-
cific paper-based course in official statistics, through

to freely accessible web apps giving a more in-depth
extension in specific areas of official statistics, then to
a free broad-based e-learning course targeted at users
of the United Nations’” Sustainable Development Goals.
The programmes have key elements in common: each
used diverse cooperative teams in their development,
centred the taught curriculum on the needs of the learn-
ers, were based on statistical thinking theory (focusing
on conceptual understanding) and reused as much ma-
terial (whether from other learning programmes or from
the internet) as possible. The willingness of academics
and other educators to make their material freely avail-
able, whether by direct transfer or making it publicly
available on the internet, has enabled this.

The authors have a shared vision of a future where
statistical education is freely available to learners, at any
time and in any place, and both the web apps and the
UNITAR programme make real steps in this direction.
However, there is still further work to be done, for ex-
ample on developing visual tools that help learners gain
a conceptual understanding of simple statistical mea-
sures. There are also always some questions that arise,
and areas for improvement that could be addressed in
each learning situation.

Two common issues that arose here were the role of
assessment and the longevity and currency of each of
the programmes. While it seems appropriate to have
formative assessment (exercises designed to enhance
teaching and learning) taking place during a course
what is the role of summative assessment and/or ac-
creditation in the longer term? It also seems that with-
out an ongoing investment in course maintenance and
up-dating of material all teaching programmes, whether
paper based or e-learning, will have a limited life span.
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