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Executive Summary 
 

In 2015, member countries of the International Telecommunications Union will 

decide whether to maintain leap seconds, the mechanism by which clock time 

(based on the timescale Coordinated Universal Time, or UTC) is kept in sync 

with solar time (time determined by the rotation of the Earth and the apparent 

movement of the Sun through the sky). 

In recognition of the potential cultural and technical impacts of this decision, the 

National Measurement Office commissioned the OPM Group and RK Partnership 

to run a public dialogue to inform the UK’s view about whether leap seconds 

should be maintained or discontinued. This dialogue consisted of public 

dialogues in Belfast, Tamworth, Cardiff and Edinburgh, as well as a national 

stakeholder dialogue in London, ‘pop up’ dialogues and an online forum and 

survey. This report summarises all strands of the leap seconds dialogue. 

Stakeholder dialogue 

Stakeholders were asked to map the issues that they thought were involved in 

either maintaining or discontinuing leap seconds and then to rank them in order 

of significance. They then discussed the issues that they thought were the most 

significant. 

During these discussions, stakeholders identified a number of impacts on specific 

groups that they thought were relevant. These included impacts on technology, 

defence, astronomy, meteorology, finance and navigators. For some of these, 

such as defence and finance, they believed further research was necessary 

regarding the actual impacts of leap seconds on these activities. 

A large number of stakeholders supported the possibility of standardising the 

implementation of leap seconds, possibly with the support of an ITU backed 

international accreditation system. 

Stakeholders also discussed religious, cultural and social implications. Most 

believed that it was important to maintain leap seconds because they 

variously thought that the link between solar time and atomic time was a 

symbolically important link with our past and that discontinuing leap seconds 

would threaten our legacy for future generations. A small number of stakeholders 

thought that discontinuing leap seconds would have positive social impacts. 

Stakeholders agreed that it was important to consult the public on this issue, and 

the consideration they put into the range and significance of issues associated 

with leap seconds crucially contributed to the engagement approach taken in the 

public dialogue. 
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Public dialogue 

At the conclusion of the public dialogues, participants were asked the question 

‘How important is the link between clock time and solar time to you?’ Indicating 

their response along a scale, over two thirds of participants felt that the link 

between solar time and clock time was ‘important’ or ‘very important’, while 

roughly one in five were undecided or ambivalent, and roughly one in ten felt that 

the link was not important to them. 

From the public workshops, therefore, one finding is that there is a clear 

preference to maintain the link between clock time and solar time. 

Throughout the course of the dialogue, participants discussed a number of 

different implications of either maintaining or discontinuing leap seconds. These 

discussion topics were initiated by the OPM Group, based on previous 

discussions with stakeholders. However, throughout the dialogue, participants 

raised their own novel ideas and interpretations. 

Many participants discussed social and cultural issues, often identifying the 

importance of people’s relationship with time, the importance of time dependent 

monuments such as sundials and certain memorials, the impacts on future 

generations and on religious communities who rely on the position of the Sun to 

determine (for example) prayer times. Some participants identified these 

considerations as reasons for keeping the link between clock time and solar time, 

and therefore for maintaining leap seconds. Others, meanwhile, thought that 

these impacts were limited or unimportant in nature and did not think they 

justified maintaining leap seconds if there were other good reasons for 

discontinuing them. 

Participants also expressed views on a range of technological and scientific 

issues associated with the discontinuation or maintenance of leap seconds. 

Many participants discussed the impacts on computers, often expressing 

scepticism that programmers would not be able to deal with the impacts that leap 

seconds have on technological systems. Participants also discussed potential 

impacts on air traffic control, the financial industries, navigation and astronomy, 

often suggesting that the impacts were too contested for them to be able to come 

to a firm view.  

Participants often raised questions and discussed views on the decision making 

process for whether to maintain or discontinue leap seconds. Some participants 

were worried that big companies and particular countries (most prominently the 

United States) would be the main drivers for the decision making process, often 

suggesting that the decision should be determined by cultural issues rather than 

the financial motivations of certain countries or companies. Other participants 

were curious about what would happen if consensus could not be achieved 

among different countries. 
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Pop up dialogues 

The participants involved in the pop up dialogues were more indifferent to the 

issue than those involved in other elements of the dialogue. One aim of this 

strand of the dialogue was to explore leap seconds with members of the public in 

a way which primarily presented the debate in technological rather than cultural 

terms, to ascertain what impact this had on participants’ views. Several 

participants who had been indifferent to the issue changed their opinion to 

wanting to keep leap seconds after the 'sun' framing had been introduced. In 

common with findings from other areas of the dialogue, key concerns of those 

who had an opinion were around maintaining links with natural cycles unless it 

was essential to change. 

Digital engagement 

In addition to the face-to-face elements of the dialogue, a digital engagement 

strand was run. A website was developed which attracted over a thousand 

unique visitors from across the world. Nearly 200 individuals responded to the 

dialogue’s online survey. This showed that 90% of respondents felt they knew a 

lot or a bit about leap seconds, with respondents specifying various channels 

through which they found out about them. 61% of respondents were strongly 

in favour of continuing to use leap seconds to keep clocks in time with the 

sun, and 68% suggested that they would have some concerns or feel angry if 

leap seconds were discontinued. In contrast, 11% of respondents were strongly 

or somewhat against continuing to use leap seconds, and almost 20% would 

have had no strong reaction if leap seconds were discontinued. 

Respondents to the survey raised a number of different issues in the comments 

they offered. Many respondents argued that it should be possible to overcome 

most or all of the technical issues that leap seconds can cause, while others 

thought that from a technical perspective it would be easier to discontinue leap 

seconds. The limited number of discussion boards comments were 

predominantly more technical, with some comments revealing detailed 

knowledge of the international decision making process to date. 
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Chapter 1: Introduction 

The issue 

The timescale most commonly used for all precise timekeeping in the UK and 

internationally is Coordinated Universal Time (UTC). It is maintained by highly 

accurate atomic clocks around the world. It is the basis for civil timekeeping in 

the UK. 

Historically, time has been determined by the rotation of the earth and the 

location of the sun in the sky; in Greenwich Mean Time (GMT) noon is defined to 

be the mean time the sun reaches its highest point in the sky in Greenwich. 

However, the rotation of the earth is irregular and is also slowing over the long 

term. This means that any time scale determined by accurate measuring devices 

like atomic clocks (such as UTC) slowly falls out of sync with solar time1.  

In order to keep UTC in sync with solar time ‘leap seconds’ are periodically 

added to UTC to adjust for the irregularity in the earth’s rotation. This ensures 

that UTC does not come apart from solar time by more than 0.9 seconds and that 

the historical correspondence between the time on our clocks and the position of 

the Sun in the sky is maintained. There have been 25 leap seconds since they 

were first introduced in 1972. 

In 2015, member countries of the International Telecommunications Union (a UN 

agency with responsibility for timekeeping) will decide whether to maintain leap 

seconds. The UK Government will take part in this conference and has 

previously argued against the removal of leap seconds from UTC.  

The dialogue 

This dialogue process was commissioned by the National Measurement Office 

(NMO), an executive agency of the Government responsible for ensuring fair and 

accurate measurements, in conjunction with Sciencewise2. This dialogue process 

was designed to allow the Government to understand public and stakeholder 

views, and therefore inform the Government’s thinking about its position at the 

2015 International Telecommunication Union conference. The methodology and 

objectives of this dialogue process are described in greater detail in the following 

chapter. The dialogue was jointly designed and delivered by the OPM Group and 

R K Partnership, in order to bring together expertise in public and stakeholder 

                                                

1
There are two types of solar time: mean and apparent solar time. Apparent solar time determines time solely by the sun's 

position in the sky. For apparent solar time, midday is always the time when the sun reaches its highest point in the sky. 

However, the earth's orbit varies according to the season. To account for these variations, mean solar time calculates the 

average of this annual cycle of this variation. Consequently, the time when the sun reaches its highest point in the sky can be 

up to 16 minutes away from midday in mean solar time. This report uses the phrase "solar time" to refer to mean solar time. 

2
 Sciencewise is a BIS funded programme to improve Government policy making involving science and technology by 

increasing the  effectiveness with which public dialogue is used. They provide co-funding and specialist advice to help 

Government Departments and Agencies develop and commission public dialogue. 
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engagement relevant to a topic with a high degree of cultural and scientific 

uncertainty. 

Reading the report 

This report is comprised of a number of chapters, which provide a full overview of 

the dialogue process. These chapters are often supplemented by further reports, 

which are available from the project or Sciencewise’s website at 

http://www.sciencewise-erc.org.uk/cms/leap-seconds/.  

Other stimulus materials and the leap seconds video can be found at 

www.leapseconds.co.uk. 

In Chapter 2, we provide an overview of the methodology of the dialogue 

process, including detailed information about the design and delivery of each 

strand of the project. 

In Chapter 3, we provide a summary of the findings of the stakeholder workshop, 

including how this workshop informed the design and delivery of the public 

workshops. 

In Chapter 4, we provide a summary of the findings of the public workshops in 

Belfast, Cardiff, Edinburgh and Tamworth.  

In Chapter 5, we provide a summary of the findings of the digital engagement we 

undertook as part of this project. 

Finally, in Chapter 6, we provide a summary of the ‘pop up’ dialogues undertaken 

as part of this project. 

All quotes are taken from audio recordings of the workshops. 
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Chapter 2: Methodology 

The dialogue process consisted of several different strands, including, a national 

stakeholder workshop, an online survey and discussion forum and two rounds of 

public workshops in four different locations (Belfast, Tamworth, Cardiff and 

Edinburgh).  

Table 2.1: Leap Seconds Dialogue process plan 

 

At the beginning of the process, the OPM Group undertook a rapid evidence 

review3, and interviewed a number of stakeholders in order to inform further 

stages of the dialogue, for example by identifying relevant issues and 

stakeholders.  

Following this initial work, a stakeholder workshop was convened. This 

workshop was designed to work with knowledgeable stakeholders to start to 

explore what the most important issues regarding the use of leap seconds are, 

how they might be tackled, and how to share an understanding of those issues 

with members of the public. This workshop informed and contributed to the 

development of the public workshops that were then undertaken. 

Public workshops were held in four locations: Belfast, Tamworth, Cardiff and 

Edinburgh. These locations were chosen to achieve a geographically diverse 

spread of workshops, as well as ensure that the views of participants in the 

devolved nations were adequately captured. In each location there was one half 

day workshop, followed by a reconvened full day workshop. The same 

                                                

3
 http://www.sciencewise-erc.org.uk/cms/assets/Uploads/Leap-SecondsEvidence-Review.pdf 
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participants attended both workshops in each location, allowing them to develop 

a good understanding of the relevant issues so that they could provide informed 

and insightful feedback. A range of experts were also present at some of the 

workshops, in order to discuss topics in more detail and answer any questions 

that participants had. 

Participants were recruited by a professional recruitment company, who were 

provided with a detailed recruitment specification by the OPM Group. Participants 

were recruited according to a sampling frame, which ensured that they were 

demographically representative of the wider UK population, according to age, 

gender, marital status, employment activity, religion (except Northern Ireland) 

and socioeconomic group. Participants were all recruited from the location where 

the workshop was held. Participants were also asked what level of scientific 

knowledge they had, to ensure participants were recruited who had a diverse 

range of scientific knowledge. In parallel to the above activities, a website was 

developed to provide information for the public about relevant issues. The 

website included a discussion forum, and also gave the public the opportunity to 

fill in a questionnaire in order to include their views in the engagement process.  

Stakeholder workshop methodology 

The objectives of the workshop were to ensure that, by the end of the workshop, 

participants had: 

— had an opportunity to share and test their understanding of leap seconds 

— shared and discussed why leap seconds are important to them 

— jointly developed a list of issues around leap seconds 

— weighted that list by significance 

— started to think about possible options for addressing the issues identified 

 
About the participants 

In addition to staff running and supporting the workshop, the event was attended 

by 26 stakeholders representing a range of sectors. These included: IT and 

communications, religion, navigation, meteorology, astronomy, the philosophy of 

science, engineering and timekeeping. A full list of attendees and apologies is 

provided in Appendix 1. 

The structure of the day 

Plenary sessions in the workshop were led by a lead facilitator. Participants were 

seated at tables of roughly seven people, and each table had its own table 

facilitator for the small group discussions. 

After a general introduction, participants were given a presentation by Robert 

Gunn and Paul Broadbent from the National Measurement Office, to explain the 

context of the dialogue process, and the purpose of the workshop. 

In the morning session, participants worked with facilitators in small groups to 

develop lists of issues that they felt to be pertinent. They then had the opportunity 

to feedback and discuss these issues in a plenary session. The output of this 
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plenary session was a list of 18 issues, of which participants had a shared 

understanding. 

At the beginning of the afternoon, participants were invited to weight the issues 

according to their significance. They then broke into small groups again, to 

discuss the most heavily weighted issues one at a time. In between each small 

group discussion, there was a plenary feedback session to share understanding 

and insight between different groups. 

The day closed with a discussion of the next steps in the dialogue process, and 

how findings from the stakeholder workshop might helpfully feed into the public 

workshops. The agenda that was used by participants on the day is available in 

Appendix 3. 

Digital Engagement Methodology 

As part of the Government’s ‘digital by default’ agenda, and to open the dialogue 

process to everyone in the UK, the leap seconds UK public dialogue included a 

digital engagement element. This comprised of the following elements: 

1. A dedicated website and twitter account; 

2. An online survey; 

3. Online discussion boards. 

This report provides analysis of these three aspects of the digital engagement 

element. 

The website 

Working with a digital partner, we produced a leap seconds dialogue specific 

website, with the web domain www.leapseconds.co.uk The website was 

launched following the stakeholder workshop, complementing the recruited public 

workshops with open online engagement. The website was designed to make the 

UK public dialogue as accessible as possible and to stand as an open, 

international record of the UK dialogue process.  

In conjunction with NMO, Sciencewise and the Oversight Group, we agreed a 

unique ‘skin’ for the website and a layout to include a series of pages: 

— Landing page, with links to the background information, survey and 

discussion boards; 

— Background information pages, providing details of the international 

decision making process, the UK dialogue process and the main issues 

around leap seconds; 

— Knowledge and resource pages, which initially included links to a range 

of relevant websites, papers and videos. Dialogue materials were added 

to this section through the dialogue process; 
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— Discussion boards; 

— A news page; 

— A set of FAQs; 

— A glossary. 

Additionally, the website included a Twitter feed to capture leap second tweets 

and an online survey. A secure login function was provided to facilitate access to 

the discussion boards. 

Figure 2.2: Screenshot of Leap Seconds Dialogue website  

  

The survey 

A short online survey (Appendix 4) was developed to provide a mechanism for 

the general public to offer their views on the debate. To provide a snapshot of the 

types of people who were responding, we gathered demographic information 

about gender, religion and age. We also asked respondents where they lived so 

we could analyse the survey data according to participant location, as well as 

allowing us to identify UK participants’ views. Other questions were aimed at 

understanding whether the respondents were experts or stakeholders in the leap 

seconds decision. Finally, we asked respondents two similar questions about the 

ITU decision, aimed at drawing out different aspects of respondents’ views. 
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These questions allowed people to provide their own comments about the 

decision. 

Discussion boards 

The website provided discussion boards for people to comment on and debate 

the issues around leap seconds. To be able to comment, users had to register 

and then login. We opted to moderate the discussions reactively. However, in 

practice, no moderation was needed. We recognised there was likely to be a 

disjuncture between the sort of discussion experts/stakeholders would want to 

hold on the website and the ability of the general public to engage with technical 

detail. We, therefore, provided a general discussion board and an in depth one. 

Commenters were free to choose which board they used and the issues under 

discussion. 

Analysis of the digital engagement elements 

We used a range of analytical techniques for the digital engagement element of 

the dialogue. The website usage was analysed using Google Analytics. This 

provided insight into who was using the site and how they were using it.  

Survey respondents’ qualitative comments were imported into Excel and the 

comments provided by UK only respondents were analysed separately from 

those provided by international respondents. The qualitative elements of the 

survey were coded by theme to provide a clear sense of the issues raised by the 

respondents, along with quantification of the numbers of respondents sharing 

those concerns.  

The discussion comments were analysed to understand both the themes being 

discussed and how the format of the discussions might have limited the number 

of people willing to join the debate. 

Public workshops methodology 

The objectives for the first, half day workshops were, by the end of the workshop, 

for participants to have: 

— Learnt about the issues; 

— Had the opportunity to ask questions; 

— Learnt about the process and why it is happening (& how their views will 

influence things); 

— Seen what the significant issues are and what they will be asked next 

time; 

— and for the facilitation team to have gathered some first reactions. 

The objectives for the second, full-day workshop were, by the end of the 

workshop, for participants to have: 
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— Considered the significant issues; 

— Discussed these with experts / stakeholders; 

— Given their thoughts on the link between civil time and solar time. 

About the participants 

Members of the public were recruited as participants in both workshops by an 

external recruitment company who recruited them according to an agreed 

demographic specification. 28 participants were recruited for each workshop, 

with the expectation that 25 would attend. Participants were provided with an 

incentive in return for giving up their time to take part in the dialogue process.  

The structure of the first, half day workshops 

At the first workshops, participants were sat at three separate tables, with each 

table based discussion led by a facilitator.  

After a welcome to the event, the lead facilitator explained the agenda and 

objectives for the day, and answered any questions that participants had. 

Participants then undertook a short, interactive quiz on time, as a light hearted 

way of getting them involved in the thinking about the nature of time and the 

history of time measurement. A short ‘play’ was then performed by the facilitators 

which explained the differences between solar time and atomic time, and how 

these two ways of measuring time are kept in sync by adding leap seconds to 

Coordinated Universal Time (UTC). Following this presentation, participants had 

the opportunity to ask questions about different time scales. 

A representative of the National Measurement Office then provided a short 

briefing on the International Telecommunications Union’s decision making 

process about whether to keep leap seconds, and how the UK Government is 

taking part in this process. They also explained the rationale for the dialogue 

process and how participants’ views would be taken into account moving 

forward. 

A short video, consisting of interviews with different stakeholders who had taken 

part in the national stakeholder workshop, was then shown to participants. 

As a result of the stakeholder workshop and background research, seven ‘topic 

areas’ had been identified. These were seen as key areas which impinged on the 

leap seconds debate. These consisted of: 

— Astronomy 

— Computers 

— Cultural heritage 

— Culture 

— Finance 

Stimulus Video 
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— Navigation 

— Religion 

Participants were presented with stimulus cards on each of these topics, and 

discussed each in turn on their tables, with discussion being led by the facilitator. 

They were asked what their reaction to the information on the card was, whether 

they found anything surprising and whether they felt the information was 

important. 

In this session, any further questions from the participants were gathered. In-

between the first and second workshops researchers from the OPM Group 

contacted experts in order to obtain answers to all of the questions raised. Some 

participants also asked about the effect on leap days and time zones. These 

questions were also addressed through the expert input in the second round of 

workshops. 

The half day workshops closed with a final quiz on time, which sought to embed 

some of the learning participants had acquired during this half day. 

The structure of the second, full day workshops 

At the second workshops, participants were sat at four separate tables, with each 

table based discussion led by a facilitator.  

After welcoming participants back, the lead facilitator led a plenary discussion on 

what conversations participants had had with friends or colleagues about leap 

seconds since the last workshop, as a way of reconnecting participants with the 

discussion. In some locations, the ‘play’ and video were also shown again at 

participants’ request. 

The next session focussed on feeding back the answers to all of the questions 

that participants across the four locations had asked in the previous half day 

workshops. The questions were grouped into nine topic areas: 

— Computers and finance 

— Culture 

— Decision making process 

— Medicine 

— Navigation and astronomy 

— Religion 

— Science and background 

— Understanding the costs 

— US perspective 
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For each topic area, the OPM Group had prepared question and answer sheets, 

by approaching relevant experts to provide answers to specific questions that 

respondents had raised. In some locations, experts on particular areas were also 

present. Due to the limited information and interest regarding impacts on 

medicine, this topic was not discussed at some locations. 

The process for engaging participants with this material and experts (where 

present) was a ‘carousel style’, whereby each group of participants rotated 

around different tables, which were dedicated to particular topic areas.   

At each table, facilitators either read out the answers to a particular topic’s 

questions and a detailed discussion was had on each topic or, if experts were 

present, participants had an opportunity to engage directly with them about their 

questions regarding leap seconds and the relevant topic.  

By the end of the session, participants had explored the answers to all the 

different topic areas and had had the opportunity to give their reaction to the new 

information and discuss how the new information had influenced their 

perspective. 

The following session presented participants with three scenarios, each of which 

described a particular future. In the first scenario, 600 years had passed and leap 

seconds had not been kept in Coordinated Universal Time. In the second 

scenario, 600 years had passed and leap seconds had been kept. In the third 

scenario, 50 years had passed and leap seconds had not been kept. The 

purpose of this session was to allow participants to explore the possible 

ramifications (often long after their lifetime) of the decision to keep leap seconds 

or not, in an accessible way. This session stressed that the purpose of the 

scenarios was not to describe the future according to how we thought it 

definitively would be, but rather to describe a possible future as a device for 

participants’ exploration of the issues. 

The final session of the day had participants discuss their overall thoughts and 

conclusions following the journey participants had been on through the dialogue. 

In the first part of this session, participants were asked to give their responses to 

the question 'How important is the link between clock time and solar time to you?' 

and to position a sticky dot on a scale from 'not important' through 

'undecided/ambivalent' to 'very important' at the other end of the scale. In 

plenary, participants were then asked how they felt about the decision on leap 

seconds being made by the International Telecommunications Union, how 

important they felt the decision was, and any other thoughts they’d like to share 

with the group.  

The participants were then reminded about the timeline for the decision making 

process on leap seconds and thanked for their participation. 
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The pop up methodology 

Other strands of the dialogue explored the technological and cultural aspects of 

the debate regarding leap seconds in tandem with each other. To explore 

whether participants would form different conclusions if the technological issues 

were given primacy, two pop up dialogue events were also held.  The first pop up 

was conducted at the National Maritime Museum to fit in with their exhibition 

'Ships, clocks and stars: the quest for longitude'. The intention was to capture an 

audience with some familiarity and interest in the reasons why changes to UTC 

might have implications for some groups, such as navigators. The museum 

agreed to allow us to host the pop up dialogue, providing a table near the 

entrance to the exhibition and giving announcements about the opportunity to 

participate in the UK dialogue over the tannoy systems. The table exhibited 

posters and copies of the stimulus materials from the dialogues. These were to 

attract passers-by rather than forming the central methodology, which was one-

to-one dialogues with individuals. The second pop up was held in a busy town 

centre, thereby targeting a more diverse audience. For the second pop up, 

passers-by were engaged directly in conversation and provided with leaflets 

about the issue, rather than holding a stall, as a more lightweight and effective 

method of attracting respondents. 

To ensure we maintained conversations within the correct framing, we used a 

script to direct conversation (Appendix 6). The 'script' was applied flexibly, 

responding to individuals and their questions. However, the main aim of 

understanding how people responded to the issue without, and then with, the link 

to the sun framing was followed throughout. Responses to each discussion were 

recorded by the facilitator. 

Pop ups analysis 

The pop ups were analysed firstly based on the number of respondents giving 

each different response to the issue, such as ‘I don’t know’ or ‘keep leap 

seconds’. At what point in the discussion they provided a firm answer and any 

changes to their answer depending on the framing of the issue were also 

recorded. Finally, the types of language they used to express their reasons for 

the decision were analysed and compared to those in the other strands of the 

dialogue. 

Evaluation 

This dialogue process has been independently evaluated by Hopkins Van Mil: 

Creating Connections Ltd. 
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Chapter 3: Stakeholder workshop 
findings 

26 stakeholders and representatives from the NMO and Sciencewise participated 
in the stakeholder workshop. This section provides an overview of the key issues 
that stakeholders raised during the stakeholder workshop. A full analysis and 
description of this workshop can be found in the Leap Seconds National 
Stakeholder Workshop report4, including the rankings stakeholders assigned to 
the different issues. 

In the morning session, stakeholders identified and ranked all the issues that 
they thought were of significance. The issues and questions that stakeholders 
ranked as being of greatest significance were: 

— The lack of clarity over the specific problems with having and not having 

UTC today. 

— What fixes exist? Can they be standardised? 

— Impacts on astronomy, meteorology and defence 

— Cost of change (or no change) on software 

— Religious, cultural and social implications 

These issues formed the basis for the afternoon discussions. These discussions 
are summarised according to the themes that emerged from the analysis of the 
stakeholder findings. 

General impacts of discontinuing leap seconds 

Some stakeholders were concerned that if we stop adding leap seconds, not all 

communities would accept the new system for their civil timekeeping purposes. 

This would lead to a situation where localised time scales would be developed, in 

which groups of people decide to set their clocks according to solar time, or 

maintain the old system of UTC. Some expressed concern that this may become 

increasingly common as the global time scale drifts further away from a solar 

basis and it was felt that this situation would lead to numerous standardisation 

issues. 

Some stakeholders argued that if we were to stop adding leap seconds now, it 

might solve some problems in the short term, but would lead to more significant 

issues in the future. One issue raised was whether we would have to decide 

whether or not to implement a leap minute, or a leap hour, with some 

stakeholders arguing that either of these ‘solutions’ could be significantly more 

disruptive than a leap second.  

                                                

4
 http://www.sciencewise-erc.org.uk/cms/assets/Uploads/Leap-SecondsStakeholder-Report-final.pdf 

Stakeholder workshop 

 



 

 

OPM Group LEAP SECONDS PUBLIC DIALOGUE: FINAL REPORT 

22 CLASSIFICATION: PUBLIC 

Some stakeholders suggested that discontinuing leap seconds would lead to 

considerable uncertainty which would be extremely costly for some businesses, 

including telecommunications companies. Stakeholders thought that numerous 

systems would have to be tested to make sure that they still work properly, and 

might need to be upgraded/adjusted. For example, many domestic satellite 

communication systems, such as those used for satellite television, rely on the 

time to accurately align antennae to pick up signals. 

In contrast to these viewpoints, a few stakeholders argued that the impact of 

dropping leap seconds is likely to be minimal for most people.  

Impacts on specific groups 

Some stakeholders suggested that the problems associated with the use of leap 

seconds are “a bit of hassle” for financial and IT systems. They reflected that 

these might be expensive problems, and might be quite serious for a small 

number of people, but that using leap seconds is not really a problem for most 

people. They argued that to stop adding leap seconds would be a major change 

for most people, and that to warrant a change that would affect most people for 

the sake of a few, the impact on the few needed to be large and clearly 

identifiable. 

Other stakeholders felt that the impact on most people would be relatively minor 

whether or not we keep the current system. They therefore questioned whether 

there is a strong argument against discontinuing leap seconds.  

IT and computer programmers 

Stakeholders discussed the cost to IT companies, and other industry 

stakeholders. Some stakeholders argued that the cost to some large IT 

companies of implementing leap seconds is very high, but difficult to quantify. 

One viewpoint which was raised was that because the cost of implementing a 

leap second is something that all companies in the sector have to contend with, 

the system is fair. Because these companies are competing with one another, so 

long as the negative effect is equal for all of them, the overall impact is largely 

cancelled out. 

Stakeholders also discussed the technical challenges that the introduction of leap 

seconds can cause for networked systems, and how this can sometimes lead to 

widely felt impacts, such as major websites going down.  

Defence 

Stakeholders discussed that the impact on defence systems appears to vary in 

different countries. Some countries would prefer to keep using leap seconds and 

others would prefer to abandon them. They felt that more information is needed, 

although there was recognition that this is not in the public realm even if it was 

informing discussions in the International Communications Union about leap 

seconds. There were suggestions that some of the defence issues might be 
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about ‘sleeper’ defence systems. These are systems which lie dormant for many 

years until they activate for some reason. Because they are unable to know how 

many leap seconds have been added while they were dormant, their navigation 

and positioning could be compromised. 

There was some concern that this may become a political issue about countries 

wanting to optimise their own systems, and that that could cloud the debate. 

Astronomy 

All ground based systems use leap seconds in their clocks to ensure 

astronomers know where to point their telescopes at particular times. If leap 

seconds are discontinued, they will still have to be added to correct for the 

earth’s rotation. Stakeholders from the astronomy community said that it would 

not be a major issue to make the necessary adjustments in-house if we were to 

move away from using leap seconds. However, some stakeholders thought that 

changing the timekeeping system could shift responsibility for maintaining 

systems that correct for the difference between solar and atomic time from 

international organisations to specific individuals and sets of users. They added 

that for some precision applications, UTC is already not accurate enough, so 

they already sometimes make these adjustments. 

Nevertheless, one of these stakeholders said that a number of astronomers have 

strong feelings about the importance of a link between the rotation of the earth 

and our timescale. 

Meteorology 

Meteorology is an area where there are ground based systems which use atomic 

clocks to accurately measure weather events to the millisecond, which have to 

coordinate with satellite systems and drone planes to understand the weather. 

Moreover, forecasts use civil time, so meteorologists straddle both timescales. 

Currently, the use of leap seconds is working well and there are concerns about 

changing the timekeeping system. In particular, historical records of weather 

events, which record things such as lightning strikes very accurately, will need to 

have clear notation as to which timekeeping system they were recorded by.  

Finance 

No finance stakeholders attended the workshop. Other stakeholders believed 

that there would likely be problems for the financial industry as a result of the use 

of leap seconds and that they would therefore benefit from their discontinuation. 

Whilst the UK is protected from problems because of the GMT midnight 

implementation time, markets in the Far East are open when leap seconds are 

added. This means there could be problems with knowing the order of 

transactions, especially for high frequency trading, and possibilities of fraud. 

Stakeholders felt the potential financial issues needed further exploration. 
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Legal 

Some stakeholders emphasised that if we were to end up with multiple time 

scales being broadcast simultaneously, it would be important to be very clear on 

which was being used for legal purposes. Moreover, there were concerns that 

the legal definition of a day could be challenged if it changed to be a precise 

number of seconds.  

Stakeholders felt the legal issues needed further exploration. 

Navigators 

Stakeholders felt that there is a small but manageable negative impact on 

navigators of removing leap seconds, and no impact of keeping them. Some 

people suggested that the current system of time, which uses leap seconds, is 

highly convenient for navigation, as it keeps time in sync with the rotation of the 

earth. Without this, individuals would have to know how much atomic  time (UTC) 

differed from solar time (UT1). Others suggested that the removal of leap 

seconds would not make any difference to navigating by celestial bodies.  

One stakeholder suggested that navigators already use conversion tables to 

show how the time and the position of the sun can be used to determine their 

position on the earth. This stakeholder noted that tables already have to be 

produced annually, so could be updated to reflect a time system that did not use 

leap seconds. However, another stakeholder contested this, arguing that without 

leap seconds, accurate tables created in advance for several years in the future 

would not be possible. 

Standardising solutions 

Many stakeholders identified standardised implementation of leap seconds as a 

particularly important issue. For example, many of the reported IT issues would 

be avoidable if programmers were more aware of the issues, and aware of the 

existing solutions to them. Similarly, they felt that many of the financial and legal 

issues which can arise from the use of leap seconds are caused by 

discrepancies between the way that different systems implement leap seconds, 

meaning that there can be time differences between systems. Many stakeholders 

believed that these problems could be overcome by effective and universal 

standardisation of the way that leap seconds are implemented. 

Some believed that the International Telecommunications Union would be best 

placed to take the lead on the standardisation of leap second implementation. 

One approach to move towards standardisation would be to provide official 

certification of leap second compliant systems, which would allow a very 

transparent understanding of the way in which each system implements the leap 

second. 
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One challenge that some stakeholders raised is that it is not possible for all 

systems to implement a leap second in the same way. For example, one IT 

stakeholder said that their systems could not cope with a 61 second minute, and 

therefore had to ‘smear’ the leap second, while another said that they rely on 

seconds having an accurate duration, so they could not use a leap smear.  A 

solution which was proposed to this issue was that there could be different 

standards of implementation for different types of systems. However, it was felt 

that this would be practically very challenging, because of the interconnected 

nature of many of these systems. 

Another proposed way to minimise the issues associated with leap seconds was 

that the ITU could provide advice on how to implement leap seconds effectively, 

and how to test whether a system is compliant. 

An additional argument for the need for standardisation, which was put forward 

by a few stakeholders, is that many of the current systems for implementing a 

leap second rely on human intervention, which brings in the possibility of human 

error. The more standardised the approach to implementing a leap second is, the 

easier it will be to automate, and therefore avoid this danger.  

Stakeholders discussed the following methods of implementing leap seconds in a 

standard fashion. 

‘Smearing’ leap seconds  

Stakeholders suggested that one way in which some systems currently 

implement leap seconds is to lengthen every second over a period of time (often 

a number of hours), so that computers still count the normal number of seconds, 

but because those seconds are slightly longer, the extra second of time will have 

been included. This would avoid the problems of discontinuity associated with 

adding in an extra second. However, one challenge with this approach is that it 

can be hard to synchronise across a number of different systems. Additionally, 

not all systems would be able to adopt it, because some systems require 

seconds to have a regular duration.  

Some stakeholders were concerned that even if ‘smearing’ can solve some of the 

issues with implementing leap seconds, it still requires a human to say when the 

smear should take place. They felt that this leaves open the possibility for human 

error, which they see as one of the bigger concerns. 

A partial solution would be to find a way to predict leap seconds further in 

advance, so that a number could be programmed in at once. This would reduce 

the potential for human error. 

Leap minutes 

There was some discussion of the possibility of replacing leap seconds with leap 

minutes. A number of stakeholders who discussed this felt that using leap 

minutes would maintain the link between civil time and the rotation of the earth 

and therefore satisfy most cultural considerations.  
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Opinions about the impact that this solution would have on technical systems 

were divided. On the one hand, this system would require much less frequent 

interruptions than the use of leap seconds causes. Additionally, it is likely that the 

introduction of a leap minute could be predicted a lot further in advance than leap 

seconds can be, which would allow for more effective preparation.  

On the other hand it was felt by some stakeholders that leap minutes would not 

satisfy the technical needs of systems that require UTC to accurately measure 

the rotation of the earth. Many of these systems rely on an accuracy of +/- 1 

second. Some stakeholders believed that the solution of a leap minute embodies 

all of the challenges associated with moving to a system which is not 

synchronised with the rotation of the earth, while also introducing the additional 

technical challenge of inserting leap minutes. Finally, many stakeholders felt that 

a leap minute would be substantially more complicated to implement than a leap 

second, because standard techniques such as ‘smearing’ the leap second over a 

longer period of time would become impossible for the introduction of a period as 

long as a minute. 

Concurrent time systems 

Some stakeholders suggested that one solution would be to stop trying to make 

one time scale solve all the problems. They argued that computers could be run 

on an unvarying system based on atomic clocks, while civil timekeeping could 

still be corrected to stay in sync with the earth’s rotation. Some stakeholders 

thought that it would not be a great challenge to get computers to display 

corrected civil time, while actually running on a different time system.  

One stakeholder was concerned that running multiple time systems would create 

a potential for human error – for example, if people are making calculations and 

accidentally use one timeframe for part of the calculation, and another for 

another part of it. 

Religious, cultural and social implications 

Our link with the past 

Some stakeholders argued that the use of the sun for keeping time is a human 

activity that dates back to prehistory. Others added that this link is especially 

important because it is transcultural. Some stakeholders thought that, while the 

link between the sun and our timekeeping is not as strong as it may have been in 

the past, it would still be a very major decision to permanently disconnect our 

timekeeping system from the observed movements of the sun. They argued that 

if we were to stop making corrections for the discrepancy between atomic time 

and the sun’s observed movement, this would result in the link being broken. The 

break might only be symbolic in the short term, but would be practically 

observable over a longer time period.  
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A few stakeholders referred to what they described as ‘a romantic notion of the 

past and our place in the world’, and felt that we should not seek to disconnect 

ourselves from our history. 

Stakeholders noted that some traditional timekeeping methods would cease to 

be functional if we cease to correct for the discrepancy between atomic time and 

the earth’s rotation. For example, they pointed out that sundials would stop 

working properly and that because of the way that sundials are designed, it 

would not be a straightforward task to recalibrate them. Stakeholders also noted 

that heritage monuments often rely on sundial-like effects, and would cease to 

function properly. Stakeholders referred to the National Armed Forces Memorial 

at Alrewas, in which a shaft of sunlight lights up a wreath at 11am on the 11th of 

November (Armistice Day). One stakeholder estimated that it would take about 

40 years before these effects on sundials start to become significant. 

Our legacy for future generations 

Some stakeholders raised legacy concerns relating to a situation if we were to 

completely get rid of leap seconds and other adjustments from our time system. 

We currently conceptualise particular times of day such as midday and midnight 

as happening at certain times shown on a clock. We also link a number of daily 

events to the clock – for example lunchtime being between 12 and 2pm. One 

concern is that our experienced day would gradually get out of sync with what 

clocks are showing us. At some point we would have to make the decision to 

redefine what time things happen during the course of a day, which could cause 

upheaval in the future. 

The question was raised as to how far out of sync clocks and our perception of 

the time of day would have to become before people actually noticed or cared. 

Some felt that the difference could become quite large before it became an 

important issue. Some agreed that it might not be much of an issue for people 

alive today, but felt that it would nevertheless be something that future 

generations would be impacted by. A few stakeholders argued that it might not 

become an issue at all, because the drift would be very small within any one 

person’s lifetime, and therefore each person would only experience very minor 

alterations from their perceived norm. 

If this argument is extrapolated a very long time into the future, however, the 

problems were widely agreed to become more severe, because ‘daytime’ would 

eventually occur in darkness, and vice versa. Some stakeholders argued that if 

you are to use this argument, it is important to also consider the effect of 

continuing to use leap seconds an extremely long time in the future. They 

considered a situation where leap seconds are required monthly or even daily, 

and many argued that this would be equally disruptive. Some stakeholders 

suggested that once you have to add more than 12 leap seconds a year, the 

definition of UTC will begin to break down, and at that point a new time standard 

would have to be devised.  

Some stakeholders felt that if leap seconds are to be dropped completely, that 

would represent a major historical watershed moment by moving for the first time 
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in history to a timekeeping system that is not linked to the sun’s movement. 

Some stakeholders felt uncomfortable with this – one stakeholder expressed this 

feeling with the question: “Would you want to hold your hand up as the person 

that made the fundamental shift?” 

A number of stakeholders discussed the importance of considering the impact of 

any decision that is made on future generations. Some felt that it is very 

important not to avoid a problem now in a way that moves the issues for future 

generations to solve instead.  

Not all stakeholders were fully convinced by the arguments about the legacy left 

to future generations outlined above. Some argued that society is rapidly 

changing, and that we have no idea what society will be like across the 

timescales needed for many of the proposed issues to materialise. They 

therefore felt that it would be unreasonable to include consideration of the legacy 

of any decision for more than a further few generations. One contextualised this 

argument by comparing the difference between society 3,000 years ago and 

now. 

The symbolic importance of keeping the current system 

Some stakeholders were keen to emphasise that the decision will not just affect 

the people who already know they are affected by leap seconds, but will impact 

on everyone on the planet.  

Some stakeholders noted that the reason we have to make a decision about 

whether to change the current system for measuring time is not because of 

pressure from the public, but because large corporations such as IT firms and the 

financial industries want to see a change. They noted that such industries are not 

typically concerned with long term impacts and the general good, but are driven 

to maximise profit in the near future. There was a feeling that public policy ought 

to be developed for the sake of the public, rather than for the sake of such 

organisations. One stakeholder argued that as a society we ought to decide on 

principle how we want to measure time, and only then involve large businesses 

in the decision, to see how the implementation might affect them, and to try to 

mitigate for this. 

Some stakeholders saw the use of leap seconds as a symbolic artefact, 

demonstrating that we are subject to the laws of a natural world, and are not able 

to simply ignore them and create our own independent and artificial reality. They 

felt that this is a particularly important message for some of the industries that 

are pressing to see leap seconds discontinued. It was noted that the symbolic 

value of using leap seconds could also be carried by leap minutes. 

Education 

Some stakeholders noted that during children’s education, they often take part in 

activities that involve measuring the movement of the sun. These activities are a 

valuable learning resource, and might be compromised if we moved to a system 
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that does not compensate so accurately for discrepancies between the 

movement of the sun and the time on our clocks.  

 

Other cultural impacts of keeping leap seconds 

In contrast to many of the points raised above, it was felt that there might be 

situations in which getting rid of the use of leap seconds would lead to positive 

social impacts.  

If the implementation of leap seconds has a disruptive effect on technology, then 

this disruption might be felt by members of society. For example, if a computer 

network was to fail, this would have an impact on people. Additionally, some 

stakeholders raised concerns that leap seconds might facilitate fraud, for 

example by helping people to hide bogus financial transactions. 

Conclusions: what the public need to know 

Some stakeholders felt that it would be helpful to just focus on four or five main 

issues in the public dialogue process. Additionally, a few stakeholders added that 

it would be useful to explain what the pros and cons of various systems for 

measuring time would be in relation to these issues.  

However, some stakeholders felt that it would be important not to limit the 

conversation to just the identified main issues. They noted that there may well be 

issues which the stakeholder groups weren’t focused on which are nevertheless 

important to the public. 

Some stakeholders believed that it would be useful to have more accurate 

information about the costs associated with various issues. These stakeholders 

wanted to know how much it costs to implement a leap second and how much it 

would cost to update systems that currently rely on the use of leap seconds. 

Stakeholders recognised however that many of these costs would be impossible 

to accurately predict.  

A few stakeholders expressed the view that the public dialogue process should 

avoid making alarmist claims either way, as they felt these would be unhelpful. 

Many stakeholders also noted that issues need to be presented in a logical way 

which enables the public to prioritise them for themselves, rather than 

presupposing what will be important to members of the public.  
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Chapter 4: Public workshops findings 

Headline findings 

This section provides an overview of participants’ views reached by the end of 

the dialogue process, when all participants had learnt about and had the 

opportunity to interrogate the issues arising from the use of leap seconds.  

Towards the end of the second workshop, participants were asked to give their 

responses to the question 'How important is the link between clock time and solar 

time to you?' and to position a sticky dot on a scale from 'not important' through 

'undecided/ambivalent' to 'very important' at the other end of the scale.  

This activity resulted in noticeable clusters of dots, from which we can make 

some general statements about participants’ views: 

— The majority, over two thirds, of participants felt that the link with solar 

time was ‘important’ or ‘very important';  

— Some, roughly one in five, were undecided or ambivalent;  

— A few, roughly one in ten, felt that it was not important to them. 

There were no significant regional variations in participants’ views on this 

question across the different workshops. 

A few participants described how they had changed their views after hearing 

some of the arguments, including those of other participants: 

“I would have started at the position that it was not very important, but I have 

heard a lot about how people live and how our current systems work, and I think 

it would affect people a lot in the future if our time was no longer in tune with 

nature.”  

“I was for changing, but the more complex you hear it becomes and it involves so 

many different aspects, culture etc... I’m for keeping things the way they are.”  

“If I hadn’t been to this workshop, I probably wouldn’t have cared either way, but 

now I know, I feel strongly.”  

Some participants spoke about how the scenarios had made them realise how 

little would change through the removal of leap seconds and suggested that this 

had reduced their resistance to discontinuing leap seconds:  

“For most of the process I have thought 'why change it' and that would be wrong. 

The scenarios changed my mind. It won't be a noticeable effect, there are no 

strong cultural or religious arguments against. I would change my mind if 

Public Workshop 
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religions object. But we live in a technological world. If this make[s] technology 

more efficient that I would not be resistant to that.”  

Many participants said that they would be unlikely or very unlikely, to change 

their current viewpoint, unless they were presented with much more convincing 

evidence (for example a disaster caused by adding a leap second, or evidence of 

large cost implications): 

“I just don’t think we need to change. But I’m open to things changing in the 

future, if we realise that it makes more sense.”  

“I believe that losing leap seconds would adversely affect us, but I’d change my 

mind with some hard evidence.”  

Of the participants who were, or remained, undecided at the end of the second 

workshops, there were a number of explanations as to why this was the case, 

including that they felt the experts did not always agree and therefore they were 

not sure who to believe: 

“Not really decided – the guys that know about it don’t know very much. If they 

don’t know how are we expected to know?”  

“I found some of the professionals contradicted themselves. So if they can’t give 

us a straight answer, how can I say I’m for it or I’m not for it?”  

It is important to note that a proportion of participants felt that the issue did not 

affect them, or that it was not of real importance, and they still felt the same way 

at the end of the process: 

“If you had an interest in something, you’d maybe look into it. But I’m not 

interested in it. It’s not going to affect me in my lifetime. If it was my job and I was 

getting paid I would be more interested in looking into it.”  

Although a number of comments were made about the decision making process 

for discontinuing or maintaining leap seconds and the public dialogue in the first 

round of workshops, there was more detailed discussion on this subject in the 

second round. This seems to be because participants were more aware of what 

was happening, and why, and had had a chance to reflect on their experiences 

and learning, and discuss the process with others.  

Detailed findings 

Throughout the dialogue process, the participants were given information 

regarding the key issue areas we had identified with stakeholders and through 

research, and these are reflected in some of the headings below. However, in the 

public workshops other topics arose organically from the discussions, and were 

identified as additional themes during analysis. We present summaries of the 

discussions on the key issue areas and the additional themes we identified in the 

sections below. 
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Views on social and cultural issues  

Participants made a variety of comments about social and cultural issues. These 

included humanity’s connection with time, the earth, the sun and nature; the 

relevance of cultural practices related to the position of the sun in the sky; and 

the impacts on various aspects of culture, such as religion and cultural heritage. 

These issues are summarised in the sections below.  

People’s relationship with time 

Many participants discussed their personal feelings about ‘real’ or 'natural' solar 

time and its importance to them in relation, or opposition to, 'artificial' time, 

particularly in relation to key reference points in the day (for example mid-day, 

meal times, bedtime): 

“I think it’s important to stay in time with the sun. Atomic time isn’t natural time; 

it’s just an illusion of time.”  

“We’ve always gone by the sun, it’s the accepted way.”  

However some participants also felt that all forms of describing time are 

'constructs'; that midday is simply a label; that the 'middle of the day' might be 

mid-afternoon for some people; and that we use our body clocks to determine 

mealtimes. This argument was used in support of keeping the use of leap 

seconds, but also as an observation that abandoning using them might not make 

much difference in people's day to day lives, or that they may not even notice if 

they were not told about it: 

“This is all a man-made thing; it has no relation to nature. The sun will still be 

over the centre of the sky at noon no matter what we call it.”  

“Earth does not take any notice of us, so it doesn't matter if we keep with the 

rhythms of the universe.”  

“We get our reference for time from a piece of equipment, not the sun.”  

Many participants discussed the idea of our connection to or relationship with 

'nature', the planet (and solar system, cosmos /universe) for emotional, cultural, 

and potentially practical reasons: 

“If you think about it, you’d be quite spooked to think that we were living out of 

sync with the sun.”  

“The sun mirroring lunchtime is integral to our history.”  

“If a disaster happened one of the first things you’d do is establish a timeframe to 

organise society and this would have to be based on the natural cycles of the 

earth.”  
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Some concerns were repeatedly expressed around the idea of 'moving away 

from', ‘going against’ or 'messing with' nature: 

“I don’t think we should move away from nature and how we see and think about 

time.”  

“It seems so alien to go against nature- it doesn’t feel right.”  

“Nature has a way of correcting itself, we shouldn’t mess with nature.”  

Several participants said that they had never consciously thought about the 

connection between clock time and solar time, until they were asked to think 

about it in the dialogue process and realised that they actually did have an 

awareness of the position of the sun at different times of the day. Some were 

surprised, after having thought about it, at how strongly they felt about their 

connection to the movement of the sun, whether from a personal perspective or 

for other cultural reasons:  

“I didn’t think I would feel so strongly - it has surprised me that I care, but I really 

do! Especially about the religious angle.”  

The word 'arrogant' or 'arrogance' was used repeatedly by some participants in 

relation to potential removal of the link with solar time. 

Some participants stated that that our connection with solar time in the UK is 

weak. For example, some participants suggested that as a result of using British 

Summer Time we do not have a reliable link, although some did not view this as 

necessarily serving as a justification to stop using leap seconds. Some even 

suggested that as time is already being 'artificially' altered by the use of daylight 

savings time shifts, leap seconds may as well be added.  

Many participants discussed the fact that any impact would only be felt by 

individuals over a very long timescale. Some felt that people would adjust to any 

change over a long period and therefore this was not a real issue, or was a 

decision that could be postponed. Others felt that the long timescale before 

impacts are felt was not a good justification for change now: 

“We should let the people debate that are going to be living in the time and how it 

will affect them because we don’t know in 100 years how things will be so why 

not let the people dictate then.”  

“Over 1000s of years [if we stopped using leap seconds] we would probably 

evolve but the way society is organised today is built around the sun, so we need 

to be in line with the sun and keep that link.”  

Impacts on future generations are discussed further in the following section on 

the UK dialogue process. 

Many participants thought that, from an overall cultural, personal and 'human' 

perspective, the current practice of adding leap seconds should be retained in 
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order to keep universal time in sync with the movement of the sun. These 

participants also often thought that without significant justification, technological 

or financial issues should not take precedence, especially as the utilisation of 

leap seconds seems to have worked well in the past: 

“This would be changing people for the sake of technology rather than changing 

technology to suit us. It’s a massive deal.”  

“This has been going on since the beginning of time; you can’t just change things 

now because some computers might crash.”  

“I don’t see why we need to change the way we view our time, just to suit the 

financial markets.”  

However, other participants also believed that, as we are so reliant on computer 

technology and financial systems, both 'technology' and 'nature' should be taken 

into account. Some participants felt it was inevitable that technology and science 

would be key drivers for ‘change’ or 'progress': 

“Think about the way technology is going now… look at you writing things down, 

that’s rare now… technology will always win in the end.”  

“The world is scientific, there’s no point pretending it isn’t and no matter what we 

think progress will happen.”  

One person pointed out that it was difficult to discuss the technical issues and the 

cultural ones at the same time. 

Cultural heritage  

When participants discussed the topic of cultural heritage, some articulated the 

importance to them of maintaining links with our history:  

“[severing the link would be] tossing away a piece of history.”  

Some participants felt that relying solely on atomic time would mean 'distancing' 

ourselves from significant moments in our and other countries’ cultural past and 

that this was not something that might be later regained. In addition we might 

lose an appreciation for the skills and knowledge of our ancestors: 

“Ancient civilisations taught us about solar systems.”  

“Could any of us build a sundial now?”  

Some participants discussed sundials explicitly, with some feeling that sundials 

are clearly not practical, accurate time pieces and that they are therefore not that 

important:  

“When was the last time anybody used a sundial to tell the time?”   

“If you’re running your day by a sundial then you’re doing something wrong.”   
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Other participants, in contrast, still thought that sundials are important symbols, 

along with other sun-related monuments like Stonehenge, which give our lives 

meaning and connect us to history: 

“The inaccuracy of sundials doesn’t add to the argument because they are 

symbols.”   

However, one participant suggested that some people in other countries do still 

use sundials and so we shouldn't compromise their ability to tell the time. 

Some participants were uncomfortable with the idea that sundials might be put 

'out of line', even if it did not personally matter to them, and it would be 

disrespectful and wrong if they no longer commemorated the events they were 

created to commemorate at the correct time. Many participants discussed the 

example of the National Armed Forces Memorial raised in the information sheets 

as a particularly important instance of the need to keep sundials in sync with 

clock time.  

Some participants thought that there might also be a risk that future generations 

would no longer understand the purpose of the war memorials that depended on 

the position of the sun and that this would cause people to lose a connection with 

their past. Some participants thought this would be both sad and mean that past 

atrocities might be more easily forgotten: 

“That’s the time we all stop and pay our respects.”  

“Commemorating WWI it’s, maybe not our generation, it’s part of history, going 

forward – it’s important for future generations.”  

“We should respect our cultural heritage, it’s part of what makes us what we are.”  

Some participants believed that this issue was not actually of importance to most 

people, and may be less important to future generations. Some noted that 

sundials, monuments and memorials may not even still exist when the impacts of 

discontinuing leap seconds are felt. These participants tended to conclude that 

the issue of memorials was not a strong enough justification in itself to keep 

using leap seconds if other technological issues were more significant: 

“As long as things are commemorated I don’t think it really matters. It’s not going 

to stop us paying our respects.”  

“I don’t think it matters if it’s a second or a minute out. I don’t think many people 

would really care.”  

In response to the leap seconds dialogue website Demitrios Mataskis (the former 

chief time scientist at the US Naval Laboratory) suggested that sundials could be 

moved manually in a thousand years’ time, when the effects of the break 

between clock and solar time became very recognisable. However, many 

participants did not think this was feasible or acceptable. Some suggested that 

the UK has a connection to the sun through ancient monuments and hundreds of 
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years of sundials; whereas the US does not have that sort of history and 

connection with time, and therefore does not appreciate its significance to people 

in the UK. 

Some participants discussed whether time zones would be affected by any 

change to leap seconds, and noted the historical and cultural significance of the 

Greenwich Meridian. 

Some felt that cultural and heritage considerations were potentially powerful for 

the wider public, and that if the public became aware that leap seconds were 

going to be removed, there might be considerable protest or 'kickback'. 

When discussing this topic the view that ‘if it ain’t broke don’t fix it’ was 

expressed by many participants. These participants often believed that unless 

there were very compelling technological reasons for no longer using leap 

seconds, they should be maintained, in order to keep with 'tradition': 

“Why change something that has worked? Why should man intervene? The solar 

clock does its job. It does what it says on the tin.”  

Religion 

Many participants differed on the importance of religious perspectives. Some 

participants had little to say on the topic, in many cases because they felt they 

lacked knowledge or information. Many participants believed that the beliefs of 

others should be respected, and their views taken into account in the decision on 

whether to keep or discard leap seconds.  

One stakeholder quoted in the religion information sheet referred to the earth as 

‘God’s clock’. Some participants voiced concerns that removing leap seconds, or 

rather severing the link with solar time, might be seen as being against God or 

'God's order’, nature or the universe. 

“God created days, I don’t want to see that changed.”  

“It’s against nature or God somehow.”   

A few participants voiced very strong feelings about any change to the current 

situation. 

“I feel attacked by it - from a religious perspective I feel like it is an attack on my 

religion.”   

“My view is that the Bible is the living word of God, and the proposed changes 

would change that. That is horrific.”  

Conversely, one participant stated that “God gave us the knowledge to create 

something better” and that “we have to move with the times” (although this 

participant supported maintaining leap seconds). Some participants made 
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comments suggesting that removing leap seconds was 'against' God's 

wishes, or their personal religious beliefs. In some cases this view was 

challenged by other participants, by stating that all ways of measuring time 

are man-made. 

Some participants believed that the UK is largely a country of 'non-believers' 

so the issue of religion is not relevant to the debate. Some were sceptical that 

religious reasons should be taken into account. Other participants talked 

about how they found it difficult or uncomfortable to discuss religious issues in 

the workshops, either because they were not religious themselves; or that 

they were worried about talking about sensitive topics with those who were 

religious in case they caused offence; or that they found religious people in 

general to be 'inflexible'.  

Some comments were made relating to the beliefs and practices of different 

religious groups, although many said that they did not know much about these, 

and therefore found it hard to make judgements on how much people would be 

affected by any change.  

Some participants discussed changes to days and dates (e.g. Christmas) that 

might happen in the very long term if leap seconds were no longer used but often 

felt that if this happened religions would 'sort it out'. More participants focussed 

on the question of prayer times, which some people thought might be affected, 

albeit slightly, by removing leap seconds, although most were unsure whether 

this was a real problem or not, if prayer times are based on solar time anyway. 

“Obviously for some particular sects/ religions that may pray at say 11 o’clock 

each day then that’s important to them … if the time does change or doesn’t 

change and they’re out by a second, how does that affect them and their 

beliefs?”  

“They’re still going to be praying at the same time!”  

Two participants shared with their group more details about their own prayer 

rituals, and how they felt that they were in fact unlikely to be affected by any 

change to leap seconds: 

“When we celebrate our festivals we usually go by the time we have been told 

back at home, in India, so it’s by the solar time and the astronomy charts, so 

really I don’t think that would affect us.”  

Several participants made comments that any impact would be felt differently by 

different faiths 'because they all use time differently'. Islam and Hinduism were 

both mentioned as being likely to be affected in terms of the timing of 

celebrations, for example Ramadan or Diwali.  

One participant highlighted that many religious and cultural traditions today have 

their origins in pagan rituals based on our relationship with the sun.  
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“Religions are tied to the sun and moon, it’s a big decision to cut that tie.”  

“It’s like re-writing religion and ignoring the last 2000 years”  

Others discussed humanity’s general decreasing connection to nature and the 

solar system: 

“We forget the importance of the sun, moon and stars today because we are all 

so busy, with our smart phones, technology and TVs, so we don’t think about it.”  

While often recognising that some religious groups might be affected more than 

others, many participants thought the change would be small and not a 

significant practical issue for religious groups or individuals. However, others 

thought that any change was still significant because of the cultural and historical 

symbolism of solar time, and felt instinctively that it was important to maintain this 

link through the use of leap seconds. One view was that as the current system 

meets the needs of all religions, even if only some religions were affected, the 

new system would be worse.  

In the second round of workshops participants were presented with additional 

written material provided in response to questions raised at the first workshop. 

Participants seemed generally surprised that the issue of leap seconds did not 

seem to be of as much concern to religious groups as they had expected it to be 

(for example for Muslims or pagans, or the Vatican), especially given the 'iconic' 

status of the sun as a symbol in so many religions.  

Several groups expressed concerns around potential geo-political or security 

related issues, for example in relation to fundamentalist religious groups.  

“Some Christian and Islamic groups can be particularly hard-line about such 

ideas... why upset these groups without a good reason to do so?”  

This is discussed further in the later section on the international decision 

making process.  

Some participants questioned whether enough religious leaders had been 

spoken to in the process, or felt that religious groups should be consulted more. 

One participant said that: 

“It sounds like [the National Measurement Office] are saying that they’ll just have 

to do as they’re told. I don’t really like that.”  

Views on technological and scientific issues 

Participants made a variety of comments about technological and scientific 

issues. These included comments about the impacts on the computer industry, 

astronomers, navigators, the financial sector and air traffic control. In addition, 

many participants also made comments regarding the cost of either continuing to 
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implement or removing the use of leap seconds for various sectors. These views 

are summarised in the sections below. 

Computers 

Many participants discussed this issue in terms of the time and cost to 

companies and organisations having to make changes to their systems to 

accommodate the periodic addition of leap seconds, and that abandoning the 

use of leap seconds would mean this cost and responsibility would be removed. 

Although some participants thought that the added cost would be passed on to 

consumers, most thought that this cost would, or should, be absorbed by the 

companies themselves, and that in any case this should not be a deciding factor: 

“They make millions so they should be able to afford to administer leap seconds.”  

“The positive reasons [for stopping the use of leap seconds] come down to some 

companies losing some money.”  

“I don’t think you should be using this word ‘cost’ because…to me that’s totally 

irrelevant.”  

One participant put forward a labour-related argument for keeping leap seconds: 

“If you are cutting costs, you are taking away people’s jobs. It is part of 

someone’s job to deal with leap seconds, and there are not enough jobs around 

already.”  

Some participants felt that the examples given in the initial factsheet were 

‘alarmist’ and ‘overly emotive’ and were sceptical that the problems were actually 

as significant as they were made out to be. Many participants discussed the 

Millennium Bug and concluded that the problem was ‘overhyped’, and turned out 

to have been avoided or resolved through forward planning: 

“In 2000 everyone predicted problems. I didn’t notice any.”  

“All these experts said a disaster was going to happen…and nothing did 

happen.”  

Some participants, particularly in the first round of workshops, felt that the 

evidence and arguments for discontinuing leap seconds supplied were 

inadequate and that they would have liked more concrete examples of the kinds 

of problems which might occur, if possible from computer experts:  

“[They] sound like my son making up excuses.”  

“It’s just that ‘it could happen’ but nothing’s really gone wrong yet.”  

In the second round of workshops, participants received input on the topic of 

computers either from an expert in the room, which was generally valued and 
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well received, or from written material. However some participants felt that the 

costs of not using leap seconds might have been underestimated. 

Similarly, after additional input in the second workshop on the US perspective, 

most participants did not see that the issues described were of any great 

significance, or justified a change to the current system of using leap seconds as 

a result of the impacts on technology: 

“If that was the case why then aren’t there lots of problems in systems.”  

“If there are no major problems now when some systems haven’t implemented 

leap seconds till the next day the problems really can’t be that great.”  

“If this is the most convincing case for dropping leap seconds then I’m not 

convinced.”  

Overall, while participants appreciated that the problem of coping with the 

addition of leap seconds was a real one for some companies and organisations, 

if not for them personally, they felt that there was no compelling reason why 

these problems could not be overcome. Participants identified a number of 

different ways to overcome the problems – by resources (i.e. employing people 

to deal with it); through the (re)education of programmers (university level; work-

based training); by improving design of equipment or systems; by learning from 

each other how to best deal with the issue (e.g. from the Google 'smear' 

approach); or by collaborating on a central UK or international standard for the 

implementation of leap seconds. Many seemed to feel that it was the private 

companies' responsibility to find solutions, and pay to resolve their own 

problems, rather than the government’s or taxpayers’ responsibility. 

“I think it’s that they don’t want to find a solution.”  

“There is room for human error but if someone forgets something like this then 

there’s something wrong with the IT department.”  

“If it is so important, why is it not known and taught at university.”  

One participant noted that if only 5% of computer programmers considered 

accurate times important, this would be a potential argument for retaining 

leap seconds. Another participant suggested that the drive to abandon leap 

seconds might come from American companies wanting to make old 

equipment obsolete so that people would have to spend more money 

upgrading their technology and systems to work without leap seconds. 

There was a general concern, expressed by several groups and participants 

during the discussion of this topic, about large technology companies 'driving', 

'dictating' or overly influencing the decision around leap seconds: 

“Is the technology industry driving this discussion?”  

“Big companies are driving this, and they only care about money.”  
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Some participants wanted to know how the issue of leap seconds would impact 

on them in terms of personal computers, for example whether there are 

automatic updates when a leap second is added.  

The topics of computers and finance were closely linked as most people 

recognised the importance of computer systems in the financial sector, and 

therefore the two topics were often discussed at the same time. It is worth noting 

that a small number of participants had no interest in computers or the related 

impacts and did not express an opinion on the issues presented. 

Finance 

The majority of participants seemed to feel that the impact of discarding leap 

seconds would be felt the most by the financial sector, rather than other sectors 

or individuals, and therefore their concerns should bear more weight than others 

in the decision making process. Most felt that the key driver, as with computer 

companies, was the cost of dealing with the addition of leap seconds, and the 

risks to financial systems associated with issues around different timescales:  

“Financial markets were terrified that they were going to lose money.”  

“It’s all about the money.”  

Many participants felt that it was difficult for the general public to reflect on the 

impact of using leap seconds on the financial sector, as the issues were often 

obscure or too complex for them to engage with; the factsheet presented in the 

first workshops seemed to suggest that the question of using leap seconds or not 

is a relatively minor one for the financial sector; and few participants felt well 

enough informed to discuss the issues in any depth. Some participants felt that 

they would have liked to have more information, and more detailed examples of 

potential problems, rather than a list of 'ifs and buts'.  

Many participants thought that the issues presented appeared to be mostly 

avoidable, and no significant problems appear to have arisen during the years 

that leap seconds have been utilised: 

“It’s just that ‘it could happen’ but nothing’s really gone wrong yet.”  

“You don’t go and change everything the world is doing for a “maybe” problem.”  

“This [card] is like a risk assessment and you’d then have to implement changes 

to make sure nothing happened. These are just potential things that we can 

totally avoid.”  

On the subject of risk assessment one participant expressed surprised that their 

insurance company seemed to have no knowledge of leap seconds as a 

potential risk. 
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Some participants discussed trading in stocks and shares, and how for most 

individuals trading a one second time difference would be meaningless (during a 

15 second 'window' for buying shares for example). However some participants 

who had knowledge of, or experience of working in, the financial sector pointed 

out that commercial traders and the stock market work to much smaller 

timescales and therefore small time differences have more significance, and that 

differences in time stamps could have large cost implications.  While some 

participants agreed that financial markets need to operate on the same time, 

many found the issues depicted on the information card hard to conceptualise or 

take a stance on. Several pointed out that problems would only occur where a 

system was not set up to deal with the addition of leap seconds and therefore the 

'solution is on the card', i.e. to make sure they can deal with them. 

The idea of the potential for fraud resonated with many of the participants: some 

felt that accurate time stamping was essential to guard against fraud; conversely 

others found it hard to believe that the addition of leap seconds would make 

much of a difference or felt that it was a technical problem that could easily be 

resolved. One participant said that they work on the London Congestion Charge, 

where time stamping is also important, and that their solution is to use atomic 

time rather than UTC5.  

Although most participants struggled with understanding the potential problem in 

relation to the financial markets, a number of suggestions were made as to how 

the issue around adding leap seconds might be overcome. These included: 

countries adding leap seconds when the markets were closed, during a global 

'bank holiday' or 'down time'; halting all transactions while a leap second is 

added; and having a single computer system to coordinate the addition of each 

leap second (in the same way as our phones change automatically now when 

our clocks go back). In the second workshop participants were presented with an 

explanation as to why creating a period of 'downtime' (to allow for the introduction 

of a leap second) would not be feasible, and most were happy with this 

explanation.  

After the presentation of further input in the second round of workshops some 

participants were surprised, and in a few cases sceptical, that the financial sector 

did not seem to be more concerned about the issue of leap seconds, given the 

nature of high speed financial transactions: 

“It must be important because they are always pushing forward and trading faster 

and faster.”  

A number of participants felt strongly that the drive to abandon leap seconds 

must come from financial interests, if not the financial sector itself.  
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Astronomy and satellites 

In the first round of workshops, many participants found the topic of astronomy 

difficult to relate to and most had no or very little pre-existing knowledge about 

astronomy.  

Some participants recognised that removing leap seconds would cause some 

practical problems for astronomers, but this in itself was not seen as a strong 

argument for retaining them: 

“They’ll just adjust the systems either way – they’re all scientists.”  

“If they are a stakeholder they need a more forceful argument.”  

Some participants thought that astronomers (and potentially other specialised 

groups) could maintain their own system for measuring time, including possibly 

continuing to use leap seconds, while others felt that this would be impractical 

and confusing when communicating with others, or might require additional 

specialised skills.  

Some participants said that they could see that the impact on astronomers could 

be significant because they had a clear stake in maintaining solar time and that 

they should be voicing their concerns more strongly. However other participants 

felt that astronomers were a small group and therefore their interests needed to 

be balanced against those of others.  

Some participants commented that phenomena such as Halley’s Comet (an 

example used on the prompt card) are relatively unimportant compared to for 

example, satellites, or the accuracy of information from telescopes. 

In the second round of workshops, participants in one location received input 

from an expert from a satellite tracking company (which contributes to the 

decision as to when leap seconds should be added, but also is affected by the 

addition of leap seconds within its own systems). Participants valued this input 

and found it very interesting. Other participants received input in the form of 

written material. Many participants expressed confusion about the extent to 

which different professions such as astronomy would be affected: 

“You have professional bodies stating that there’s not a great advantage – that 

isn’t the same as having a strong opinion in favour or against, or a factual case. 

The point of professionals is to guide you in these situations.”  

“They’ve written completely different answers but the outcome is the same in 

either case.”  

Many participants thought, after the additional expert or written input, that dealing 

with the addition of leap seconds is clearly an inconvenience for satellite 

industries, but the issues can be resolved if there is some investment in software.  
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“If they keep leap seconds, the systems cater for it and they understand it and as 

the new generation comes in, they’ll be learning the same system – so you 

wouldn’t need to teach them new skills if you changed the system.”  

“A lot of groups are saying that leap seconds are an unwanted cost for their 

system to be able to cope with it, but there are groups that have already invested 

in adding leap seconds.”  

“It’s still a ‘doesn’t matter either way’ scenario – and there’s costs either way 

anyway.”  

Navigation 

As with astronomy participants in the first round of workshops often did not feel 

well equipped to judge the issues in relation to navigation, because they lacked 

knowledge, or because there was no apparent consensus between stakeholders: 

“How can we influence something when we don’t have the knowledge to start 

with?”  

“They’re asking for our humble, naïve opinion on subjects that they have 

researched and are experts on but they can’t agree themselves.”  

Many participants discussed GPS, particularly how unreliable it can be in their 

experience, and how it can misdirect people, whilst recognising their own 

reliance on this technology. While most people did not have experience of 

'natural' navigation methods many felt that it would be a reliable back up method, 

and one that is always available: 

”I have been on a ship for nine months at a time. Sometimes they stop all radar 

and other digital equipment so a seaman can read from the sun and stars, and 

they can check the difference.”  

“What if everything breaks down? Then we might need to go back to using the 

stars and the sun.”  

“The sun won’t navigate us wrong.”  

There was some discussion of navigation tables and several participants seemed 

unsure if there was an actual problem as it seemed that leap seconds can be 

incorporated into existing conversion tables:  

“It’s not an issue – they say that themselves on the card.”  

“It sounds like they’ll be able to cope with it, doesn’t it? They’ll just adjust the 

calculation.”   

Some felt that the heritage of navigation was sacrosanct and we should respect 

the work that has gone into making the world navigable by the sun and the stars:  
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“Navigation and astronomy, they’ve been doing for a long time – people might 

think it’s archaic and they don’t matter anyway – why should the financiers and 

computer people take priority?”  

Others questioned whether there were other more important issues for 

navigation, such as climate change, or other people working at sea who might be 

affected and should be consulted, such as fishermen. There were general 

discussions around ship's time (which is decided by the captain); the movement 

of ships and planes through time zones; and potential issues around traffic 

control if different systems were used. 

At the end of the first round of workshops most participants either came to no 

specific conclusion on navigation, or they felt that there was no strong case to be 

made for the removal of leap seconds, based on the evidence and arguments 

presented to them about navigation. In the second round of workshops, although 

there were few comments made specifically about navigation, some participants 

said that they found potential safety issues (i.e. loss of life due to calculation 

errors) to be more compelling than many of the other issues presented to them, 

and this in itself was reason enough not to change the current system: 

“The way it is at the moment it works, if you change it you will mess up 

everything for astronomy, air traffic control navigation, it just seems a bizarre 

thing to do.”  

Air traffic control 

In the first round of workshops some participants felt the issue of air traffic control 

and the safety of air travel, while also quite emotive, was a very pertinent one 

and they would have liked more information on the potential risks relating to 

these particular topics:  

“If a plane’s crashing…that’s worth looking at.”  

However, after considering the evidence presented in the second round of 

workshops from experts in air traffic control, this issue no longer seemed to be a 

major concern, as there appear to be solutions for all the technical problems 

raised: 

“From what I heard before I thought this was one of the major concerns, and all 

of a sudden now it isn’t.”  

“It said that systems have developed to deal with it automatically – so therefore it 

should not affect ATC.”  

“The technology industry they have a way of dealing with it now by dispersing it.”  

Many participants could see no significant justification for stopping the use of 

leap seconds as a result of air traffic control: 
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“It’s working so why try and fix it and they’ve all said pretty much that…so I would 

say so to keep it the way it is.  

“Considering things seem to be working at the moment, I don’t see the point in 

changing.”  

Some felt that the experts had indicated (or left open the possibility) that there 

might be a small risk for changing the current system: 

“If there is a fraction of a fraction of a fraction of a problem that might arise then 

they shouldn’t change it, because that could mean a plane going down.”  

Medical technology  

The issue of potential impacts on hospitals or medical technology was raised by 

a few participants in the first round of workshops: 

“Most of the equipment in hospitals is digital and I wondered how it was going to 

affect them – this is people’s lives you’re talking about.”  

After considering the information provided in the second workshops no 

participants thought this was a serious issue, had any impact on the decision, or 

warranted any further discussion. 

Cost 

At various points in both rounds of the dialogue process, participants discussed 

the cost of changing to atomic time as opposed to the costs associated with 

keeping the use of leap seconds. The consensus was that financial cost alone 

did not provide a strong rationale for change. 

In the first round of workshops participants generally felt that they had not been 

presented with enough detailed information on costs, and in the second round 

there was a sense that costs had still not been defined well enough to support an 

informed decision. Specifically, participants felt that they needed to know more 

about the costs of the implementation of leap seconds in order to be able to 

make a useful comparison.  

There was a feeling among some that greater financial disclosure would have 

been helpful in this process, although it was not expected to be forthcoming from 

businesses (who were likely to be thinking short term in any case).  

“People can be prickly about discussing money, and so can companies!”  

In some cases participants felt that the cost examples used in the dialogue 

process for dealing with the addition of leap seconds, such as for NASA, might 

not be as high as were being made out, or would not be an issue for some other 
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countries (e.g. those who did not have a space programme). Other participants 

felt the costs examples were not high enough to justify a change from the current 

system of using leap seconds. There was a general consensus that cost (of 

change, or of continuing with the current system) should be borne by the 

companies and large organisations affected, and that they could ‘afford it’: 

“Businesses have costs all the time – they have to factor in the unexpected, and 

this is just one more way they have to do this.”  

“If it costs companies, so what? They can afford it.”  

“These are massive multi-national organisations, they can deal with [adding leap 

seconds] – they have the financial power to deal with it.”  

However one participant pointed out that the assumption of relatively low cost 

may be erroneous: 

“If it was billions and billions you might think differently.”  

Some participants felt that they would not be impacted personally by these costs, 

or that the public was already paying for the current system, so there would be 

no difference if the system were to be changed: 

“The decision has been already taken off our hands as money has been taken 

from the public already anyway without knowing.”  

Whether they supported the retention of leap seconds or not, a general hope was 

expressed by a number of participants that companies would collaborate on 

solutions to the technical issues surrounding the use or not of leap seconds or, 

even better, on a process of standardisation: 

“The issue is between standardisation and synchronisation. Let’s have one 

system regardless... what’s important is for businesses and telecommunications 

companies and global communications systems like internet. We need the 

correct time…. Forget about solar time – sun dials can measure that.”  

Several groups also discussed the potential cost to poor countries and how this 

should be borne by wealthier countries, or companies. 

Views on the decision making process 

Many participants were interested in the consultation and decision making 

process and hoped that the dialogue would spark further debate, which they 

thought would continue, even after the decision in 2015. Several participants 

asked if there would be feedback from the event, if the results would be 

published and if there would be news coverage of the decision. 
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Some asked if there was cross-party agreement or if the UK’s position would be 

affected by a change of government. A few participants wondered about the cost 

of the process. 

Many of the questions raised about the dialogue process were answered in the 

second round of workshops, either through verbal or written input. In both 

workshop rounds various concerns and questions were voiced which ‘cut across’ 

the main topic areas under discussion, and related to: 

— The decision making process in the UK, including the challenges 

experienced by participants during the dialogue process itself; 

— The international process and the potential global implications of the 

decision in 2015 and beyond. 

Impacts of decision on future generations 

There were repeated references, in both workshop rounds, to the very long 

timescales under discussion; the uncertainty relating to changes in society and 

technology; and how this made it difficult to express a meaningful view in the 

present: 

“These are huge timescales to think about.”  

“Maybe time won’t even be that important to people in 600 years.”  

Some participants appeared to feel an increased sense of responsibility for 

taking part in making a decision likely to have repercussions far into the future: 

“It is nice to know that we are doing future planning for our children’s children.”   

“Just because we won’t we won’t be here, future generations will be, this 

decision’s important.”  

“We feel responsible for future generations.”  

Others felt little responsibility for virtually the same reason; often combined with a 

sense of technological optimism that any problems will be sorted out in the near, 

or distant, future and so there seems to be no real need to make changes now. 

Lack of information 

There was a frustration expressed by a number of participants in the first round 

of workshops that they felt they did not have enough information, or the right kind 

of information, to enable them to form a fully informed view. Some participants 

said that the, sometimes conflicting, expert views they were being presented with 

were not necessarily helpful. Although more information was provided in the 

second round of workshops in response to the questions raised in the first round 

of workshops, and this helped in some cases (e.g. when discussing navigation 
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issues), generally the examples and evidence were not felt to be any more 

concrete or conclusive: 

“We still have lots of questions and even experts don’t seem to know.”  

“How can the working man know anything if the experts don’t agree?”  

UK stakeholders 

There were some queries around whether all the right people were represented, 

or had been invited or consulted, for example different religious groups, or people 

living in rural areas who might be more affected by a move away from solar time. 

One group thought that the UK should consider international religious 

stakeholders as well as those from the UK (e.g. India). Some participants thought 

that all of the wider public should have been consulted, or at least informed about 

the issue. 

Views on the international decision making process 

Many participants, in both workshops, expressed concern that big companies, 

specifically in the technology and finance sectors, would have more influence 

over the use or not of leap seconds than other stakeholder groups. Costs to 

these sectors were repeatedly identified by participants as the presumed main 

driver for change from the current system. Many participants expressed the view 

that ‘computers’ should not be considered to be more important than religions 

and people, and while most participants felt that cost should not over-ride other 

factors, and the financial benefits should not outweigh the social/cultural 'costs' of 

change, most felt that in reality they probably would. 

US motivations and influence 

Participants were appreciative of the different perspective provided by Demitrios 

Matsakis (the former chief time scientist at the US Naval Laboratory) in the 

second round of workshops and felt that it was clear, comprehensible and 

helpful. Some participants, however, expressed frustration that an official position 

from the US was not forthcoming.  

A small number of participants felt that it was understandable that the US would 

be keen to change the current system: 

“I can understand the effect on the US. The US is a highly technological country 

that basically leads the world in computers and so on. I can understand 

completely why they would want to change.”  

However others felt that, if the issue really was a significant one for US 

businesses, the public would have heard more about it and therefore felt that 
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the US stance was more likely to be driven by the needs of NASA, as they 

are such an important organisation in the US. 

Some participants expressed concern about the possible influence of the US 

military on the decision, although they felt that they lacked information around 

this and it was more of a suspicion. One participant felt that the potential for 

'missiles missing’ was of more importance than issues for computer companies.  

There was a sense among some participants that they were not getting the ‘full 

picture’ on US motivations: 

“There’s something dodgy happening. Maybe the American government knows 

about some new technology and the public doesn’t know about it.”  

Global concerns  

Some participants raised the question of the impartiality of the decision in 2015, 

and the likelihood of parties making a decision based on financial power, or 

political allegiances, rather than the issues.  

“Whoever’s got the most cash, or stands to lose or gain the most will get their 

way.”  

“Countries that have an alliance to the USA will vote along with them, those that 

have an alliance with the UK will vote along with them.”  

“That must happen in the European parliament all the time…it’s just wheeling 

and dealing…everyone lobbies.”  

Concern was expressed by a number of participants that some countries, 

particularly the US, would exert undue influence over the decision. This was felt 

by some to be a worrying possibility that might lead to resentment from other 

countries, particularly where there were strongly held religious views.  

“[It would be seen as] disregarding other countries’ faiths and culture.”  

“If you’ve got a rigid religious perspective...that things should be left as they 

are…I cannot see why you would vote for a change.”  

Some questioned whether any change to the status quo could trigger increased 

extremism, or even war, especially if the decision was seen to be taken by a 

small number of countries.  

“It involves America, paranoia in the Middle East, turmoil; some loudmouth 

trouble maker makes it out to be a Western plot. Can’t be seen as dictating to the 

world.”  

“Can you imagine your man there in Iraq going by American time?”  

Some were also concerned that poorer countries might lack the practical (e.g. 

financial) support to enable them to make an informed decision during the 
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process, and in any subsequent implementation. Some participants noted that 

the governments of other countries would not be as well informed on the views of 

their stakeholders and the public as the UK government, because they had not 

conducted a dialogue process, particularly less democratic countries.  

“And in the poorer countries, the people won’t have a say. It will be the corrupt 

people above them who have the say, and they’ll take that bait…we didn’t even 

know about the second, so how will other countries?”  

What happens after 2015  

Some participants assumed that the 196 countries involved in the decision would 

not be able to agree, and that some would ‘sit on the fence’. Even if agreement 

were reached in 2015, to retain the use of leap seconds or not, there was a 

question as to whether the decision would need to be revisited in the near future. 

Many participants expressed a sense of optimism about technological progress 

and that this was a reason not to change the current system. They talked about 

how the issues associated with adding leap seconds would not be significant in 

the more distant future as new technological solutions were found for current 

issues with computer systems, or new more accurate and reliable methods were 

developed to measure and record time: 

“Looking back 10 years ago Macs and Windows PCs had problems 

communicating with each other but that has now been solved” 

“Atomic clocks are not 100% accurate so until something comes up that is 

absolutely accurate keep things as they are” 

“Why don’t we wait till optical clocks are around before deciding about leap 

seconds?” 

A few participants expressed their concern that, if the decision were made to stop 

using leap seconds, there would be problems implementing the change in the UK 

(citing NHS patient data and the UK border agency as examples of previous 

failures): 

“I wouldn’t trust them to do a good job, or to do it in the most efficient way.” 

Conclusions from the public workshops 

The aim of the public workshops was to provide a sense of the balance of feeling 

around keeping clocks in time with the sun. From a technological perspective, 

many of the participants did not believe the evidence they were given provided a 

convincing case for the ITU resolution to discontinue leap seconds. Indeed, the 

move to discontinue using leap seconds was often mentioned as being ‘an over-

reaction’ to a technical problem. 
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Many of the participants suggested that if a strong technological or financial case 

for the cessation of leap seconds was presented, they might think about the 

decision differently. In particular, evidence that using leap seconds put lives at 

risk or created huge costs could change the balance of opinion. Evidence from 

stakeholders that the potential technical problems created by using leap seconds 

could be, and in the main part were, overcome strengthened the feeling that the 

case for change had not been made. 

In the absence of a strong technological case, most of the participants saw the 

cultural, philosophical and religious arguments as being the deciding factors. The 

strength of feeling around these factors varied substantially. Moreover, most of 

the participants acknowledged that they would not personally notice the change 

and could not conceive of overwhelming public outrage if the ITU resolution to 

discontinue leap seconds was passed. However, the majority of the participants 

held an emotional attachment to the idea of being linked to the sun and natural 

cycles of the earth. Breaking this link without robust evidence that the break was 

essential felt like abandoning a cultural tradition for the sake of temporary and 

minor technological limitations. 

From the public workshops, the balance of feeling was clearly in favour of 

maintaining the link between clock time and solar time.  
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Chapter 5: Digital Engagement 
findings 

Website Usage 

The website was launched in mid-May 2014. OPM Group and the Oversight 

Group promoted the site through twitter and the National Measurement Office 

received press coverage from a range of daily newspapers which mentioned the 

UK dialogue process and related website. The main international leap seconds 

discussion group were aware of the dialogue and quickly internally promoted the 

website going live. Additionally, the public workshop participants were given 

business cards with the website address on, although few of the participants 

suggested they had visited the site. 

Analysis using Google Analytics provided us with an overall number of unique 

visitors and overall sessions. However, the website was used by the OPM Group 

project team, the NMO and the Oversight Group. Additionally, those being 

returned to the site after completing the snap survey were registered as starting a 

new session. Having completed analysis of the number of users and session 

accounted for by these factors, we estimate the number of sessions conducted 

by the general public to be around 1,300 and the number of public users to be 

just over 1,000. On average, 2.9 pages were visited per session, with nearly 

5,000 page views overall. 

Global usage 

Whilst the website was predominantly about the UK public dialogue, the 

openness of the internet meant it was visited by people from across the globe. 

The Google Analytics infographic below demonstrates the extent of the global 

usage. 
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It is clear from the data that the website was visited by people from all five 

populated continents. Given the highly specific nature of the subject matter, the 

global reach was quite surprising. However, the main users of the website were 

from the UK, followed by substantial US interest. 

 

 

Page views 

The most popular page was the landing page with over 1,340 views, followed by 

650 views of the background pages and 517 views of the knowledge and 

resources pages. Although the discussion pages were visited 1,000 times, only 
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10 comments were left. By comparison, nearly 200 people answered the survey 

available on the site.  

Snap survey 

The snap survey was responded to by 197 individuals, with 172 surveys being 

provided by those from the UK. The results come from a self-selecting sample of 

respondents. As such, they cannot be treated as indicative of the overall balance 

of opinions in the UK population.  Demographic data gathered in the survey, and 

participants’ responses about their high levels of existing knowledge about or 

involvement with leap seconds both indicate that the profile of people responding 

to the survey does not match the overall population profile of the UK.  

 

UK demographics 

Not all respondents provided responses to the questions on demographics, so 

we only have data for 161 UK respondents out of 172 completed surveys. An 

analysis of the demographics showed the majority of respondents were male 

(129 male, 32 female). There was a good spread of ages for the respondents. 

 

While the UK census data reveals around 25% population have no religion, the 

leap seconds survey had over 50% respondents reporting as atheist or having no 

religion.  
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Of those stating they had a religion, all but 12 classified themselves as Christian. 

With only one Jewish and one Muslim respondent, the demographics of the 

survey participants were less diverse than those of the population as a whole. 

 

Knowledge of leap seconds 

 

An examination of the respondents’ previous knowledge about leap seconds 

reveals they have far higher levels of knowledge than we would anticipate in the 

UK population. In total, 47% of the sample felt they knew a lot about leap 

seconds and 43% felt they knew a bit about them. This figure was even higher 

for the non-UK respondents, with 71% stating they knew a lot about leap 

seconds. 
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NB on the above chart, respondents were allowed to choose more than one 

option. The figures on the chart therefore show how many respondents chose 

each option, rather than giving overall percentages. This question was answered 

by a total of 172 UK respondents.  

When asked how they knew about leap seconds, 12% of the UK sample reported 

they had learnt about them through our dialogue process, either from the website 

or the workshops. In comparison, 39% knew about them from work, 

strengthening the sense that many of those answering the survey were 

stakeholders rather than the general public. 

 

Opinions about leap seconds 

When asked about their opinion of leap seconds, the majority of the UK sample 

described themselves as being strongly in favour of continuing to use leap 

seconds. Only 11% of the respondents were somewhat or strongly against using 

leap seconds. 
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By comparison, the non-UK sample were more polarised with 67% being strongly 

in favour of leap seconds and 24% being somewhat or strongly against 

continuing to use leap seconds.  

For both samples, the majority of respondents were in favour of continuing to use 

leap seconds. 

When asked how they would feel if leap seconds were discontinued, 47% of the 

UK sample said they would have some concerns, whilst 21% would be angry.  

This finding broadly reflects the outputs of the public workshops, in which most 

participants favoured keeping leap seconds, and some felt quite emotional about 

the issue.  
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Explanations of opinions 

Participants were given the opportunity to explain why they gave the answer that 

they did, in their own words. To analyse these responses, we identified common 

themes in the data and coded responses according to these. It would have been 

inappropriate to re-use the coding framework from the public workshops due to 

differences between the two datasets. Below are descriptions of the responses 

we received. 

Technical considerations 

The largest number of comments returned were concerned with technical issues, 

30 respondents overall. A number of respondents to the survey argued that it 

ought to be possible to overcome most or all of the technical issues that leap 

seconds can cause. For some of these respondents, the idea that technology 

ought to work for us, rather than us working for technology was an important one.  

Ten respondents felt that from a technical perspective, our passage through the 

(solar) day is the quantity that our timekeeping system ought to measure. Some 

argued that a system without leap seconds would therefore be less accurate than 

one with leap seconds. Some distinguished between different timekeeping 

systems for different purposes, arguing that completely regular systems such as 

TAI and GPS time already exist if needed.  

“UTC is for coordination with the sun. TAI is for non-coordinated time. Society 

should use these as appropriate. There is a reason why TAI is not widely used, 

and that is because we want to be in sync with the sun.”   
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While less common than the two responses outlined above, nine respondents to 

the survey gave reasons why they thought that dropping leap seconds would be 

a good idea from a technical perspective. 

“Short notice of forthcoming leap seconds. Problematic timing for people in non-

European time zones. Incompatibility with many computer time keeping 

standards. Breaks multi-thousand year standard sexagesimal notation.” 

Arguments for this included that leap seconds make software less reliable, and 

that by dropping leap seconds, it would be possible to reduce the work that 

computer programmers have to do, while simultaneously making computer 

systems more accurate.  

Navigation 

A few respondents (8) to the online survey discussed the importance of celestial 

navigation. Some respondents argued that celestial navigation would be harder 

without the use of leap seconds, and is an important safety backup for seafarers 

in case GPS systems fail One participant argued that safety considerations 

should take precedence over other issues, such as business interest. Others 

pointed to the long tradition of celestial navigation, and felt that this ‘link to our 

past’ would be threatened if leap seconds are no longer used. 

“We need to ensure that navigation using the sun and stars is possible, now and 

in the future. It keeps us in touch with our ancestors”. 

Logistical 

A few respondents (10) to the online survey raised logistical challenges 

associated with a change in the way that time is measured.  A few talked about 

the importance of making sure that precise time records can be kept accurately. 

There was some concern that changing the way time is defined would create a 

likely cause of error for people (such as astronomers) in the future trying to make 

use of the records. Others cautioned that it would be very important to change 

the name UTC, if its definition changes, to avoid confusion.  

“Maybe we need a ‘Science Time’ and ‘Human Time’ with some agreed linkage 

between them.” 

Link to the sun 

An important factor for a large number of respondents to the survey was that time 

ought to remain linked to the movement of the sun. In total, 22 responses were 

specifically about the link to the sun, although many more mentioned this as part 

of their response. 

“Clock time should follow the solar day and not be distorted just to suit computer 

convenience.” 
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Many respondents just stated this as an opinion, however some expanded on 

their position. A few argued that if we change the way we measure time then as 

civil time diverges from solar time, it may become increasingly confusing for 

people. A few argued that there may be unknown consequences of changing the 

system, which we should be wary of. A couple argued that time would become 

less meaningful if we lost the link to the earth’s rotation, because it would no 

longer be measuring a tangible quantity.  

Natural cycles 

In total, 15 respondents raised issues around natural and natural cycles in 

response to the survey. A number of individuals reflected that they thought the 

location of the sun was the primary phenomenon that civil time ought to reflect, 

rather than measuring time in a scientifically constant sense, because of 

relationships to natural cycles. 

“I would feel personally that ‘official time’ was fully distinct from ‘natural time’. If 

the earth's rotation slows down over time, as it does, our time-keeping methods 

need to reflect that fact; not lose genuine accuracy by pretending it is not 

happening.” 

A couple of respondents therefore commented that if clocks were unable to 

reflect small changes in the length of a day, then they should be considered 

inaccurate from the perspective of civil time. Some of these respondents also 

referred to the historical development of our time keeping system, and reflected 

that it has always been about days as defined by the sun cycle.  

A few respondents were concerned about the possibility that not using leap 

seconds could lead to problems caused by a loss of synchronisation between 

measured time and ‘natural rhythms’. 

“I feel that it is important to keep a strong cultural link between time and its 

relationship with the sun. Our bodies are regulated by natural light and darkness 

in ways that are probably not yet fully appreciated so we should maintain our 

links to the natural cycles of the planet so that our connection to it is more 

tangible. The more tangible our connection is to the natural states and cycles of 

the planet, the more likely we are to listen to its rhythms and treat it with respect.” 

A couple of respondents argued that once a long enough period of time had 

passed for the differences to be noticeable, then it could cause societal issues, 

such as people adopting different time zones. Some were concerned about short 

term effects, such as a possible impact on natural rhythms, or circadian rhythms.  

 

Future generations 
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A small number of respondents (3) to the online survey commented on the 

importance of making a decision that reflected the needs of future generations.  

“I don't want to create a problem for our descendants-it seems unethical to create 

a problem for someone else to fix a minor inconvenience for ourselves.” 

Some raised concerns that there may be unknown consequences of a change in 

the way that we measure time, or that by stopping using leap seconds we would 

be storing up a problem that future generations would eventually have to deal 

with.  

Greenwich Mean Time 

At no point in the dialogue process did OPM Group raise or discuss the issue of 

Greenwich Mean Time (GMT). However, this issue was mentioned by two 

respondents to the survey, both expressing concerns about the zero meridian 

drifting away from its current Greenwich location. 

Discussion boards 

Whilst the website in general was well used, and the survey garnered nearly two 

hundred responses, the discussion boards did not generate as much deliberation 

as anticipated. Only four brief conversations were held over the three months, 

amounting to ten comments overall. The discussions were often too technical for 

the general public to engage with. Even when the opening comment in a 

discussion suggested an average level of knowledge about leap seconds, the 

response was expansive, citing papers and protocols. Unlike the workshops, 

which facilitated discussion between members of the general public, the 

discussion boards do not appear to have provided a space for people to talk 

through their concerns from a non-technical perspective. 

Because of the limited number of comments, an in depth analysis of this part of 

the dialogue process cannot provide any substantive insights. However, the four 

conversations covered: 

— The logistics of adding leap minutes rather than leap seconds 

— Greenwich Mean Time 

— The use of International Atomic Time rather than Coordinated Universal 

Time 

— Concerns about future generations 

Conclusions 

The digital engagement element of the public dialogue attracted those who have 

an interest in the subject as well as less informed members of the public. This 

meant the discussion board did not facilitate an equal dialogue between experts, 
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stakeholders and less informed members of the general public. However, the 

website was well used for such a focused engagement process, with over a 

thousand unique users.  

The main finding from the online survey and discussion is that the respondents 

supported the continued use of leap seconds.  

The respondents were self-selecting and not representative of the general public, 

with more technical insight than the public showed in the workshops. Not 

surprisingly, therefore, the open comments from the questionnaire had a 

considerable number of detailed technological concerns about both keeping and 

stopping leap seconds. Moreover, respondents had concerns about the logistics 

of changes, such as what the new time would be called and how record keeping 

could account for the change in time scales. 

The survey also revealed similarities with the findings from the public workshops. 

In particular, many respondents’ opinions were focused around the disconnection 

of time from the earth’s rotation, with an emphasis on losing the link to the sun. 

The language used sometime related to ‘real’ or ‘natural’ time or highlighted a 

sense of shift from humans being in line with natural cycles to becoming more 

technologically dependent.  
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Chapter 6: Pop up workshops 
 

The public workshops in this dialogue presented technical and cultural 

considerations to the dialogue in tandem with one another. This was the most 

sensible way to frame the dialogue for the extended, in depth consideration of 

the issues that the public workshops allowed for. However, the pop up dialogues 

presented an opportunity for an alternative framing, which provided an 

opportunity for testing whether the public would arrive at a similar conclusion – 

that they thought the link between clock time and solar time was important – if 

they engaged with the debate in a different way. 

As a result, in addition to presenting the findings from the pop up workshops, this 

chapter also explores the methodological choices involved with framing dialogue 

events in different ways.   

Rationale for the pop up workshops 

How a question or debate is framed has an impact on how it will be responded to 

by individuals. As the international debate is primarily conducted on 

technological terms, the National Measurement Office believed it was important 

to know how the public would react in the pop up dialogues if the issues were 

framed as purely technological. 

The UK public workshops framed the question as whether ‘civil time (clocks) 

should be kept in time with the sun and the rotation of the earth’. Leap seconds 

are the current method for maintaining the historic link between civil and solar 

time. The participants were provided with information about a wide ranging of 

topics, including information about religious implications or the effects on 

sundials alongside computing and navigational systems.  

We ran pop up dialogues to assess if and how the public would react differently if 

the technical debate was given primacy. We therefore engaged with people by 

talking about changing time scales and the implications it would have for different 

technical and technological systems and asked for their response. We then 

explained the loss of leap seconds would mean we no longer measured time in 

line with the sun to see if it changed their position.  

Findings 

The first pop up at the National Maritime Museum led to 21 separate 

discussions with 28 individuals. The discussions lasted up to ten minutes each, 

depending on the level of engagement the individuals had with the subject. 

Because of the location of the pop up several respondents were knowledgeable 

about astronomy, navigation or the prime meridian. We began from a script, 

Pop up at Kingston town 

centre 
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which we used as a jumping off point for discussion. All participants asked 

several questions, enabling them to get to a level where they understood the 

topic sufficiently to participate in a discussion.  

The most common question was about what impact it would have on them. A few 

had heard about the leap seconds decision from the news or on the radio. 

Participants were evenly split between those saying they were indifferent or 

undecided about the decision and those who wanted to keep leap seconds. No 

one suggested they strongly supported the change. 

Those participants who were indifferent gave a variety of answers: 

‘What difference will it make to me’ 

‘We are always changing the way things are measured’ 

‘I could not care less’ 

‘We are not qualified, as the public, to say’ 

Among these participants, the lack of concern did not change after being made 

aware of the separation of civil time from solar time.  

The undecided participants ranged from those who did not want to participate in 

discussion further to those who were highly interested because it engaged with 

their activities and they wanted to know more before giving an opinion. 

Of those who wanted to keep leap seconds, three had been indifferent until told 

about the loss of the link to the sun, with one becoming strongly in favour of 

keeping leap seconds to keep time in line with the sun. A further two became 

concerned after realising the resolution had implications for the Greenwich 

Meridian. This concern continued even after been told GMT is no longer the UK’s 

official time scale.  

Some participants who wanted to keep leap seconds had heard about leap 

seconds previously. Others asked questions which allowed them to understand 

that leap seconds kept time in line with ‘natural cycles’. Participants often 

characterised the maintenance of this link as ‘traditional’ and ‘natural’. Several 

respondents reframed the decision over leap seconds as being about modernity 

or technology overwhelming the traditional or natural cycles.  

‘We should stay with natural cycles, the seasons etc. There is too much 

technology in our lives already’ 

The second pop up was conducted in Kingston town centre on a Saturday. 

The town had a high level of footfall, with a diverse mix of shoppers. In general it 

was a more challenging task to encourage individuals to participate in the pop up 

dialogues in Kingston than in the National Maritime Museum.  

The conversations with the shoppers were longer than those with people in the 

National Maritime Museum. Many people left before they could offer an opinion, 

asking for a website address instead. Only twelve discussions could be said to 
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have resulted in informed opinions, with each of these discussions taking around 

10-15 minutes each. 

Again the discussions were balanced between those who were indifferent and 

those who wanted to keep leap seconds. Only one participant believed that 

discontinuing leap seconds would lead to more accurate time keeping and 

efficient systems and would therefore be the better option. Some participants 

thought that the issue was unimportant, especially compared with the other 

campaigns present in Kingston town centre. 

'There are a lot of campaigners here today, but this has to be the most eccentric 

cause ever.' 

'The world has bigger issues than this.' 

In common with the previous pop up, those in favour of keeping leap seconds 

talked about the traditional methods of timekeeping, including GMT. In particular, 

two individuals talked about time based on earth's rotation and the sun as being 

based on something sensible and having reason behind it.  

'Keep leap seconds - it makes the most sense.' 

Many participants did not grasp the debate until an explanation regarding 

keeping time in line with the sun was given. Others required this to be explained 

before they offered an opinion in favour of keeping leap seconds. 

Conclusion 

The pop ups were not primarily concerned with establishing the opinions of those 

engaged in short discussions about leap seconds. Instead they tested whether 

the framing of the issue had an impact on how respondents engaged with the 

subject. The numbers involved in the discussions, and the complexity of the topic 

under discussion, make it impossible to draw a firm conclusion. However, when 

the issue was re-framed from being about technology and timescales to being 

about keeping time in line with the sun, several people changed their opinion 

from indifference to wanting to maintain the link to the sun for 'natural' or 

'traditional' reasons. 

Along with the other elements of the dialogue, this raises the issue of whether the 

ITU resolution being framed as being primarily a technological question excludes 

public opinions about the philosophical, historical and culture nature of having a 

time scale with is based on earth's rotation. 
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Chapter 7: Summary of conclusions 
 

In the stakeholder workshop, stakeholders concluded that they would be able to 

overcome issues arising the outcome of the ITU resolution, regardless of the 

decision reached. Stakeholders believed that there was a need for a final, clear 

decision and the introduction of international standards for the implementation of 

leap seconds (should leap seconds continue to be used). 

In the public workshops, participants were generally in favour of keeping leap 

seconds. Many participants endorsed the status quo of keeping leap seconds, as 

they believed a conclusive case had not been made for discontinuing them by 

the experts who claimed there would be a risk to computer and other systems. 

Key reasons underlying their views ranged from a belief that 'if it ain't broke don't 

fix it' to strong emotional attachments to maintaining time in line with historical 

natural cycles. However, participants also often believed that changes would not 

noticeably affect their lives and did not anticipate any public backlash if the ITU 

resolution is passed. 

A majority of respondents to the online survey wanted to keep leap seconds. The 

comments to the open questions largely reflected similar reasoning to the public 

workshops, with maintaining links to natural cycles and the sun being most 

frequently mentioned. However, more technical and logistical issues were 

highlighted than in the public workshops, including concerns about the 

implications for navigators at sea. 

Participants in the pop up dialogues were divided between those who were 

indifferent to the issue and those who wanted to maintain clocks in time with the 

sun. Several respondents changed their opinion after learning more about the 

potential impacts on the link between civil and solar time. 

From across all elements of the UK public dialogue, the most common view is  

support for maintaining leap seconds, and the most common reason offered for 

this is that in the absence of a strong case being made for ceasing leap seconds, 

the preference is to keep time in line with the sun and traditional, natural cycles.  
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Appendix 1 – List of national 
stakeholder workshop participants 
 

 

 

Leap Seconds - National stakeholder 
workshop 

10.00am – 4.30pm 30 April 2014 

Body and Soul, 99-119 Rosebery Avenue, EC1R  4RE 
 

Confirmed stakeholders attending 

Those people who are highlighted were unable to attend on the day. 

First Name Surname Organisation 

Steve  Bell HM Nautical Almanac Office - UK Hydrographic 

Office 

James  Blessing  ISPA - The Internet Services Providers’ 

Association 

Niall Boyle  NMO 

Paul Broadbent NMO 

Michael Brooks Journalist 

David Broughton  RIN - Royal Institute of Navigation /IAIN -Int. 

Assoc. of Insts.of  Navig. 

Matt Butchers Knowledge Transfer Network 

Alison Crowther Sciencewise 

Bharat Dudhia Ofcom 

Tony Flavin BT 
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Simon Garrington Jodrell Bank Observatory 

Alan Grant Trinity House  

Robert Gunn NMO 

Usama Hasan Quilliam Foundation  

Catherine Hohenkerk HM Nautical Almanac Office - UK Hydrographic 

Office 

Anita Hopkins Van Mil Creating Connections 

Markus  Kuhn Computer Laboratory, University of Cambridge 

James  Ladyman University of Bristol  

Chris Little Met Office 

Rory  McEvoy National Maritime Museum 

Robert  Massey Royal Astronomical Society 

Paul Roberson  British Watch and Clockmakers Guild 

David Terrett Science & Technology Facilities Council, 

Rutherford Appleton Lab 

Dzevad Trumic Google - UK 

Peter  Vince Independent 

Peter Whibberley National Physical Laboratory 

 

 

Apologies  

 

First Name Surname Organisation 

Tony  Azzarelli  Ofcom 

Jonathan Betts National Maritime Museum 

Nick Campion University of Cardiff  

Peter Chapman-Andrews Royal Institute of Navigation 

Paul Craddock British Watch and Clockmakers Guild 

Charles Curry Chronos Technologies 
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Malcolm  Deboo Zoroastrian Trust Funds of Europe  

Brian Eyles FCA - Financial Conduct Authority 

William Gallois University of Exeter  

Nick Lansman ISPA - The Internet Services Providers’ 

Association 

Tim O'Brien Jodrell Bank Observatory 

Richard Pettigrew University of Bristol  

Andrew Rogan BBA - British Bankers Association 

Mike  Smith NATS  

Martin  Taylor FCA - Financial Conduct Authority 

 

Invited  

First Name Surname Organisation 

Chris Pateman Federation of Communication Services 

Dr Natubhai Shah Jain Network  

Karen Tuck BCS - Chartered Institute for IT 
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Appendix 2 – National stakeholder 
workshop agenda 

 

 

Leap Seconds - National stakeholder 
workshop 

10.00am – 4.30pm 30 April 2014 

Body and Soul, 99-119 Rosebery Avenue, EC1R  
 

Thank you for confirming your attendance at this national workshop to inform our 

thinking on Leap Seconds.  

 

Workshop objectives 

By the end of the workshop, we will have: 

 had an opportunity to share and test our understanding of Leap Seconds  

 shared and discussed why Leap Seconds are important to them  

 jointly developed a list of issues around Leap Seconds  

 weighted that list by significance 

 started to think about possible options for addressing the issues identified  
 

The workshop will be facilitated by Rob Angell from R K Partnership and 

colleagues from OPM. It will involve a mixture of small group and plenary working 

throughout the day. 

 

Draft Agenda  
 

10am Registration, coffees + Networking 

 

10.30am Welcome and purpose 
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Rob Angell will open the meeting with a run through of the agenda, 

objectives and an explanation of how the day will run.  

 

Leap Seconds overview 
There will be a short presentation by Robert Gunn, Director 

Programme and Estates, to explain the background to the issue and 

how this meeting fits into the decision making process for 

international time. There will be time for reactions and discussion. 

 

The Issues / The Dilemmas 
This session will be your opportunity to raise and talk about the 

issues that are important to you.  This will include time to ensure 

everyone in the room understands why these are important and we 

will consider which ones to spend more time concentrating on today. 

 

12.15pm Lunch 

 
Reducing the Dilemmas 
You will have the chance to consider in a bit more depth the issues 

that are most significant.  In particular, the discussion will focus on 

what the challenges are and what could be done about them.  

Included in this will be consideration of whose responsibility this 

might be.  

 

Next Steps 
A short session to be clear about what is going to happen next, to 

confirm any actions that need to be taken forward and you will have 

an opportunity to give feedback on the meeting.  

 

4.30pm Finish 
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Appendix 3 – Public workshops 
agenda 

First half day workshop 

 

 

Leap Seconds – Public Dialogue 
 

09:30am Registration 

 Tea and coffee 

10.00am Welcome and Introduction 

Purpose of the day 

What time? 
We will explain the differences between solar time, atomic time and 

clock time.  

Why are we holding a public dialogue on leap seconds? 
There will be a short presentation explaining the background to the 

issue and how the public dialogue fits into the decision making 

process for international time.  

A video will help to explain the issues surrounding the leap seconds 

debate. 

11:25am Break 

The dilemmas 
You will have the chance to consider seven topics linked to the leap 

seconds debate.  

Time quiz and next steps 
A short session to be clear about what is going to happen next and 

give feedback on the meeting.  

1:30pm Finish 
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Second full day workshop 

Leap Seconds – Public Dialogue 
 

09:30am Registration 

 Tea and coffee 

 

10.00am Welcome and Introduction 

Purpose of the day 

 

10.10am Reconnecting with the process 

 Reviewing the last session  

 

10.25am Expert feedback on issues and dilemmas  

 Responses to questions raised in the previous session 

 

12 noon Lunch 

 

12.45pm Scenarios 

 A fun look at our future scenarios 

2.00pm Break 

2:30pm Thoughts and conclusions 

 Time to talk about your thoughts across the day 

3.30pm Closing comments from National Measurement Office 

 

3.35pm Next Steps 

3.50pm Finish 
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Appendix 4 – Digital engagement survey 
 

 

 
Leap Seconds: A Public Dialogue 

 

 The UK online survey 

 

 Thank you for taking the time to contribute to this national survey, it should take less than 
10 minutes of your time. The survey is being conducted on behalf of the National 
Measurement Office by an independent research organisation, OPM Group. 
 
The information gathered in this survey will be used to feed into a national dialogue to 
inform the government's position on the future of 'leap seconds'. For more information 
about leap seconds and the dialogue process, see the dialogue website. 
 
All of the information that you provide will be submitted directly to OPM Group and held 
confidentially. All responses will remain anonymous and non-attributable. 
 
If you have any technical difficulties or questions relating to this survey please email Oliver 
at  oritchie@opm.co.uk, or call him on 020 7239 7913. 
 

 

 Section 1: Issues surrounding leap seconds 

 

1. How did you hear about leap seconds? (please choose all that apply) 
   Work 

   Newspaper/magazine 

   Social media (e.g. blog, twitter, email) 
   School/college/university 

   Participation in a workshop about leap seconds 

   Through reading this website 

   Other (please specify) 
  

 ________________________________________________________________________________

________________________________________________________________________________

_________________________ 

 

2. How well do you feel that you understand the issues surrounding leap seconds? 
(your answer to this question will not affect the importance that we attach to your other 
responses) 

   I know a lot about them 

   I know a bit about them 

   I don't know much about them 
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 Some background information about leap seconds: 
 
The Earth's rotation is not entirely regular. This means that some days are very slightly 
longer or shorter than others. Overall, days are getting slightly longer. However, our most 
accurate clocks, called ‘atomic clocks’, are able to measure every day as exactly 86,400 
seconds long. These are the clocks that we get the time from for most everyday purposes. 
 
Since 1972, we've added 'leap seconds' when needed to make sure that atomic clocks 
keep in sync with the Earth's rotation and the sun's position in the sky. These leap seconds 
are added at midnight UK time, by making the last minute of the day one second longer. 
There have been 25 leap seconds added since 1972. 
 
Click here for more information about why leap seconds are currently used and why some 
people want to stop adding leap seconds. 
 

 

3. Are you aware of leap seconds having an impact on any work or leisure activities 
that you take part in? 

   Yes 

   No 

   Not Sure 

 If yes, please briefly explain what the impact is: 
 ________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_________ 

 

4. If we were to stop using leap seconds, do you expect this would have an impact on 
any activities that you take part in?  

   Yes 

   No 

   Not Sure 

 If yes, please briefly explain what the impact could be: 
 ________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_________ 
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5. Which of the following best describes your opinion about leap seconds? 
   Strongly in favour of continuing to use leap seconds to keep clocks in time with the 

sun 

   Somewhat in favour of continuing to use leap seconds 

   I have no strong opinion ether way 

   Somewhat against continuing to use leap seconds 

   Strongly against continuing to use leap seconds to keep clocks in time with the sun 

   Other 
 If you wish to expand on your answer, use this space to do so: 
 ________________________________________________________________________________

________________________________________________________________________________

_________________________ 

 

6. If the decision was made to stop using leap seconds, how would you feel? 
   Be pleased 

   Have some concerns 

   Be angry 

   Have no strong reaction 

   Other 
 If you wish to expand on your answer, use this space to do so: 
 ________________________________________________________________________________

________________________________________________________________________________

_________________________ 

 

 

7. Are there any technical or cultural issues around leap seconds which you feel 
particularly strongly about? 

   Yes 

   No 

 If yes, please give details: 
 ________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_______________________________________________________________________________ 

 

8. Please describe any issues around leap seconds that you would find it helpful to 
know more about: 

 ________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_______________________________________________________________________________ 

 

 

 Other comments 

 

9. If you have any further comments about leap seconds, please share them in the 
space below: 
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 ________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_______________________________________________________________________________ 

 

10. If you have any comments about the leap seconds website, or about the dialogue 
process, please share them in the space below: 

 ________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

_______________________________________________________________________________ 

 

 

 Section 2: About you 

 

 The following 5 questions are optional, but answering them will help us to understand more 
about the range of people responding to this survey. 

 
If you choose not to answer these questions, please press 'next' at the bottom of this page 

to bring you to the end of the survey, so that you can submit your responses. 
 

11. What is your age? 
   0-15 

   16-24 

   25-34 

   35-44 

   45-54 

   55-64 

   65-74 

   75-84 

   85+ 

 

12. What is your gender? 
   Male 

   Female 

   Other 
 

13. Where are you based? 
   England 

   Scotland 
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   Northern Ireland  
   Wales 

   Other British territory (e.g. Isle of Man, Channel Islands) 
   Outside the UK 

 

 

14. Which of the following best describes your religious beliefs? 
   No religion 

   Atheist 
   Buddhist 
   Christian 

   Hindu 

   Jewish 

   Muslim 

   Sikh 

   Other (please specify) 
  

 ________________________________________________________________________________

_______________________________________________________________________________ 

 

15. How did you find out about this website? (please choose all that apply) 
   Newspaper/magazine 

   Social media (e.g. blog, twitter, email) 
   Internet search 

   Friend/colleague 

   Participation in a workshop about leap seconds 

   Other (please specify) 
  

 ________________________________________________________________________________

_______________________________________________________________________________ 

 

 Please press the 'submit' button below to record your responses. 
 
If you want to tell us more about your concerns or thoughts, please join the discussion on 
the leap seconds website. 
 
If you have any queries about this survey, please email Oliver at oritchie@opm.co.uk, or 
call him on 020 7239 7913. 
 

 Thank you for your time, please press 'submit' to record your 
responses 

 

 
 
 
 
 



 

 

80 CLASSIFICATION: PUBLIC 

Appendix 5 - Online survey results 
 

General demographics 

172 Total number of respondents from the UK and 

British territories 

21 Total number of respondents from other 

locations 

The figures in the following tables relate only to the 172 British respondents.  

 

How did you hear about leap seconds? 

67 Work 

49 Newspaper/magazine 

37 Social media (e.g. blog, twitter, email) 

26 School/college/university 

10 Participation in a workshop about leap 

seconds 

12 Through reading this website 

26 Other (please specify) 

227 Total (participants could chose more than one 

response) 

  

How well do you feel you understand the issues? 

81 I know a lot about them 

75 I know a bit about them 

16 I don't know much about them 

172 Total 

 

Are you aware of leap seconds having any impact on 

any work/activity you are involved in? 

58 yes 
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108 no 

6 not sure 

172 Total 

 

If we stopped using leap seconds do you expect it to 

have any impact on any work/activity you are involved 

in 

57 yes  

89 no 

25 not sure 

171 Total 

*The number of responses is less than 172 because not all 

respondents answered this question. This observation also 

applies to following questions with less than 172 

respondents. 

 

Which of the following best describes your opinion 

about leap seconds 

99 Strongly in favour of continuing to use leap 

seconds to keep clocks in time with the sun 

26 Somewhat in favour of continuing to use leap 

seconds 

18 I have no strong opinion ether way 

6 Somewhat against continuing to use leap 

seconds 

12 Strongly against continuing to use leap seconds 

to keep clocks in time with the sun 

2 Other 

163 Total 

 

If the decision was made to stop using leap seconds 

how would you feel 

15 Be pleased 

82 Have some concerns 

36 Be angry 
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33 Have no strong reaction 

6 Other 

172 Total 

 

Are there any technical or cultural issues you feel 

particularly strongly about? 

81 Yes 

84 No 

165 Total 
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Appendix 6 - Pop up script 
 

Opening question:  

Less gimmicky: Hi there – can I interest you in giving the Government your view 

about the way we measure time? 

More gimmicky: Hi there – did you know time might never be the same again? Do 

you have a minute to offer your views about it? 

Thanks for stopping. Have you ever heard of a leap second?  

If no: 

OK, so currently we use very accurate clocks to measure exactly how long a 

second is. However, we occasionally we need to make an adjustment. This is 

because the earth’s rotation is very gradually slowing down, so every couple of 

years we have to add in an extra second to keep the earth’s rotation in sync with 

the clocks we use. This is a bit like a leap year, but we only add in a second, so it 

is called a leap second.  

If yes: 

OK, so as you’re also maybe aware, we use very accurate clocks to measure 

exactly how long a second is. However, occasionally we need to make an 

adjustment – a leap second. Do you know why we do that? (presume no) 

Because the earth’s rotation is very gradually slowing down, every couple of 

years we have to add in an extra second to keep the earth’s rotation in sync with 

the clocks we use. This is a bit like a leap year, but we only add in a second, so it 

is called a leap second.  

 

Next: 

Some people want us to stop using leap seconds because the extra second can 

cause a headache for some technical applications, especially computers and 

telecoms. Sometimes this means problems occur such as websites crashing etc. 

So some countries have proposed we stop using leap seconds. This will change 

the way we measure time, by about 1 minute in the next century and about an 

hour in the next thousand years. 
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If we make the change, we will have to agree to do this internationally  - because 

everyone will have to change the time we use in everyday life. However, some 

countries and some astronomers and navigators are opposed to this because it 

will make it harder to calculate where to point their telescopes or how to navigate 

by the stars.  

I was wondering if you have any feelings or questions about this? 

Does the idea of changing how we measure time bother you? 

 

Finally: 

Leap seconds are used to keep our clocks in time with the position of the sun. So 

if we stop adding leap seconds we would no longer measure time in line with the 

sun for the first time in millenia? Would you have any concerns about that? 

 


