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Summary and purpose of document

This document describes recent experiments conducted by the Met Office in collaboration with Universities of Bristol and Cambridge which demonstrate that the public can make improved decisions when probabilistic forecast information is provided, compared to a simple deterministic forecast. An on-line game was used in the experiment to engage participation of a large sample of over 8000 distinct participants spanning a cross-section of society. Early results show not only that people make better decisions with probabilistic forecasts, but that they make the best decisions with the most complex presentation. Furthermore, they do not find the additional information confusing in simple situations where the decision is easy even with deterministic forecasts, as they do not make worse decisions in these situations. 
Action Proposed
The meeting is invited to consider these results and how they may be used to advise PWS and NHMSs on the communication of probabilistic information to their customers. 
Annex(es):
-    2-page flyer describing the Weather Game project
· Pricilla Marimo’s poster from EMS-ECAM Conference
1. Background
1.1 A major blockage to greater publication and use of probabilistic forecasts has been the belief among many scientists and managers that people do not understand probabilistic information. A common justification for use of deterministic forecasts is that “people just need to make decisions”. Ensemble forecasting specialists have long argued that users can make better decisions with a full knowledge of the uncertainty in the forecast, taking proper account of costs, losses and impact to assess risk, but have made little progress in persuading managers of PWS services, for example, to publish probabilistic forecasts more widely.

1.2 Met Office PWS customers have funded much research and development of EPS and want to see it used more widely in forecast products. In order to inform how best to present these forecasts to different audiences, and overcome the objections described in 1.1 above, a number of experiments have been conducted to test the people’s understanding of different presentations and their ability to make effective decisions when presented with probabilistic information.

1.3 Previous meetings have been informed of experiments conducted with Exeter University which demonstrated that students from different academic disciplines could make better decisions when presented with temperature forecasts including uncertainty information in the form of a 5-point plume showing percentiles of the distribution (5%, 25%, 50%, 75% and 95%) (Roulston and Kaplan, Meteorological Applications 16, pp 237-244, 2009). 
1.4 This paper describes further work on this topic. One criticism of the Roulston and Kaplan work was that it sampled only undergraduate students who were not considered to be representative of the population as a whole. To address this we have recently conducted the largest ever public experiment on the understanding of probabilistic forecasts using an on-line game approach.

2. Further Research at Exeter University
2.1 Further research along similar lines to the Roulston and Kaplan work has recently been conducted to test understanding of the presentation of temperatures currently under trial on the Met Office website, shown below:
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2.2 Full results of these experiments are described in the poster by Pricilla Marimo provided as an Annex to this paper. Summary statements from that poster are presented here.
2.3 A total of 289 undergraduate students from various disciplines at the University of Exeter were recruited to participate in the experimental sessions. The sessions were computer based and took place in the Finance and Economics Experimental Laboratory (FEELE) at the University of Exeter. Participants were presented with a set of 20 “lotteries” based on the maximum temperature up to five days ahead and asked to chose the ‘most likely’ outcome. If true statement was chosen, participants were rewarded with £0.50. Participants were divided into three treatment groups: A, B and C. The 5-day temperature forecast information was presented as follows: Group A: Table with a point forecast, Group B: Table with point forecast and uncertainty information , Group C: Bar graph with point forecast and uncertainty information. The same graphs were shown for all the participants in a particular group but in randomised order. This was done to test speed of learning differences between the different presentation formats. After each lottery students were informed of the actual temperatures and whether either of the criteria had been satisfied. At the end of the experiment students were paid their lottery winnings in addition to a £3.00 payment for participating.

2.4 On average participants who were given uncertainty information made significantly better decisions than those without. Both table and the graph with uncertainty information were significant determinants of choosing the most probable outcome, though the graph is a stronger predictor compared to the table. There was a learning effect as the experiment progressed. The graph with uncertainty information took on average less response time compared to those who were shown a table with uncertainty information.
3. The Weather Game 
3.1 An online game was developed to gather information on the optimal methods of presenting probabilistic rainfall and temperature forecasts to the public. Launched in August 2011, this novel use of an online game proved a highly successful platform for engaging with a wide range of users: within the course of a month it was played by over 8000 unique participants, received favourable press coverage internationally. Some further details are provided in the leaflet provided as an annex to this paper.
3.2 The participants played through 4 ‘weeks’ of rainfall and temperature questions. In each week they were asked to make a decision based on the forecast, and to rate their confidence that it would rain or a particular temperature threshold would be met. This allowed an assessment to be made regarding whether participants can accurately decipher a probability from the probabilistic information. The order in which the set questions appeared was randomised to take into account any potential learning effects. 

3.3 A key finding was that users demonstrated that they were able to make better decisions when presented with probabilistic information, and this information did not lead to unnecessary confusion when decisions could be made adequately using deterministic presentation methods.

3.4 Clear differences between participant responses were seen for the different presentation types tested, and though the presentation type was found to be the strongest influence on decision making ability, the participants’ age and educational attainment also played a role. For temperature forecasts, people made the best decisions with the most complex presentation used, a 5-point fan chart. For probability of precipitation, people made the best decisions when presented with a probability as a number and/or a bar showing proportion along a scale from 0 to 100%.
4. Conclusions

4.1  The evidence that people make better decisions when presented with quite complex uncertainty information is becoming much stronger, and now provides a very sound basis to argue that public understanding is not a reason not to present probabilistic information. The Weather Game results further demonstrate which types of presentation work better than others. While it is true that there is a small proportion of the population who would find it difficult to make effective use of the extra information, there is a large majority who would potentially benefit from having the extra information.
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