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Motivation of Case Study: 

 

While general management of the higher education (HE) sector in the United Kingdom has 

been studied and is well-understood, an aspect that has been neglected in this regard is the 

management and assessment of risk. However, considering risks in HE is of key importance as 

today the sector faces a more complex environment to operate in given for instance global 

movement of staff and students as well as innovative, emerging areas of study. This often 

comes with the expectation to offer taught programmes for postgraduates on an international 

competitive level. A consequence is that higher education institutions need to be able to offer 

new courses that are in line with the demands of employers and hence manage a variety of 

courses profitably and effectively within a university department’s portfolio. In particular, here 

we are interested in assessing the uncertainty about the future income (from fees) for the 

established MSc Business Analysis and Consulting as well as the MSc Data Science which will 

be introduced in the coming academic year 2017/18. A main aspect for better understanding 

the risk with this new course introduction is the dependence between the two courses, i.e. 

whether the department’s portfolio can be regarded as diversified or whether the courses’ 
incomes might be (highly) correlated. 

For decision makers in HE, probabilistic modelling of uncertainties can offer insights into the 

risks involved with their actions. A common challenge is however that relevant historical data 

are lacking, in particular for dependence relationships. Accounting for and modelling 

dependence is nevertheless of key importance in such a complex business environment such 

as HE. Therefore, in this case study we use expert judgement for quantifying first the marginal 

distribution of both courses’ incomes and then for assessing the dependence between them. 
In order to aid the experts on the latter, a scenario mapping method is introduced and used 

with the aim of first, supporting experts in making sense of their underlying knowledge and 

beliefs, and second, mitigating some common heuristics and biases that might occur when 

assessing dependence.
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Elicitation of Marginal Distributions:  

 

Before dependence can be assessed, we first need to specify the marginal distributions for our 

variables of interest, the tuition fee income in 2020/21 for the MSc Business Analysis and 

Consulting and the MSc Data Science. This is to ensure that all experts elaborate scenarios and 

finally assess dependence based on the same marginal uncertainty. 

While various expert judgement methods exist for eliciting univariate uncertainty, we use the 

classical model of structured expert judgement1. For that, experts quantify their uncertainty 

with regard to variables of interest and calibration variables (also known as seed questions) 

from the subject area. For the latter, the true values are known to the analyst but unknown to 

the experts. They allow for combining the experts’ assessment after being validated against 

empirical data. The variables of interest on the other hand are the objective of the elicitation 

exercise: data for these do not exist, so that we supplement it with expert judgements. Experts 

are treated as statistical hypotheses and combined as to maximise the statistical accuracy and 

informativeness of the combined assessment (the “decision maker”). 
In the remainder of this section the results for the seed question performances as well as the 

assessments of the variable of interest are present per expert and per combined assessment 

(through equal and performance-based weighting). 

 

                                                           
1 Cooke, R.M. 99 , E perts i  U ertai t : Opi io  a d “u je ti e Pro a ilit  i  “ ie e , O ford U i ersit  
Press, USA 
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Calibration Question Results: 

Below we show the results for the calibration questions. The experts’ assessments (blue) and 

weighted combinations (red) are shown. The true value is given by the vertical line. 

 

C01: For the University of Strathclyde in 2014/15, what was the percentage of international 

students that came from one of the five largest sending countries?  

 

C02: For the University of Strathclyde in 2014/15, what percentage of recurring income (£ 

281.3 m) was due to Non-EU tuition fees? 
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C03: For the University of Strathclyde in 2014/15, what percentage of recurring income (£ 

281.3 m) was due to EU tuition fees?  

 

 

 

C04: For the University of Strathclyde in 2014/15, what was the development of overseas fee 

income for postgraduate taught compared to the previous financial year (in £ million)? 
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C05: For the University of Strathclyde from 2013/14 to 2014/15, what was the development 

(increase or decrease) of tuition fees (in £ million)?  

 

 

C06: What was the percentage of oversea students for the MSc BAC in 2015/16? 
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C07: What was the difference (in total number of students) for the MSc BAC for 2009/10 and 

2016/17? 

 

 

C08: A shortage of skilled workers in the overall data analytics market is seen as one of the 

key barriers to further data analytics activities for businesses. What was the development of 

data scientist positions in the UK for the first half of 2016 as %?  
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C09: According to the Centre for Economics and Business Research (CEBR), what is the 

predicted number of newly created jobs for data scientist by 2020 in the UK? 

 

 

 

C10: How large will the shortage of trained candidates for digital jobs in Europe be by 2020 

(in total number of jobs)?   
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Target Question Results: 

Below the results of the target variable assessments are shown. 

 

T01: For the academic year 2020/2021, i.e. in 4 years from now, what will be the generated 

income from the MSc Business Analysis and Consulting? 

 

 

T02: For the academic year 2020/2021, i.e. in 4 years from now, what is the generated income 

form the MSc Data Science (reminder: this course start from next year onwards)? 
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Table 1: Weighting according to Calibration and Information Scores 

 

 

The above table (Table 1) details the calibration and information scores. The first column shows 

which scores are from the experts and which are the result of a combined weighting. The DM 

EW is the equal weight combination and the DM Global is the weighted combination in 

accordance with the performance on the seed questions. The second column gives the 

calibration scores while the third and fourth detail the information scores. The main difference 

is that the third column the score is given with respect to all items whereas in the fourth column 

the information score is calculated only by considering the assessment of the seed (or 

calibration) questions. The un-normalised weight is therefore the product of the calibration 

score (column two) and the information score (as in column four). The last two columns show 

the normalised weight without and with the combination (DM) accordingly. As can be seen, 

most weight with regards to the experts is given to expert one and two. This is not surprising 

if we regard the respective calibration scores of these experts. 

 

 Calibration Mean Rel. 

Total 

Mean Rel. 

Realisation 

UnNormalised 

Weight 

Norm. 

Weight 

without DM 

Norm. 

Weight with 

DM 

Expert 1 0.44 1.403 1.56 0.6864 0.8553 0.4025 

Expert 2 0.09746 1.081 1.066 0.1039 0.1294 0.06092 

Expert 3 4.535e-6 2.25 2.36 0 0 0 

Expert 4 0.01076 1.126 1.138 0.01224 0.01526 0.007181 

Expert 5 0.00091 0.6998 0.7452 0 0 0 

DM Global 0.8226 1.006 1.097 0.9026  0.5294 

DM EW 0.09746 0.5072 0.5203 0.05071  0.05939 
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Scenario Mapping and Elicitation of Dependence:  

 

After having specified the marginal distributions for our variables of interest, the next step is 

to assess their dependence. The elicitation questions for this are in the form of conditional 

probabilities: 

1.) Given that the generated income of the MSc BAC is below its �� , i.e. £929,000 

in the academic year 2020/21 what is the probability that the MSc Data Science is 

also below its �� , i.e £923,000? � � < 5 ℎ| < 5 ℎ  

 

2.) Given that the generated income of the MSc BAC is below its 5 ℎ � � � , i.e. 

£417,000 in the academic year 2020/21 what is the probability that the MSc Data 

Science is also below its 5 ℎ � � � , i.e £402,000? � � < 5 ℎ| < 5 ℎ  

 

The questions above can be visualised by the figure below (Figure 1) which shows how 

unconditional and conditional distributions are related. 

 

Figure 1: Schematic representation of assessments 

 

As such a dependence assessment might be cognitively challenging, we first support the 

experts to structure their underlying knowledge and beliefs about the potential factors and 

hence scenarios that are plausible and relevant for the (un-) conditional probability space 

within the given time frame. The overall process (exemplary for being below the 5th quantile) 

is shown on the next page in Figure 2. 

We present the resulting scenarios and assessments below. Note that the experts are denoted 

from A through E whereas these labels do not correspond to the earlier experts one to five.  
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This has been done to avoid influences that might be given due to the earlier performance of 

the calibration questions when feeding experts’ scenarios back to the remaining experts. 

 

 

 

Figure 2: Overview of Scenario Mapping Process for one set of conditional scenarios
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How to interpret the scenarios: 

In the following the results for the mapped scenarios are shown together with the 

corresponding dependence assessments.  

The first figure per expert (A to E) always illustrates the scenarios that are plausible and relevant 

for the unconditional distribution being below the median, i.e. the MSc BAC being below its 

median.  

The second figure present the (unconditional) subsets of the MSc BAC being below its 5th 

quantile.  The scenarios which are still plausible and relevant when the MSc BAC is below its 

5th quantile are shown in red whereas the other ones are only relevant between the 5th and 

50th, but not below the former.  

The third figure shows the conditional scenarios, i.e. how the trigger events of the MSc BAC 

scenarios impact the MSc DS. We highlight in yellow if a scenario unfolds differently for the 

MSc DS than for the MSc BAC. Hence, if not coloured yellow, the scenarios unfold in the same 

way. 

The fourth picture gives the conditional scenarios for the MSc DS being below its 5th quantile 

given the MSc BAC being below its. As before scenarios that are still relevant and plausible are 

shown in red.
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A:      � � < 5 ℎ| < 5 ℎ = .   � � < 5 ℎ| < 5 ℎ = .  

 

A1: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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A2: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 

 



Contact: christoph.werner@strath.ac.uk 

Dependence elicitation for risk assessment of managing multiple postgraduate taught 

programmes 

17 

 

 

A3: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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A4: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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B:      � � < 5 ℎ| < 5 ℎ = .   � � < 5 ℎ| < 5 ℎ = .  

 

B1: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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B2: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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B3: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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B4: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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C:      �( � < 5 ℎ| < 5 ℎ) = .   �( � < 5 ℎ| < 5 ℎ) = .  

 

C1: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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C2: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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C3: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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C4: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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D:      �( � < 5 ℎ| < 5 ℎ) = . 5  �( � < 5 ℎ| < 5 ℎ) = .5 

 

D1: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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D2: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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D3: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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D4: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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E:      �( � < 5 ℎ| < 5 ℎ) = .   �( � < 5 ℎ| < 5 ℎ) = .  

 

E1: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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E2: Unconditional distribution (i.e. MSc BAC), ≤ 5 ℎ quantile 
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E3: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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E4: Conditional distribution (i.e. MSc DS), ≤ 5 ℎ quantile 
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Quantitative Assessments and Final Results: 

 

As a final step, we show how the experts’ assessments can be used to indicate which parametric 
copula (together with a given rank correlation) represents their scenarios and hence beliefs 

best. With the assessments from each expert of the 50th and 5th quantiles we can obtain an 

idea which copula type fits best. In Figure 3 below, some common (lower) tail dependent and 

tail independent copulas are shown by their lower tail dependence coefficient2 ���→ � ,
 which 

is derived from the concept of tail dependence, defined as: ��(� , � ) = ���→ � � ≤ ��− |� ≤ ��−  

when a limit �� ∈ [ , ] exists. 

 

Figure 3: Common parametric copulas by the lower tail dependence coefficient and rank 

correlations 0.3 (left) and 0.7 (right) 

 

 

                                                           
2 Joe, H. , Depe de e odelli g ith opulas , CRC Press, U“A 
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Table 2 below provides an overview of the experts’ dependence assessments together with 
the resulting aggregated result through equal weighting and performance-based weighting 

(based on the earlier seed question performance). 

 

Table 2: Dependence assessments of experts together with combinations 

 

 

 

 

 

 

Figure 4: Copula fit for equal weight  and  performance-based weight combination from 

marginal seed questions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 50th 

quantile 

5th  

quantile 

Expert 1 0.8 0.7 

Expert 2 0.7 0.9 

Expert 3 0.8 0.8 

Expert 4 0.8 0.9 

Expert 5 0.85 0.5 

DM Global 0.787 0.729 

DM EW 0.79 0.76 
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Both, the equal weighting combination as well as the performance-based combination (with 

respect to marginal seed question), provide similar assessment results (Table 2). A remark is 

however that this research is focused on the qualitative aspect of understanding the risk of 

dependence relationships through the knowledge and belief structuring part of the expert 

judgement elicitation, and we acknowledge that these to ways of combining the experts’ have 
been chosen due to practical convenience. This is despite some indicative results34 which show 

that results from the marginal seed  questions are not reflecting experts’ statistical accuracy 
for dependence assessments. 

When mapping the combined 50th and 5th quantile values together with some common 

parametric  copula types (given rank correlations), we can see that for both combination, a 

Clayton as well as a Survival Joe copula with a rank correlation of around 0.55 fits quite well. 

This also reflects the qualitative outcomes for which the experts regarded  tail dependence as 

being present due to more global scenarios that affect the conditional scenario space when 

being below the lower  quantiles.

                                                           
3 Morales Nápoles, O. , Ha ea, A. a d Wor , D. , Experimental results about the assessments of 

conditional rank correlations by experts: Example with air pollution estimates , In ESREL 2013: Proceedings of 

the 22nd European safety and reliability conference Safety, reliability and risk analysis: Beyond the horizo . 
The Netherlands: CRC Press/Balkema-Taylor & Francis Group 
4 Werner, C., Bedford, T., Cooke, R. M., Hanea, A. M. and Morales-Nápoles, O. (2017), Expert judgement for 

dependence in probabilistic modelling: A systematic literature review and future research directions , 
European Journal of Operational Research, 258(3), 801-819 
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To: 

 

From: 

Christoph Werner, Department of Management Science, University of Strathclyde, UK 

 

Subject: 

Dependence elicitation for risk assessment of managing multiple postgraduate taught 

programmes 

 

Thank you for your participation in this expert judgment study on dependence for managing 

multiple postgraduate taught programmes (PGTs). 

 

Introduction 

Structured expert judgement is an accepted tool in risk analysis for supplementing the lack of 

relevant historical data, quantifying uncertainty and building rational consensus. It has been 

used in a variety of subject areas by private as well as public entities. In the following we outline 

the motivation for this study and further detail the overall process to account for dependence 

of uncertainties. 

 

Motivation 

While general management of the higher education (HE) sector in the United Kingdom has 

been studied and is well-understood, an aspect that has been neglected in this regard is the 

management and assessment of risk. Today the higher education sector faces a more complex 
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environment to operate in given for instance global movement of staff and students as well 

as innovative, emerging areas of study. This often comes with the expectation to offer taught 

programmes for postgraduates on an international competitive level. A consequence is that 

higher education institutions need to be able to manage a variety of courses profitably and 

effectively. 

For decision makers in HE, probabilistic modelling of uncertainties can offer insights into the 

risks involved with their actions. A common challenge is however that relevant historical data 

are lacking, in particular for dependence relationships. Accounting for and modelling 

dependence is nevertheless of key importance in such a complex business environment such 

as HE. 

Given that assessing dependence is typically non-intuitive for experts, this expert judgement 

workshop addresses a main part of the overall dependence elicitation process, that of 

structuring expert knowledge and beliefs prior to eliciting dependence quantitatively. 

 

Confidentiality 

Your personal details will not be used in the open literature to associate individual answers to 

individual experts. They are necessary however to warranty the accountability and 

reproducibility of this workshop as a scientific exercise. 

 

Objective 

The objective of this elicitation exercise is to quantify the uncertainty around and structure the 

rationale and beliefs behind the assessment of conditional exceedance probabilities for the 

PGTs: 

1. MSc Data Science 

2. MSc Business Analysis and Consulting 

We regard the continuous income streams for the programmes as the distributions of interest. 

The results will be used for scientific purposes only. 
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Outline of Workshop(s) 

The elicitation exercise has three main steps: 

1.) Elicitation of marginal probabilities for MSc Business Analysis and Consulting (BAC) and 

MSc Data Science. 

 

2.) Scenario Mapping Session on dependence relationship. 

 

3.) Dependence elicitation 

 

1.) Elicitation of Marginal Probabilities 

Before eliciting dependence, we need to specify the corresponding marginal distributions in 

order to ensure that the experts base their beliefs about multivariate uncertainties on the same 

underlying conditionals. To do so, we use the classical model of structured expert judgement5. 

For that, experts quantify their uncertainty with regard to variables of interest and calibration 

variables (also known as seed questions) from the subject area. For the latter, the true values 

are known to the analyst but unknown to the experts. They allow for combining the experts’ 
assessment after being validated against empirical data. The variables of interest on the other 

hand are the objective of the elicitation exercise: data for these do not exist, so that we 

supplement it with expert judgements. Experts are treated as statistical hypotheses and 

combined as to maximise the statistical accuracy and informativeness of the combined 

assessment (the “decision maker”). 
 

1.1) Elicitation Format 

The elicitation of the marginal quantities consists of specifying percentiles of uncertain 

quantities as illustrated in our example question: 

 

 

 

 

                                                           
5 Cooke, R.M. 99 , E perts i  U ertai t : Opi io  a d “u je ti e Pro a ilit  i  “ ie e , O ford U i ersit  
Press, USA 

For the University of Strathclyde, what was the development of overseas tuition 

fee income for 2014/15 over the preceding financial year (in £ m)? 

 

 

 

5%  25%  50%   75%    95% 
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Although the true value for this example question is known, presumably you do not know the 

number “off the top of your head” so that this explains well what is meant by capturing experts’ 
uncertainty around their judgement: 

 The 5th percentile is the number for which you think that there is a 5% chance that the 

true value is below this value and a 95% chance that it is above. 

 The 25th percentile is the number for which you think that there is a 25% chance that 

the true value is below and a 75% chance that the value is above. 

 The 50th percentile is the number for which you think there is a 50% chance for the true 

value to be above and below this value. 

 The 75th percentile is the number for which you think there is a 75% chance for the true 

value to be below and 25% chance to be above. 

 The 95th percentile is the number for which you think there is a 95% chance for the true 

value to be below and a 5% chance to be above. 

With this in place, the provided answers should be always increasing. 

Suppose now that a hypothetical experts answered as shown: 

 

 

 

 

 

 

 

 

 

This means that this expert believes that the true value is equally likely to be above or below 

£ 30m, and that there is a 50% chance that the true value is within the range of £ 25m up to £ 

45m. Further, she believes that there is a 90% chance that the true value is within £ 10m and 

For the University of Strathclyde, what was the development of overseas tuition 

fee income for 2014/15 over the preceding financial year (in £ m)? 

 

10  25  30  45  60 

 

5%  25%  50%   75%    95% 
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£ 60m, i.e. she would be really surprised if the value was outside these bounds, even though 

this is expected to happen for 10% of the questions. 

The actual value for this question is + £ 35m. So this falls right into the expert’s 50% percentile 
range and we might conclude that she is not surprised by this value. 

 

 

Alternatively, suppose the experts answered as shown below: 

 

 

 

 

 

 

 

 

Again the expert is not entirely surprised by the true value as it falls within her 50% percentile 

range, however this time the overall bounds are much wider and it can be said that this expert 

is less informative. 

An expert is a good probability assessor if the provided assessments capture the true values 

with the long run correct relative frequencies (statistical accuracy) with distributions that are 

as narrow as possible (informativeness). Statistical accuracy means that for a large number of 

questions half of the true values fall above the 50th percentile and half fall below. 90% of the 

true values fall within the given 90% interval and 50% of true values within the 25th and 75th 

percentiles. Informativeness on the other hand takes into account how concentrated the given 

percentiles are. For the overall weighting, statistical accuracy overtakes informativeness, i.e. 

non-informative but statistically accurate assessments are still useful as this result might entail 

an important message regarding the overall uncertainty in the field. 

For the University of Strathclyde, what was the development of overseas tuition 

fee income for 2014/15 over the preceding financial year (in £ m)? 

 

-20  0  50  70  95 

 

5%  25%  50%   75%    95% 
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In other words, little knowledge about a variable does not disqualify someone as an expert as 

this simply implies that she might be more uncertain and can still quantify this uncertainty. 

 

1.2) Training 

Before we start with the actual elicitation of the marginal probabilities, we will go through 

three training questions which serve to familiarise you with the elicitation format and for which 

instant feedback will be provided. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TR3: A shortage of skilled workers in the overall data analytics market is seen as 

one of the key barriers to further data analytics activities for businesses. What 

was the development of data scientist positions in Europe for the first half of 

2016 as %?    

 

 

 

5%  25%  50%   75%    95% 

TR1: For the University of Strathclyde from 2013/14 to 2014/15, what was the 

development (increase or decrease) for the percentage of international students 

relative to the overall student population? 

        

 

 

5%  25%  50%   75%    95% 

TR2: For the first year of the MSc BAC (2009/10), what was the total number of 

students?       
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1.3) Calibration Questions 

In the following we assess the calibration questions that inform the weighted combination of 

all experts’ assessments. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C1: For the University of Strathclyde in 2014/15, what was the percentage of 

international students that came from one of the five largest sending countries? 

   

 

 

5%  25%  50%   75%    95% 

C2: For the University of Strathclyde in 2014/15, what percentage of recurring 

income (£ 281.3 m) was due to Non-EU tuition fees?    

 

 

 

5%  25%  50%   75%    95% 

C3: For the University of Strathclyde in 2014/15, what percentage of recurring 

income (£ 281.3 m) was due to EU tuition fees?    

 

 

 

5%  25%  50%   75%    95% 
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C4: For the University of Strathclyde in 2014/15, what was the development of 

overseas fee income for postgraduate taught compared to the previous financial 

year (in £ million)?    

 

 

 

5%  25%  50%   75%    95% 

C5: For the University of Strathclyde from 2013/14 to 2014/15, what was the 

development (increase or decrease) of tuition fees (in £ million)?    

 

 

 

5%  25%  50%   75%    95% 

C6: What was the percentage of oversea students for the MSc BAC in 2015/16? 

   

 

 

5%  25%  50%   75%    95% 

C7: What was the difference (in total number of students) for the MSc BAC for 

2009/10 and 2016/17?    

 

 

5%  25%  50%   75%    95% 
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According to Procorre, an independent consultancy advising a number of public and private entities globally on talent management. 

 

 

 

 

 

 

An independent consultancy advising a number of UK government departments and independent government bodies. Recent projects 

include the Department for Business Innovation and Skills (BIS) and Arts Council England. 

 

 

 

 

 

 

According to CEBR, an independent consultancy advising a number of UK government departments and independent government bodies. 

Recent projects include the Department for Business Innovation and Skills (BIS) and Arts Council England. 

 

 

 

C8: A shortage of skilled workers in the overall data analytics market is seen as 

one of the key barriers to further data analytics activities for businesses. What 

was the development of data scientist positions in the UK for the first half of 2016 

as %?    

 

 

 

5%  25%  50%   75%    95% 

C9: According to the Centre for Economics and Business Research (CEBR), what is 

the predicted number of newly created jobs for data scientist by 2020 in the UK? 

   

 

5%  25%  50%   75%    95% 

C10: How large will the shortage of trained candidates for digital jobs in Europe 

be by 2020 (in total number of jobs)?   

 

 

5%  25%  50%   75%    95% 
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1.4) Target Questions 

In the following we assess our variables of interest for the marginal distributions. 

 

 

 

 

 

 

 

 

 

 

 

 

  

T2: For the academic year 2020/2021, i.e. in 4 years from now, what is the 

generated income form the MSc Data Science (reminder: this course start from 

next year onwards)? 

 

   

 

5%  25%  50%   75%    95% 

T1: For the academic year 2020/2021, i.e. in 4 years from now, what will be the 

generated income from the MSc Business Analysis and Consulting?   

 

 

5%  25%  50%   75%    95% 
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TR 1: (+ 27%) 

TR 2: (14) 

TR 3: (+ 45%) 
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CQ 1: (52%) 

CQ 2: (12.4%) 

CQ 3: (12.4%) 

CQ 4: (+ £6.7m) 

CQ 5: (+ £9.8m) 

(Source: Annual Financial Report 2015, University of Strathclyde) 

CQ 6: (37.8%) 

CQ 7: (+ 40) 

 (Source: Departmental office Management Science) 

CQ 8: (+ 32%) 

CQ 9: (182,000) 

(Source: http://www.computerweekly.com/news/450302571/UK-data-scientist-roles-grow-by-32-in-

first-half-of-2016) 

CQ 10: (756,000) 

(Source:http://www.computerweekly.com/news/4500260773/Europes-digital-skills-gap-set-to-

narrow-over-next-five-years) 

 

http://www.computerweekly.com/news/450302571/UK-data-scientist-roles-grow-by-32-in-first-half-of-2016
http://www.computerweekly.com/news/450302571/UK-data-scientist-roles-grow-by-32-in-first-half-of-2016
http://www.computerweekly.com/news/4500260773/Europes-digital-skills-gap-set-to-narrow-over-next-five-years
http://www.computerweekly.com/news/4500260773/Europes-digital-skills-gap-set-to-narrow-over-next-five-years
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Appendix B:  

Supporting Material for Session 2 – Scenario 

Mapping and Dependence Elicitation 
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Brief Recap of Elicitation Objective: 

The objective of this elicitation exercise is to quantify the uncertainty around and structure the 

rationale and beliefs behind the assessment of conditional exceedance probabilities for the 

PGTs: 

1. MSc Data Science 

3. MSc Business Analysis and Consulting 

We regard the continuous income streams for the programmes as the distributions of interest. 

The results will be used for scientific purposes only. 

 

 

 

 

417000 
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Dependence Elicitation:  

 

 

 

3.) Given that the generated income of the MSc BAC is below its � , i.e. 

£929,000 in the academic year 2020/21 what is the probability that the MSc Data 

Science is also below its � , i.e £923,000? 

1.) Given that the generated income of the MSc BAC is below its �  � � , i.e. 

£417,000 in the academic year 2020/21 what is the probability that the MSc Data 

Science is also below its �  � � , i.e £402,000? 

 

 

Scenario Mapping:  

Trigger Events (Immediate) A trigger event is a plausible initiator of a scenario which is contained in 

the current state of the world and which may or may not be (fully) observable. Sometimes it might be 

possible to add words like start , out reak , atta k , eruptio , sho k  et . if e essary for 

clarification; e.g. disease outbreak, terrorist attack, volcanic eruption, oil price shock. If we identify 

observable trigger events, it should be possible to neglect any events that led to the trigger event as 

we condition on them anyways. However, if we identify trigger events that are only partly observable, 

then we need to further include past events which led to the trigger event for ensuring a richer set of 

scenarios. 

Trigger Events (Evolving) Similar to immediate trigger events, an evolving counter-part exists. These 

events differ as they describe a longer development which can be seen as an initial cause. It should be 

possi le to i sert i  a se si le a er ords like de elop e t ; e.g. development of (long lasting) 

rain showers. 

Enabling Conditions Complementary to both types of trigger events, the experts should also identify 

enabling conditions. In a temporal order these follow from the trigger events and they relate to 

evolving trends in a system. Therefore, the  should i lude ter s su h as higher / lo er  or si ilar , 
e.g. lower economic growth, higher risk of infection, higher migration.
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Trigger Events: Enabling Conditions: 
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Complementary R-Tool: Presentation and Manual 
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Introduction

This document is the user manual for an r-tool that has been de-

veloped to support the visualisation of (conditional) scenarios when

eliciting dependence from experts for probabilistic modelling. The

elicitation of dependence information is of importance when we face

a lack of relevant historical data for quantification of multivariate

uncertainties and simplifying assumptions such as independence

are not justified. See here1 for an introduction and overview on this 1 Christoph Werner, Tim Bedford,
Roger M Cooke, Anca M Hanea, and
Oswaldo Morales-Nápoles. Expert judge-
ment for dependence in probabilistic
modelling: a systematic literature re-
view and future research directions.
European Journal of Operational Research,
258(3):801–819, 2017

topic. The motivation for designing a scenario mapping process and

this supportive tool comes from the lack of research in supporting

experts at structuring their underlying reasoning about dependence

relationships. This structured support is however crucial given that

assessing dependence is often non-intuitive and requires clarification

of underlying complex factors. Further, such a facilitative part prior

to the quantitative assessment allows for transparency and repro-

ducibility of the resulting assessments, in particular for interested

parties not involved in the expert judgement workshop(s).

In the remainder we present the functionalities that allow an

analyst to use this tool in a scenario mapping process with experts.

The tool is programmed in R Shiny2 and is based on the visNetwork 2 Winston Chang. shinydashboard: Create
Dashboards with ’Shiny’, 2016. URL
https://CRAN.R-project.org/package=

shinydashboard. R package version 0.5.3

cran package3.

3 Almende B.V. and Benoit Thieurmel.
visNetwork: Network Visualization using
’vis.js’ Library, 2016. URL https://CRAN.

R-project.org/package=visNetwork. R
package version 1.0.2

The aim is to provide a user-friendly way of mapping scenarios

with experts. Therefore, we make use of clear graphical representa-

tions of the mapped scenarios as well as a straight-forward way for

data entry and generating outputs. We hope that the tool is rather

self-explanatory as instructions are given on each page and function-

alities are clearly labelled. This relates to the main motivation for

developing this tool which is that it cannot only support a face-to-

face elicitation but as well be used remotely. The latter might be of

particular importance as eliciting dependence can include an elici-

tation of marginal probabilities in addition to eliciting dependence

which can make the organisation and scheduling of face-to-face

workshops impossible.

https://CRAN.R-project.org/package=shinydashboard
https://CRAN.R-project.org/package=shinydashboard
https://CRAN.R-project.org/package=visNetwork
https://CRAN.R-project.org/package=visNetwork




1. Tool Overview

The dashboard as shown in Figure 1 allows the user to navigate through the different sections of the

tool. Whether a facilitator works with experts face-to-face or remotely, the tool is used to include relevant

information and caveats on the expert judgement study as well as fulfilling its main purpose, the mapping

of scenarios without the need of any additional software.

In this chapter, we introduce each section of the tool in more detail.

1.1 Welcome Page

Typically, the user will first see the welcome page of the the dash-

board as shown in Figure 1. It is the natural introduction to the tool

and further it is used to present brief information about the tool and

the scenario mapping method.

Figure 1: Tool Front Page

1.2 Sidebar Menu

As shown in Figure 2, the sidebar menu is structured according to

sections as they appear in common elicitation protocols, including

background information on the method, data confidentiality and

contact information. Further, it includes the actual tool with direct



10 mapping conditional scenarios:

r-tool manual

opportunity for data input as specified by an expert. By clicking

on the main headers (which have small arrow-heads next to them)

corresponding sub-sections open for further details. The expand

button as shown in 3 allows to collapse the sidebar menu and thereby

expanding the actual screen on the right.

Figure 2: Sidebar Menu

1.3 Background Information

In the section information, the user can read more the topic of

dependence elicitation and scenario mapping whereas this section

covers discussion on:

� Expert Judgement

� Dependence Elicitation

� Scenario Definition

� Structuring Process

Figure 3: Expand Screen
As aforementioned, this section provides the same information

that a conventional elicitation protocol does and the only difference is

that here the information is integrated with the actual tool used.

Therefore, in the section expert judgement we emphasise that

a lack of relevant historical data is common (for univariate as well as

multivariate uncertainty) and that structured expert judgement is an

accepted tool in risk analysis for supplementing the lack of relevant

historical data, quantifying uncertainty and building rational consen-

sus. Further, we stress that this is different to unstructured expert

judgements as here the resulting data cannot be treated scientific data

within a formal decision-making process.

In dependence elicitation, information is provided on the

quantitative elicitation for which scenarios are mapped as prepa-

ration. This helps the user to understand the overall purpose of

the structuring exercise and how the scenario space is represented

schematically. Hence, the next section scenario definition explains

the connection of scenario mapping and the later quantitative elic-

itation. Further, this offers an understanding on the scenario space

boundaries together with the overall process.

1.4 Scenario Input

The interactive part of the tool is the scenario input where the

analyst inputs the scenario information as specified by the expert and

maps the scenarios as final results. We will explain the details of this

section in Chapter .
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1.5 Data Use

An important note in expert judgement studies is the confidentiality

of the data so that in the section data use, it is explained that any

information that is given by the experts is only recorded in internal

documents however in any publication that result from the scenario

mapping exercise, all results will be anonymised.

1.6 Contact

The last section contact ensures that in case of any questions,

comments or feedback the analyst who is in charge of the elicitation

and the person in charge of the technical development of the tool can

be reached. In both cases this is christoph werner and the any

enquiries can be send to: christoph.werner@strath.ac.uk

mailto:christoph.werner@strath.ac.uk




2. Tool Usage

The main part of the supportive tool is the actual data input and conversion section. This is where the

analyst can record the experts’ scenarios and map them out. While the mapping procedure is intended to

be self-explanatory, in this chapter we address the main functionalities.

2.1 Scenario Input - Unconditional Distribution

In accordance with the overall process of structuring scenarios for

dependence elicitation, see section , the structuring starts with gener-

ating the scenarios which are relevant for the marginal distribution

on which we condition later on to be above (or below) a specified

quantile. The first part of this step is done as an unstructured brain-

storming from which we need to classify the events into so called

Trigger Events and Enabling Conditions.

Figure 4: Scenario Input Box

In the tool, this can be done by simply typing the names of the

events into the text input box and choosing the appropriate event

type. The input box is shown in Figure 4.

Once the name is set and the appropriate type chosen, the user

just needs to press the submit button to save the event in the under-

lying database. For visibility of the main panel, the input box can be

dragged on the screen.

After all events have been named, classified and submitted to the

database, the next step is to elaborate the actual scenarios which

means that we have to specify how the events might unfold in a tem-

poral order. For this, we use a backwards logic approach, i.e. locate the

Enabling Conditions at the top of the screen with the ones happening

closer in time (from now) below the ones occurring later. In the tool,

by clicking the map button, the events that we specified before will

appear on the screen. Trigger Events are represented by dark blue

squares and Enabling Conditions are shown as light blue circles. The

names as given previously are shown accordingly. When keeping

the mouse button clicked while pointing onto a specific node, we can

drag the node where we want to whereas for obtaining an overview

of the scenarios later on, we put Trigger Events on the screen bottom.
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Figure 5: Scenarios in Unconditional
Distribution

Figure 11 shows how the screen might look like with ordered

events.

2.2 Setting Edges

When our nodes are in place, we can proceed to specify the edges

coming from the event that influences another one. Note, in the full

map this includes Enabling Conditions being influenced by Trigger

Events as well as both types being linked with each other.

Figure 6: Edit Button

Figure 7: Button to Add Edge

To do so, the user selects the edit button (see Figure 6) which

opens a small menu from which the add edge button can be chosen

(see Figure 7).

On the screen, the user can then choose the link that is to be set

which is done in terms of to to from. This means that the first node

chosen is the one which is influenced by the second one chosen

rather than vice versa. We acknowledge that the latter might be more

common in network visualisation programmes however here the

setting of links is done in accordance with the logic of the backwards

approach. Figure 8 shows how this looks like when choosing which

Enabling Condition is influenced by which Trigger Event.

Figure 8: Setting a Link2.3 Navigation

In order to enhance the user-friendliness of the tool, several func-

tionalities that allow for an easier navigation on the scenario screen

were added. A first one is the option to zoom in or out as with an

increasing number of scenarios and hence nodes on the screen the

automatic adjustment by mapping becomes rather small. This can
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be simply done by pressing the + or - sign in the bottom right corner

(Figure 9). Complementary, the expand button resets the screen

so that all nodes are visible and their size is fitted to the panel. This

functionality allows to focus on certain nodes or even whole scenario

chains if an expert wishes to do so.

Figure 9: Zooming In and Out

Another functionality that allows a smoother navigation on the

screen is the set of different arrow buttons. With these, the user can

shift the extract that is seen towards the right, left, bottom or top.

Lastly, the user has the option to highlight only the Trigger Events

or Enabling Conditions. For this, one can simply choose 1 for the

former and 2 for the latter under the select by group menu on the

upper left of the screen.

2.4 Scenario Input - Conditional Distribution

Once the expert has specified the unconditional distribution, the sce-

narios for the conditional distribution need to be populated. Again,

this is done in accordance with the overall scenario structuring pro-

cess for dependence elicitation so that we now start with the Trigger

Events as identified as relevant for the unconditional distribution and

explore how those unfold in terms of Enabling Events in the condi-

tional distribution in a forward logic. To do so, we can choose the tab

conditional distribution on the top of the screen in order to open

the second working space.

Figure 10: Importing Trigger Events
into Conditional Distribution

Here first of all only the button map is shown (Figure 10). By

clicking this, the Trigger Events that are relevant for the unconditional

distribution are imported into the working space of the conditional

distribution. Further, the edit menu appears and we can start adding

the expert’s Enabling Conditions with the add node button.

Figure 11: Adding Enabling Conditions
in Conditional Distribution

After specifying the Enabling Conditions in the conditional distribu-

tion or as well while doing so (depending on the expert’s preference),
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links can be added. This is done as before, see Section . Once this is

finished, the expert has specified the scenario space for the depen-

dence relationship.



3. Contact

For any comments, feedback or questions about the tool or as well if you would like to obtain the code,

please do not hesitate to contact me: Christoph Werner, christoph.werner@strath.ac.uk.

mailto:christoph.werner@strath.ac.uk
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