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Your project is comprised of four independent, parallel subprojects. 
Each subproject will take between 1 and 2 months to complete, and 
each has an average completion time of 1.5 months.

On average, how long will your project take to complete?

A. Less than 1.5 months

B. 1.5 months

C. More than 1.5 months

Pop Quiz
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Why? Mathematical answer: Jensen’s inequality says so.

Why? Intuitive account: You can’t finish your project until all of your 
subprojects are finished. Finishing all of them in ≤ 1.5 months is as likely as 
flipping four coins and having them all come up heads (1 in 16).

Quiz Answer

C. More than 1.5 months



The flaw of averages is the 

mistake of treating a 

distribution of things as if 

they all were the average

Sam Savage The Flaw of Averages (2009)



Microsoft Confidential

Probabilistic programming for spreadsheet formula authors

• Flaw of averages – good reason for EUPP

• Risk versus uncertainty – fundamental limitation of EUPP

• Trustworthy communication – next chapter for EUPP research

My talk – End-User Probabilistic Programming
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Spreadsheets, since 1979
Using RAND() for Monte Carlo 

simulation is close to

probabilistic programming

Add-ins support actual

probabilistic programming
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We interviewed Peter Adlington, a consultant
who helps companies make risk assessments
using @Risk.

One key idea is the use of triples
such as 1/2/3 to specify triangular distributions,
with 1 being the minimum, 2 the most likely,
and 3 the maximum value.

His customers don’t initially appreciate that
average inputs don’t result in average
outputs – the Flaw of Averages.

@Risk said to have ½ million users.

Insights from @Risk Users
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coefficients predicted values of the y variable

Probabilistic Programming Languages
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Probabilistic Programming since the 80s

Languages since 1989

(BUGS started)

Spreadsheets since 1987 

(@RISK launched)

1989

2004

2007
2011

1987

2016

2013

2014

2016
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Estimated Usage

EU Programming (writing formulas) in spreadsheets

(tens to hundreds of millions of people)

EU Probabilistic Programming (without conditioning) in spreadsheets

(hundreds of thousands of people)

Probabilistic Programming in probabilistic programming languages

(tens of thousands of people)

>>>

>



Interview study
Braun, V., Clarke, V.: Using thematic analysis in psychology. Qualitative research in 
psychology 3(2), 77-101 (2006)

Borghouts, J., Gordon, A.D., Sarkar, A., O'Hara, K.P., Toronto, N.: Somewhere 
around that number: An interview study of how spreadsheet users manage 
uncertainty. arXiv preprint arXiv:1905.13072 (2019)
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What types of uncertainty do spreadsheet users deal with?

How do they manage these various types of uncertainty?

We conducted semi-structured interviews of 11 participants,
who walked us through their spreadsheets.

We analysed the audio transcripts of these interviews,
identifying six qualitatively different types of uncertainty,
and six categories of strategies used to cope with the uncertainty.

(Thematic analysis is not quantitative.)

Research Questions and Method
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Database: ‘The vast bulk of users use it as a way of storing, analysing, 
capturing data. (…) it becomes the record of the corporate memory’ (P1).

Template to repeat analysis: ‘Even sometimes when you use past examples, 
you still think: There's still something not quite right about that figure’ (P4).

Calculator and analysis tool: P2 and P5 used spreadsheets to build 
prediction models with formulas.

Notepad: P4 used spreadsheets
to get a better understanding
of how long a project would
approximately take. 

Data exploration tool: P10 and P11 dealt with large datasets and used 
statistical analysis tools to analyse these. 

Spreadsheet Roles
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Observed Uncertainty in Spreadsheets

An ‘observation’ is a concrete instance in our transcripts where a participant mentioned encountering a type of 

uncertainty in a spreadsheet.   We recorded 32 observations on average per participant (min: 16, max 55). 

Estimates were the most 

common type of 

uncertainty among 

participants.

Approximations where 

the precise value is not 

known, such as the 

expected profit of a 

project.



In an uncertain world, not everything is known, 
and one cannot calculate the best option.

Here, good rules of thumb and intuition are also 
required.

In a world of known risks, everything, including 
the probabilities is known for certain.

Here, statistical thinking and logic are sufficient 
to make good decisions.

Distinction due to Frank Knight Risk, Uncertainty, and Profit (1921)

Images and quotation from Gerd Gigerenzer Risk Savvy (2014)
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Found widespread use of estimates in 
spreadsheets, where precise value is unknown.

Probabilistic programming helps when the 
risks are known, or can easily be computed. 
(This situation is Bayesian uncertainty.)

Still, won’t help with Knightian uncertainty, 
when probabilities not practically known.

A heuristic is to consider multiple scenarios –
possibilistic programming.

Probabilistic versus Possibilistic



Uncertain Values
Based on Streit’s proposal of uncertain values that propagate through a sheet

Alexander Streit, “Encapsulation and abstraction for modeling and visualizing 
information uncertainty” (March 2008), Queensland University of Technology
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Clara’s Budget

Clara is an end-user 

confident to model 

with simple formulas



Microsoft Confidential

1. The user can input uncertainty information into cells.

• Input can be via a textual notation, such as a numeric range,
or as parameters of a probability distribution.

• Assisted by some UI that constructs an underlying formula.

2. Uncertainty information propagates through formula evaluation.

3. The presence of uncertainty information is indicated within cell.

• A most likely value might be displayed, for example.

Essentially, a computational effect for uncertainty in spreadsheets

Streit considered estimates, intervals, probability distributions

Streit’s Uncertain Values in Cells
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The function DIST.TRIANG(a,b,c) constructs a value distributed 
according to a triangular distribution, with lower bound a, upper 
bound b, and mode c, where a < b and a ≤ c ≤ b.

Probabilistic (weighted sets of values)



Microsoft Confidential

…except each sequence of “random” numbers is repeatable

Idea: Store Array of Scenarios in Each Cell

Means the same as mashing F9 on a spreadsheet with random values…

A B C

1

2

3

A B C

1

2

3

A B C

1

2

3

Stored like thisActs like this

A B C

1

2

3
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How Many Valentine Cards to Order?

Today, we’d model 2017 demand by exactly the average of previous years’ demand.
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How Many Valentine Cards to Order?

Expected net profits are lower when we model distributions.

Surprisingly, the optimal decision is to order below the average demand.

Before

After

=DIST.NORM(N,B12,B13)





Aim
Remove the “glass ceiling” that limits the scope and reach of what a 
domain expert can do with Excel:

• Make Excel functions reflect the abstractions of our end users, by 
allowing end-users to define new functions using an ordinary 
worksheet.

• Make Excel’s data values reflect the datatypes of our end users’ 
domains, by adding arrays, vectors, records, and even domain-specific 
data types implemented by third parties.



So far, we’ve taken Excel beyond text and numbers



So far, we’ve taken Excel beyond text and numbers



aka.ms/popl blog aka.ms/CalcIntel

https://aka.ms/popl
https://aka.ms/popl


The Next Chapter for EUPP:
Trustworthy Communication
End-users will increasingly generate or receive uncertainty values

From probabilistic programming, from AI algorithms, from experts

Helping end users comprehend the uncertainty has been out of scope.
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Trustworthy Communication

Uncertainty is an inherent part of knowledge, and yet in an era of 
contested expertise, many shy away from openly communicating 
their uncertainty about what they know, fearful of their audience’s 
reaction.

Talk by David Spiegelhalter

(StanCon, Cambridge, August 2019)

(paper)

https://royalsocietypublishing.org/doi/pdf/10.1098/rsos.181870
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We should…

present well-calibrated uncertainty
that cannot be ignored in ways
people can actually understand

Uncertainty Visualization

Matthew Kay (Computer Science, University of Michigan)

It’s a Moral Imperative

http://www.mjskay.com/ (talk at MSR Faculty Summit)

http://www.mjskay.com/
https://www.rarnonalumber.com/en-us/research/video/techniques-for-ml-model-transparency-and-debugging/
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Probabilistic programming for spreadsheet formula authors

• Flaw of averages – good reason for EUPP

• Risk versus uncertainty – fundamental limitation of EUPP

• Trustworthy communication – next chapter for EUPP research

My talk – End-User Probabilistic Programming


