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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
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Spreadsheets, since 1979
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Spreadsheets, since 1979
Using RAND() for Monte Carlo 

simulation is not quite

probabilistic programming

But add-ins do support simple 

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.

He explained that 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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Probabilistic Programming since the 80s

Languages since 1989

(BUGS started)

Spreadsheets since 1987 

(@RISK launched)

1989

2004

2007
2010?

1987

2016?

2016?
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Estimated Usage – Highly Uncertain

Programming (writing formulas) in spreadsheets

(tens to hundreds of millions of people)

Probabilistic Programming (without conditioning) in spreadsheets

(hundreds of thousands of people)

Probabilistic Programming in probabilistic programming languages

(tens of thousands of people)

>>>

>
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Probabilistic programming aims to help decisions under uncertainty.

We examine probabilistic programming for end-users, people like 
spreadsheet users who write code (formulas) for their own use.

We examine spreadsheet extensions for uncertainty: Streit’s uncertain 
values, but also Peyton Jones and others’ sheet-defined functions.

We examine the types of uncertainty actually encountered by users, 
and their coping mechanisms, via an interview study.

Hence, we draw implications for spreadsheet design.

This Talk



Extension 1:
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
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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, parametric distributions

Streit’s Uncertain Values in Cells
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The function ESTIMATE(V) returns the value V tagged as uncertain.

We assume some UI to help user insert the formula ESTIMATE(100)

Qualitative
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The function SCENARIOS(V1,...,VN) returns an uncertain value 
representing N scenarios.

Possibilistic (sets of values)
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The function SCENARIOS(V1,...,VN) returns an uncertain value 
representing N scenarios.

Possibilistic (sets of values)

Alternative to

existing techniques:
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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)
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…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)
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Visualizing Uncertainty (Streit 2008)

An important topic but beyond our scope
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Source: IEEE TRANSACTIONS 
ON VISUALIZATION AND 
COMPUTER GRAPHICS 2007

Streit’s User Study

Positive evaluation from rather small (N=3) user study – first study we are aware of.

Three financial experts volunteered to complete tasks with the system.
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Participant Response Bias: “We find that 
respondents are about 2.5x more likely to 
prefer a technological artifact they believe to 
be developed by the interviewer, even when 
the alternative is identical.”

Showing just one design can be misleading: 
“We found that when presented with a single 
design, users give significantly higher ratings 
and were more reluctant to criticize than 
when presented with the same design in a 
group of three”

Two Potential Concerns



Extension 2:
Sheet-Defined Functions
Some benefits of uncertain values obtained from a general-purpose extension:

Peyton Jones, S.L., Blackwell, A.F., Burnett, M.M.: A user-centred approach to 
functions in Excel. ICFP 165–176 (2003)
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A sheet-defined function f is specified by a body, a piece of grid,
with inputs identified by ranges in the body,
and an output, also identified by a range in the body.

A function call f(V1,…,Vn) is computed by:

• making a copy of the body,

• pasting the values V1,…,Vn into the input ranges,

• evaluating the body,

• and then returning the value from the result range.

Background: Sheet-Defined Functions
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Clara’s budget as an SDF
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Possibilistic Model (Multiple Scenarios)
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Probabilistic Model (SIPs)
Like using RAND() for Monte Carlo 

simulation, this is not quite

probabilistic programming

It’s a new idiom for SDFs to help

users avoid flaw of averages



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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We interviewed 11 participants who worked in finance, construction, IT consulting, 
the oil and gas industry, business administration, and academic research.

The size of participants' spreadsheets ranged from 40 rows to thousands of rows

Participants were recruited using convenience sampling via email and were eligible 
to participate if they used spreadsheets that contained “uncertain data”.

We did not filter participants based on whether they used spreadsheets for work 
or personal use, but all participants we recruited dealt with uncertainty in 
spreadsheets for work purposes.

To elicit participation, the invitation gave several examples of spreadsheet tasks 
which could involve uncertainty, such as budgeting, planning, business forecasting, 
data collection and analysis, scientific modelling, and making predictions.

Interviews lasted on average 60 minutes, and participants were reimbursed with a 
£30 voucher for an online store.

Participants
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We asked participants to bring one or more of their own spreadsheets 
which contained uncertain data to the interview session.
They were instructed to remove any sensitive information.

1. In the first part of the session, participants were asked to talk about 
their work, and how uncertainty and spreadsheets are a part of this 
work.

2. In the second part of the session, we discussed if participants gain 
insights from uncertainty, what tools or strategies they use to gain this 
insight, and what challenges they perceive in doing so.

3. In the final part, we asked participants to walk us through their 
spreadsheets, and explain how these spreadsheets were constructed, 
and what they were used for.

The session was audio recorded, and participants' walk-through of their 
spreadsheets was screen recorded.

Procedure



Microsoft Confidential

The audio recordings were transcribed verbatim and analysed using 
iterative coding based on an inductive approach of thematic analysis.

There was no pre-existing coding scheme, but we did approach the 
data with a specific focus to uncover uncertainty types, and user 
strategies for managing uncertainty.

Through a detailed analysis of the transcripts, we identified key 
features of the spreadsheets and work practices that related to 
participant concerns with uncertainty.

Data Analysis
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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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Findings: Types of Uncertain Data

“We’re talking about the future. We don’t 

know exactly what’s going to happen. All 

we can do is make best estimates” (P8)
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Findings: Categories of Coping Strategy



Implications for design
How well do our three formalisms deal with the six types?
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How well do we think a formalism would support a type of uncertainty?
Scale: None, Weak, Some, Good

Percentages indicate relative frequency of each uncertainty type in our dataset.

An asterisk (*) indicates that we observed at least one participant directly state 
that type of uncertainty would be supported by that formalism.

Formalisms versus Types of Uncertainty

Estimates like “somewhere around 9” are subjective
and our users had little knowledge how it might be 

distributed, nor indeed how a probabilistic model could 
be interpreted
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Most Promising Combinations

Probabilistic:Errors: `At every stage, a lot of the time we 

have: if we know we've got however many unknown 

values in spreadsheet 1, by the time we get to 

spreadsheet 10, there's a debate about whether the 

data's of any use at all, because the errors propagate, 

and multiply. Now I don't have a measure of how that 

affects it. I'd love to be able to measure that, but I have 

no idea how to do that within the tools.’ (P11)
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No single formalism can solve most user problems

• Qualitative tagging is most applicable, but has low value

• We recommend offering features from multiple formalisms

If we were to pick one to exclude, it would be Possibilistic

• Spreadsheets already have effective coping strategies

Our extensions for representing uncertainty unlikely to help with 
unfindable and untraceable data

Recommendations
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1. There is already more probabilistic programming in spreadsheets 
than in probabilistic programming languages.

2. But, few instances of uncertainty encountered by end users in our 
study could easily be dealt with by probabilistic modelling.

3. Serendipity: the new proposal of SDFs as a general tool for 
possibilistic and probabilistic uncertainty.

4. Are end-users capable of understanding Bayesian update? Invrea?

5. Thematic analysis of human experience with PL messier theory.
Complementary, but probably better guide to what’s useful!

Reflections


