
͞^ƚĂƚŝƐƚŝĐĂů�ƚŚŝŶŬŝŶŐ�
will one day be as 
necessary for 
efficient citizenship 
as the ability to 
ƌĞĂĚ�ĂŶĚ�ǁƌŝƚĞ͘͟ �
H.G. Wells 
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The Dream of 
Probabilistic 

Programming 
in the 

Spreadsheet
To empower more people
to get more value from data
via statistical thinking
and representing uncertainty



Clara decides whether to buy her sofa

ΦϳϬϬ



New: cell holds a 
probability distribution

New: �ůĂƌĂ Ɛ͛�ĨŽƌŵƵůĂ�ƚĞůůƐ�
ŚĞƌ�ƐŚĞ Ɛ͛�Ă�ϳϱй�ĐŚĂŶĐĞ�ŽĨ�

staying solvent



End-user programming

͞WƌŽŐƌĂŵŵŝŶŐ�ƚŽ�ĂĐŚŝĞǀĞ�ƚŚĞ�ƌĞƐƵůƚ�ŽĨ�Ă�ƉƌŽŐƌĂŵ�
primarily for personal, rather than public use.
[Nardi 1993]

End-user programmers might be secretaries, 
accountants, children, teachers, interaction 
designers, scientists, or anyone who finds themselves 
ǁƌŝƚŝŶŐ�ƉƌŽŐƌĂŵƐ�ƚŽ�ƐƵƉƉŽƌƚ�ƚŚĞŝƌ�ǁŽƌŬ�Žƌ�ŚŽďďŝĞƐ͘͟
[Ko et al, 2011]

Bonnie Nardi



Spreadsheets are code!
� Ambitious spreadsheets have thousands of formulas
� Sometimes developed over years

Felienne Hermans

Felienne Hermans Spreadsheets are Code (SANER 2016)

https://xkcd.com/1667/



Sheet defined functions (SDFs)

1: define function

2: use like any other =AVERAGE(B3:B7)

Peyton Jones, S.L., Blackwell, A.F., Burnett, M.M.:
A user-centred approach to functions in Excel. ICFP 165²176 (2003)



�ŝŵ�ŽĨ�DŝĐƌŽƐŽĨƚ Ɛ͛�WƌŽũĞĐƚ�zĞůůŽǁ
ZĞŵŽǀĞ�ƚŚĞ�͞ŐůĂƐƐ�ĐĞŝůŝŶŐ͟�ƚŚĂƚ�ůŝŵŝƚƐ�ƚŚĞ�ƐĐŽƉĞ�ĂŶĚ�ƌĞĂĐŚ�ŽĨ�ǁŚĂƚ�ĂŶ�
end-user programmer can do with Excel:

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

� DĂŬĞ��ǆĐĞů͛Ɛ�ĚĂƚĂ�ǀĂůƵĞƐ�ƌĞĨůĞĐƚ�ƚŚĞ�ĚĂƚĂƚǇƉĞƐ�ŽĨ�ŽƵƌ�ĞŶĚ�ƵƐĞƌƐ͛�
domains, by adding arrays, vectors, records, and hence represent 
domain-specific data types such as probability distributions.



https://xkcd.com/2453/



New function range(a,b) via LAMBDA



AFE compiles probabilistic
sheet-defined function to 

a LAMBDA

Simple
inference
coded as

a LAMBDA

New Idea: SDFs 
enable probabilistic 

programming in 
spreadsheet



Recap

The dream of usable probabilistic programming in the spreadsheet
� was there since the 1980s because of RAND(),
� but getting easier because of transforming the spreadsheet programming

language with general constructs like compound data, LAMBDA, SDF

But why is statistical thinking transforming programming language research?



�ŵǇ�:͘�<Ž͕� �͞�ŚƵŵĂŶ�ǀŝĞǁ�
ŽĨ�ƉƌŽŐƌĂŵŵŝŶŐ�ůĂŶŐƵĂŐĞƐ͟



� ͙͞ĞƋƵĂů�ĂĐĐĞƐƐ�ƚŽ�ĞǀĞŶ�ƚŚĞ�ŵŽƐƚ�ďĂƐŝĐ�ĞůĞŵĞŶƚƐ�ŽĨ�
computation requires an epistemological pluralism, 
accepting the validity of multiple ways of knowing and 
thinking͘͟

Sherry Turkle and Seymour Papert, "Epistemological pluralism: styles and voices within 
the computer culture", Signs: Journal of Women in Culture and Society 1990:16(1)





https://www.sigplan.org/Resources/EmpiricalEvaluation/

A Checklist Manifesto for 
Empirical Evaluation: A 
Preemptive Strike Against 
a Replication Crisis in 
Computer Science

by Emery D. Berger, 
Stephen M. Blackburn, 
Matthias Hauswirth, 
Michael W. Hicks 



͞�ĞĐĂƵƐĞ�user studies 
are currently relatively 
infrequent in the 
papers we examined, 
we have not included 
them among the 
ĐĂƚĞŐŽƌǇ�ĞǆĂŵƉůĞƐ͘͟

https://www.sigplan.org/Resources/EmpiricalEvaluation/



A Glorious 
�ƌĞĂŵ͙�ďƵƚ�

no user study



Elastic Sheet-Defined Functions
An example of quantitative statistical thinking in programming languages



Elastic SDFs

Problem: 
� =AVERAGE( X5:X7)   too small!
� =AVERAGE( G2:G200 )    too big!



8VHU·V�H\H�YLHZ

Main point:



Participants



Procedure



Findings from user study (N=20, 7 female)



Reactions to LAMBDA
in Online Forums
An example of qualitative statistical thinking in programming languages







A thematic analysis of nearly 2,700 comments posted on the Reddit, 
Hacker News, YouTube, and Microsoft Tech Community online forums, 
regarding LAMBDA in spreadsheets.
Findings:
� computational abstractions are viewed both as helpful and harmful,
� users encounter learning and understanding barriers to applying them,
� there are deficiencies and opportunities in tooling such as in formula 

editing, versioning, reuse and sharing.
LAMBDA prompts new debate around:
� whether spreadsheets are code,
� whether writing formulas can be considered programming
� whether spreadsheet users identify themselves as programmers.

9��%UDXQ�DQG�9��&ODUNH��³Using thematic analysis in psychology�´�4XDOLWDWLYH�UHVHDUFK�LQ�SV\FKRORJ\���������±101, 2006

$GYDLW�6DUNDU��6UXWL�6ULQLYDVD�5DJDYDQ��-DFN�:LOOLDPV��$QGUHZ�'��*RUGRQ��³End-user encounters with lambda abstraction in 
VSUHDGVKHHWV��$SROOR¶V�ERZ�RU�$FKLOOHV¶�KHHO"´��9/�+&&¶����WR�DSSHDU�



Embrace the human in programming research

Statistical thinking is transforming programming language research
� Quantitative methods assess effectiveness of new features with users
� Qualitative methods find patterns across population of users

Consider assessing your research with human-centric methods
If you review for PL venues, embrace the diversity of research disciplines



Empower people with statistical thinking

The dream of usable probabilistic programming in the spreadsheet
� was there since the 1980s because of RAND(),
� but getting easier because of transforming the spreadsheet programming

language with general constructs like compound data, LAMBDA, SDF

Come join us

https://aka.ms/CalcIntel


