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The Book
Kira and I were invited to co-edit an ACS Symposium book based on our
chairing of a session titled “Free Energy in Drug Discovery” at (what
became) the 2020 Fall ACS Virtual Symposium

The book is currently titled: “Free Energy Methods in Drug Discovery: 
Current State & Future Directions”

Contributions currently under review or being finalized (listed in 
appendix)

Expected publication: Online (late 2021), Print (2022)



This work – Motivation

[1] https://ieeexplore.ieee.org/document/8268025
[2] http://poincare.univ-lorraine.fr/fr/membre-titulaire/alexandre-hocquet

“Developing, using, licensing, and distributing software
leads to multiple tensions among the actors in
intertwined academic and industrial contexts.” [1,2]



This work – Motivation

“ … highlights a crucial truth about how humans navigate the world of
work, in offices, online or anywhere else: even if we think we are
rational, logical creatures, we make decisions in social groups by
absorbing a wide range of signals.” [3]

[3] https://www.theguardian.com/science/2021/jun/03/the-empty-office-what-we-lose-when-we-work-from-home



This work – The Aim

• Through a series of structured questions understand where the 
community ‘is’, and where it thinks it is ‘going’

– Attempt to understand consequences, opportunities, and challenges

• Through asking these questions begin to understand who comprises 
the community – what voices are present, and what voices are absent 
– and the beliefs, perspectives, and opinions regarding the work the 
community is engaged in



The need for an Honest Data Broker

• To varying degrees, we (DCT, KAA) are 
members of this community

• Given that, to ask direct questions of 
this community felt inappropriate

• Also, creating ‘good’ questions is hard
• We invited a collaborator, a researcher 

in the social sciences, to participate in 
this work[4, 5] and to help create : 

– Fairly worded questions
– Balanced response metrics
– A boundary between the act of data 

collection and analysis

[4] Even this was not a neutral act: DCT and ECG are long-standing collaborators. DCT also officiated ECG’s wedding. That said, ECG is not a credible member of the 
Computational Chemistry community (or any of its constituent sub-communities) and is an accomplished social scientist
[5] https://rework.withgoogle.com/blog/nonprofit-partners/



The Computational Chemistry Community – A 
potted history[6-10]

• 1920s : Initial mathematization of 
chemistry – an ab initio
reductionist view

• 1960s : Molecular mechanics –
inherently more ad hoc and 
empirical

• 1970s : First commercial molecular 
modeling solutions; Establishment 
of the COMP Division of the ACS

• 1980s : First free energy 
approaches

[6] https://english.stackexchange.com/questions/237443/what-does-potted-history-mean#237450
[7] Gavroglu, K.; Simões, A. From Physical Chemistry to Quantum Chemistry: How Chemists Dealt with Mathematics, International Journal for Philosophy of Chemistry, Vol. 18 (2012), No. 1, 45-68.
[8] Gavroglu, K.; Simões, A. Neither Physics nor Chemistry: A History of Quantum Chemistry; MIT Press, 2011
[9] Richon, A. B. An Early History of the Molecular Modeling Industry. Drug Discov. Today 2008, 13 (15–16), 659–664.
[10] van Gunsteren, W. F. Methods for Calculations of Free Energies and Binding Constants: Successes and Problems; Leiden, 1989; Vol. Computer Simulation of Biomolecular Systems.



The Free Energy Community [11]

• The Free Energy Methods in Drug Discovery meeting was held in 
Cambridge, MA in 2010

• The series has continued being held biannually in the U.S., with 
parallel meetings in Europe

• This community has grown from tens to hundreds
• It is represented by participants from industry, academia, and the 

commercial sector

It is this community that is the focus of our questions

[11] We thank Prof. Michael R. Shirts for contributing a ‘potted’ history of the growth and evolving focus of this community



The Survey

• Consisted of 39 questions, taking < 10 minutes to complete
• Can be found here
• Sought to understand :

– The individual (background, training, and experience)
– Thoughts on representation
– Current state of the field
– Possible future states of the field
– Tensions that may arise between the interplay of academic, commercial, and 

industrial participation

https://figshare.com/articles/dataset/_Supplemental_Information_Free_Energy_Methods_in_Drug_Discovery_It_will_be_the_most_important_field_in_computational_chemistry_/14589303


This work – The punchline

• All of the material for this work 
can be found here

• This includes the Questions, 
Email templates, Small Group 
Session Rubrics, a preprint of the 
manuscript, and this 
presentation

https://figshare.com/projects/Free_Energy_Methods_in_Drug_Discovery/113688

https://figshare.com/projects/Free_Energy_Methods_in_Drug_Discovery/113688


Data Collection

• A templated email including a link to the survey was sent to 499 
members of the alchemistry.org mailing list

• We gave recipients 2 weeks to reply, and nudged once
• 6 messages bounced
• We received complete survey responses from 98 respondents (20% 

response rate)

http://alchemistry.org/wiki/Main_Page


Who Responded?

56
33

11

Affiliation (N=98)

Academic Industrial Commercial

73

27

Gender (N=77)

Male Female

• 54% (52/97) of 
respondents had 
post-doctoral 
training 

• The majority of 
those (79%, 
47/67) were in 
training for 3 or 
more years



“What’s it going to be McFly? Are you in or 
out?”

• The tangible boundary of this 
community is not defined

• Social and cognitive perceptions 
are effected by group 
membership[12, 13]

93

7

“Do you consider yourself a member of 
the free energy community?” (N=96)

Yes No

[12] Deutsch, M.; Gerard, H. B. A Study of Normative and Informational Social Influences upon Individual Judgment. J. Abnorm. Soc. Psychol. 
1955, 51 (3), 629–636
[13] Marsden, P. V.; Friedkin, N. E. Network Studies of Social Influence. Sociol. Methods Res. 1993, 22 (1), 127–151.



“The free energy community has all of the same issues with diversity 
that the computational chemistry community does, not better nor 
worse.” – (Anon.) [Survey response from (Q18, S1)]
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“If you answered "Yes" to the previous 
question, please elaborate on what you 

feel the free energy community is 
missing.” (N=33)
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"Do you feel as if the free energy 
community is missing any aspect of 

diversity?" (N=98)
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https://figshare.com/articles/dataset/_Supplemental_Information_Free_Energy_Methods_in_Drug_Discovery_It_will_be_the_most_important_field_in_computational_chemistry_/14589303


Historical Workshop Participation
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What’s going on (probably)?

• Homophily within the early organizing committee[14,15]

• Meetings held in a specific place, limiting in-person participation
• Persistent structural issues [16,17]

• Something to noodle: Should conference participation be more like 
‘the slush pile’ in traditional publishing? [18]

[14] Cheryan, S.; Ziegler, S. A.; Montoya, A. K.; Jiang, L. Why Are Some STEM Fields More Gender Balanced than Others? Psychol. Bull. 2017, 143 (1)
[15] Wagner, D. G.; Berger, J. Status Characteristics Theory: The Growth of a Program. Theor. Res. Programs Stud. Growth Theory 1993, 23 (63).
[16] Wahab, H. A.; Amaro, R. E.; Cournia, Z. Women in Computational Chemistry. J. Chem. Inf. Model. 2018, 58 (11), 2175–2177
[17] Holloway, M. K.; McGaughey, G. B. Computational Chemistry: A Rising Tide of Women. J. Chem. Inf. Model. 2018, 58 (5), 911–915.
[18] https://paulbradleycarr.com/2021/06/02/silicon-valley-vs-the-slush-pile/



“What are your thoughts on the current state of
the free energy field? There is no right or wrong
answer.”

• 65% (63/98) of responders contributed a 
free text response

• Consensus coding scheme evolved :
– Positive (36%, 23/63) 
– Neutral (30%, 19/63)
– Negative (33%, 21/63)

• Example One, (Positive) : 
“Poised for prime time application in real drug
discovery projects.”

• Example Two, (Neutral) :
“has progressed to good utility; commercial tools are
effective monopoly but over-sold in terms of value”

• Example Three, (Negative) :
“FE methods are still very costly and there has been
so much hype around them that the accuracy and
applicability do not live up to that hype. They are a
tool that can be used upon proper validation (and
constant re-evaluation) during the drug discovery
process, but they are not the only tool available to
computational chemists.”



To summarize : 

Positive
• Much has been done to improve 

accessibility to these 
calculations, focusing on ease of 
use;

• As one consequence of this, the 
focus can now turn towards 
sampling, improvements to 
forcefields, and 
benchmarking[19].

Negative
• Perceived lack of open and 

transparent benchmarks;

• Focus on the successes which 
are attributable to a narrow 
range of chemotypes or protein 
classes.

[19] https://github.com/openforcefield/FE-Benchmarks-Best-Practices



We’re all above average here

• 88% (86/98) respondents believe that they understand the domain of 
applicability of free energy methods;

• 55% (54/98) believe that the community understands the domain of 
applicability of free energy methods.

• This is a possible example of an ‘illusory superiority bias’[20]

[20] Hoorens, V. Self-Enhancement and Superiority Biases in Social Comparison. Eur. Rev. Soc. Psychol. 1993, 4 (1), 113–139.



A topical example[21]

[21] https://yougov.co.uk/topics/health/survey-results/daily/2021/04/12/9d6aa/2



Where are we going?

39

26

14

13

8

"For the following, please select one of the following methodological directions that, 
in your opinion, will yield the most significant improvement in predictive ability of 

free energy methods" (N=92) 

Forcefield improvements Enhanced sampling strategies Handling of charge perturbation Constant pH Improved simulation planning



“What are your thoughts on the future state of
the free energy field? There is no right or wrong
answer.”

“The field needs to recognize two 
directions: 1. Ongoing 

‘engineering’ improvements of 
existing method (force fields, 

sampling) and 2. Bold new 
exploratory methods directions.”

“We need to compare this to 
other data driven approaches to 
get a sense for whether data --> 

force fields --> simulations --> 
predictions is really superior to 

data --> predictions”





Conclusions

• The community is celebratory in having made significant progress at 
taming the engineering problems associated with alchemical 
transformation;

• Validation and re-validation are critical;
• Open and transparent benchmarks are required;
• The calculation of relative free energies is now a routine activity and 

these methods join the Computational Chemist’s toolbox;
• It will remain an important field in Computational Chemistry, but it 

will not be the most important one (despite the enthusiastic response 
we received that serves as the subtitle to this work …)



So What? – Part One

[Workshop suggestions]
• Having historical (numerical) data is useful and should guide future 

progress;
• Continued turnover in the organizing committee;
• Open and visible opportunities;
• Broader and deeper participation



So What? – Part Two

“For instance, it might be hard to achieve substantial accuracy 
improvements without re-thinking the physical models used in most of 

these calculations.” [22]

[22] Anonymous response : Q29, S1

https://figshare.com/articles/dataset/_Supplemental_Information_Free_Energy_Methods_in_Drug_Discovery_It_will_be_the_most_important_field_in_computational_chemistry_/14589303
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[Contributions] Free Energy Methods in Drug 
Discovery: Current State & Future Directions
• Introduction – Prof. Zoe Cournia
• D3R/SAMPL Challenges – Dr. Shuai Liu
• Replicability – Prof. Jonathan Essex
• Drug discovery in the pharmaceutical industry (Review) – Dr. Clara 
Christ
• Application and real-world examples – Dilek Coskun, Dr. Aysegul Ozen
• Method development and validation – Dr. Max Ebert (AMBER TI & 
MOE), Dr. Lance Westerhoff (Movable Type), Dr. Jennifer Knight (AL 
FEP), Dr. Taisung Lee (Developments in AMBER)
• The Community (The present work) – Dr. Eric Gladstone

Only the corresponding author is listed above – a large number of colleagues have contributed their time and energy to this work
Thank you all 


