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The application of rigorous free energy methodologies to the field of drug 
discovery is a complex interplay between the description of the 
methodology in the form of a software (as provided by academic or 
commercial vendors), and the use of the software in the context of a 
biological target or an evolving drug discovery effort (as performed by 
both academic and industrial practitioners). This complex community of 
individuals, each with their own unique insights, motivations, and foci will 
contribute to the evolution of this field. 
 
To begin to better understand where the community is heading, in this 
work, we present an analysis of a series of structured questions posed to 
the alchemistry.org community - composed as it is of practitioners and 
developers, spanning academia, industry, and the commercial sector. 
Subsequent analysis of responses to these questions provides insight 
regarding the possible future direction for this field. The consequences, 
opportunities, and challenges of these proposed future directions are 
synthesized and discussed. 
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Introduction 
 
The ‘mathematization of chemistry’1,2 and the establishment of what is 
commonly known as Quantum Chemistry, coincided with the first papers 
regarding the Schrödinger equation in the late 1920s. 
 
Quantum Chemistry inherited a reductionist view, such that an ab initio 
approach should describe molecules in a useful way to chemists, based 
solely on the universality of underlying theories, without having to be 
parametrized, 
 
From the 1960s, a different approach based on simpler theoretical 
foundations grew out of looking to compute properties of organic and 
biological molecules. This, ‘molecular mechanics’, approach was 
inherently more ad hoc and empirical in nature; agreement with 
experimental data and broad practical applicability was prized over a 
universal theoretical framework. 
 
Technological improvements in computing hardware, both at the personal 
and workstation levels, saw the migration of molecular mechanics 
approaches into the pharmaceutical industry. This created a market 
opportunity, and the late 1970s saw the establishment and adoption of the 
earliest commercial molecular modeling solutions3.  
 
The “Computers in Chemistry” (COMP) division of the American 
Chemical Society (ACS) was founded in 1974, and the 1980s saw the 
creation, and rise, of a new scientific field: “Computational Chemistry”. In 
a discussion on “What is Computational Chemistry?”, the following was 
suggested: 
 
“Briefly, then, the computational chemist is just a chemist whose 
computational tools and techniques offer a new method of attack in the 
continuing effort to obtain chemical information.”4 
 
As such, the moniker ‘Computational Chemist’ is inclusive of members 
from both the quantum chemistry and molecular mechanics communities, 
and enjoys robust and vibrant participation from actors in the academic, 
industrial, and commercial sectors5. The following recent review provides 
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an interesting summary of computational chemistry and its contribution to 
FDA approved products6. 
 
Membership within these communities is dynamic, and while most 
members begin in academia (as a result of the credentialed barrier to entry), 
numerous trajectories and career paths exist in a range of roles throughout 
these different communities. Moreover, because of the dynamic nature of 
careers, collaborative activities that span community definitions are a 
vibrant element of innovation and progress7. 
 
The free energy community, a subset of computational chemistry, is the 
focus of the volume of which this present work is a part. This community 
grew out of foundational work in the late 1980s to determine 
computational approaches to estimate free energies8–10. A determination of 
free energy offers the possibility to understand such phenomena as 
transformation of molecular systems in solution, or to determine the 
differences between similar systems through the evaluation of relative free 
energies of binding. This latter possibility is particularly intriguing within 
a pharmaceutical context, as it allows for prioritization of synthetic efforts. 
The importance of this field is manifest in this volume, the broad 
contributions that are described, and the depth and real-world impact that 
is described. In addition to the material presented in this volume, the 
interested reader is directed towards the following recent reviews11–13. 
 
In 2010 the free energy community organized a symposium - Free Energy 
Methods in Drug Design - which took place in Cambridge, MA and was 
attended by almost 70 participants. The initial meeting’s agenda included 
sections on the pharmaceutical perspective on free energy calculations, 
challenges associated with free energy calculations (i.e., water placement, 
force fields, sampling), current use cases of free energy calculations, 
unconventional approaches to free energy, advancements in sampling, 
convergence and error estimates, and evaluating best practices for free 
energy calculations. 
 
The series has continued, with workshops being held biannually in the U.S. 
(even years, starting in 2010), and parallel meetings in Europe in odd years 
(2017, 2019). Attendance at these meetings has grown in size from tens of 
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participants to hundreds of participants (2018, ~200 attendees). In an 
unusual year, the 2020 meeting was fully virtual and ~500 attendees 
participated. The most recent meeting highlighted the progress the field 
has made, including new methodology developments in both academic 
and commercial vendor software suites, water and conformational 
sampling, the use of free energy calculations in non-traditional ways, and 
free energy calculations in drug discovery. It is the community of attendees 
of these workshops that is the focus of this work. 
 
As communities are composed of people, the act of their work is performed 
subsequent to internal and external social, political, and economic 
considerations. To understand a community, inquiry has to be grounded 
in robust sociological practices14. This contribution seeks to understand the 
free energy community through a sociological lens: to understand where 
the field currently ‘is’, and where it is heading.  
 
This work is organized in the following way: In the next section, the 
methods of data collection are discussed, and results and data analysis are 
then presented. Concluding remarks offer key insights and observations – 
with a focus on future directions and possibilities for the free energy 
community. 
 
Methodology 
 
To determine the free energy communities’ thoughts on where it is 
currently, and possible future directions, a survey vehicle of appropriate 
questions was created and distributed to the community. 
 
One of the co-authors of the present work is a sociologist by training and 
worked to ensure the creation of ‘appropriate’ questions. Care has been 
taken to make sure questions are fairly worded, response metrics are 
balanced, and participant biases are avoided where possible15. This 
individual played the role of ‘honest broker’, as he is not a member of the 
computational chemistry community (in any academic, commercial, or 
industrial sense).  
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The use of an intermediary third-party seemed appropriate to mitigate the 
potential biases, preferences, and positions of the remaining two authors, 
who represent both industrial and commercial ventures.  
 
The survey questions were devised by the authors of this work with the 
intent of understanding the beliefs, opinions, and perspectives of members 
of the free energy community. An initial batch of questions sought to 
understand the individual, their background, training, and experience. 
Questions specific to identity were made optional. A question providing 
an opportunity to self-associate with the free energy community was 
included as, of course, an actual community boundary is entirely arbitrary. 
Capturing an individual's belief that they felt they belonged was 
particularly important. 
 
Additional questions were devised to understand elements of the broader 
factors at play within the free energy community, and to capture 
opportunities and tensions that may result from the interplay between 
academic, commercial, and industrial factors. Free text responses gave 
recipients the opportunity to provide insight on diversity within the field, 
and on both the current and possible future states for the community as a 
whole. 
 
In total, the survey consisted of 39 questions and was estimated to take an 
average respondent less than 10 minutes to complete. The survey vehicle 
can be found here [Supplemental Information, S1]. The survey was 
encoded using Google Forms and a draft survey link was shared with an 
academic and industrial participant who provided feedback using the 
following rubric:  

1. Do you believe there are any problems with the current batch of 
questions? 

2. Are there any specific areas that were not discussed that you feel 
we should consider including? 

3. Is the wording of each question clear and concise? 
4. Do you believe the survey is too long/short/just right? 
5. Any other comments/suggestions/feedback you’d have for us. 

  
As a result of the feedback received, minor typographical issues were 
corrected, but no additional substantive modifications were suggested. 
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The survey was shared via email, using the same Google Forms link, to an 
email distribution list. This list consisted of 505 unique email addresses that 
were provided to the organizers of the 2020 Workshop on Free Energy 
Methods in Drug Design. 
 
An analysis of the email address domains suggests that of the 505 email 
addresses, 44% corresponded to academic institutions, 27% to industrial 
institutions, 10% to commercial vendors, with the remaining 19% 
belonging to personal Email providers. 
 
The introductory email was sent on Tuesday, March 2 2021 and provided 
context to the recipient regarding the purpose of the survey, and the 
expected minimal time commitment for completion. Recipients had until 
March 17th 2021 11:59 PM EST to complete the survey and received a single 
brief reminder of the availability of the survey one week after having 
received the initial note. Email messages used to communicate with the 
community can be found here: [Supplemental Information, S2]. It was an 
important element of the communication to ensure that the recipients 
understood the use of a non-partisan ‘data broker’, and that the utmost 
care would be taken with their data and privacy. 
 
Undeliverable notifications were received for 6 email addresses, resulting 
in a total of 499 successful emails sent. 
 
At the end of the data collection period 98 completed responses had been 
received, corresponding to a 20% response rate. Given the nature of the 
survey logistics--unsolicited, via email, and to a non-bounded group (vs.vs . a 
bounded organization where survey responses are encouraged), this was 
regarded as an acceptable response rate. We acknowledge that our 
response rate is susceptible to various biases and selection effects16,17. 
 
The final, optional, survey question was an invitation to join small group 
discussion sessions. Of the 98 survey respondents, 36 (37%) indicated they 
would be open to participating in small group sessions. Our ‘honest data 
broker’ created a randomly generated list of 12 individuals (representing 
one third of those who indicated they would be open to speaking), that 
were then contacted and presented with Doodle Poll options for session 
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timing. Of those contacted 10 responded, and 3 small group discussion 
sessions were conducted during the week of April 5th 2021.  
 
Small group sessions lasted for 30 minutes and were conducted via Zoom. 
The sessions were facilitator led. The facilitator, one of the co-authors, 
provided a short contextual introduction to the group. In addition, 
permission was sought from the group to record the session. The group 
were informed that the resulting recording would be automatically 
transcribed (using www.otter.ai), and the participants' identities obscured. 
Should the authors seek to use text, ideas, or concepts gleaned from a small 
group session, in this contribution, the originator would be contacted and 
have full rights to amend, clarify, or refuse. The rubric discussed with the 
participants can be found here [Supplemental Information, S3]. 
 
In addition to survey respondent small group sessions, two additional 
small group sessions were conducted with authors contributing material 
to this volume. These sessions followed the same format as described 
above, although one of the sessions had an extended duration (60 minutes). 
 
Given that the small group sessions were a complement to the survey 
responses, the questions presented to the groups were intentionally broad 
and followed the general pattern of interrogation of a complex adaptive 
system18. Specifically, the three questions were:  

(1) Where are we now? 
(2) Where are we going? 
(3) What’s missing? 

 
Such broad inquiry was intended to find the participants ‘where they 
were’, and to have them as a group respond accordingly. A total of 8-9 
minutes were spent on each question, with the facilitator keeping time 
accordingly. 
 
Of the 5 sessions conducted in total, 13 people participated. 4 sessions were 
recorded and transcribed. Across those recorded sessions the facilitator 
spoke (on average) for 13% of the meeting, while the average participant 
spoke for 27% of the meeting. This suggests the facilitators did not 
dominate the conversation, and is consistent with the planned intention to 
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present the rubric, introduce each question topic, and subsequently letting 
the participants take the conversation where they wished. 
 
Results and Analysis 
 
Results from the survey data collection follow, and are organized into 
sections that broadly mirror the structure of the survey. 
 

1. Who responded? 
 
91 respondents provided an affiliation (Q5, S1). From this, and from 
responses to a later question (Q10, S1), all respondents can be categorized 
according to their current academic (56%, 55/98), industrial (33%, 32/98), or 
commercial (11%, 11/98) membership. These proportions are consistent 
with those inferred from an analysis of the original mailing list, and 
reported in the prior section. 
 
Of the 77 respondents who provided a response to a question on gender 
(Q4, S1), the male and female proportions are (73%, 56/77) and (27%, 21/77) 
respectively. An automated analysis of the original email list was 
performed using www.gender-api.com. This suggested that the list is 71% 
male and 24% female, with 4% of the data receiving no prediction, and < 
1% being designated as unknown. These proportions are suitably similar 
to enable high confidence that the survey responses are representative 
across community and gender dimensions. 
 
A majority of respondents have post-doctoral training (54%, 52/97) and for 
67 respondents, the majority (79%, 47/67) were in such training for 3 or 
more years. 
 
When asked to self-identify as members of the free energy community (Q9, 
S1) 93% positively did so (89/96). As discussed earlier, this question was 
important, given that tangible boundaries of this community are 
undefined. Given the effects that group membership can have on social 
and cognitive perceptions, we felt it was particularly important to include 
self-described group membership in our full analyses19,20. 
 

2. Diversity within the Community  
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“The free energy community has all of the same issues with diversity that 

the computational chemistry community does, not better nor worse.”1 
 
The opportunity to ask the survey responders if the community was 
missing an element of ‘diversity’ saw a 100% response rate (98/98), with 
66% (65/98) indicating that nothing was missing, while 34% (33/98) 
suggested there is. Diversity was intentionally undefined, because it is a 
difficult concept to encapsulate and we wanted participants to impose their 
own views. A subsequent free text question provided those responders 
who felt that something was missing to elaborate; 33 free text responses 
were provided. While this corresponds to the number of individuals who 
answered Yes to the prior question, there was no logic within the survey 
to prevent anyone from providing an answer. So, while these numbers 
suggest that everyone who indicated ‘Yes’ subsequently contributed their 
thoughts, this cannot be claimed definitively. 
 
The free text responses were reviewed by all co-authors, and a consensus 
coding scheme created to capture the themes expressed by the 
respondents. The codings and their representations are presented below: 

● Gender (18%, 6/33) 
● Race (6%, 2/33) 
● Place / location / geography (9%, 3/33) 
● Age / generation (3%, 1/33) 
● Cognitive (15%, 5/33) 
● Multiple (36%, 12/33) 
● Other (12%, 4/33) 

 
Membership in a coding bin above represents that only the coding item 
was discussed in the free text comment. The largest bin, ‘Multiple’, 
represents a free text comment containing multiple single codings, e.g., 
race and gender. That it is the largest coding represented is encouraging, 
as respondents demonstrate their understanding of the breadth of 
diversity as a concept, and express that the community is perceived to be 
lacking on several fronts.  
 

 
1 Survey response from (Q18, S1) 
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The survey provided no opportunity to capture data regarding racial 
identity. Capture of location or geography would also be difficult to do 
unambiguously with the data to hand. 
 
In an exploration of Women in Computational Chemistry, and references 
therein, Holloway and McGaughey21 describe the atrophy in enrollment, 
performance, and test scores for Science, Technology, Engineering, and 
Mathematics (STEM) subjects following a transition of women out of 
secondary education. There are far fewer women graduating in STEM 
fields in post-secondary education, and the actual quality of systems which 
equitably support career progression is heavily dependent on employer. 
 
In Holloway and McGaughey’s analysis of gender participation of Gordon 
Research Conferences (GRC) on Computer-Aided Drug Design and 
membership in the COMP Division of the ACS, they conclude that female 
representation in computational chemistry as a whole has increased over 
the last 40 years, and is likely around 25% (as of 2018). 
 
A similar gender analysis of the participation lists for the alchemistry.org 
community meetings conducted in 2010, 2012, 2014, 2016, 2018 and 2020 is 
presented below in Figure One. The participant lists can be found here: 
http://www.alchemistry.org/wiki/Events. The lists were processed using 
www.gender-api.com and predictions manually inspected. Participants 
were then coded as ‘speaker’, or ‘non-speaker’. 
 
The earliest meeting (with just 65 participants) was male-dominated, with 
just 14% of attendees in any capacity being female (these numbers are not 
that different than those reported at the first QSAR/CADD GRC held in 
1975, wherein only 5 of 94 participants were female21). Subsequent 
alchemistry.org meetings have seen improved gender representation 
among attendees in general; however, this is clearly not the case for in-
person speaking opportunities where women are significantly 
underrepresented compared to their overall representation within the field 
[Figure 1]. 
 
Several factors may have contributed to this, including (i) homophily 
within the early organizing committees22,23; (ii) that many of the meetings 
were held within the physical space of an industrial organization and 
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therefore participation may not have been broadly accessible to the 
community, or (iii) other well known structural issues. Indeed, it has been 
previously noted that the proportion of female speakers at scientific 
meetings at best is around 20%24. 
 
A significant uptick in female speaker participation was observed in 2020. 
While still less than equitable, perhaps better represents gendered 
participation in the field as a whole. The reason for the uptick is unclear, 
although the impact of COVID-19 is surely a contributing factor.  
 
A variety of statistical models, controlling for age and education factors 
where appropriate, were built to explore possible gender effects across the 
data. Logit models controlling for age and education show that women 
report a greater need for diversity than men (p = 0.05). Even without 
regression modeling, women are roughly twice as likely to report a need 
for greater diversity in this survey.  
 

3. What work gets done? 
 
Given the inherently multidisciplinary nature of the free energy 
community, (Q10, S1) provided an opportunity for survey responders to 
give insight into their current focus of work. ‘Practitioners (industrial 
setting)’ were the group with the largest representation (35%, 34/98). The 
next largest represented group were ‘Developers (academic setting)’ (31%, 
30/98), followed by ‘Practitioner (academic setting)’ (19%, 19/98), 
‘Developer (commercial setting)’ (13%, 13/98), and Other (2%, 2/98). No 
respondents were solely wet lab ‘Experimentalists’. The numbers are 
broadly consistent with the prior elucidation of membership based on 
affiliation: 56% vs. 60% academic; 33% vs. 35% industrial, and 11% vs. 13% 
commercial which is encouraging. The slight deviations may highlight the 
impact of self-perception and role flexibility on individuals when posed 
with such a question. 
 
By design, the survey did not offer the options of: ‘Developer (industrial 
setting)’ or ‘Practitioner (commercial setting)’, which is a possible 
limitation of this interpretation. However, these descriptions were not 
observed in the free text ‘Other’ option, which captured two respondents 
who were engaged in multiple listed activities and responded accordingly. 
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Figure 2 highlights the specific activities in which the respondents are 
engaged. This question (Q11, S1) allowed respondents the opportunity to 
select all of the activities they had participated in during the past six 
months. A majority (88%, 86/98) are currently performing calculations and 
providing those predictions to guide experimental colleagues (60%, 59/98). 
A far smaller number of participants are provided with the results of free 
energy calculations, indicating that the general role of the community 
member is as provider of calculation results. Free energy predictions were 
being used to both retrospectively understand experimental data (62%, 
61/98) and prospectively inform decisions (57%, 56/98). 
 
When asked to provide insight into the tools they use to perform their 
calculations, respondents were equally split between ‘An unholy blend of 
academic, internally developed, and commercial software’ and ‘Academic 
software’ (38% and 37% respectively). Commercial software was only 
indicated as the primary tool for the remaining 25% of respondents (from 
97 total respondents to this question).  
 
A similar portion of respondents indicated that the analysis of their 
simulations was done using just commercial software (25%), while an 
increased proportion of responders indicated that they relied on solely 
academic software (47%), versus an ‘Unholy blend’ (29%).  
 
As with much of computational chemistry, commercial approaches grow 
into the space forged by academic exploration, and highlighted by market 
opportunity. Schrödinger’s contribution25 in 2015 showcased their own 
internal efforts at ‘taming’ the calculation of relative free energy 
calculations (essentially turning it into an engineering problem). This work 
served as a clarion call, announcing the availability of a protocol for the 
turnkey evaluation of relative free energies of binding, and intended for 
routine use in a drug discovery environment. Now every major vendor of 
commercial software has their own approach to evaluate relative free 
energies of binding, via a variety of methodologies (many of which are 
highlighted in this very volume). It is now harder to find a vendor of 
commercial modeling software that does not offer a free energy 
methodology, than one that does. 
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Such remarkable commercial innovation indicates both the hype and the 
promise of these approaches, two competing tensions that are explored 
during the current and future state discussions presented below. 
   

4. Where are we now? 
 
To assess the use of free energy methods, the free energy community was 
polled on how they, as individuals, feel about the accuracy, usefulness and 
domain of applicability of free energy methods (Q19-28, S1). On a 7-point 
Likert scale with 1 representing “the domain of applicability is not 
understood”, and 7 representing that it is understood, 88% (86/98) of 
participants believe that they understand the domain of applicability for 
free energy methods (scale 5-7; Q23, S1). Of these 88%, 70% (60/86) believe 
that free energy methods are accurate (scale 5-7), 19% (16/86) think they are 
neither accurate or inaccurate (scale 4), and 12% (10/86) believe they are 
inaccurate (scale 2-3) (Q19, S1). Interestingly, the participants who believe 
free energy calculations to be inaccurate, also identified these methods to 
be useful (Q21, S1). Respondents believe:  
 

1. Free energy methods are accurate 
2. Free energy methods are useful 
3. They understand the domain of applicability regarding the use of 

free energy methods 
 
A subsequent question sought to understand the individual’s perception 
of the community’s understanding of the domain of applicability of free 
energy calculations (Q27, S1). Overall, 55% (54/98) of participants believe 
the predictive applicability of free energy methods is well understood. 
While the remaining 45% (44/98) of participants do not believe that the 
community understands the domain of applicability of the methods. 
Interestingly, looking at this subset of responders, one finds that they are 
confident in their own understanding (77% of this group provided a 5-7 
response to Q23, S1), but not in the understanding of the broader 
community. This ‘illusory superiority bias’26 is commonplace among 
individuals asked to present an assessment of their own skills and abilities 
with respect to others. Members of the free energy community are in good 
company with inhabitants of Lake Wobegon27. 
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Finally, the community was asked whether or not they would recommend 
using free energy methodologies to a colleague. This question was 
intended to mirror that of a Net Promoter or Advocacy Score28 83% (81/98) 
of respondents said they would recommend these methodologies while 
only 4% (4/98) identified that they would not. It should be noted that 3 of 
4 of those respondents also believed that the methods were not accurate 
(scale 2-4; Q19, S1). 
 
In addition to the specific questions described above, survey respondents 
had an opportunity to provide a free-text response to an open-ended 
question looking to understand their perspective on the current state of the 
field (Q29, S1).  63 responses were captured and were reviewed by all co-
authors. A consensus coding scheme was applied to capture broadly 
effective themes (positive, neutral, negative) to represent the entirety of the 
comment. Examples below illustrate this method: 
 
Example One, (Positive): “Poised for prime time application in real drug 
discovery projects.” 
 
Comments such as the aforementioned are coded positively. That is, there 
is a general positive affect regarding the sentiment expressed. 
 
Example Two, (Neutral): “has progressed to good utility; commercial tools 
are effective monopoly but over-sold in terms of value” 
 
This has been coded to be neutral. A positive comment regarding utility is 
balanced with a negative comment regarding perceived hype. This 
balancing of statements contributes to an overall neutral sentiment. 
 
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.” 
 
This has been coded to be negative. Specific mention of cost and hype 
frame this comment in a negative light. 
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A roughly equal representation was observed between positive (36%, 
23/63), neutral (30%, 19/63), and negative (33%, 21/63) comments. 
 
A broad summary of the positive commentary suggests that: 
 

● 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. 

 
A similar summary of the negative commentary also converges on this 
point, wherein it is suggested that the perceived lack of open and 
transparent benchmarks is an issue. Moreover, there is a perceived lack of 
the sharing of failures, with focus instead on the successes which are 
attributable to only a narrow range of chemotypes or protein classes. This 
mirrors the broader issue seen throughout the modern publishing 
paradigm of science. 29. This lack of openness, transparent benchmarks, and 
sharing of failures may also help explain the disconnect between an 
individual’s belief that they understand the domain of applicability, whilst 
simultaneously believing the community as a whole does not. 
 

5. Where are we going? 
 
Respondents were asked a series of questions regarding possible ways to 
work together to improve the predictive ability of free energy methods 
(Q30-35, S1), with a follow up question regarding which methodological 
direction would allow the community to achieve improved predictive 
applicability (Q36, S1).  
 
Respondents reported that collaborations between all sectors of the free 
energy community would benefit the predictive applicability of free 
energy methods. A collaborative effort between academia and industry 
was the most important (91%, 89/98) while 73% (72/98) selected the 
collaboration between academia and commercial vendors to be important, 
and finally, 66% (65/98) of the participants identified a collaboration 
between industry and commercial vendors to be important. Overall, 
academia was described as the most important sector with which to 
collaborate. 
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A significant number of respondents (85% 83/98; scale 5-7, Q30, S1) 
indicated the importance of blind challenges. These blind challenges allow 
for the sharing of data (historically from industry) and another chapter in 
this book comprehensively reviews the use of blind challenges in the free 
energy community. More importantly, was the perceived need for open 
sharing of force fields and method developments. 92% (90/98) of 
participants agreed that open sharing of force fields and method 
developments would improve the domain of applicability of free energy 
methods.  
 
Finally, 88% (86/98) of respondents agreed that hardware improvements 
would be beneficial to improving the predictive applicability (Q35, S1).  
 
When asked about specific methodological directions to improve the 
domain of applicability (Q36, S1), 92/98 (94%) of respondents ranked the 
following five options accordingly: 

1. Forcefield improvements (39%, 36/92) 
2. Enhanced sampling strategies (26%, 24/92) 
3. Handling of charge perturbation (14%, 13/92) 
4. Constant pH (13%, 12/92) 
5. Improved simulation planning (8%, 7/92). 

These possible methodological directions are in line with those described 
in 2011 (see Ref. 30). At that time, four challenges were identified 
(simulation setup, sampling, accuracy of force fields, and analysis of the 
free energy computations), and that these issues persist is a testament to 
their foundational nature. 
 
In addition to the specific questions described above, respondents had an 
opportunity to provide a free-text response to an open-ended question 
looking to understand their perspective on the future state of the field (Q37, 
S1).  55 responses were captured and were reviewed by all co-authors. It 
proved difficult to determine a consensus coding scheme given the sheer 
breadth of contributions.  9 (16%, 9/55) comments explicitly suggested that 
machine learning31–33 would, in some way, be a significant part of the future 
of the field, while 5 (9%, 5/55) comments suggested that continued 
systematic improvements to force fields, along with improved sampling - 
against a broader range of validated systems – would be a driver of 
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improvement. More specific thoughts regarding possible future states are 
discussed in the section below wherein Concluding Remarks are offered. 
 

6. Small group sessions 
 
The Small Group sessions provided useful complementary material to that 
captured via the survey; indeed, many of the same themes and topics were 
surfaced and captured. What follows are those topics that had not 
previously been mentioned and the authors of this work felt interesting to 
highlight: 
 

● Commercialization as software sustainability strategy 
 
The migration of novel free energy methods from the academy into a 
commercial offering, was described as a way to ensure software 
sustainability.  
 
“You see tons of methodology from out of the [academic] lab. It’s like, 
maybe they have a server to contain their software, or database, for maybe 
a year, or even shorter, then no one really cares about it. You just go on to 
other projects or publish new papers. But if you have a [commercially 
viable] methodology, and you know that it worked out for some systems, 
you want to improve it, you have to.” [Small Group Session Two (SGS2), 
SGS2_P2] 
 
This is not to suggest that all methods need to be commercialized to be 
appropriately preserved or sustainable. Many academic labs already 
participate in increasingly robust processes for software sharing, 
documentation, and maintenance. But that this point was made was 
interesting, and original. 
 

● Specialized Market Opportunities 
 
Free energy method validation was described several times, with a good 
summary being the following:  
 
“I always run benchmarking before deploying a model prospectively. As a 
part of this exercise, I test all models available starting from something as 
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cheap as docking score, MM GBSA, to all the way down to free energy 
methods. I look for correlations against measured affinities for each of 
these metrics/predictions, and then decide where they come up in my 
filtering process when building a screening workflow. So yes, if I have a 
structure, and a chemo type to work with, I would usually try and evaluate 
any and all free energy-based approaches as a first step to decide where 
they fit in the workflow.” [SGS5, SGS5_P1] 
 
This practical application of free energy methods, on a sliding scale of 
complexity, is quite consistent with how computational chemists 
(specifically within industry, supporting drug discovery projects) have 
routinely pulled from a growing ‘toolkit’ of approaches. 
 
When the method does not work (i.e., was not shown to be predictive given 
default setup parameters), it was remarked by one Small Group Session 
participant that it was often possible, through the use of free energy 
expertise, to understand the specific problem and workaround or correct 
as needed, to result in a more robust and predictive application of the 
method.  
 
““What are the methods that work well for this system? Why are some 
methods not working? What are the slow degrees of freedom that might 
be important but unaccounted for in the simulations? How should we treat 
buried waters? How should we treat ions and cofactors? How long should 
we run the simulations? What is the best lambda schedule and softcore 
potential? Is the system stable? If not, why? Are there issues with the initial 
protein preparation (e.g. Asn, Gln, His, tautomers, protonation states, 
loops, etc.)? Are the ligands docked properly? Do we have an appropriate 
mapping of the atoms? Are the simulations converged? These are not 
trivial issues to address, yet they are all critical to the success of free energy 
simulations. After we put in the appropriate effort with experts in free 
energy simulations, then things tend to work very robustly, but it is not a 
simple process." [SGS3, SGS3_P1] 
 
This was an observation that the default options are often not enough, and 
that explicit expertise is required for edge cases. In industry this may 
manifest as a demand driven market for computational colleagues with 
specific skills (or access to them). 
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The above is an optimistic perspective on the broad applicability of these 
methods once tailored appropriately. The potential for an increased market 
for computational colleagues with specialized free energy skills broadly 
describes the dynamics at play between academia and industry (with job 
signaling being the mediating factor). If these interventions are truly 
impactful, and result in more products making it to market faster, a strong 
signal will be sent to the academic groups feeding industry. 
 
Concluding Remarks  
 

1. Where are we now? 
 
In the following work, through the use of a rigorous survey vehicle, the 
perspectives, beliefs, and opinions of a set of individuals defined by their 
presence on a community mailing list has been explored. The work has 
been an effort to understand these individuals, the communities within 
which they work, and their collective thoughts on the field of free energy 
calculation where it might be heading. 
 
As was briefly discussed in the introduction, the use of mathematics and 
computers to understand problems of chemical interest is a relatively new 
scientific endeavour. Early within its development a divergence occurred 
between a reductionist physics-based ab initio approach, with its roots in 
quantum chemistry, versus a more practical approach in the form of 
molecular mechanics. It is this more practical framing of ‘Computational 
Chemistry’ that pervades the use of computers in drug discovery (an even 
more recent scientific endeavour). Indeed, regardless of the complexity of 
a free energy simulation, it is typically performed within the context of a 
linear, additive, molecular mechanics framework: mechanistic 
interpretations of rotations and vibrations, and semi-empirical factors that 
account for non-bonded interactions.  
 
Through this work it has been observed that the community is rightfully 
celebratory in having made significant progress at taming the engineering 
problems associated with alchemical transformation, and in having turned 
the calculation of relative free energies into a routine activity. These 
methods will join the Computational Chemist’s toolbox, and they will turn 
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to them as they would molecular docking and cheminformatic analysis. 
Broadly, the community remains skeptical of the general applicability of 
the methods, but once validated (and the validation is critical – as for any 
computational strategy) they can become a powerful predictive tool and a 
significant boon to drug discovery. It will remain an important field in 
Computational Chemistry, but it will not be the most important one.2 
 
As with most communities, work remains to ensure that all voices have the 
opportunity to be heard. The availability of data to understand patterns of 
participation (as was available here, through our ability to explore past 
participants in alchemistry.org meetings), and a commitment to creating 
and maintaining conditions for increased participation e.g., via dynamic 
membership of workshop organizing committees are critical. The link 
between diversity and innovation is well established34–36. That free energy 
methods are used in the evaluation of potential molecular treatments for 
health conditions, one could argue that there is a moral responsibility from 
all scientists to encourage an inclusive and healthy space for as many 
voices to contribute as possible. 
 

2. Where are we going? 
 
The following two free text comments describe possible future states 
quite succinctly: 
 
(1): "The field needs to recognize two directions: 1. Ongoing "engineering" 

improvements of existing method (force fields, sampling) and 2. Bold 
new exploratory methods directions." 

 
(2): "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" 
 
The first comment is a restatement of the tension experienced in all blue-
sky research: to what extent do we Exploit, versus Explore37,38? As there is 
no guiding hand coordinating myriad research, the best that can be hoped 
is that the act of robust, open, and objective inquiry ensures that the ‘right’ 
balance of resources is apportioned between exploiting the systematic 

 
2 Despite the enthusiastic response we received to Q37, S1 
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improvements of the current trajectory, and more novel exploratory 
methods. 
 
That a component of one such novel path forward might include some 
element of machine learning seems clear to a number of respondents. The 
second comment above explores this, and teases out a fundamental tension 
at the core of widespread adoption of machine learning (artificial 
intelligence) approaches: to what extent is model interpretability 
important? 
 
In the context of computer-aided drug discovery, wherein the practical 
hope has always been prospective enrichment above random, is it 
necessary to understand the underlying “physics”?  
 
These questions are not new, and are unanswerable. However, that they 
emerged within this community is an encouraging sign. They signal that 
as a whole, the community is broadly aware of the strengths and 
weaknesses of the approaches, and the opportunities presenting 
themselves in the near-future and beyond.    
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Figures 
 

 
 

Figure 1: Percentage gender representation at achemistry.org community meetings, 2010-2020. Gender determined from participation lists, and coded using 
www.gender-api.com 
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Figure 2: Aggregate data for survey responders (N=98), to indicate their use of free energy calculations
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