James Bower’s Comments:
Comment by Jim Bower on Chairs report, network modeling:
 
“Hypothesis-driven experimental science is in fact driven by models, but often such models are composed of empirical concepts rather than quantitative relationships and parameters.”
 
First, there is no doubt that, by definition, true hypothesis driven science requires models.  Assuming that NIH is funding hypothesis driven research, then, in principle, all research proposals should be include or be related to, and the outcomes advance some model.  If this is not the case, then the usefulness and even accuracy of the data obtained is suspect.
 
The important question then becomes how one defines a model.  As also stated above, the vast majority of times the word “model” is used in biology, it is used almost metaphorically, to describe some more or less empirical idea about the relationship between things.  Classically, this is done in the form of some kind of block and arrow diagram positing relationships at almost any level from molecular to whole systems.  These block and arrow diagrams are now a standard feature at the start of biological papers and presentations, where they give the impression that there is some solid model, or understanding behind the work being presented.  However, in my experience, if a model does not have a mathematical structure then the objects being modeled or their relationships remain fundamentally undefined. Rigorous mathematical definitions are important because, otherwise such models can easily be made to account for whatever new data is obtained.  Further, without mathematical descriptions it is often not even clear if everyone in a field is talking about the same thing.  
 
Unfortunately, in my view, just because a model has a mathematical basis also does not mean that it is useful as a tool to advance our understanding.  The issue of models as tools is, in my view, critical to the eventual success of modeling (and a particular model).  I would argue that, at present, the majority of mathematically-based models in biology are not in fact useful in advancing the field, because most are intended to demonstrate principles – rather than as tools for discovery.  In other words, most models are built to explain to others (or most often to convince others) how the system works, rather than as a mechanism to discover features of the system not understood previously.  Accordingly, I have said many times that if you don’t know anything more about the system after you build the model, than you did before, it is of little use.  Unfortunately, these are the kinds of models typically built by non-biologists (physicists, engineers, computer scientists) trained in programs to ‘bring modeling to biology”.  
 
While this might seem at first a subtle distinction, in practice it is not at all.  I would say that there is often one clear telltale sign of models built as tools, and that is that they are first and foremost built to be structurally and physiologically realistic without reference to ideas about function.  In some large sense, what we are doing in biology is trying to figure out how biological forms reflects function.  If the model being constructed abstracts the form at the outset, there is very little chance that one will learn anything one doesn’t already know or believe.  If, on the other hand, the model is built first and foremost as a realistic representation of the system in question, then through an iterative process involving the interplay between modeling and experimental studies, it is possible to discover relationships you didn’t know existed before you started building the model.  
 
What this means is that simply replicating data (often described as a form of model ‘prediction), is not a good enough measure of a model, and for certain,  overall simplicity is also likely not a virtue.  By analogy, Ptolomy’s model of the solar system replicated and predicted the position of the planets extremely well. The model was also ‘simple, being constructed from well known mathematical objects (circles).  But, because it was not in fact anatomically realistic, there was no way to understand the role of gravitational attraction in governing the structure of the solar system.  This required the construction of a “realistic model” (in this case by Newton of the moon’s movement around the earth), out of which the inverse square relationship fell out.  In my view, biology as a science is in a very analogous circumstance as physics in the 16th century, and will need to travel through a similar developmental path to move forward.  
 
So, in summary and at the most abstract level, I would assert:
 
1)    for progress to be made, all scientific studies need to be formulated and interpreted in the context of models
2)    those models must be formulated mathematically so that the components and their interactions are defined.
3)    Not all mathematical models are useful – those with the most value need to be constructed based on physiological and anatomical relationships, NOT constructed to demonstrate what one already believes to be the case.
4)    The majority of “models” built in biology aren’t really models but illustrated stories.  The majority of mathematically-based models are built to demonstrate assumed principles rather than discover new principles.
5)    This must change if we have any chance of understanding biological systems, including the nervous system
6)    Educating future generations of biological scientists will be essential in making this transition.
7)    Current leaders in the field – most of whom mostly tell stories, will resist this change as long a possible.
 
 
And to conclude, again quoting from the section on network modeling:
 
 “Modeling as an integral part of all biological research is inescapable – it’s only a matter of time but we need to accelerate the process.”
 
On this I concur, but how much time is another question.
 
“And finally, modeling and simulation can be communicated effectively to non-modelers, but it takes time, effort, training, and support”
 
For the reasons stated above, success for modeling in biology will actually be dependent, in my opinion, on training biologists to build models, not on modelers ‘effectively communicating” to non-model building biologists.  As in the 16th century in physics, at the start of this effort in biology, the modeler and the experimentalist, must be one in the same.  To motivate this change, NIH should require all grant proposals be written with respect to quantitative models, and all published scientific experimental papers should require references to models as well. 
1. Off the top of your head, what are some “Killer Apps”, or success stories of models?  What has modeling done to really impact biomedical research and or policy?  (I need an elevator speech)
It is an interesting question - from physics we have the expectation that modeling should produce 'big ideas' and 'fundamental principles' - however, physical systems built by selection may not, explicitly, be amenable to the same kind of grand 'aha'.  In my view, a lot of the demonstration modeling that goes on is looking for the grant aha - but, in biology, the devil is certainly in the details.  

So, I would say that the purkinje cell model that I talked about in Tokyo is one of the more remarkable successes of modeling to date - from a methodological but also from the point of view of generating new understandings.  I have copied you here on a paper current in review at Frontiers that talks in part about the 20 year modeling history.  

If you have the time to read the paper, you will see examples of the kinds of insights that I think will derive from real modeling.  BTW, just got the reviews back and you might be amused at the comments of one of the reviewers:

"The review article by Bower entitle: "Molecular Layer Inhibition in Cerebellar Cortex: Morphology, Physiology, Modeling and Function" summarizes Bowers long standing view on the functional organization of the cerebellar cortex, focusing on the "beam" versus "patch" hypothesis and the possible biophysical mechanism that underlie the absence of beam. Hence this manuscript is a tribute to Bower ideas rather than a comprehensive review of the literature. "

in stating that this article states "my view" the reviewer is specifically ignoring the way in which our view has evolved driven by the modeling - this process of model driven science is so completely antithetical to the way that biology is currently organized, that the reviewer almost has to attribute the paper's discussion as me pushing 'my view'.  The paper was written in part to document a different process altogether.  The fact that pfs don't active purkinje cells is an experimental fact - shown in numerous labs and numerous ways (this is what he attributes to "my view".  It has taken 20 years of modeling to start to understand why this is the case, with numerous surprises and changes in thinking along the way - and some bigs ones, driven by the model (as described).  

The reviewer goes on to say, rather remarkably:

"My main concern is that the innocent reader will get lost in this endless flip-flop between ideas, interpretations and literature citations."

What exactly does it mean to be an 'innocent reader' - one who has not had the standard view drilled into them?  

His detailed examples of "flip flopping" are absurd -- and what he is actually saying is that he feels painted into a corner - with no way out but to kill the messenger.

This, in a microcosm represents the problem with modeling - it leads you places the field doesn't want to go - away from the standard stories - this is what is responsible for the success of modern physics, and what holds back modern biology, IMHO.

2. Your statement, “If, on the other hand, the model is built first and foremost as a realistic representation of the system in question, then through an iterative process involving the interplay between modeling and experimental studies, it is possible to discover relationships you didn’t know existed before you started building the model.  “, brings the question – how does one define “realistic”?  How much realism must be included to pass muster –
the question isn't really how much realism, although in the limit the question about how much realism is related to a deeper, more profound and important question as to how much of the detail of the brain can you leave out and still have it work.  My guess, is not much - -- 

but the standard for realistic modeling isn't the realism -- it is whether the model was first built neutral with respect to theory and hypothesis about function.  in the absence of something  you specifically want to put into the model, you put in realism.  

In practice with respect to the cerebellar studies, for example, the fact is that we have had to get more and more realistic to keep pursuing the questions and keep dealing with the experimental data.  So realistic modeling is defined by a process - theory neutral modeling - which inevitably then leads you to deeper and deeper realism.  The other thing manifest in the 20 + year history of trying to understand the cerebellum by building models, is that you are also inevitably lead to ask questions at different levels of scale - both up and down.

This is a reverse engineering process - 

3. is it dependent on what’s currently available, the perception of the potential users of the model?  Modelers who review other people’s models are often most critical on these matters.
the reason there is a lot of critism is that often the models are more opinions than models.  The interesting thing about the Purkinje cell model is that most of the critisms have to do with things at the level of channels, conductances, etc.  Those are wonderful critisisms because they can be address experimentally - another value of realistic models.  More abstracted models are critisized at many levels, (one for example, not being realistic enough) but usually the motivation is that you don't like the opinion represented by the model.   Models shouldn't represent opinions, they should represent the physical data, and then the arguments should take place around the physical data - as, in fact, happens in Physics.

4. How do we convince someone (probably a biologist) that a model of a particular system is worth developing (devoting time, money and graduate students)?
NIH won't fund your project any more unless you do - simple  :-)

BUT- not to be coy, the reason most experimentalists don't like models is because they tend to kill  your stories. and the way you get famous in biology is to have a consistent, easy to understand story.  At least that is what they tell graduate students.

5. I think your comment applies to the entire report, not just the Pathways and Networks scale, no? 
yes - in my view - it applies generally to modeling, and the concerns I have are certainly manifest at all levels.

