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An Active National Institute of 
Mental Health 

Eliot Marshall's article about the National 
Institute of Mental Health ("NIMH: 
Caught in the line of fire without a gen- 
eral," News & Comment, 5 May, p. 632) 
may leave readers with several misconcep- 
tions. One concerns the role of Chairman 
John Porter (R-IL) at the appropriations 
subcommittee hearing in the U.S. House 
of Representatives. When a citizens' 
watchdog group challenged the value and 
relevance of a small number of NIMH's 
basic science grants, Porter took a leader- 
ship role befitting someone who is both a 
representative of the American taxpayer 
and a strong supporter of biomedical re- 
search: He raised the group's charges in a 
straightforward and thoughtful manner 
and provided the institute with an oppor- 
tunity to respond to allegations about the 
grants. His actions-and subsequent cov- 
erage of these issues in the press and on 
ABC's Prime Time Live-afforded NIMH 
an opportunity to highlight the work of 
several distinguished grantees and to ex- 
plain the importance of basic science re- 
search to millions of citizens. 

A second source of possible misinterpre- 
tation isfound in the suggestion that "act- 
ing" leadership necessarily implies an insti- 
tute in "disarray." Under acting director 
Rex Cowdry's leadership, NIMH's response 
to the allegations was swift, vigorous, pro- 
fessional, and ef fec t ivdardly  indicative 
of an institute in disarray. Beyond that par- 
ticular instance, NIMH is actively address- 
ing critical scientific and management is- 
sues, including impending changes in its 
peer-review system and a review of its dis- 
tinguished intramural research program in 
mental health. 

Harold Vannus 
Director, National Institutes of Health, 

Bethesda, MD 20892, USA 

Play Ball! 

The analysis by Michael K. McBeath and his 
colleagues, "How baseball outfielders deter- 
mine where to run to catch fly balls" (Re- 
ports, 28 Apr., p. 569), illustrates a geomet- 
ric solution, as opposed to a dynamical so- 
lution, to the problem of the outfielder 
catching a fly ball. The geometric approach 
is conceptually similar to the two-dimen- 

sional situation of ships on a collision course 
at sea. A collision course is recognized as 
one in which two ships approach each other 
so that the bearing of one as viewed from the 
other remains constant as the distance be- 
tween them diminishes (see figure). 

b' 
Collision course. Does ouffielder seek collision 
between ball and glove? 

If no course or speed alteration takes 
place, the ships will collide. That is precise- 
ly what the outfielder is seeking: a "colli- 
sion" of his glove with the ball. 

Henry N. Pollack 
Department of Geological Sciences, 

University of Michigan, 
Ann Arbor, MI 481 09-1 063, USA 

I was delighted to see in the report by 
McBeath et al. that psychologists had solved 
the problem of catching fly balls, a problem 
that I had too often not solved as a youth 
playing baseball. And when I found the 
report difficult to understand, I sought Barry 
Cipra's explanation (Research News, 28 
Apr., p. 502), which immediately provided 
me with a strategy. Cipra quotes McBeath as 
saying, "If you're running along a path that 
doesn't allow the ball to curve down, then in 
a sense you're guaranteed to catch it." So 
when I played centerfield and a ball was hit 
toward me, I should have run like mad 
toward second base t h s  kee~ine  the ball 

L - 
from curving down. I recall doing just that 
on occasion. tumine an easv out into a 
double as the ball lanvded behiAd me. I guess 
I missed something in the translation. 

I see that all is solved if I keep T, the 
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ratio of the tangents of the angle up to the 
ball (a) to a sideways angle (P), constant. 
So when the bali is hit in my general 
direction, again I race in toward second, 
increasing a, but now I am careful to veer 
off to the side to keep p large and the ratio 
of taneents constant. Of course this sends " 
me running directly away from where the 
ball will land but, since, like the old-time 
Brooklyn Dodger outfielder Babe Herman, 
flv balls sometimes hit me on the head, the 
scientific strategy keeps me safe. 

A variation on the infinite number of 
solutions that follow from the recipe given 
in the report, where the fielder runs later- 
ally so that the ball goes straight up and 
down from his or her view (I), better fits 
fielding in the real world. The player 
picks, from that set of paths, one that leads 
to the falling ball, using the judgment of 
up-down ball flight patterns gained from 
practice. 

Robert K. Adair 
Department of Physics, 

Yale University, 
Post Office Box 208 1 21 , 

New Haven, CT 06520-8121, USA 
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The catch: Willie Mays making it look easy in the 
1954 World Series. 

McBeath et al. hypothesize that an outfielder 
runs such that the ball's trajectory appears 
straight against the visual background. This 
model also predicts a continuously moving 
fielder, although she would take a curved 
path and her velocity is required to first 
increase. then decrease. in order for her to 
track the ball, an algorithm consistent with 
their own experimental results. 

This hypothetical method of catching a 
ball conflicts with the technique actually 
used by adept outfielders in several impor- 
tant respects. Experienced outfielders do 

not run until the time the ball is intercept- 
ed, but rather beat the ball to the place it 
will land and wait for it. As Jimy Williams, 
fielding coach for the Atlanta Braves, af- 
firms, "it is simply much easier to catch a 
ball standing still than moving. Why do you 
think vou don't move to and fro when 
playing catch" (1 ). Furthermore, in a situ- 
ation with runners on base, it is essential 
that the fielder be stationary, so that she is 
able to put her full force into a throw to the 
infield, and not have her momentum mov- 
ing away from the direction of her antici- 
pated throw. The proposed model would 
not allow the fielder to be set for the throw. 
When balls are hit a maximum distance. 
the fielder must be able to run at maximum 
speed on as direct a path as possible to catch 
it, and not be constrained to a n-shaped 
variable velocity curve. In addition, the 
model is predicated on the outfielder keep- 
ing her eye on the ball throughout its flight, 
but this is not the method used by experi- 
enced fielders for balls hit over their head. 
As Williams substantiated. "an outfielder 
first takes a quick drop step, then turns and 
runs to the point where the ball is going to 
be . . . you don't watch the ball the whole 
time. You turn and run and then pick it up 
again when you get close to where the ball 
is going" ( 1  ). An example of this method of 

The nevi solid phase 
combs have done wonders 

for my sequencing. 

Great, 
now try them 
On YOU hair. 



field~ng, a lusket c,itch 137 Wlllie k'lay.;. M.a< 
usc~l  In the Table of Contents (p .  .175) ot 
the issue of Si~encti in v\lnlcln h'icBcatln ct :tl.'s 
report appcareil. A nlodel for in tu~t ing the 
trajectory of ,I il! 1x11 nlust ,~llo\\r for Willie 
to catcln the b,lll. 

T o  test nllether the proliaseJ parad~gnl 
1s actu,lllv uiell by esper~enceci plavers, ~ v c  
,ulalyreJ all fly 11,111s Inlt lleyi~nil the 1nf1clL1 
l ~ u t  nlt l l in the  flcld of play trom 12 video- 
t,li.ed nonrerlacement malor leairue I~asc- 
Iwll games. LWe 11mlte~l ourselves to ganle 
s ~ t ~ ~ a t l i ~ n s  111 n.llicln tlnere \ \ere eltller n o  
r1111111'1.b 011 l ~ a ~ e  or t \ \ o  outs, such that the 
ficlcler llail n o  collccrns other than  c a t c h ~ n ~  
tlnc 1 x 1 1 .  Of 179 caught tly l~alls,  143 (83"~) 
\yere cauglnt ~vhi le  tlne f~cliierq \I ere >tation- 
ar!-; only 3 1 ( 1;'',>) \\ere cauglnt l ~ y  f~elders 
o n  the  run. .A signific:~nt f~-action of tlne 3 1 
halls caught o n  the  run ne re  likely to ha\-e 
heen hi t  at  or near d,,,,, ( 2 ) ,  tllcreby neces- 
sltatlng that the tieliler I:e ru~nlning at  the 
tlnne lle caught the l~al l .  In  a~lclitlon, the 
t~irure o t  53"{1 ma\- further ulnderestimate 
the  ,1~1\-alnta~e of l~c ing  st,ltionary \vlnilc 
m;rkilny tlne c,itcln, as solnc fielilers Incl\.e a 
tendency to a h p t  an  altern,ltl\-e strategy 
that m i n i n l ~ ; e  eifc~rt. T h e  discrep;~lncv ~vitln 
tlne results obtaineil by hicBeatln er (ti. ma\- 
I-e attril~utahle to the  Lict t l n ~ t  the  sub icc t~  
the!- used \\.ere reported to  Ina\.e "\ome hut 

not  estensi\re outfielii espcr~ence."  
W e  conclude that the propoaeJ moilel 

c;lnnot be 211 obligate or even olltimal strat- 
egy h r  catcln~n: a basehall. It may lye 
u>ed, lni~n.ever, by ~ n e s l ~ r i e n c e i l  ball 
ers alnJ may lie useful in learnini: to ju~ige <I 

fly l~al l .  
Lewis A. Chodosh, #9 
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speed : 1s the t1.1.e tile ball IS n tile a, and 3 , - ,  is ti-e 
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s l i  I> fro,-t of 4C COO fans z:e-str 4e attendance], I 
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As a baseball cntllus~,ist and sclentlst, 1 
founii tlne report "HOLY l~awl1;lll outtlelders 
iletermine \\.here to run to catcln t1y l~alls" 
Intrlgulni:. 1 ~\~; rs ,  Ilonever, il~sappointcd by 
the iiec~sii)n to use the ylcture of Wlllie 
Mays' hmous catch of \lit Wertr's fly I d 1  in 
the 1954 World Series in the Talile ot Con-  
tents. I t  tly 'ails are cauglnt hy ~lnaintailling a 
linear optlc,ll trajectixy, this requires one to 
ivatch the hall nhile t rack~nz it, clearly some- 
tln~ng \X1illle h'layi \\.as not ilo~llg \\hen he 
i-ilaile "the catch " Perhap< thls ill~istmtes that 
tl-ue greatness defies sc~entific espl,~natio~n. 

Richard A. Jacobs 
Depn~tnie i~t  of Med~iinz.  
L!~i~z,drsity of Caiifo~t~ii i .  

Sn17 F ~ ~ ~ i i c i s c o ,  C A  94  143.  LTSA 

Jie.spotisc: T h e  question of IIOLY a baseball 
outiielJcr dctermilnes \\here to 1.1111 to 
catcln a fly ball ~lncludes aspects of 
engineerillg control tlneory, plnysiology. 
kinesthesiology, etllology. perception, anil 
the  study of expert1.e. It is no t  surllrisi~ng 
that  scientists fro111 the  various fields em- 
pl~as i re  ilitterent :~spects of tlne 
T h e  abo\.e letters rcspecti\.ely represent 
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the perspectives of engineering control 
theory, physics, and the study of expertise. 

Pollack nicely elucidates a well-known 
geometric solution to tracking or wayfind- 
ing from the perspective of control theory. 
In short, as a pursuer' approaches an ob- 
ject, a constant optical angle from the 
object subtends an increasingly smaller 
physical distance. The nautical strategy of 
maintaining a constant angle of bearing 
relative to a target (the angle between 
direction of target and direction of pur- 
suit) is also a standard method used in 
air-to-air ballistics to achieve collision. 
This strategy is only optimal for targets 
moving along a straight path at a constant 
speed, but it works for targets moving 
along any continuous, varying speed path, 
provided the pursuer is capable of catching 
up to the target. This is the cited apparent 
strategy used by teleost fish when they 
approach moving food. When the target 
varies in speed and direction, a more effi- 
cient pursuit path is achieved by varying 
angle of bearing as a function of the in- 
stantaneous speed and curvature of the 
pursuer. This is the cited apparent strategy 
used by houseflies chasing competitors and 
potential mates. The outfielder problem 
has the added constraint that the pursuer 
must intercept the target at a particular 

point in space (where the ball lands). If 
the fielder only used the strategy of keep- 
ing a constant lateral angle of bearing, he 
or she would cross the path of the ball, but 
not necessarily at its landing time. Verti- 
cal motion information is needed to help 
solve the temporal constraint, and the 
linear optical trajectory (LOT) model ac- 
complishes this. As we suggested, angle of 
bearing appears to be used as an additional 
constraint to help determine the particu- 
lar LOT chosen. 

Adair takes the perspective of a physicist 
and suggests two thought experiments as 
evidence that a fielder can perform the 
LOT strategy and still miss the ball. We 
have theorized and empirically confirmed 
that when fielders catch fly balls launched 
to the side they maintain a linear optical 
trajectory, and when they miss they do not. 
We found that when the fielder heads to a 
point in front of the ball's destination, as in 
Adair's first example, the optical trajectory 
accelerates vertically and curves up. We 
also found that fielders do not and cannot 
arbitrarily select optical angles and rates of 
change, as in Adair's second example, but 
rather they maintain the initial optical pro- 
jection angle, *, which is fully determined 
by the perspective launch angle of the ball 
relative to the fielder. 

If time is money, 
I our 5-minute Rapid 

, ., DNA Ligation Kit can 

Adair is correct in noting that the LOT 
strategy in itself does not specify a unique 
solution, but as we pointed out, this can be 
accomplished to the extent that the field- 
er minimizes changes in angle of bearing. 
One interesting aspect that has emerged 
from research on this problem is that for 
identical launches, fielders will select dif- 
ferent running paths, particularly near the 
beginning and end of the task. A good 
model of outfielder behavior should allow 
for this variability, as the LOT strategy 
does. Near the beginning of the trajectory 
we exDect more variabilitv because out- 
fielde; location has less influence on the 
optical trajectory. Near the end we expect 
more variability because corrective action 
will commence as other depth cues be- 
come available. 

Adair proposes a model in which a 
fielder maintains lateral alienment and w 

then solves' the problem as if the "up and 
down" motion of the ball was a ~ ~ r o a c h -  
ing directly toward him or her. BO& main- 
tenance of lateral alignment and monitor- 
ing of up and down ball motion require 
information that is not perceptually avail- 
able from the fielder's vantage. and both - ,  

conflict with empirically measured run- 
ning path and optical trajectory patterns. 
They also imply the incorrect notions 

save you a fortune. 
How would you spend a fortune in free time? Publishing faster? 
Gathering more data for your next grant? Our Rapid Ligation Kit con- 
tains specially formulated T4 DNA ligase plus an exclusive rapid 
buffer to guarantee blunt- or sticky-end ligations in just five minutes. 
Without sacrificing transformation efficiencies! So, you can ligate 
and transform one day, pick colonies the next. 
Enjoy a wealth of free time by cutting a day from your cloning pro- 
cedures. Try our Rapid Ligation Kit risk-free. We guarantee it will 
perform as promised or we will refund your purchase price. Contact 
your lccal representative for more information about the Rapid DNA 
Ligation Kit, another innovative product from Boehringer Mannheim. 
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that balls hit to the side should be harder 
to catch and that fielders allow the ball 
to optically descend. Finally, Adair's pro- 
posal that fielders simply attend to ball 
motion and practice does not describe how 
or what the fielder is doing. Perhaps this 
helps emphasize the point that scientists 
of different disciplines have different goals 
and methods. The goal of perceptual 
psychologists is to determine what infor- 
mation is available to an observer and 
to specify and empirically test how is 
it used. Our empirical findings indicate 
that fielders reliably maintain a constant 
speed LOT to direct them to the correct 
destination. 

The final two letters concern an issue 
from the perspective of the study of exper- 
tise and skill development: how experts 
differ from novices. As we noted in our 
report, we chose to measure the behavior 
of recreational players. Professional play- 
ers may behave fundamentally differently. 
Jacobs makes a good point in noting that 
Willie Mays did not appear to follow the 
LOT strategy when he made the famous 
1954 World Series catch, yet Mays' ex- 
traordinary behavior during this play may 
be Dart of the reason that it is considered 
by many to be one of the greatest catches 
in the history of the sport. Chodosh, Lif- 

son, and Tabin provide pilot data and 
suggest that even during mundane catch- 
es, professional fielder behavior is not con- 
sistent with maintaining a LOT. Their 
principal argument is that fielders do not 
catch the ball on the run. but rather do so 
while stationary. In contrast, our observa- 
tions of professional players indicate that 
they typically alter their running speed in 
a manner consistent with the LOT strat- 
egy and appear to catch the ball on the run 
far more frequently than suggested by 
these authors. A definitive answer recon- 
ciling our differences would require a 
much more detailed description of fielder 
position over time. Still, the LOT model 
does not specify a unique solution and, in 
particular, does not require optical speed 
constancy, as we found with recreational 
players. Professional players could con- 
ceivably learn to favor LOT solutions that 
promote earlier arrival. Chodosh et al. also 
note that professional players do not al- 
wavs continuouslv maintain fixation on 
thd ball, although our observation is that 
they usually do so. In order to evaluate the 
relevance of this point, we must determine 
the sampling frequency and fixation re- 
quirements that are needed to maintain a 
LOT. Chodosh et al. imply that the per- 
formance of recreational players is suffi- 

cientlv inferior to that of ~rofessionals to 
make models of amateur behavior uninter- 
esting. Clarifying differences between ex- 
perts and novices can be an informative 
pursuit, but so can clarifying their com- 
monalities. Millions of recreational play- 
ers are remarkably good at catching fly 
balls, and in some respects approach the 
performance level of major league players. 
Our model of how they accomplish this 
task appears to tap into an innate strategy 
that uses the perceptual invariant of con- 
stancy of relative angle of motion. Knowl- 
edge of this strategy may enhance perfor- 
mance in countless tasks relevant to local- 
ization and navigation ranging from design- 
ing cockpit displays to herding livestock. 
We found that fielders catch fly balls by 
maintaining a linear optical trajectory. The 
generalizability of this principle helps ex- 
plain why the outfielder problem is relevant 
to such a wide range of scientific disciplines. 

Michael K. McBeath 
Dennis M. Shaffer 

Department of Psychology, 
Kent State University, 

Kent, O H  44242, USA 
Mary K. Kaiser 

Human and Systems Technologies Branch, 
NASA Ames Research Center, 

Moffett Field, CA 94035-1000, USA 
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