
Rating the Chess Rating SystemMark E. Gli
kman�Department of Mathemati
sBoston Universitymg�math.bu.edu Albyn C. JonesDepartment of Mathemati
sReed Collegejones�reed.eduThe introdu
tion of 
hess rating systems may have done more to popularize tournament 
hessthan any other single fa
tor. In the 1950s, Arpad Elo (1903{1992) developed the theory of the
urrent U.S. rating system, often 
alled the \Elo system." Elo based his s
ale on one previouslyused by the U.S. Chess Federation (USCF), whi
h was 
alibrated relative to the performan
e of an\average" player in a U.S. Open Championship. Elo's system, however, added 
onsiderable statis-ti
al sophisti
ation. Sin
e its development, the system has been adopted with various modi�
ationsby many national 
hess federations. Today, it is impossible to imagine tournament 
hess withouta rating system.Chess rating systems have many pra
ti
al uses. For pairing purposes in tournaments, a tourna-ment dire
tor should have some idea whi
h players are 
onsidered the most likely 
andidates to winthe tournament so the dire
tor 
an e�e
tively avoid pairing them against ea
h other during the ear-lier rounds of the tournament. Ratings are also used for tournament se
tioning and prize eligibility;a se
tion in a tournament may only allow players of a spe
i�ed rating range to 
ompete for se
tionprizes. Ratings 
an also be used as a qualifying system for elite tournaments or events; invitationto 
ompete in the U.S. 
losed 
hampionships and to 
ompete on the U.S. olympiad team are basedin part on players' USCF ratings. The 
urrent \title" systems used by some 
hess federations basetheir title quali�
ations on the overall strength of tournament parti
ipants as measured by theirratings. But probably the most useful servi
e of the rating system is that it allows 
ompetitors atall levels to monitor their progress as they be
ome better 
hess players.The Elo rating system 
al
ulates for every player a numeri
al rating based on performan
esin 
ompetitive 
hess. A rating is a number normally between 0 and 3000 that 
hanges over timedepending on the out
omes of tournament games. When two players 
ompete, the rating system�We wish to thank Christopher Chabris for his helpful dis
ussions.1



predi
ts that the one with the higher rating is expe
ted to win more often. The more marked thedi�eren
e in ratings, the greater the probability that the higher rated player will win.While other 
ompetitive sports organizations (U.S. Table Tennis Asso
iation, for example) haveadopted the Elo system as a method to rate their players, non-probabilisti
 methods remain in usefor measuring a
hievement. In the Ameri
an Contra
t Bridge League (ACBL) bridge rating system,\master points" are awarded for strong performan
es. Points are awarded relative to the playingstrength of the 
ompetitors in an event. For example, the number of master points awarded to abridge partnership in a national 
hampionship 
ompared to that in a novi
e tournament 
ould be ashigh as 750 to 1. One of the key di�eren
es between the Elo system and the 
urrent ACBL systemis that the Elo system permits a rating to in
rease or de
rease depending on a player's results, whilethe bridge system only allows a rating to in
rease, and never de
rease. A bridge rating is thereforenot only a fun
tion of one's ability, but also a fun
tion of the frequen
y in whi
h a player 
ompetes.Be
ause of this 
hara
teristi
, bridge players' abilities 
annot be dire
tly 
ompared via their ratings.Ratings derived under the Elo system, however, are designed to permit su
h a 
omparison. But dothey really predi
t game results a

urately?A model for 
hess strengthWhile Elo's name is by far the most asso
iated with the development of the 
urrent 
hess ratingsystem in the U.S., the statisti
al prin
iples underlying the system had been established well beforehis work in the late 1950's, and 
ertainly prior to his well-known 1978 monograph (Elo, 1978). Asfar ba
k as the late 1920s, Zermelo (1929) addressed the problem of estimating the strengths of
hess players in an un
ompleted round robin tournament. Good (1955) developed a system thatamounted to the same model as Zermelo's, but was obtained through a di�erent set of assumptions.Both of their models are 
onne
ted to the Bradley-Terry model for paired 
omparison data (Bradleyand Terry, 1952). Among standard paired 
omparison models, the Bradley-Terry model has thestrongest 
onne
tion to the USCF's implementation of the Elo rating system.The fundamental assumption of Elo's rating system is that ea
h player possesses a 
urrentplaying strength, whi
h is unknown, and that this strength is estimated by a rating. In a gameplayed between players with (unknown) strengths of RA and RB, the expe
ted s
ore of the gamefor player A is assumed to be E = 11 + 10�(RA�RB)=400 ; (1)2



where the s
ore of a game is 1 if player A wins, 12 if the game is a draw, and 0 if player A loses.Suppose, for example, that the strengths for players A and B are 1500 and 1700, respe
tively. Thenthe above formula states that the long-run average s
ore for A is about 0:24. As a statisti
al model,the formula in (1), whi
h is often termed the \winning expe
tan
y" formula, applies only to theunknown playing strengths. As we des
ribe below, the formula is also used in the rating pro
edureby repla
ing the parameters with their estimates. The main di�eren
e between this model and theBradley-Terry model is that the Bradley-Terry model only applies when the out
omes are binomial(a win and a loss), so that the formula in (1) is a probability rather than an expe
ted s
ore.Updating ratingsSuppose a 
hess player has an established USCF rating prior to a tournament. An establishedUSCF rating is one that is based on at least 20 tournament games. The rating update formulainvolves adjusting a player's pre-tournament rating with the observed results in the tournament.The adjustment is made based only on the 
urrent tournament, so that rather than re
omputing arating from a player's entire tournament history, a pre-tournament rating is used as a summary ofhis or her history prior to the 
urrent tournament. This allows for a simple re
ursive des
ription ofthe rating pro
edure; a player's post-tournament rating 
an be thought of as averaging an estimateof the playing strength demonstrated in the tournament with the pre-tournament rating. Theformula for adjusting a pre-tournament rating is given byrpost = rpre +K(S � Sexp); (2)where rpost is a player's updated post-tournament rating, rpre is a player's pre-tournament rating,S is the player's total s
ore in the tournament, Sexp is the expe
ted total s
ore estimated fromthe player's pre-tournament rating and the player's opponents' pre-tournament ratings, and K isan attenuation fa
tor that determines the weight that should be given to a player's performan
erelative to his or her pre-tournament rating. The term Sexp 
an be 
al
ulated by summing theestimated winning expe
tan
ies, E, for ea
h game using formula (1).The above formula has some interesting interpretations. First, the term (S � Sexp) 
an bethought of as a dis
repan
y between what was expe
ted and what was observed. If this term ispositive, then the player a
hieved a result better than the pre-tournament rating predi
ted, so theplayer's rating is in
reased to re
e
t the possible improvement in strength. Similarly, if the term(S�Sexp) is negative, then the player performed worse than expe
ted, and this player's rating willde
rease by the dis
repan
y magni�ed by the value K. The larger the dis
repan
y, (S � Sexp),3



in magnitude, the more we are in
lined to doubt the pre-tournament rating, and thus the greaterthe 
hange required to adjust the rating. For example, if a player were expe
ted to s
ore 3 pointsout of a 5-round tournament given the opponents' pre-tournament ratings and pro
eeds to loseevery game, then the pre-tournament rating was a poor predi
tor { it should have been mu
h lowerto produ
e su
h a la
kluster performan
e. When (S � Sexp) is zero, then the player's expe
teds
ore is exa
tly equal to the attained s
ore. This suggests that the player's pre-tournament rating
orre
tly predi
ts the a
tual performan
e in a tournament, so no adjustment is required. It alsoseems appropriate to note that even if a player is 
orre
tly rated, random variation in the resultswill produ
e variation in the rating, whi
h will be naturally 
orre
ted in the long run.The attenuation fa
tor K in formula (2) 
an best be interpreted as the amount of weight givento the new tournament results relative to the pre-tournament rating. The larger the value of K,the greater the amount of 
hange allowed in one's rating. In the 
urrent USCF rating system,K is either 32, 24 or 16 depending on the pre-tournament rating. If the player has a very hightournament rating (2400 or higher), K = 16; slightly lower ratings (2100 � rpre < 2400) 
orrespondto K = 24, and the rest have K = 32. The rationale is that stronger players tend to have morestable abilities, so their ratings are not expe
ted to 
hange mu
h.An analogy 
an be drawn between the formula in (2) and tra
king the position of a movingobje
t. Suppose we have a rough idea about the 
urrent lo
ation of an obje
t. The obje
t nowmoves, and our tra
king instrument tells us its approximate lo
ation. The tra
king instrumentwill likely assume that the position of the obje
t 
annot be too far from the previous lo
ation, sothat updating the measurement will be based on information of the prior measurement. This isanalogous to tra
king a player's 
hess ability. A player's pre-tournament rating roughly 
onveys
urrent playing strength, or the player's 
urrent \position." The expe
ted s
ore formula summeda
ross opponents 
orresponds to a predi
tion based on the obje
t's last known position. An a
tualtotal s
ore is observed, and we adjust our estimate of the player's 
urrent \position" by using theformula in (2). The rating system 
an therefore be viewed as a devi
e that tra
ks a player's abilityas it 
hanges.Provisional ratingsThe formula in (2) des
ribes the pro
edure to estimate a player's rating given his or her estimatedpre-tournament rating. This formula is not used when a player has no rating prior to entering atournament. The USCF has implemented a system to 
ompute initial ratings using a di�erent set4



of formulas. The resulting estimated ratings are 
alled \provisional ratings." As the name implies,we do not atta
h a great amount of 
on�den
e in provisional ratings be
ause they are estimatesbased on a very small sample of game out
omes.When a player has 
ompeted in fewer than 20 tournament games, the post-tournament rating is
al
ulated based on all previous games, not just the ones in the 
urrent tournament. The provisionalrating formula is rpost = �ropp + 400(W � L)N (3)where rpost is the player's post-tournament rating, �ropp is the average of the opponents' ratings, Wis the number of wins, L is the number of losses, and N is the total number of games.In a
tuality, the provisional rating 
omputation is more 
ompli
ated than the formula in (3).For example, if an unrated player 
ompetes against another unrated player, the formula 
annot beused. This is addressed in the USCF rating system by imputing a rating of 1000 for the unratedopponent. An undesirable 
onsequen
e of the provisional rating formula is that a player's rating
an de
line as a result of winning a game. Suppose a player has s
ored a win, a draw and a lossagainst opponents rated 1400, 1500 and 1600 in his last tournament, giving him a provisional ratingof 1500 based on 3 games. He now defeats a player rated 700. A

ording to the formula, his ratingafter the fourth game is now 1300 + 400(2 � 1)4 = 1475whi
h is a drop of 25 points. Winning a game is 
learly never eviden
e that the player is overrated.This problem is addressed by adding a 
ondition to the provisional rating 
al
ulations that preventsa rating from de
lining based on a win.Does the USCF rating system work?The method Elo laid out for adjusting ratings was adopted by the USCF in 1960. Over theintervening years various modi�
ations have been introdu
ed to the USCF system to deal withper
eived problems. It is natural to ask, therefore, whether the 
urrent system produ
es ratingsthat predi
t performan
e a

urately. We �rst examine the distribution of USCF ratings beforeaddressing this question.The upper histogram of Figure 1 shows the distribution of players with established ratings inJanuary 1998. The mean rating for established USCF players in January 1998 is 1337. USCF5



established ratings ranged from 0 to 2751. About 96.5% of all USCF established players haveratings less than 2200, the rating at whi
h a player is 
onsidered to be a \master."The histogram also indi
ates that the distribution of player strengths is bimodal, with peaksin the 700-800 range, and in the 1500-1600 range. This 
an be explained by the large numberof s
holasti
 (K{12) tournament players. As seen in the lower histogram in Figure 1, there are alarge number of established tournament 
ompetitors between 10{15 years old. In fa
t, this groupa

ounts for more than 25% of all established tournament players.The relationship between players' ages and ratings 
an be seen in Figure 2. The plot 
onsists ofall players with established ratings in January 1998 for whi
h age information was re
orded. Out ofthe 27563 established players, only 1787 had missing age information. For players under 20 yearsold, the plot indi
ates ratings 
entered near 1000, while for older players the average rating is 
loserto 1500. In general, younger players' ratings tend to in
rease with respe
t to age until they areabout 35{40 years old. Then ratings level o� near 40 years old, and �nally de
line gradually in thelater years.Can the winning expe
tan
y formula be used to predi
t game out
omes between pairs of es-tablished players? To answer this question, we examined the out
omes of all tournament gamesbetween players with established ratings played between January and O
tober 1997. There were225,621 games in this sample. If the winning expe
tan
y formula is a

urate, then we should expe
tthat, for �xed rating di�eren
e �R, the average s
ore of a large 
olle
tion of games with ratingdi�eren
e �R should be 
lose to the expe
ted s
ore given by the winning expe
tan
y formula,1=(1 + 10��R=400). Figure 3 shows the results of our analysis. The games were grouped a

ordingto the players' di�eren
es in their published USCF ratings at the time of the events. The �gureshows the average s
ore for the higher rated player for various rating di�eren
es, along with 95%
on�den
e intervals. The dotted line in the �gure 
orresponds to the winning expe
tan
y in (1).If ratings were predi
tive of game out
omes, then the dotted line would interse
t the segments onthe �gure. With very few ex
eptions, the 
on�den
e intervals 
omputed from the observed dataunderestimate the theoreti
al winning expe
tan
y. Thus, lower-rated players are s
oring betterthan predi
ted by the ratings and the model, and that this behavior is 
onsistent a
ross all ratingdi�eren
es.Based on the poor �t to the winning expe
tan
y formula, we postulated a model for the averageobserved s
ore as 1=(1 + 10��(�r=400)), where �r is the observed rating di�eren
e, and � is anunknown s
aling parameter to be inferred from data. The maximum likelihood estimate of �6



(treating all the games as independent given the ratings) was �̂ = 0:713. This 
orresponds torepla
ing 400 in the winning expe
tan
y formula with 561, so that a more useful predi
tion of agame out
ome based on published ratings is 1=(1 + 10�(�r=561)). The �tted model is drawn onFigure 3 as a dashed line. It is quite remarkable how well this model �ts to the data, whi
h 
an beseen by how 
onsistently the dashed line tra
es through the 
on�den
e intervals.What is going on here? Why is the winning expe
tan
y formula's predi
tion too high for thehigher rated player? One explanation is that lower-rated players tend to improve more qui
kly thanhigher rated players, so while a rating is \oÆ
ial" a lower-rated player may already be substantiallybetter than the oÆ
ial rating indi
ates. This would suggest that the true (unknown) di�eren
e instrengths is smaller than the published ratings indi
ate.A more subtle explanation for the formula's over-optimism of the higher rated player is to 
on-sider that ratings are merely estimates of playing strength, and are therefore subje
t to variability.To 
onsider an extreme example, suppose two players have published ratings that di�er by 400,but that neither player has 
ompeted in many years so that their ratings are pra
ti
ally meaning-less. This would be a situation where the variability of the rating estimates are extremely large.Intuitively, be
ause the ratings do not re
e
t the players' 
urrent strengths, the expe
ted out
omebetween the two players should be 
lose to 0.5 even though the ratings predi
t a 0.91 winning ex-pe
tan
y for the higher rated player. Thus, in this extreme 
ase, the winning expe
tan
y formulaover-predi
ts for the higher-rated player.Even if the ratings are more pre
ise estimates of strength, the variation in the estimate 
anstill a

ount for a smaller winning expe
tan
y for the higher-rated player. Consider the following
rude example: A player with a strength of 1900 plays against an opponent with a reported ratingof 1700. Suppose that half of all players rated 1700 were really 1600 strength, and the other halfwere 1800 strength. If we 
al
ulate the winning expe
tan
y using the opponent's reported ratingof 1700, we obtain a value of 0.76. In truth, the winning expe
tan
y is 0.64 if the opponent is 1800strength, and is 0.85 if the opponent is 1600 strength. So, on average, the �rst player 
an expe
tto s
ore (0:64 + 0:85)=2 = 0:745against the opponent. This value is less than 0.76, whi
h is the result 
omputed on the reportedrating of 1700. In general, averaging the winning expe
tan
y over the un
ertainty in the ratingsprodu
es a lower value (i.e., 
loser to 0.5) for the higher rated player.Be
ause 0:713 = �̂ < 1, we 
an 
on
lude there is a fair amount of variability in rating estimates.7



Rating range Number of Estimate offor average rating Games �1 { 500 1383 0.946500+ { 800 14366 0.919800+ { 1200 41148 0.8051200+ { 1400 25649 0.6341400+ { 1600 36507 0.5901600+ { 1800 40059 0.6531800+ { 2000 33982 0.7332000+ { 2200 21261 0.8292200+ { 2700 11252 0.950Table 1: Estimated values of � by level of 
ompetition. Ea
h game in the sample of 225,621 wasstrati�ed into one of nine groups a

ording to the average rating of the two players involved in agame. Smaller values of � indi
ate greater un
ertainty in players' published ratings.In fa
t, the smaller the value of �, estimated from the data, the more variability we 
an attribute tothe published ratings. One issue we de
ided to explore is whether the variability of ratings dependson the strength of the players. To answer this, we divided our data into nine groups a

ording tothe average rating within a pair of players, and determined the maximum likelihood estimate of �within ea
h group. Table 1 displays the estimated values of �. Be
ause higher-rated players tend tohave more stable abilities than lower-rated players, and that they tend to 
ompete more frequently,it is not surprising that the estimated value of � tends to be 
lose to 1. This 
an be seen fromthe higher rating groups where the estimates of � are larger than 0:8. Starting from the strongplayers, the estimated values of � de
line as rating level de
lines. This trend 
ontinues down to the1400{1600 range. But, surprisingly, the trend reverses for the low end of the s
ale at whi
h point �be
omes large again. We expe
ted that the estimated values of � for the low-rated players wouldbe even smaller than the middle group be
ause we thought that many low-rated players, most ofwhom are s
holasti
 players, would have a tenden
y to improve rapidly, so that their publishedratings would not be pre
ise estimates of 
urrent strength. One possible explanation is that earlyin the development of 
ognitive expertise, a person may remain stagnant before undergoing growth.What we may be seeing is that many of these low-rated 
hess players are at this stagnant pointin development, so that their abilities, whi
h are temporarily stable, are well estimated. Thishypothesis is an area for future investigation.Apart from the di�ering amounts of variability at di�erent levels, another sour
e of variationin game out
omes is the advantage of having the �rst move. In 
hess, the player having the whitepie
es moves �rst, and it is well understood that playing white 
onveys a tangible advantage. Elo(1978) estimates that among players with similar strengths, the expe
ted s
ore for a player with8



the �rst move is 0.57, whi
h 
orresponds roughly to a 50 point rating di�eren
e. Elo's modeldoes not re
ognize this advantage, so not in
orporating 
olor assignment 
an be viewed as anothersour
e of variability. Unfortunately, tournament dire
tors are not instru
ted to keep or report 
olorassignment for ea
h game, so this information is not available.Can the impre
ision of ratings and not knowing 
olor assignment explain the values of � that\
orre
t" the winning expe
tan
y formula? Using an approximation explained in Gli
kman (1998),the standard error of an established rating required to a

ount for the overall fa
tor of 0.713 is220. For the higher rated players, the fa
tor of 0.95 
orresponds to a standard error of 70, andfor the middle group the fa
tor of 0.590 
orresponds to a standard error of 300. Thus, for aplayer rated 1500, an approximate 95% 
on�den
e interval of the player's true strength is (900,2100). Most tournament players would likely argue that ratings are more pre
ise estimates thansu
h a large standard error implies, even without knowledge of 
olor assignment, so we are leftwith the ines
apable 
on
lusion that it is more than just the impre
ision in ratings that explainsthe phenomenon seen in Figure 3. This is still the 
on
lusion rea
hed even a

ounting for theun
ertainty due to 
olor assignment, whi
h redu
es the standard errors by only a small amount.We now dis
uss some of the 
hallenges that make the task of rating 
hess players diÆ
ult.Isolated rating poolsThe title of the re
ent play by John Guare, \Six degrees of separation" (1990), refers to the theorythat every two people are 
onne
ted by at most six other people in the sense that the �rst personknows A who knows B who knows C, et
., who knows F who knows the se
ond person. The 
laim,therefore, is that a path 
an always be tra
ed from person to person that only requires at most sixpeople in between.In measuring 
hess ability, this notion of being able to tra
e paths that 
onne
t players hasdire
t relevan
e. While we will not 
laim that any two players have 
ompeted via six degrees ofseparation, the 
laim 
an be made that the fewer the degrees of separation between two players, themore a

urate the 
omparison of abilities. For example, most players would probably agree thatweekend tournaments attra
t roughly the same players, so that these lo
al players 
ompete amongstthemselves fairly regularly. The ratings for these players are likely to be reasonably a

uratepredi
tors of how ea
h will fare against the other, assuming one trusts the winning expe
tan
yformula in equation (1). Even in 
ases where two players have not 
ompeted dire
tly against9



ea
h other, they may ea
h have a number of opponents in 
ommon whi
h establishes a 
onne
tionbetween them (via one degree of separation). By 
ontrast, when two players live in separate partsof the 
ountry where they are not only likely never to have 
ompeted, but also have rarely playedopponents in 
ommon, or even opponents of opponents in 
ommon, the a

ura
y of their ratingsas predi
tors of a game result between the two is put into question.One of the fundamental problems with using the rating system as a predi
tor of performan
e isthat it is only a

urate on a within-region level. No provisions exist in the rating system to preventdisparities in abilities a
ross di�erent regions of the 
ountry for similarly rated players. As anextreme example of how the rating system 
ould provide misleading interpretations, 
onsider twogroups of tournament players who only 
ompete among themselves, ea
h of whom have an averagerating of 1500. Also suppose the abilities of the players in the �rst group improve faster than thosein the se
ond group. If the players in either group only 
ompete among themselves, then we 
annotpossibly determine through their ratings that the players in the �rst group are better players onaverage than those in the se
ond group. A player rated 1500 in the �rst group will likely be notablystronger than a player rated 1500 in the se
ond group. Some 
onne
tion is needed between the twogroups in order to re
ognize a di�eren
e in abilities.A situation in whi
h a group only 
ompetes among themselves o

urs frequently in s
holasti

hess. At the beginning of their 
hess 
areers, s
holasti
 players tend to 
ompete only against others
holasti
 players. A 
ommunity of s
holasti
 players is formed, and very rarely do players ventureoutside this 
ommunity to play against adults, and when they do, they rarely return ex
lusivelyto their s
holasti
 
ommunity. The ratings for these s
holasti
 players have an espe
ially poor
onne
tion to ratings of adult players be
ause the ratings were �rst derived from 
ompetitionsamong unrated s
holasti
 players. The ratings for these players, therefore, are poor predi
tors ofperforman
e when they begin 
ompeting in adult tournaments.Time variation in ratingsOne of the most natural uses of the rating system is to monitor one's progress over time. Usually,players enter the rating pool with a low rating, and as they gain more tournament experien
e, theirratings in
rease slowly and steadily re
e
ting their improving ability. But is it really the 
ase thatan in
rease in one's rating always 
onnotes improvement?Relating in
reases or de
reases in one's rating over time to 
hange in ability is very tri
ky10



business. Even though one's rating may be 
hanging, it is not 
lear whether it is 
hanging relativeto the entire pool of rated players. As Elo argued, the average rating among rated players has ageneral tenden
y to de
rease over time. His argument of \rating de
ation" involves examining the
ux of players into and out of the player population. If no new players enter or leave the pool ofrated players, then every gain in rating by one player would (ideally) result in a de
rease in ratingby another player by an equal amount. Thus, rating points would be 
onserved, and the averagerating of all players would remain 
onstant over time. But, typi
ally, players who enter the ratingpool are assigned low provisional ratings, and players who leave the rating pool are experien
edplayers who have above-average ratings. The net e�e
t of this 
ux of players is to lower the overallaverage rating.In the mid-1970's, it was be
oming apparent that the average rating of USCF players wasbeginning to de
line. Throughout the past two de
ades, the updating formulas for the USCF ratingsystem have been modi�ed to 
ombat this rating de
ation. One approa
h was the introdu
tion ofbonus points and feedba
k points in the mid-1970's. When a player performed ex
eptionally well,his or her rating not only in
reased a

ording to the usual updating formula, but also in
reasedby the addition of a \bonus" amount. The justi�
ation for awarding bonus points was that theplayer was most likely a rapidly improving player, so the ordinary updating formulas did nottra
k the player's improvement qui
kly enough. When a player was awarded bonus points foran ex
eptional performan
e, the opponents would re
eive additional points to their ratings 
alled\feedba
k" points. The rationale for awarding feedba
k points was that the player's opponentsshould be rated against a higher pre-tournament rating be
ause the player who was awarded bonuspoints was notably stronger than his or her pre-tournament rating suggested. To a

ount for thisdis
repan
y, extra rating points were added to the opponents' ratings. By the mid-1980's, thesefeatures were eliminated from the rating system, in part be
ause it appeared as though bonuspoints and feedba
k points were over
ompensating the natural de
ationary tenden
y of ratings by
ausing the average to in
rease, and in part be
ause the bonus point and feedba
k point systemhad no �rm statisti
al foundation.In the late-1980's, the 
on
ept of a rating 
oor was established in the USCF system. In itsoriginal form, this addition to the rating system prevented a player's rating from de
reasing belowthe 100-point multiple 200 points less than one's highest attained rating. If, for example, a player'shighest attained rating was 1871, then the player's rating 
ould not de
line below 1600. Proponentsof the rating 
oors argue that this will not only 
ombat the natural tenden
y of rating de
ation,but will en
ourage 
hess tournament parti
ipation be
ause it prevents one's rating from unlimited11



Rating Status January 1997 January 1998 Mean rating Number of1997 1998 Mean Mean in
rease PlayersEstablished Established 1430 1440 10 18498Established Ina
tive 1310 | | 9094Provisional Established 910 940 30 3961Provisional Provisional 890 900 10 3862Provisional Ina
tive 860 | | 14051Ina
tive Established | 1280 | 5104Ina
tive Provisional | 820 | 18288Table 2: USCF Rating summaries for January 1997 and January 1998. A player's rating is eitherestablished or provisional in January if the player 
ompeted the previous year. Average ratingshave been rounded to the ten's digit.de
lines. Furthermore, the rating 
oors may dis
ourage players from purposely losing games toarti�
ially lower their ratings whi
h would enable them to 
ompete in lower-rated se
tions (thispra
ti
e is usually 
alled \sandbagging"). Nonetheless, the use of the rating 
oor is at odds with theprin
iple that ratings are predi
tors of performan
e. Additional rating points are being inje
ted intothe system through players who are presumably getting worse rather than those who are gettingbetter, so any in
ationary e�e
t of 
oors is indire
t. Furthermore, players at their rating 
oormay have mispla
ed in
entives, and may therefore adjust their style by purposely playing morere
klessly in the hopes of winning against higher rated opponents with less e�ort. If ratings areto be used as a predi
tive tool, the rating 
oor implementation must be 
onsidered a 
aw in therating system.It is interesting to examine 
hanges in the overall rating USCF pool, whi
h is shown in Table 2.In January 1997, the mean rating among established players was about 1390, and in January 1998the mean was 1340, a drop of 50 points. At the same time, if we examine the average ratings amongestablished players a
tive in both year, the average ratings are 1430 and 1440 for 1997 and 1998,respe
tively, resulting in an in
rease in 10 points.How 
an we make sense out of the overall average rating among established players in January1997 de
reased from 1390 to 1340 in January 1998, and yet the average rating among playerswho were established in both years in
reases by 10 points? The answer lies in the 
ux of theestablished rating pool. At the end of 1996, 27592 players who were a
tive over the previousyear had established ratings. Slightly less than one-third of these players be
ame ina
tive in 1997.These players had an average established rating of about 1310, as shown in Table 2. In 
ontrast,there were 27563 players with established ratings in January 1998 who had been a
tive during the12



previous year. Of these, about one-third were either ina
tive or had provisional ratings in January1997 (
orresponding to the se
ond and third rows of Table 2). The average established rating forthis group in January 1998 was 1130. In addition to retaining 18498 players from January 1997 toJanuary 1998 who experien
ed a 10 average rating in
rease, the established rating pool lost a groupof players with an average rating of 1310, and gained a group of players with an average rating of1130. The net e�e
t of this movement of players into and out of the established rating pool was anaverage rating de
rease of about 50 points.Towards an Improved Rating SystemThe USCF Ratings Committee has re
ognized many of the diÆ
ulties des
ribed here, and pending
hanges in the rating system are reported in Jones and Gli
kman (1998). One of the most signi�
antis a revision of the treatment of unrated and provisionally rated players. The existing system treatsthese by methods with no theoreti
al 
onne
tion to the underlying model or the rest of the system.The new system will impute initial ratings based on the best available information, whi
h may bea rating in another system, or the overall rating-age relationship. Players with a small number ofgames (fewer than 8) will have ratings 
omputed by an iterative algorithm whi
h �nds the ratingwhi
h mat
hes expe
ted s
ore to observed s
ore.The 
hoi
e of the multiplier K in the 
urrent established rating formula is based purely onthe player's rating; higher ratings go with smaller K, re
e
ting the greater stability of ratings forstronger players with established ratings. In the new system, it will be a fun
tion of the numberof games played in addition to the player's 
urrent rating. Players with more than 8 games willhave a measure of un
ertainty of their rating. The multiplier K in the update formula will be afun
tion of this measure (as well as the number of games in the event). The greater the un
ertaintyindi
ated by this measure, the larger the value of K.With the greater availability of tournament data and better 
omputational resour
es, examiningand testing alternative models for 
hess strength is mu
h more feasible than in the days when Elowas developing his system. It may be realisti
 after all to expe
t a 
hess rating system that trulypredi
ts performan
es.
13
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Figure 1: Top: Distribution of Established USCF ratings, January 1998. The histogram represents27563 players who were a
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ompetitors (played at least one tournament game) in 1997, andwho have played at least 20 tournament games in their 
areers. Bottom: Distribution of ages ofestablished tournament players, January 1998.
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Figure 2: S
atter plot of USCF established ratings against players' ages in January 1998. A lo
ally-weighted s
atter plot smoother (lowess) is superimposed on the plot.
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Figure 3: Summary of 225,621 rated USCF tournament games. Both players in a game must havehad established ratings in 1997 to be in
luded in the sample. The sample is partitioned into groupsof players a

ording to their rating di�eren
e (0-10, 10-20, ..., 790-800). For ea
h rating di�eren
egroup, the dot represents the average s
ore of games relative to the higher rated player. Theverti
al bars represent 95% 
on�den
e intervals. The values on the dotted line are the expe
teds
ores 
al
ulated from the USCF winning expe
tan
y formula. The values on the dashed line (whi
htra
e through the segments) represent a better �tting model.17


