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REGRESSION: Will wom e n soon out run men?
The ave r age running vel ocity (v−) is a cru -
ci al det e rminant of the metaboli c dema n ds
im pos ed by competitive running eve n t s1, 2. Its
his t orical progres sio n, the refore, is likely to
be impor tant in unde rst anding the phy sio -
logi c a l deter min a n t s of the seemingly inex-
orable progres sio n of record per for manc es.

We the refore est ablis hed v− as a fun ction of
his t orical tim e (t) for the world records at all
the standard Oly m pic eve n t s fr om the 200
m to the marat hon (42,195 m) for men,
de ca de-by-decade, throu ghout this centur y3, 4.
We were able to est ablis h this rela t ion s hip
only for eve n t s up to 1,500 m sin ce the
1920s for women; dat a we re ina dequ ate for
the 5,000 and 10,000 m, alt hou gh we judge d
there to be suf fi cie n t fo r the marat hon.

In men, the progres sio n of v− ap pears to be
a lin ear fun ction of t, wit h sl opes for the dif-
fe rent eve n t s being rem arkably sim ilar (le ft-
hand digr am below) – in agreement wit h the
re sul ts of Ryder et al 5. Thes e rang ed from
5.69 to 7.57 m min−1 de ca de, wit h no sys te-
mati c variation wit h in cre asi ng race dis tanc e.
The marat hon slo pe, howeve r, was appre ci-
ably gre ater (9.18 m min−1 de ca de).

Fo r women, the re were als o no sig n ific a n t
differenc es in the slo pes among the different
ev ents up to the 1,500 m (middle diagr am
below) . The slo pe, howeve r, was approxi-
mately doub le that for the men, rangi ng

fr om 14.04 to 17.86 m min−1 de ca de. As for
men, the rat e at whi c h v− in cre ase d in the
marathon was appre ciably gre ater (37.7 5 m
min−1 de ca de). Despi te the pot entia l pi tfa l ls,
we cou ld not resis t ex trapola t i ng thes e
re co r d prog res sio ns into the future.

Un less the progres sio n rate of men’s
re co r ds in cre ases rela t ive to that of women,
then v− fo r thes e ev ents wil l be no different
fo r men and women wit hin the first half of
the twe n ty-first centur y (r ight-hand diag ram
below) . Beyond that tim e, cur rent progres -
si on rat es imply super ior per for manc e by
women. The proje cted int e rse ction for the
marathon is 1998.

The sugge s tion that women cou ld, so soon,
be running thes e races as fast as men seems
im probable at first appearanc e. Non e of the
current women’s world record hol d ers at
thes e ev ents cou ld eve n me et the men’s
qu ali fyi ng standard to compete in the 1992
Olympic games. Howeve r, it is the ra tes of
im prove ment that are so str ikingly different
– the gap is progres siv ely clo sing6.

Althou gh it is diffic ult to est ablis h a pre -
ci se met aboli c en ergy equ ivalent of thes e
rates of improve ment, one may estim ate from
the dat a of Margaria et al7. and Wyn dham et
al8. that, for the eve n t s up to 10,000 m, the
prog res sio n requ ire s a rat e of increa s e in O2

cons ump tion of abou t 10 ml min−1 yr for

men and more than doub le that for women.

It is unlikely that we wil l le arn when, and
how rapidly, the current hig h rate of improve -
ment was est ablis hed, owing to the lack of
reli a ble tim e s ov er reliable dis tanc es in the
past. Some world records are availa ble, how-
ev er, as far back as the 1860s (refe renc e 4);
they are consis tent wit h the value s ‘e xpect e d’
fr om the current progres sio n rates. Whether
the world record progres sio n rate will begin
to slow, eit her rela t ive ly ab rup tly or more
prog res siv ely, wil l only become app are n t in
the future.

In any eve n t, thes e re sul ts pos e fo ur chal-
le ngi ng que s tion s to phy siologi sts. Why is:

• the world record progres sio n in the vari-
ou s ev ents so lin ear ove r an int e rval of
ap proxi mat ely a centur y;

• the slo pe of the record progres sio n so
si milar from the sprin t s to the 10,000 m;

• the record progres sio n in the marat hon
ap pre ciably gre ater;

• the record progres sio ns for women inc rea s-
ing at such a rapid rat e rela t ive to men?
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Wo r ld record progres sio n, expre sse d as ave r age running vel ocity versus his t orical tim e, for men and women,
with best-fit lin ear reg res sio ns (soli d li nes) super impos ed. In the rig ht-hand diag ram , the reg res sio n li nes for
the com mon eve n t s fo r men and women (soli d li nes) are ext r apola ted (da she d li nes) to their poi nts of int e r-
se ction; the pre dicted world record tim e s at thes e in terse ction poi nts are show n in parent heses (h:min:s) .
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The article EM9201 reprint e d ov erleaf on pag e HL56.1 and above is of statis ti c a l in terest becau se its main Answe r is base d
on extra pol ating regres sio n li nes.

A December, 2020, Google search yields the world record dat a give n in the table bel ow. The race tim e s at the ext r apola ted
crossing poi nts in the rig ht-hand diag ram ove r leaf are show n in bold type in the cent r al colu mn; adj acent to them in sma l ler
type are the ratios of men’s records to thes e ex trapola t ion s and the ratios of the women’s to the men’s records. Three matt e rs
se em inhospi table to the implication s of the article reprint e d ov erleaf and above and its tit le.

• the rela t ive ly long standing
of some records;

• differenc es of stil l at lea st
10 % between the men’s and
women’s world records;

• except for the marat hon, the
differenc es of abou t 3% to about 6½% that rem ain bet ween the men’s records and the value s at the ext r apola ted crossing poi nts.

RACE . . . . . . . . . . . MEN . . . . . . . . . . . . . . . . . . . . . . WOMEN . . . . . . . . . . .
Time Name Year Time Name Year

200 m 19.1 9 Us a in Bol t 2009 1.0306 18.62 1.1120 21.34 Flo renc e Griffith -Jo yne r 1988
400 m 43.03 Way de van Nieker k 2016 1.0319 41.70 1.1 062 47.60 Marit a Koch 2006
800 m 1:40.91 Dav id Rudis ha 201 2 1.0537 1:35.77 1.1 226 1:53.28 Jarmila Kratochvi l ová 1983

1, 500 m 3:26.00 Hicham El Gue rrou 1998 1.0643 3:13.55 1.1168 3:50.07 Genzebe Dibaba 201 5
Marathon 2:01:39 Eliu d Kipchoge 2018 0.9973 2:01:59 1.1 021 2:14 :04 Brigi d Kosgei 201 9

The article EM9201 is als o us ed in Fig ure 13.1 of the STAT 221 Cou rse Mat e ria ls and it is cit e d at the end of Fig ure 16.1 of the
STAT 231 Cou rse Mat e ria ls.
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