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Sequentiality: ¢a complementary vision of reality?
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Anguera and Sanchez-Algarra (2014)
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In the first case, the objective is to determine what happens within each
fencing phrase
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In the second case, the objective is to determine how these fencing
phrases evolve throughout the bout
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Observational Point
Multidimensional

Observational tool
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Dimensions or criteria  Category systems Code
Pressure Right pressure PD
Left pressure Pl
No pressure NP
Preparation Right preparation XD
Left preparation XI
1st Action 1st action: right offensive oD
1st action: left offensive ol
1rt action: right defensive DD
1st action: left defensive DI
2" Action 2nd action: right offensive DOD
2nd action: left offensive DOI

2nd action: right counteroffensive  DCD
2nd action: left counteroffensive DCI

2nd action: right defensive DDD

2nd action: left defensive DDI
3"d Action 3rd action: right offensive TOD

3rd action: left offensive TOI

3rd action: right counteroffensive  TCD
3rd action: left counteroffensive TCI

3rd action: right defensive TDD
3rd action: left defensive TDI
s Touch Left touch Tl
— Right touch TD
No touch NT
Double touch DT




T-Patterns analysis (THEME)
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Lag sequential analysis (GSEQ)
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« T-Patterns analysis (THEME)
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erlying the T-pattern detection method is that complex human
p’poral structure that cannot be fully detected through traditional .

ot Mional methods or mere quantitative statistical logic.

Taken from Magnusson (2013)
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Taken from Magnusson (2013)




Magnusson (1988, 1989, 1993, 1996, 2000, 2005, 2006, 2016)
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A T-pattern is a “statistical construction” that is detected from a combination of events,
occurring in the same order with temporal distances between each other that remain
relatively invariant in relation to the null hypothesis that each registered behaviour code is
independent and is randomly distributed in time.
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According to Magnusson (2000, p. 94), “that is, if A is an earlier and B a later component of

the same recurring temporal pattern then after an occurrence of A at t, there is an interval

[t+d1, t+d2](d2>d1>d0) that tends to contain at least one occurrence of B more often than
would be expected by chance”.
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P1,X1,0D,DCI, TDD
PI,XD,DI,DDD,TI
P1,X1,DD,DDI
NP,OIl,DDD
P1,X1,0D,DCI, TDD
PI,XD,0Ol,DDD, TCI, TI
P1,01,DDD
P1,XD,0I,DDD
P1,X1,0D,DDI,TD
PI,XI,O1,DDD
P1,01,DCD,TDI
P1,X1,0D,DDI,TDI
P1,01,DDD
PI,XI,OI,DOD,TID
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DATANAME Critical Interval T-Packet Detection
w . Search parameters
Base-Line Prob. Type NXIT - Packet Significanc -

Univariate Patterns nclude - Minimum Occurrence

Significance Level C 0,005 Iaxim CoUurrence :
Minimum Occurrence 2 N andom Simulation Th e fa St req u I re m e nt at a I I

[ Minimurm 1 1 Types af Randomizations _ |eve|s Was disa bled .

Maximum d1 2147483647 Number OF RuhaPer Type

Burst Detection  Sign. Level _ Set Currenthy Swameters for All Files. \L
Burst Min. Occurrences - Adapt I.|inimum0c:currewtﬂ Sets ‘ Si n ifica nce Ievel . 005
g : p .005.

Max Search Levels

[]Farr

Lumping Factor

[ Left or Right Has Burst (levels = 1) Minimum Of Occurrences

Minimum % Of Samples
Exclude Frequent E-T's

Top Percent Kept Per Level

Activation of the
redundancy reduction tool

For further information see Reference
Seearearorirass Manual (PatternVision Ltd & Noldus
Information Technology bv, 2004)

From Current Data Set
All Data Sets

Increazsed speed and memory use

||E|Pause| ||E|Stup| [mﬁm]




Lag sequential analysis (GSEQ)

Bakeman (1978)
Anguera«(2015)
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Lag sequential analysis (Bakeman and Quera, 2011) was used to investigate
association relations between categories based on the calculation of observed and
expected probabilities, , and to compare them using a corrected binomial test.

e A
Adjusted residuals were calculated to determine the strength of association
— between-behaviors, as we applied the correction established by Allison and Liker
(1982) to the binomial test.

- number of rows {givens)
- number of columns (targeis)
observed joint frequency
- for cell in Fth row and oth column of a A«Ctable
Nep sum of the counis in the e-th column
Xy sum of the counts In the ~th row
P ’ M= x., number of counts total for the RxC table
v = : probability for the oth column = X+ N
probability for the rth row = x. + N

expected frequency, by chance = . X,

code for the rth row (the given}
code for the c-th column {the target)

P{tJg,) conditional probability of (f. given g = X+ X
Vre raw residual = x.~ e,

Xpo — By Bakeman and Quera (2011, p. 105)

adjusied residual =
Fre Je.1-p,)1-p,)

Drawing from the experience of many studies conducted in the behavioral and social
sciences (Lapresa, Arana, Anguera and Garzén, 2013), it was decided to use just ten lags (lag
-5'to lag -1 and lag +1 to lag +5), as patterns appear to become diluted when more are used.







Polar coordinate analysis (HOISAN)
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Polar.coordinate analysis is an elaborate data reduction technique. It also produces a vectorial
««“image of the complex network of interrelations between the focal behavior, and the other
behaviors selected.

-

The retrospective, or “backward” perspective, which incorporates what Anguera (1997)

referred to as the concept of “genuine retrospectivity”, reveals significant associations
between the focal behavior and behaviors that occur before this behavior (i.e., negative lags).
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Zsum statistic

Jn
(Cochran, 1954; Sackett, 1980)

Length of the vector The angle of the vector

Al Py

(¢ = arcsine of Y/radius).

Is ob %alculatmg the
square ro d‘e prospective
t

Zsum added to & square root
of the retrosp tif/'é Zsum:

VX2 TS The value of the angle will depend on the quadrant

‘ ‘ { in which the conditioned category is located:
|
significant (p<0.05) when the "/

The relationship is considered
length exceeds 1.96. - Quadrant 1 (0 < ¢ <90) = ¢
- Quadrant Il (90 < ¢ <180) = 180 — o
/ - Quadrant Il (180 < ¢ <270) =180 + ¢

- Quadrant IV (270 <$p <360)=360- 0

e



Robles (

2012, p. 73)

The focal behavior inhibits and is

activated by the conditional behavior

The focal and conditional behaviors activate each other

I ¥

ITT

The focal and conditional behaviors inhibit each other

+

The focal behavior activates and is inhibited by the
conditional behavior
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Total: 44 categories, 122 events-type= fencing phrase-types,
180 events= fencing phrases recorded.

Bout 1: 24 categories, 34 events-

type= fencing phrase-types, 40 Bout 3: 32 categories, 40 fencing
fencing phrases phrases-types, 54 fencing phrases
/ Bout 2: 31 categories, 33 fencing Bout 4: 35 categories, 39 fencing

phrases-types, 41 fencing phrases phrases-types, 45 fencing phrases
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Educational Beta
} :Limardoglobalida f xi,odddi (8)
P Event-Type Chart (Ol d eret by re q uen CE) i ngd;dd;cwgﬁ (s

. i 4 pixiodddi (5)
Data: Limardoglobalidad 5 npxd,od ddi (f4)

B Series! 6 npxd,oiddd (4)
; — Average 7 npxd,oiddd,fi (4)
i aees Median 8 pdxd,oidedti (4)
; - ‘ — Made 9 np,oiddd (3)
: : ; ; 10 npyxd,oided (3)

11 pd,oided id (3)
12 pdxd,piddd (3)
13 pixd,oddeitd (3)

i - it 14 piximddd @
Sub-championof
17 npxmd ddltdd [2

s | - 18 np,xioiddd (2)
the World in 2013 : D
B 20 pd,od,ddi (2)

21 pdxdod deitid (2)

51

[ | | pdxd,0i (2)
[ - R b 23 pdxd,oided (2)
encerontheleft ;e
| . 25 piod deitd (2)
pixd,oiddd ti (2)
27 pixioidcdti (2)
28 np,od,dei (1)
29 np,oddcitd (1)
30 np,odddi (1)
31 np,oided (1)
32 np,oided,tci,qdd, vdizdd (1)
33 np,oidedti (1)
34 np,oiddd.ti (1)
35 np,oidod,tdiqdd (1)
np,cided ti (1)
37 np,xd,od dcitd (1)
38 np,xd,od dcitdd qdivdd (1)
39 np,xd,od ddd tdd (1)
40 np,xd,od,dditcd gdivedtd (1)
41 np,xd,od dditdd,qcived sdi (1)
42 np,xd,od dditdd,qoived (1)
43 npxd,oi (1)
44 npxd,oidcdtid (1)
45 np,xd,oiddd tdi (1)
np,xd,oi,ddd,toi,gdd, vcisdd (1)
47 np,xd,oiddi (1)
43 npxdoidodti (1)
49 npxiodddd (1)
50 np,xi,od,dditdi (1)
51 np,xiod doitcd (1)
52 npxioidedtc (1)
53 npxioidedtdi (1)
54 npxioidedti (1)
55 np,xid,od,dditcd td (1)
56 np,xid,od,dditdd qoitd (1)

[ [[1 \III |

[ [1 [l HI

[[1 [l HIH

[[1 [l HIH

111 [ UL 57 np,xid,oideifi (1)
0

3 10 15 20 ol 30 35 40 45 a0 a5 =i} E5 70 75 =] a5 a0 95 o0 108 M 15 10 58 np,xid,oiddd (1)

Event Types 59 np,xid,oi,ddd fcifi (1)
60 pdoddci (1)
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DataSets | [7] Average Median Mode Show Event-Type Names




Fencing Fencing
phrases phrases

intra-bout | interspersed Sub-champion of the World in
2013 (Fencer on the left)
(np,xi,od,ditd np,xi,od,ddi tdd ) ' z T-Patterns detected

( pd,xd,0i,ddd pd,xd,od,dci,td )

e
Educational Beta
M

( np,xd,oi,ddd,ti pd,xd,oi)

VIDEO

( pd,xi,od,ddi pd,od,ddi)

3 11-12 -
( pd,xi,od,ddi pd,xi,od,ddi ) 4 3 5-7 1
3 7-10 2 e
3 10-11
3 11-16
( pi,xd,od,dci,td pi,xi,od,ddi) 2 1 22-24 1

H Dendrogram corresponding to T-pattern

L7 ( pi,xd,od,dci,td pi,xi,oi,dcd,ti) 2 - 2 .
with order number L1

. T-pattern with the order number L1 , has 2 ocurrences; in the third
' bout (semifinal). First ocurrence: fencing phrases n2 42 y 43; second ocurrence: fencing

phrases n2 52 y 53. On bouth ocurrences, fencing phrases are consecutive (no fencing phrases
interpersed).




._ T-Pattern -




World champion in 2014 (Fencer on the right)

o
o= Total: 44 categories; 121 events-type= fencing phrase-
types ; 281 events= fencing phrases recorded

Bout 1: 24 categories, 47 events-
type= fencing phrase-types, 66
fencing phrases

Bout 3: 28 categories, 47 fencing
/ phrase-types, 60 fencing phrases

Bout 2: 26 categories, 47 fencing Bout 4: 27 categories, 28 fencing
phrase-types, 56 fencing phrases phrase-types, 33 fencing phrases
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00 deitdd (1)
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0d deitddtd (1)

id

(
,0d,ddi ted,qei vdd,sdi (1)
,0ided teiqed tid (1)

xd,od dci (2)
xd,od,ddi (2)

: pd,od.ddi (6
6 npxdodddi (5)
7 npxiod,ddi (5)
& pioiddd (4)
S pixiod (4)
: pd,xd,od dditd (3]
6 pixd,od dditd
50 npxd,od dcitd (1
51 npxd,od deitid (1
52 npxdoi (1
53 npxd,oidcd tdi (1
54 np,xd,0iddd ti (1
55 npxi
56 np,xi
5
&
59 npxi
80 np,xi

g
49 npxd,od dcitcdtd (1)

18 pixioidedteiti (3)
19 pixioidodti (3)
20 np,xd,od dcitdd (2)
21 npxdoidcd (2)
25 np,xiod dcitd (2)
26 np,xiod dditd (2)
27 np,xioidcd idi (2)
28 np,xid,od doitd (2)
29 pd,oddeitdd (2)
30 pd

32 pd.xi,0d dditd (2)
33 pdxioidedti (2)
34 pdxidoddci (2)
38 pixd,oided tdi (2)
39 pixd,oiddd (2)
42 pixid,od dditd (2)

X eventtype (N)

1 pixioiddd (10)
2 pixioidedti (9)
3 npxdoiddd (7}
4 pixioedddi (7)

g

22 npxdoidcdti (2)
23 npxd,oiddi (2)
24 npxioddci (2)
35 pd xid od ddi (2)
36 pixdoi (2)

37 pixdoided (2)
40 pixioddeitd (2)
41 pixioidddti (2)
43 pixid,oided i (2)
44 npoddcitdd (1)
45 np,oided tditi (1)
46 np,oiddd (1)

47 np,oidodti (1)
48 npxd,od dci (1)

3 pd
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&
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World champion in 2014 (Fencer on the right). T-Patterns detected

n Chain formt pattern Ww fencing phrases fencing phrases
: intra-bout interspersed

n (( np,xi,oi,ddd np,xi,od,dci ) pi,xi,od,dci,td) 2 2 21-38-53 16, 14
3 4-20-35 15, 14
“ (( pi,xd,oi np,xd,oi,dcd ) pi,xd,oi,ddd ) 2 2 6-20-24 13,3
3 30-48-51 17,2
' ( np,xd,oi,dcd pi,xd,oi,ddd ) 2 2 20-24 3
3 48-51 2
“ ( np,xi,od,dci pi,xi,od,dci,td ) 2 2 39-53 13
3 20-35 14
n ( np,xi,od,ddi np,xi,od,ddi) 2 1 41-43 1
1 43-45 1
n ( np,xi,od,ddi,td pi,xi,od,ddi) 2 1 24-33 8
3 16-25 8
( np,xi,oi,dcd,tdi pi,xi,od,ddi,td) 2 1 6-14 7
3 5-11 5
n ( np,xi,oi,ddd pi,xi,oi,dcd,tci,ti ) 2 1 1-19 17
3 4-22 17
“ ( pd,xd,od,dci pi,xi,oi,dod,ti) 2 1 36-46 9
4 7-14 6
“ ( pd,xd,od,ddi pd,od,ddi) 2 1 22-23 -
1 51-52 -
“ ( pi,xd,oi,dcd np,xd,od,ddi) 2 1 21-28 6
2 27-34 6
E ( pi,xi,oi,dcd,ti np,xi,od,dci,td) 2 2 12-13 -
3 59-60 -
“ ( pi,xi,oi,ddd pi,xi,od,dci,td ) 2 2 28-53 24
3 10-35 24
( pi,xi,oi,dod,tid pi,xi,oi,dod,tid ) 3 4 29-30 -
4 30-31 -
4 31-33 1



Lag sequential analysis (GSEQ)

S —— hn.—
Sub-champion of the World in 2013 (Fencer on the left)

T .. ‘ ,

Participant | - Sub-champion of the World in 2003 {Fencer o the lefi)

Righit touch {not favor participant 1) Left touch (favor participant 1j
Lags Lags
-5 -4 -3 -2 - 1] I 2 3 4 ] -5 -4 -3 -2 - 1] | 2 E 4 5

Behaviors that FAMOR participani 1 @

D 1,70 07 083 A0.27 070 0,52 009 -120  -122 079 045 004 23284 04 0H33  H36 075 H42 1,06
XD 006 155 <104 0,9 009 0,59 l A1 1467 <151 -1ee & DA 001 1,14 1,45 006 185 004 141 0,26
ol 132 <iE 044 4] 044 556 & 108 081 08D {530 (Al 31 <085 82 & eT3 R 09] 1.5% 48 0 =0,34
[ a1] Q56 000 054 00 05 -273 & 046 <140 054 .16 -110 080 051 1,35 450 & <001 D03 040 038 -009
oD 245 & 088 040 085 013 -319 & 023 0% 140 188 007 =124 -0 88 49 242 8 0354 082 003 047 0,84
(o] 143 0% 023 0,4 147 -1,0 140 0,24 145 023 3858& 0467 0468 -1.31 2738 -1351 1,00 -1,32 168  -1,33
T EUE. L R U 0,4 089 0 (A0 044 043 1,75 <050 136 098 <104 1,02 2118 <1200 3198 121 0,12

NP 052 0| 047 040 036 04 114 135 050 100 033 090 020 D63 1,42 -259 1.4 065 00 092 D12 158
% 008 08 2L, # 055 058 07 022 13 000 006 008 001 145 4,97 & 0,01 060 -204 & 047 <164 052 008 -0
ol DAD D40 D40 D40 D39 DA D40 D40 254 # 040 040 054 053 053 453 191 1L#M 053 053 4053 053 LBS
oo 152 02 020 4907 021 5508 084 114 <146 033 0% 059 127 123 091 194 78 & -132  -1sd4 051 001 0,30
oa 08 0m 0% 007 -1 629# 002 185 047 133 109 D00 141 130 065 183 266 & 004 034 093 -108 1,39
DO 149 09 096 047 093 17 -L12 005 103 -147 053 021 061 14 0,13 140 454 & 099 180 -104 061 -L00
(s ] DAD 040 D40 D40 D39 DA 2508 D40 D40 D40 040 188 053 053 053 053 05 05 053 053 053 054
OO 474 07 1% 07® 000 OH8 0 007 472 009 020 019 007 052 084 H8 016 -212 & 082 003 H72 050 078
TOD DAD D40 040 D40 039 251 040 D40 D40 040 040 0 D54 053 053 4053 191 L% 053 D53 £33 053 -054

Excitatory behavior (> 1.96) Inhibitory behavior (< -1.96)




Lag sequential analysis (GSEQ)

— n.“_‘

World champion in 2014 (Fencer on the right)

Pariicipani T - Clampion of the World in 2004 {Feneer an ihe right )

Right toueh {Tavor partici pamt 2) Leeft toueh {nod Taveor participmnt 2)

Lags Lags

-5 - -3 -2 i -3 -2 =1
Bebaviors that Fas OR, participam 2

0%] =148 080 -]93 . =, =] . -245 & |29
-145 030 aas  0ET ; 045 0.5
=13 L15 07 -045 . 099 -0, 54
=175 154 =040 008 = = ) , =132 a7
036 03 087 -147 y =L, ] ; 079 =0 59
E L e T e S 5 -1z -1.12
001 066 -135 -135 037 =107

L
PD
o
Da
puel]
(e ]
T

Behaviors $at FAV OR, parsicipast 2
s 132 004 QT2
097 049 060 204

1,72 0% 040 007
106 -021 -071 1,01
-1,61 Q71 -022
-1,58 001 ZA4
-5 095

gagges?




Polar coordinate analysis (HOISAN)
B _
Sub=champion of the World in 2013 (Fencer on the left)
e -
Right touch g Left touch
(focal behaviour: TD) (focal behaviour: : Tl)

y

|

Favor participant 1:

a) PD-Opponent (right) pressure - Il

b) DCD - 2nd action: Opponent (right)
counteroffensive — ||

Favor participant 1 :
a) Pl-Own (left) pressure - |

b) XD - Opponent (right) preparation- |

c) OD - 1st action: Opponent (right) offensive - ||
d) DDI - 2nd action: Own (left) defensive- ||

Not favor participant 1:

a) PlI—0Own (left) pressure - |
b) DDD - 2nd action: Opponent (right) defensive- |
c) DOD - 2nd action: Opponent (right) offensive- |

T—

Not favor participant 1:
a) NP-Nopressure -l

.



/ Polar coordinate analysis (HOISAN)

| "
World champion in 2014 (Fencer on the right)

{ ————— e
Right touch Left touch

(Focal behaviour : TD) (Focal behaviour : Tl)

£ «

4 Favor participant 2 :

Favor participant 2: a) NP - No pressure - II|

) b) DOI - 2nd action: Opponent (left) offensive - |1

c) TCI-3rd action: Opponent (left) counteroffensive - |l

Not favor participant 2:
a) NP - No pressure inhibits the favorable Not favor participant 2:
touche (TD) and when it touches (TD) NO a) Pl-Opponent (left) pressure - |

PRESSURE behaviors are activated — |V b) PD—Own (right) pressure - Il

p c) TOD - 3rd action: Own (right) offensive - |

A -

-
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Complementary evaluation of tactical sequences for fencers 1 and 2

—
- 0.

i 'y
Theme &
Educational Beta

T-Pattems

Behaviors that FAVOR particspant 1 (Fencer on the left
(NP XD,OLDDD,TI PD.XD.OI)
(PLXD.ODDCLTD PILXILOLDCD.TI)

Behaviors that DO NOT FAVOR partici
(NPXLODDCLTD NPXLODDDLTDD )
{PD.XD,OLDDD PD.XD.ODDCLTD)
(PLXD.,ODDCLTD PLXIODDDI)
(PLXD.OD,DCLTD PLXLOILDCD.TI)

Behaviors that FAVOR participant 2 (Fencer on the 5
((NPXLOLDDD NP_XLOD.DCI)PLXLOD.DCLTD)
(NPXLOD.DC! PLXL.OD.DCLTD)
(NPXLODDDLTD PLXLOD.DDI)

(NP, XLOLDCD,TDI PLXIL.OD,DDITD)

( PLXLOLDCD.TI NP.XLOD.DCLTD)
(PLXLOLDDD PLXILOD.DCLID)

Echaviors that DO NOT FAVOR participant 2 (Fencer on the nght)
(NPXILOLDDD PLXILOLDCD,TCLTI) PI

NP
(PD.XD,0OD.DCI PLXI1,OLDOD,TT) PI
PD

TOD




Discussion and conclusion




The main conclusion of this study is that the
complementary use of the three observational
methodology techniques—Ilag sequential
analysis, polar coordinate analysis, and T-
pattern detection— can provide extremely
useful insights that can be used to guide
tactical and strategic training in fencing.

= A) Each dataset corresponds to a fencing
phrase, which could be considered as a “co-
occurrence” of behaviors or actions but that
actually presents internal or intra-phrase
sequentiality.




The main conclusion of this study is that the

@ complementary use of the three observational
D/ methodology techniques—Ilag sequential
analysis, polar coordinate analysis, and T-

pattern detection— can provide extremely
useful insights that can be used to guide
tactical and strategic training in fencing.

= B) The strategical analysis shows how co-
occurrences or events (fencing phrases)
influence each other (via T-patterns), and it ,
aIso shows how different behaviors (actlons

(using sequential analysis of lags -1 to -5 and/
+1 to +5 and polar coordinate analysis). 4
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