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Abstract

Elite chess players (n=28) completed self-report forms for competitive games (n=244). It was
hypothesised that it would be possible Lo demonstrate that psychological reversals between
the telic and paratelic states occur during competitive play and that these could be precisely
located within the game's time-line, It was further hypothesised that errors committed by the
subjects in the games examined would be closely associated with the reversals. Such reversals
are demonstrated (n=123) and are shown to be independent of outcome. This is an important
first for the psychological theory of reversals, although it may be necessary to replicate the
rescarch (desirable in any case) because of doubls about the precise wording used on the
CHEAS (chess history, evaluation, arousal and state) form. Strong supporting evidence for an

associative link between reversals and error 15 also presented.
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Abbreviations

ANS Autonomic nervous system

CHEAS  Chess History, Evaluation, Arousal and State
FIDE Fédération Inlernationale des Echecs

GEMS Generic error-modelling system

KB Knowledge-based (error)

Ra Rating average

RR Rule-based (crror)

SB Skill-based (error)

TDS Telic Dominance Scale



Introduction

The psychology of chess playing, the psychological theory of reversals and the
investigation of human error and its causes are three fields, each of which has its own
extensive literature. The basic objective of the research upon which this paper is based
was 1o investigate possible interactions of the latter two with specific relerence o the

sport of chess.

Chess

Many psychologists have been involved in research in the field of chess since Binet (1594)
produced his ground-breaking work on what makes chess players tick. In the current
century chess has been much used by researchers, not only in psychology and sports
scicnce but other fields as well, most notably in computer science and the quest for
artificial intelligence, in which latter ficld chess soon came to be regarded as 113
"drosophila melanogastar” (fruit fly), especially for the tantalising possibilities that it
might help in the szarch for much-needed global strategies for solving general problems of

any kind (Michic, 1980; McCarthy, 1990).

The most frequently cited work on how chess players think is that of de Groot (1946,
1965}, His research involved 22 chess players of various playing abilities, from two
holders of the world champion ttle down o average club players with the sample skewed
heavily towards the upper end ol that range, accomplishing ‘thinking-aloud' protocols Tor
34 chess positions of varying character. In writing up that work, he pointed out that the
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chess errors in his protocols could not be ascribed to 'non-task-connected reproduction
tendencies', as predicted by Selz's "dynamic laws of thought in the framework of a closed
theory" (Selz, 1913 and 1924), but rather they resulted from 'solution trials’ where there
was only a partial correspondence between what is required and the faulty solution.
However, allention to error, and the causes thereof, was only touched upon in de Groot's
work and the only concrete outcome was that chess players operate a dual mode of
thinking which might best be described as either looking at moves (calculating) or looking
al the position (possibly a transitional phase, providing some rest {rom caleulation which
might now be described as 'refocusing’). De Groot [ound that if concentration is unduly
‘tense’ then the atlempts to withdraw from calculational details in order to lock at the
position’ is sometimes unsuccessiul and that the consequences are often severe: "blunders

generally result from "overlooking' things one should 'see’.” (de Groot, 1963, p. 291)

Krogius (1976) examined ‘blunders’ in a sample of 1500 games, associated these
accurrences with the ages at which the players concerned had learned w play and [ound a
strong effect, later starters making roughly twice as many 'blunders' as the early starters.
Krogius did not define what he meant by a "blunder’ (the nearest he came o this was when
he stated that a ‘blunder' is the same as a 'mistake’). A 'blunder’ in chess would normally be
defined as a 'big' mistake where 'big' would represent a shift of two or more categories

across the positional evaluation scale (see helow).

Fatigue is generally, and unsurprisingly, believed to be a significant factor in causing error
on the chess board. Certainly, sleep deprivation has been demonstrated to affect chess

performance. Wilkinson (1964) deprived a group of subjects from sleeping for 60 hours.
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This group was paired with another in which the subjects slept normally. After a week of
experimentation the two groups changed places and the experimental tasks ol serial
reaction, vigilance, decision-taking, card-sorting, table tennis, darls and chess were
repeated. There were 12 chess players in the sample, split evenly between the two groups
and each game played paired one player from each group. In five of the six pairs, the
player most recently deprived of sleep lost a majority of the games. The number of games
won, on average. by the sleep-deprived group was 51% of their own performance when in

the rested group.

Making even occasional errors is sufficient to lower a player's rating considerably
(Holding, 1985). The international raing system provides a measure of the ability ol a
player (ranging from 2000, the threshold of the international list to 2820, the highest rating
ever achicved, while national rating systems commence at about 600 points, the level of a
raw beginner) and can also be used, thanks to its secure statistical basis (Elo, 1978; Elo &
Talacko, 1966), as a predictor of outcome between two players. Holding drew attention o
the need for a classification of types of error and a study of the players who make, and the
situations that provoke, different numbers and types of error. Various formulations have
been produced over the years to try and assist chess players to avoid gross blunders
(Purdy, 1931; Kotov, 1971; O'Connell 1997b). I your general principles are sufficiently
effective, then the errars will be rare and that will make the individual concerned a
genuinely strong player. but unforunately some blunders are ‘natural' and 'positional’
players will tend to err with moves that are good positionally but poor tactically, while
‘tactical’ players will tend Lo err with moves that are good tactically but poor positionally

{(Levitt, 1997).




Research work using chess as the task environment has been made practical by the special
nature of chess notation, effectively a scparate language (but a universal one, the Roman
lower-case letters, a-h, used for the geographical co-ordinates of the chessboard are the
same the world over, irrespective of whether the initials used to represent the chess picces
are written in the Roman, Cyrillic, Arabic, Chinese, or any other alphabet) which permits a
chess game o be recorded (compulsory for all chess tournaments and matches) precisely
and subsequently replayed (without any vagaries of tmpo or interpretation as with the
repetition of a piece of music) by anyone [amiliar with the notation. The oldest recorded
game is more than a thousand years old and almost every significant game played since the
last major rule changes (ca. 14835) has been recorded (sce, for example, Levy & O'Connell,
1981) and with the advent of compuier and database technology it is now possible, and
normal, for professional players to carry with them a notebook computer containing i
database of between one and 1wo million games - effectively every significant game cver
played (O'Connell, 1995, 1997a). Extensions to that notation also permit players to
provide precise evaluations (on a seven-point Likert scalc ranging from 'winning for White'
to "‘winning for Black') to any chess position and there are now many compuler programs

which can do the same more or less reliably (O'Connell, 1996a).

A virtually unexplored issue is that of chess playing as an emotional activity (Charness,
19917, One of the author's main lasks as a chess coach is w help developing players
cantrol the emotional arousal which builds up through the course of a game, especially on
being surprised by a move. Tikhomirov & Vinogradov (1970) did some work in this arca.

This provides a ¢lear link into the area of reversal theory and 1ts explanation ol emotion.
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Reversal Theory

Reversal theory (Apter, 1982, 1989 is a general psychological theory dealing with, and
attempting to explain, motivation, emotion, personality and psychopathology. Among the
best general descriptions of the theory, aside from those by Apter himselt, are Griftin

(1994) and Frey (1997),

The central phenomenological wnet ol reversal theory s that an individual expericnees 16
primary emotions (boredom, relaxation, excitement, anxicty, sullenness, placidity, "anger”,
anger, humiliation, modesty, pride, shame, rescntment, virtue, gratitude and guilt) by way
of cight bistable states (serious-playful, compliant-defiant, power-oriented--affection-
oriented, self-criented--other onented) which reverse from one to another. The theory is
'phenomenological’ because it is concerned with subjective expericnce (Apter, 1989); the
way in which individoals sce themselves, the world, whart they want and, above all,
whether what they are experiencing matches what they wish to be experiencing at that
time. It is the reversals between the pairs of metamotivational states that, the theory

argues, forms the basis of human personality and motivation (Kerr, 1997),

Circumstances that bring about, or tend to induce, a reversal include: environmental events
and situations (as experienced by the individual) which may also serve (0 maintain current
states, frusiration in achieving the preferred levels ol the relevant variables (low/high
arousal, for example), and processes of satiation (Apter, 1997). The framework is shown

by the accompanying figure 1.



Figure 1: The conceplual [ramework of Reversal Theory
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It 15 postulated that some individuals are predisposed to spend more time in one or other of
a pair of metamotivational states and a number of psychometric instruments have been
developed o measure such dominance, the best known of which is the Telic Dominance

Scale (TDS; Murgatroyd et. al, 1978; sce Appendix A). The TDS measures an individual's




predisposition w0 be in the wlic statwe of the wehe-paratelic pair (reterred to above, perhaps
more descriptively, as serious-playful). The telic-paratelic pair deals with the experience of
goals-and-means. The telic state sees the goal as being of overniding importance, with the
means being chosen in the atempt o achieve the goal. The paratelic state sees the ongoing
behaviour as being of paramount importance, with any goals being scen as ways of

enhancing the behaviour (Apter, 1997).

Metamotivational dominance has been shown (o be important in the context of sport. Both
choice of sport (Kerr & Svebak, 1989) and level of participation within a particular sport
(Kerr, 1987a) have been associaled with a particular dominance. Telic or paratelic
dominance apparently plays a crucial role in the way that athletes experience stress

{(Summers & Stewart, 1993).

The theory of optimal arousal (Yerkes-Dodson, 1908; Hebb, 1955) argues that a moderate
level of arousal coincides with positive hedonic tone, preferred level of arousal, and level
of performance achieved. This theory cannol explain differences between individuals or
even different results with the same individuals under different circumstances and has been
found to be inadequate (Kerr, 1985; King et. al, 1987: Neiss, 1990), but for all that it
continues in widespread use in sports periodicals and coaching manuals. In high contrast,
reversal theory specifically caters for individual differences in respect of: (i) dominance in
relation to each metamotivational pair of states, (ii) lability (ease with which reversal
occurs), (iii) relative salience which they tend to expericnce [or cach pair ol states, and (iv)
specific strategies adopled, and levels of effort invested, m the pursuit of high positive

hedonic tone in relation o each metamotivational state when it is active (Apter, 1997),




Reversal theory looks quite differently at the relationship hetween arousal and hedonic

tone (the pleasurable or unpleasurable perception of a state of being) and this is especially
important, in the context of the present study, for the telic-paratelic histable pair. Figure 2
{(Apter, 1989 Kerr 1997) graphically shows the relationship and how pleasant feelings of

excitement, emanating from high arousal in the paratelic state, can, following a reversal, be

experienced as unpleasant feelings of anxiety in the telic state. Reversals, should they

occur, involve flipping from one of the four emotions depicted at the corn

ol the ligure
to one of the two adjacent, while a simultaneous change in both aronsal and hedonic tone

will not result in a reversal, simply a switch o the emoton diagenally opposite.
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It would be hard to over-cmphasize the importance ol this in the field of sport. Apter
(1989) found that when under severe pressure, paratelic subjects placed their emphasis on
mtensity of action while telic subjects concentrated on ‘tightness of control’, which is likely
to prove disadvantageous [or the more telic-minded (c.f. Gallwey, 1975). The samc
mdividuals, when in different metamotivational states, may think or process information
quite differently (Frey, 1997). Gallwey's work was apparently inspired by the principles of
Zen Buddhism and there are many similarities to and parallels with reversal theory,
especially the telic and paratelic states (Fontana, 1981, 1991). Gallwey's comments that
"concentration 1s fascination of mind", not trying to concentrate (p.92) and that "conscious
trying often produces negative results” (p.19) point clearly to the distinct possibility that
the paratelic state would be preferable for chess players while practising their sport and

that the telic state would be expected to result in a drop in performance level.

In theory, at least, i1t should be possible to nse engineered on-demand reversals as a
technigue of cognitive intervention for sport psychologists and coaches o use with elite
performers (Kerr, 1987b). Reversal theory has its roots in clinical psychology (Smith &
Apter, 1975) and has been posited as providing a systematic framework for carrying out
eclectic psychotherapy (Murgatroyd & Apter, 1984}, cnabling therapist or counsellor to
make considered decisions about the best type of intervention to use and how to combine
techniques from different types of therapy (Apter, 1989). This has been adapted to the
field of sports psychology (Kerr, 1993) and actually used in the field by Males (1995) who
combined ideas from psycho-synthesis with the notion of state reversals in inlervention
sessions with a professional pool player whom he had determined had a problem with

negative self-talk, the source of which lay in inappropriate reversals between telic and
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paratelic states during play (Kerr, 1997).

Most rescarch in the field of reversal theory has concentrated on the notion of
metamolivational dominance. Although there has been a trend, evident in recent years, 1o
move towards working with metamotivational state, several criticisms of the theory have
been made and one particularly important problem remained to be addressed - a
demonstration that reversals do actually occur, thus allowing the theory 1o be tested "by
assessing whether the relationship between why, when and how reversals occur is

congrucnt with the theory” (Griffin, 1994},

Human Error

There has been a great deal of smdy devoted to the field o human error. It scems self-

evident that it is a field of major importance. but in case that is not so one might mention
instances of human error such as Bhopal 1984, Chernobyl 1986, King's Cross 1987, and
Piper Alpha 1988, to name but a few fairly recent instances that have had a major impact

on human E."KiStE-ﬂCB.

‘The odds against error-free performance seem overwhelmingly high, with usually only one
way (at best a few) of performing a task correctly, while there exists a myriad of
unintended or imappropriate pathways along which we could stray (Reason, 1990). Errors
arc, however, rarer than correct actions and they take only a limited number of forms.
Reason (1990) identified three main categories of error and related them to Rasmussen's

(Rasmussen & Jenscn, 1974; Rasmussen, 1981) performance levels, producing the
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catcgories of skill-based slips and lapses (SB), rule-based mistakes (RB) and knowledge-
based mistakes (KB). The distinctions between them are summarized in Table 1 (Reason,

1994)).

Table 1: “Summarising the distinctions between skill-based, rule-based and knowledge-

based errors” (Reason, 1990)
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All of Reason's categories can be readily identified in chess, although the other side of the
coin (allotting a specific crroncous move in a chess game to a speeific catcgory 1s a more
challenging task). The most commaon SB error in chess is the auatomatic’ response of
recapturing. Player A captures something and player B recaptures, immediately, on the
same square, a picce of equivalent value. One of the first things in chess which most
people learn, or are taught, is that onc must not lose material (since it will ‘invariably' lead
to defeat) and, although there are many exceptions to this, the weaching is so dogmatic that
recapturing becomes a habitual, though [requently nappropriate response. An atientional
check, o sce if there is anything more important to be done than effect the recapture, is

essential at this point.

Rule-hased errors are, perhaps. the most common in chess, at least as played by non-
professionals. There are many useful 'rules’ which players gradually acquire with
experience and many writers have referred to the pattern-matching and 'chunking' (Chase
& Simon, 1973) ahilities of experienced chess players. Typically. the errors occur as a

result of applying a 'bad’ rule or misapplication of a 'good’ rule.

Chess is such a difficult sport that even the most highly-skilled players are frequently at the
mercy of KB errors as they work in toally uncharted waters where even their extensive

network of rules, patterns and chunks is no longer effective.

Reason (1990} [urther proposes a generic error-modelling system (GEMS) which shows
the relationship between the three types of error and an overall structure within which they

may operate (Fig.3).
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Figure 3:

Judgement can be severely affected by anxiety and this may lead w inappropriate decision

and untorced crrors (Jones, 1991}, Perhaps the very best example of this is the sixth and
final game of the 1997 match between the world's best human chess player and the world's

best non-human (Kasparov-Deeper Blue, New York) in which Kasparov, in a state of

14




considerable anxicty ("I have to be afraid because I can out-calculate any player in the
world quite easily, but 1 cannot out-calculate the machineg” - in King, 1997} made a mistake
(SB) that was so unlikely thal rumours even began to circulate that Kasparoy had ‘thrown'

the game (personal communicalions).

Jones also mentions another common occurrence for some performers who, when anxious,
may [orget their carefully pre-arranged plans and strategies and revert (Zajone, 1965) w
previous well-rehearsed. perhaps unsuccessful, tactics. Excitement, for example at
achieving a winning position, can also lead to error since it is potentially distracting

{(¥Connell, 1996b).

Determinants of Chess Performance

Successful chess performance may be measured simply by looking at outcome (win, draw,
lnss), more sophisticatedly in terms of performance above or below that which would be
predicted by the ratings of the two players in any particular game, and still more
sophisticatedly by searching for and cstablishing the errors which effect changes to the
positional evaluation and, ultimately, determine the outcome of any game (aside from

agreed draws, usually of short duration).

The factors which influence performance appear to be of two types which work
independently but may also combine. These are of a domamn-specilic nature (what 15 ollcn
called talent or expertise but which appears to be a4 combination of inflormation-processing

rate and knowledge - ¢.f. Holding, 1985; Levitt, 1997} and of a more universal kind,

15




relating to the ways in which individuals cope with competitive stress and performance

anxiety in an attempt to minimize the occurrence of error (O'Connell, 1996h),

Although calculation does play its part (especially in the ficld of computer chess), it 15 only
a small part. The sheer magnitude of the task confronting 4 ‘calculator’ makes it obvious
that something 1s required to cut down the sixe of the search field (this 15 true also for
computer chess), Take, for instance, a 'typical’ hypothetical position in which each plaver
will have an overall mean estimate of 32 moves available. To examing exhaustively such a
position juslt 5-ply deep would require the calculation and assessment of something
approaching 33,554,432 positions (it is somcwhat less because ol 'move transposibons' -
different sequences of moves leading 1o the same position, e g, red-black-blue-green and

red-blue-black-green both reach the same 'position’).

Hypotheses to be tested

An unstated hypothesis underlies the research and much of the literature; that is that chess
perlormance 15 determined by error or lack thercof ("The player who wins is the one who
makes the mistake before the last” frequenty attributed to Tartakower, but without a
specific reference, and ervo erea sum, actually "Ich mache Fehler - also ich existere!”,

Tartakower, 1924,

Two basic hypotheses were posited at the start of the research: (1) that reversals belween

the telic and paratelic states would occur during chess games and that these reversals could,

16




in the case of elite players, be measured and located precisely within the time-frame of the
game, (2) that unforced errors would most [requently occur after a reversal (probably [rom

the paratelic to the wlic statc).

17




Materials and Methods

The research was designed Lo wst the ideas that reversals occur and that there is a link
between them and the occurrence of error, Elite chess players filled out specially designed
questionnaires shortly after [inishing compettive games in one of a dozen major international
tournaments (including the strongest-ever tournament - Las Palmas 1996 - the 1996 Chess

Olympiad and the 1996 World Under-14 Championship) in 1996/1997.

Subject Group

The 28 subjects, all clite chess players, are summarized in Table 2. Details of age and rating
are as of 1997.07.01 (FIDE, 1997). Note that one of the amateur players is currently unrated
($), two of them are of unknown age (*) and two of the juniors (#) have yet to achicve an

international rating,

SUBJECTS |Professional  Amateur Junior Total

n= 17 6 5 28
male-fermale [16-1 4-2 5-0 25-3

[age: mean 1 32 14 28
range 22-42 28-34" 13-16 1342

rating: mean 2627 2248 2186 2498
range 0375-2765 2100-2370%  |2000-2240%  [2090-2765

‘Table 2: Subjects

The 28 subjects completed a total of 44 specially designed protocols and 26 of them also
completed the Telic Dominance Scale (TDS). Three of the juniors completed four protocols

each, the other two juniors and five of the professionals (all presentdy or formerly in the world




top 1) cach completed two protocols.

Protocol and Questionnaire design

Two sclf-report questionnaires were utilized. One of these was a standard, the other had

to be specially developed.

The TDS was developed by Murgatroyd et. al (1978). It is a scale which measures the
dominance of subjects in relation to telic and paratelic states {Apter, 1982), The TDS, and
its scoring, will be found as Appendix A. Although one can produce an overall score of
telic dominance, the TDS contains three sub-scales (scrious-mindedness, planning-
orientation and arousal-avoidance) and it is the serious-mindedness sub-scale which 1s seen

as the defining scale (Apter, 1989).

The TDS has been widely used by researchers in the [ield of Reversal Theory and was used
in this study primarily because research (Svebak & Murgatroyd, 1985} has suggested that
there are biological differences between telic and paratelic dominant subjects which may

contribute 1o the likelihood of error (Lacey, 1939, and Andreassi, 1993).

A special Chess History Evaluation Arousal and State (CHEAS) form was developed and
modified, following a small pilot trial during the summer of 1996. A copy of the CHEAS
form as used can be found as Appendix B. The form records a completle game, logether
with a detailed record of positional evaluation, self-reported arousal level and sell-reported

hedonic tone for cach ply.
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The condensed wording used on the CHEAS form was developed after consulting several
sources for the measurement of self-reported stress and arousal (Mackay et. al, 1978; Cox
& Mackay, 1985) and for measuring telic state (Svehak & Murgatroyd, 1985), especially
in the sport context (Kerr's SOMIFA). There are still some problems with this form

because of the wording (see the Discussion).

Interview

Each interview was conducted by the author, who avoided examining the TDS forms until
shortly before writing this paper, and so had no direct knowledge of that TDS data. It
transpired that the respondents were [airly evenly split between telic dominant (n=14) and

paratelic dominant (n=12), with two respondents not completing the TDS.

The subjects filled in a CHEAS for one or more games that they had played. The subjects
normally did this within 24 hours of the end of the game. The games concerned were
competitive ones in major international events. The subjects were asked to draw a line
down each of the three Likert scale columns, passing through the appropriate box
(representing a point on the Likert scale) for each move. On the final sheet of the CHEAS
form {only 11 games were of 30 moves or less, while 6 went to more than 60 moves, and
hence a third sheet) the respondent marked a five point Likert scale indicating how well
they telt they had performed in thal particular game compared with their average level of

performance.
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Data Collection, Preparation, Entry and Disaster Recovery

The basic strategy for data collection was o exploit (hopefully not excessively) the
author's special relationship with the subject group. That worked well. However, the
author's professional duties during the toumaments at which he was conducting the
interviews made it difficult w get as many questionnaires completed as would have been

desirable. Nonetheless, the size of the sample is considered to be sulficicnt.

It soon became apparent that the CHEAS protocols were particularly valuable and
irreplaceable. The principal disaster recovery strategy adopted was to ensure that at least
one complete set of photocopies of that material was maintained in a separate location
[rom the originals. Additionally, of course, once the data entry, analysis and report stage

was reached, duplicate copies of all computerised data were stored.

Data preparation involved preparing a chess database file of the games. These were
prepared in a standard format {ChessBase) so that they could readily be passced to and
from other speciahist chess applications. The reigning World Computer Champion (Fritz4)
was exiensively nsed, running from CD-EOM on the author's compulers, w corroborate

the human assessment (both by plaver and by author) of error in all of the games.

The CHEAS [orms were carelully checked and marked up. The marking up involved
indicating, directly on the [orms, errors and points at which either arousal or hedonic tone

moved from one end of the scale o the other (reversed). Then coding information was
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marked directly on the right-hand margin of the forms in order to facilitate (and hopefully

minimizc ciror in) the process of data entry.

Statistical analysis was conducted using SPSS 4.0 running on a variety of dilferent
computers, most usetully on a Hewlett Packard 200LX 'palmtop’ computer which can be
carried in a good-size pocket. Statistical measures of significance used were Chi-square

(for 2x2 crosstabulations) and PHYCramers 'V (for larger crosstabulations),
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Results

A preliminary precis of these results (40 protocols of 26 subjects) was presented at the 8th

Intecrnational Conference on Reversal Theory (Griffin & O'Connell, 1997).

The basic assumption of this research, that the outcome of chess games is determined by the
occurrence of error, was supported by the data. Table 3 shows the expectled association
(p=<.00001) between oulcome and the occurrence of error (each bar is shown as a percentage

nf the whole sample of 44 games).

Bl win B8 Draw

Table 3: Percentage results for subject error by quantity (0-3)

For the rest of the results, a significance level of p<.05 has generally been considered (o be an

acceptable indication of dependency (de Vaus, 1996).
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Telic Dominance

26 of the 28 subjects completed the TDS (sce Appendix A). 12 of the subjects produced
scores lending (o paratelic dominance, while 14 of them scored towards the telic dominant
end of the delining serious-minded sub-scale. Although the single most paratelic score was
registered by a player currently in the world top ten, six of the eight players who are or
who have featured among the top ten in the world scored as telic dominant (equally

divided between those who are in the top ten and those who have previously heen).

Of the 17 professional players (including those in the top 10), two thirds scored telic
dominantly. The juniors were spread four paratelic, one telic, while the six amateurs were
evenly split between the two tendencies. These differences were significant stanstically
(p<.02) and are summarized in Table 4 {where percentages have been adjusted to show the

percentage breakdown of each category by telic dominance).

70

Telic Paratelic

B Frofessional B Amateur
Table 4: Telic dominance
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Detailed individual TDS scores (identified only by Professional or Amateur) can be found

as parl of Appendix A.

Reversals

Reversals were observed in 36 (82%) of the games. The number of reversals in those 36
games ranged from 1 to 7 (respectively n=4, 9, 8. 6, 4, 2, 3), a wotal of 123 reversals. The
reversals which occurred were not restricted to any particular phase of the game, as is
shown by Table 5. The table is designed to show the proportion of reversals which
occurred in games of shorter/longer duration and in which third of the game they occurred
(so Reversals x Shorter/Longer = 100%, as do Games x Shorter/Longer) and thus

eraphically illustrate any divergence from a normal distribution.

401

107

Shorter Longer first 1/3 4 second 1/3 final 1/3
B Reversals @ cames

Table 5: Percentages of reversals occurring by game length and by game period compared
with percentages ol games
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Few of the crosstabulations suggesicd any link between reversals and other variables, and
so the great bulk of these have been consigned 1o Appendix C. However, level of arousal

was closely associated with the obscrved reversals (p< .03), as shown in Table 6.

507

40

30

20+

104

Hi-arousal Medium Lo-arousal

B Reversal Bl No reversal

Table 6:
Percentages of games with and without reversal according to different Ievels of arousal

The fact that arousal is onc of the two clements (the other being hedonic tone) which
combine to establish a reversal in the first place could easily render this association
unremarkable, were it not for the directionality of it. Medium arousal includes the two
points of the CHEAS arousal Likert-scale on cither side of the mid-line, so one might

reasonably expect this group to contain more reversals than either of the others.
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A total of 44 errors (committed by rescarch subjects, those by their opponents being
ignored) were noted in 27 games (61%:), 17 of the games being error-free as tar as the

subjects were concerned.

The distribution of errors was similar for the different categories of player, the
professionals with an average of (0.8 (18 ertors in 22 games) having just a slightly lower
average than the amatcurs, with 1.0 (7 errors in 6 games by the adults and 15 errors in 16

games by the juniors).

The errors were categorized by type (ef Reason, 1990) and also by size (according to the
standard positional evaluation scale, one unit of error being counted for each transition

&0

40

20

10

SB ' RB
M small EH big

Table 7: Frequency of error Lype categorized by size of error
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along the Likert-scale, and then condensed into 'small” errors of one unit and 'big’ errors of
two or more units). All types and all sizes of error were found in the sample. These

categorizations (n.s.) are summarized in Table 7.

The results were analysed (o see whether either the type or size of error had a significant
effect upon outcome. These results are shown in Table 8. Type of error had no statistically
signilicant effect upon outcome, which seems surprising given the apparent 'shape’ ol the
crosstabulation of result by type (only p<.54). The 'sell-evident' idea that big errors should
have a more deleterious effect on ourcome than smaller ones is illustrated in Table 8
(p<.00008). The original crosstabulations (RESxSIZE and RESXTYPE) are in Appendix

C.

40

none small

B win Bl draw loss

Table 8: Percentage results for subject error by size
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This information can be rendered cven more 'graphically’ (to chess players at least, who
are accustomed (o keeping track of performance in a lournament according to the
'plus/minus’ calculation of the number by which a player's total wins exceed the total
number of his/her losses) by rendering it in the tollowing form: games without error (‘plus
11" undefeated), games with only small errors (‘minus2') and pames with big errors or

'blunders' ('minus 4' without a win).

Details of the scores:
overall score (+17 =18 -9) 26/44 = 59%
score after small mistake(s) (+3 =9 -5} 7.5/17 = 44%

score after big mistake(s) (+0 =6 -4) 3/10 = 30%

Analysis was conducted to test for relationships between the size of error and the
category of player (since one might reasonably expect amateurs to make bigger mistakes
than the professionals, or at least to make big mistakes more often than their stronger
hrethren), their TDS {TDS2 ignores the three games played by the two players for whom
TDS was not available) or reversals. The results are shown in Table 9. None of these
results were statistically significant (again the original crosstahulations are in Appendix C:
SMALLBIGxCAT, SMALLBIGxTDS2, and SMALLBIGXREY), although size of errar
by TDS was approaching significance (p<.08). In the chart each pair

(Professional/Amateur, Telic/Paratelic, Reversal/No Reversal) sums to 10049,
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Faratslic Revarsal Mo Revarsal

B smal Bl vig

Professional Amateur Telic
Table 9: Size of error related to three pairs of variables

Type ol error was also investigated to see whether it might be influenced by the category
of player, their TDS or reversals. The results are shown in Table 10). Error type seems o
be more clearly influenced by other variables, presence or absence of reversal (p<.006)

407
30

201

101

Profassional Amateur Telic Mo Reversal

B sB B rB KB

Table 10: Type of error related 1o three pairs of variables
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being significant and category of player (p<.06) approaching significance (See Appendix
C for the original crosstabs: TYPEXCAT, TYPExTDS2, and TYPEXREV). Again each

pair (Professional/ Amateur, Telic/Paratelic, Reversal/No Reversal) sums to 100%.

Interplay of Reversals and Error

Table 11 shows the relationship between error and the liming and direction of reversals.
Taken overall there is no significance, but when controlling for category, the relationship
in the case of the professional players is seen to be significant (p<.005). Once more each

pair (to Telic/to Paratelic, Pro-T/Pro-P, Am-T/Am-P) sums o 100%.

B+

10

Po-T  Po-P
M Gt ll Peverslfid

to Telic toPeratelic

Table 11:
Relative timing of error and reversal according to directionality ol reversal (a) overall,
(b) for professionals only and (¢) for amateurs (including juniors) only
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Summary

The results provide strong support for the two basic hypotheses:

(1) reversals between the telic and paratelic states occur during chess games and they
can be measured and located precisely within the time-frame of a game;

(2) errors do occur most frequently following a reversal [rom the paratelic to the telic

stale.

The results presented here have been selected as being the most relevant. More can be
found in Appendix C. Not every possible crosstabulation is included, so apologies if you

arc unable to find the answer to a particular question that you may have.




Discussion

Design

One aspect of the design which it is especially important to address 1s the concept and validity
of the post-game self-report questionnare. Certain {iclds of human endeavour apparently
impose a useful compartmentalized template, enabling experts in that domain, with greater or
lesser precision, to identify and pinpoint particular occurrences, including changes in
physiclogical and psychological state, For instance, if you were to ask a London taxi-cab
driver to map out precisely the route he had travelled the previous day, it is quite likely that

he would be able 1o do so with a high degree of accuracy.

Chess players specifically train themsclves to recall, in great detail, what they were thinking
during a game and elite players have a remarkable ability to recall enormous amounts of data,
ncatly compartmentalized in ply 'boxes’. The entire literature is full of examples of this. Thus
it will come as no surprise, at least 1o elile chess players, that they have been able,
retrospectively, to identify reversals. Such ability is greatest in the stratospheric reaches of
ability and may account for the differences in Table 11 above. Those differences may be
genuine or merely an artefact of the comparative inability of the chic amateur o be

suflliciently precise in their recollections, thus leading to a blurring of the effects.

In an ideal experiment the players’ assessments of arousal and hedonic tone would be

recorded after each and every move during the game, This is not possible in the competitive




situation. At least in the author's opinion (benefiting from his experience as an elite chess
player) the post-game sclf-report design utilized here loses little in accuracy and nothing in

validity in comparison with the 'ideal’.

Subjects

The subjects in this study are all elite chess players. "Elite” in the sports context means
widely and sometimes wildly different things to different researchers, The author's
definition of elite was that for inclusion a player had o be, at the very least, ranked in the
top 10 in their country or, in the case of juniors, ranked in the top 100 in the world for
their age group, Adults ranked among the top 100 in the world were particularly sought.
The 28 subjects (m=25 (=3}, from 15 countries, form, within the limits of the above

definition of clite, quite a representative sample.

There are just over 20,000 players in the world with an intermational ranking. Of these
81% are from Europe, 11% from the Americas, 7% from Asia and 1% from Alrica. The
subjects in the study matched this distribution quite well: Europe 86%, Americas 7%, Asia
T%. Also the sex of the participants turned out to be a perfect match with the imternational
distribution of just under 10% of all players being female. The only obvious mismatch was

that the majority (61%:) of the sample had English as their first language.

Louvking at the sample subjects in more detail, 17 of them are prolessional players, more
than half of whom are or have been ranked among the top ten in the world, plus 6

amaleurs and 5 juniors. The [ull list of players will be found under Acknowledgements.
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The 15 countries represented (number ol subjects in brackets when >1) are: Australia,
Barbados (2), Biclorassia, Bosnia & Herzegovina, Bulgaria, Croatia, England (107,
Germany, India, Ircland (3), Moldova, Netherlands, Russia, Scoland (2) and Spain.
England, current European Champion country, is ranked second in the world (behind
Russia) but had a disproportionately large number of players in the sample [or two
principal reasons: all five juniors are English because, i this catcgory, the author wanied
to use exclusively players whom he coaches, while the number of Russians included was
greater than it appears since four of the players listed under other countries were born in

the Soviel Union.

Subject participation

Sportsmen and women are known o be reluctant 1o participate in research studies, the
completion of psychological instruments being at worst impossible and at best intrusive
during competitive events. Kerr (1997) reviews several attempts to get around this
difficulty, referring 1o the rescarcher's option "o re-create the natural conditions of real-
life sports situations under controlled conditions in field experiments,” but the natural
conditions are those imposed by the competition. The author's approach to the problem
has been somewhat different. As an elile chess player (comfortably mecting the conditions
specified in the materials and methods section above), the author was aware of the fact
that such players (a) recall every move of a competitive game for at least a few days, and
usually a few weeks aficrwards (in some cases permanently retaining in memory every

move of every game they have ever played), (1) can recall most of their thoughts and
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feelings during a pame, and (c) that the latter arc neatly compartmentalized by the
framework of the game (mean number of hall-mowves, or ply', per game covered by this
research =84). Thus the author was certain that plavers would be able retrospectively o
identify changes in arousal and hedonie wne and that these recollections, being

compartmentalized. would probably be independznt of outcome.

Because of the chess rating scale and the way in which games arc recorded, chess offers
psychologists an ideal task environment in which to study skilled performance. However,
as noted by Charness (19917, chess does have its limitations as a model environment
hecause of the difficulty of obtaining skilled chess players for research projects; the highly
skilled practitioner is a rare commodity, a problem shared with other skill domams. In the
present instance, this difficulty was fairly readily overcome by the author's unique
combination of circumstances, being well-known to the leading players (as administrator,
author, coach and player) and having ready access o them at many of the world's most
important chess events through his professional involvement in chess (providing special
chess display equipment, in the form of tournament guality wooden chess boards and scis
which contain hidden electronics enabling the current board posidon w be displayed on

screens in the playing hall, press room, and o be transmitted dircetly 1o inlernet sites).

State dominance

Since clite chess players have to endure very high levels of stress (Hollinsky et. al, 1997)
and various smdics (as reported by Kerr, 199000 have shown that paratelic dominant

individuals were adversely afTected by the absence of stressors in their everyday lives and
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actually thrived on moderate amounts of stress, one might expect o find a preponderance
of paratelic dominant individuals in the upper reaches of the chess rating list. In fact the
results (see Table 4) pointed (albeit withour statistical significance) in the opposite
direction, two thirds of professional players being telic dominant, while it was the
arnateurs, also by a majority of approximately 2-1, who demonstrated paratelic dominance.
This was unexpected. The author hopes to pursue this research further and, gradually

increasing the sample size, establish whether there is any significance in this inital [inding.

Reversals

The data strongly supports the first hypothesis (that reversals between the telic and
paratelic states would oceur during chess games and that these reversals could, in the case
of elite players, be measured and located precisely within the time-frame of the game). One
might even say thai the data confirmed the existence of reversals, were it not for the fact
that some members of the Reversal Theory community have expressed doubts about the
wording of the CHEAS [orm, especially use of 'calm’ (which has strong telic associations
and so is not entirely appropriate as a cue for hedonic tone). Both author and supervisor
arc of the opinion that this did not make any significant difference to the results obtained,
but the fact that it could have done means that the data (on reversals) must be considered
even more carcfully than might otherwise have been the case. [t is hoped that future
research, with a modified form (currenuy under development), will contirm the results
obtained, or perhaps clarity them, for it seems probable that any 'wording-induced

reversals' would merely have muddied the waters.
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Those results recorded no fewer than 123 reversals (more than enough to establish their
existence, cven i a few of them were 'wording-induced”), and these were independent of
outcome and almost all other variables. Reversals, as predicted by the theory, could (and
did) occur in all stages of games, whether of short or long duraton. It is unsurprising that
rather more (but not statistically significant) reversals should occur in longer games than in
shorter ones, especially since the majority of thesc games were played in front of an
audience as one of a number of games going on at the same time and the longer the game,
the more likely it is to become the sole object of attention (as the other games finish) for all
of the spectators, which social impact theory would predict to place comparatively more

pressure on the remaining players (Latané, 1981).

If onc accepts that reversals do, indeed, occur, the next questions o be addressed are
why?, when? and how? Examination of the data suggests some endencies and lines [or

further research.

Almaost three quarters of the reversals recorded were 'tniggered’ by a change in hedonic
tone (rather than by a change in level of arousal). Itis in this way that REeversal Theory
provides a neat theoretical model for what happens in the course of a chess game. Players,
typically, spend most of the game in a state of high arousal, constantly scanning the board
pusition [or signs of danger. I the course of the game is satisfactory {or better) then a
player will, normally, be enjoying an emouonal high (excitement). This state may be
unaffected even by the emergence of dangers on the board, provided that they have been

foreseen. Suddenly, a previously unsuspected danger 15 perceived and the player's way of
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looking at the world changes, and what had been a very pleasant emotional high reverses
into a state of anxiety (c.f. Jones, 1991, as mentioned in the Introduction). See below for a
consideration of a physiologically-based interpretation of this which may stll fit in with the

theory.

Performance

Of the performance determinants (information-processing rate, cxpertise and crror
commission/avoidance under competitive stress), only that of error commission was
measured by this research, Since the whole of this research is based upon the assumption
{established i the literature, but never previously demonstrated) that the outcome ol chess
games 1§ determined by the occurrence of error (in move choice and even, occasionally, in
implementation of a chosen move). it was comforting to find that the data entirely
supported this view (Table 3 above). In particular the data provides support for the view
that if a player does not make a mistake then it is not possible o lose (O'Connell. 1997b).

The very similar view, that a player who makes a large mistake will almost certainly not

win, and is likely to lose (although a game can depenerate inlo a contest of etrors, with

only the last being decisive for outcome), is also sirongly supported by the data (c.f.

Tartakower, 1924).

Amnalysis of error

When looking for errors it is important o use mulliple checking systems. Woods (1984}

reviewed data from 99 test scenarios in which expenenced nuclear power plant operators
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were exposed to a number of simulated plant failures. Nearly two-thirds of all errors went
undetected, being corrected only through the intervention of some external agent.
Although the subjects were asked to indicate errors on the response form at the time of
interview, all games were subsequendy independently checked [or etror both by human
and by machine (Fritz 4, winner of the 1995 World Computer Championship ahead of
[BM's Deep Blue, assisted work on this project by checking all games for errors). The

machine, in particular, and as expected, proved adept at revealing unsuspected errors,

The definition of error, for this research. is a move which changes the assessment ol the
position by at least one interval along the Likert-like positional cvaluation scale (in purely

matcrial terms, equivalent to something between 0.5 and 0.9 of a pawn).

Types of error

All three categories of error (SB=35, RB=22, KB=13) weie present in the data. There are

good theoretical reasons [or expecting that the data should follow a particular pattern,

Scrious players, especially those that have received any coaching (and this would apply

probably Lo every one of the professional players, and most of the amateurs as well), use a
variety of attentional checks 10 minimi.zc the occarrence of SB errors (O'Connell, 1997h).
As would be expected, the quantity of SB errors was small. Those errors were also evenly

distributed between professionals and amateurs.

RB crrors, on the other hand, were largely concentrated ( almost 3-1) in the hands of the
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amateurs. This, also, would be expecled from what is known aboul how chess players
achieve and then demonstrate their skill, their expertise being enshrined largely in a highly
developed set of move sequences and, especially, 'rules' and patterns. It is by having access
to these rules' that players are able both 1o climinate much of the calculation conducied by
chess-playing computer programs and also to enable accurate assessment of those
positions which are calculated. All previous research work in the ficld (since de Groot,
1946) has demonstrated that professionals have a better developed set of these 'rules’ than

do amateurs,

More than twice as many KB errors were committed by professionals than by amatcurs (Y-
4). This data also sits comfortably with Reason's GEMS model. Amatcurs comparatively
rarely proceed past the point at which (correctly-applied) stored rules are adequate o

solve a problem and into the area of uncharted waters where KB mistakes take over.

Size of error

Determining the size of an error in chess is relatively easy and may be accurately measured
on the chess position evaluation scale. Not only does the objectivity appeal, in comparison
with at lcast some subjective information required to establish the category of each case,
but the measurements can readily be verified independently, both by human and by

machine {as was done in this research).

It was hardly surprising that the results showed a highly statistically significant link

hetween the size of error and outcome. Given a free choice any player would choose not
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to make any error at all and, failing that, to keep both size and frequency to & mimmuim,

thus maximizing performance.

Causes of error

It has been suggested that working memory may be considered to be a set of specialized
short term memory systems (articulatory loop and visuospatial sketchpad), coordinated by
a central executive (Baddeley, 1986). Several studies have shown that it is possible o
dissociate and disrupt different components of working memory (Baddeley & Iiwch, 1974,
Baddeley, 1986). A recent study (Robbins ct. al, 1996) involved three cxperiments to
compare the effects of blocking the auditory loop, the visuospatial sketchpad and the
central executive on memory for briefly exposed chess positions. This 15 one possibility for
the cause of the errors which occurred (most likely 8B and RB mistakes) hut does not

readily fit in with the apparent dependence ol error upon reversal.

Very high levels of heart rate (220/min and more} and large increases in the secretion of
noradrenaline (200% and more) have been correlated with elementary errors made by
semi-elite players (Ra 2159) in competitive play (Hollinsky et. al, 1997). Although the
precise mechanism is unknown, it is possible to combine Hollinsky et. al's findings with
those of Ruggiern & Feinstein (1996), into a speculative hypothesis that high levels of
noradrenaling (the ganglionic neurotransmitler in the sympathetic nervous system) eacile
the cardiac muscle to inerease blood flow and that the feed-back to the hierarchic
regulation of the ANS {cspecially the neurons involved in complex panmodal afferent

processing, which include those encoding conscious perceptions such as sclf-awareness
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and patterns of emotional expression) could thereby effect changes in perception, which
might equate to the very change in hedonic one which triggers three gquarters of the
reversals associaled with error in professional players (al least as represcnted by the data in

this research).

Conclusion

Although the results obtained clearly support both stated hypotheses, the research needs o
be re-confirmed using a CHEAS form, the wording of which would not be open to
criticism. It would also be desirable to have independent verification of the self-reported
levels of arousal, an objective which, with modern telemetric technology, should soon be
achievable even within the very strict confines of what professional players consider to be

acceplable,

Since the data suggests that errors are more likely 0 occur following a reversal from
paratelic to telic, perhaps it would be beneficial to reverse back as quickly as possible.
Chess players and coaches might find it pmfi;able to investigate the possibilitics for using
cognilive intervention methods to enable players Lo monitor state and to engineer reversals

as appropriate during the course ol a game.
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Appendix A

TDS

The TDS form itself is shown on pages 56-59. Here is a brief description of the scoring

mechanism.

The Seriousmindedness (defining) scale measurcs how frequently a subject is in a state
oriented towards serious ends (telic) rather than paratelic ongs (playful enjoyment of
ongoing sensations or skills). Specific questions, with the telic answer indicated (a nol sure

counts 5] relate 1o the three subscales in the following manner:

Seriousmindedness:
13b 14b 16b 17a 22bh 23b 24b
28a 29b 31a 33b 37a 38b 39a
Planning orientation:
la 2a 4b 6a 7a &a 10a
20b 25a 26a 27b 32b 41a 42a
Arousal avoidance:
3b 5b 9Y9a 1la I12a 15b 18D

19a 21a 30b 34a 35a 360 40b

The survey subjects scores on the TDS are given in Table 12 overleaf,
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Professionals Amateurs |
Serious |Planning Arousal [Total Serious |Planning |Arousal Total |
05 2.5 10 13 2 6.5 5 13.5
2 5 4.5 11.5 35 5 5.5 14
4 8 8 20 45 8 5| 175
45 3] 45 12 45 75| 45| 165
s 6| 55| 165 5 8 7 20
6 7 G| 19 5.5 8.5 9] 23
8 6 85, 205| 7.5 11 B5 27
65 4 2| 125 7.5 B 7| 225
| 7| 6.5 G 19.5 8.5 10 6.5 26
7 8 7 22 5 6| 35| 145
7 95| 10| 265 4| 6 55| 155|
8 75 6| 215 !
g 7 7 23 | |

g 85 9.5 27 i

11 8 11, 30|

Table 12: scores of the 26 players who completed the TDS
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Appendix B
The CHEAS Form

The hasic outline of the CHEAS form (shown on p.62) consists of four columns.

The first column has numbered lines ready for the insertion of the white and black (n ...)
moves of a chess game. Every significant chess game ever played has been recorded using a

form of standard chess notation.

The second column is essentially a seven point Likert scale for the positional evaluaiion of the
game. Read from left (o right the seven positional symbols (familiar to any serious chess
player) indicate a winning advantage for While, a large advantage for White, a small
advantage for White, approximate equality. a small advantage for Black, a large advantage for
Black, and a winning advantage for Black. Elite chess players arc not only [amiliar with such
symbols, they are also accustomed to assessing each and every position that arises on the
chess board (and also the many hundreds or thousands of positions that do not actually arise

on the board but which are visualized in the course of a game).

The third and fourth columns are for the measurement of reversal theory constructs,
Originally seven point Likert scales (as illustrated on p.62), they were changed, following the
pilot study, to six point Likert scales to make it essentially impossible [or the respondents to
choose the mid-point on the scale; this was important because, [or coding purposes, it was
essential to determine on which side of the mid-point the respondent was for any given move.

The third column is for the measurement of arousal, from high (energetic, wide awake) o low
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e

(tired, sleepy). The fourth column is intended to measure hedonic tone, either pleasant
(calm, comfortable) or unpleasant {emotional, uncom/lortable). The outcomes of the third
and fourth columns of the form can then be plotted against the standard telic/paratelic

model (Fig.2 above) to determine state for any particular move.
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Table 13: The CHEAS [orm

' [energisad ' lat_Jha L] __lsad]
[ +- [+ H= |= |=+ |-+ |-++ [charged up iredicomfordable = |uncomiorable

4qapmmmﬂﬂ¢ﬂmmya@mwm#ﬂ

11...

[ l

How well do you consider you performed by your own standards?
(Please circle the appropriate point on the scale below - where average means your average)

well below below average average abhove averagea well above
average avaerage
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Appendix C

Statistics (original crosstabulations)

Index of variables in the following tables:

AROUSALLzvel of arousal 1 Hi 2 Medium 3 Lo

CAT Category of player 1 Professional
DIR Direction of reversal 1 to welic
ERE Error number
ERRLOHI Error 0 nong

MODE Modal state

RES Outcome 1 win 2 draw
EEVY Reversal 1 yes 2 no
SIZLE Size of error {) none
SMALLBIG Size of error (exc.0)
START  Start statc 1 telic

TDS Telic dominance 1 lelic

TDS2 TDS (exc. unknown)
TRIGGER Trigger of reversal 1 arousal
TYPE Type of error

WHEN

Table 14:
CAT by TDS

When do errors occur? 1 error before reversal 2 error after reversal

TDS

Count ?
3

]

3 - 1.008

Row

2007 Total

2 Amateur (inc. junior)
2 to paratelic

1 one 2 two or more

1 telic
3 loss

2 paratelic

1 small 2 big
1 small

2 hig

2 paratelic
2 paratclic 9 unknown

1 telic
2 hedonic tone

2 paratelic

15B 2RB 3 KB

CAT  AAAAAAAAAAAAAAAAAAAAAAAARAA

1.00 3
3

AARAAAAARARAAAAAAA-

200 42 73 11
3 34723
AAAAAAAARARARARARAT
Column 14 12 26
Total 538 46.2 1000
- Chi-3quare Value DF
Pearson 2. 34488 1

1 3

53 15
3 57.7
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Table 15
RES by ERR

ERR
3
3
}pone? 1 0% 2 % 3 *Towal T
RES  AAAAAAAAAAAAAAAAAAAAAAAARAARAAAAAAAARAAAAAAA
Win 3 324,73 4 3
3 3 3 3 3
AAAAAAAKAARAAA AR AAAAAAAAAAAARAAAAAAN
Diraw 378 233 73 43
3 3 3 3 3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA"
[Loss 3 i 73 1373 3
3 3 3 3 3
AAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAD

L00% (n=44; p<.(XK}H)

Table 16
RES by SIZE

SIZE Page 1 of 1

Coune 2
3

3 Row
o008 1048 2HP Total
AAAAAASAAAAAAARAAAAASAAAANAAASAANAR
100 =2Q4is Ty 317
3 3 3 i385
AAAAAAAAAAAAAAARAAAAAAARAAA
200 & 3F Q3G ko]
3 # 3 5409
ASAAAAAAAAAARAARAAAARRARASRA
oo 3 o533 43 04
3 3 3 35
AAAAAAAAAAAAAAAAAAARAAAAAAAD
17 17 10 44
227 1M

RES

Column
Total 386 386

LK008

T80
JD000E

Phi
52184

Cramer's v




Takble 17

SHMALLEBIG by TYPE
TYPE Page 1 cof 1
Count 3
1
3 Fow
3 4;?D3 2.00° _ﬁlﬂﬂl Total
SMALLBIG g R R R R AR NRE RN AN AR AR R NAE
1.00
2.00
C'o 5 a2 13 40
Total 12.5 ER.D 32,5 100.0
Fhi 33229 L10988 *1
Cramer's VW 33229 L0988 *1
Table 135
RES by TYPE
TYPE Page 1 of 1
Count 3
¥ Fow
3 1.00%* 2.003 3.003 Total
— AR ARASA R A K AR A KKK AR BB AR,
1.400 3 1 3 1 3 1 3 3
] 3 3 3 7.5
KRR ARRAR AR AAARASARKASKELS -
2.00 2 2 2 14 2 5 3 22
i 3 3 a IT:,I::, } f}
3.00 15
k| 3 3 3 3"',? . 5
ket e e e e e ea e e e e e e e e ot
Column 3] 21 13 40
Total 1%.0 R2.H 32.5 100.0
Fhi L2T7638 54858 *]
Cramer's V 19544 L B4E56 *1




Table 19
REV by AROUSAL

AROUSAL Page 1 of 1
Count 3
3
3 Fowr
: 1.002 Z.602 2.00* Teotal
REV BEAE R A A AR RN P KR AR A EREE
1.00 2 1z 3 21 2 2 2 6
a 3 a a S'I . E
ENEENEANAA NN AA AR N ANEE
R HY 2 2 * 3 : 3 a b
i ¥ i A 1B.2
BEANEAARAA AN A AR AF AR EARE AR
Columm 15 24 5 44
Total 34.1 B4,k 11.4 10,0
Phi L1RE34
Cramar's WV V38834
Takle 20
DIE ky TRIGGER
Contrelling for. .
Ths Walue = 1.04
TEIGGER Page 1 cf 1
Counl ?
3 Heir
1 1.002 2.00% Tctal
DIE ARRAA RN AR AR AR R AN EARE R -
1.00 L =1 b 24 ! 30
3 3 1 5g.B
BAREABEREARRARERE S
L JLA2 1g."1 i)
3 3 3 .2
AEREREEREARRARER R AT
Zaolunn 17 4z 5o
Total 2E.8 T1.2 10¢.0
Chi-Sguars Value oF
Pearsz=aon 2.311<£E 1
Table 21
DIRE kv TRIGZEER
Conlrolling foro. .
s WValue = 2.00
TRIGEER Page 1 of 1
Zount
3
* Row
* 1.00=* A.00% Taotal
DIE FRARANIAANNNANNANARRENAENL -
1.00 3 5 =2 24 3 33
3 a * B1.5
AAABAARERAAARRA SRR
2.00 @ o WURE 233 31
3 3 48,4
AAREAARARARARR RSB RTT
Column 1 46 £d
Total 28.1 71.9 100,48
Chi-Sguare Value oF
Pearson 02442 L

03623 ¥1
AIEI 41

Slgnificance

Signiiicance

. 87587




Takle 22
REEY by TDE

U Page 1 of 1
Count 3
a
El Fowr
3 1.004 Z.nne 2.00* Total
REW BB ERAN N AN AN NN NN AN AR A X R NN AR -
1.00 2 15 2 17 2 3 ? 16
3 3 3 a 31_3
AR A A L AR SRR AN 7
2 DU 3 4 = ,ll 3 a :.3
Y ] 1 a3 :.9.2
AAARANSEAARARASEE AL RSANREANTT
Calumn 20 21 3 44
Total 4% . & 47.7 6.8 100, 0
Statiscic Value BEEL
Fhi LL12307
Cramer's V 12807

*1 DPearsct chi-sguare prokhabhilicy

Takle 23
REV kv CAT

CAT Page 1 of 1
Count 3
3
3 Bosr
1 1002 2,00+ Tetal
REV ERBENRANARNANRENKANANRKENAS -
1.3 4 12 2 1 = k1
a a 1 81.E
AENERFNNAANKKEARAY -
2.00 ° P 4 @ a
k] a a : E 2
ARERRANEAARREANAS AT
Caolumn 22 a4 44
Total EQ. g ED.0 1a0.0
Chi-Szuare Value oE
Fearson Q2000 1
Takhl= 24
REEY by STARET
ETAERT Page L of 1
Count 7
3
: B
1 1.003 2.00Y Total
REV AMARRRARANR R NN AN AREN
i.0o0 ? 1 2 28 17 16
3 3 g1
ARAARAARRARRENAREY
a.00 2 2 3 £ 3 g
a 5 3 18.3
ARAREAREAARKENKERRT
Column 16 28 44
Total i6.4 B3.8 Leo.a
Chi-Square Value DEF
Pzarsaon . 54563 1

T-value

Approximakte
Significance

69709 *1

.69708% *]

Significancs

1.G0G00

Significanae




Table 25
REW by ERR

EER Page 1 of 1
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1.00 1 @ 11 @ g2 03 1 32 i
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MODE Page 1 of 1
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3
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