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Abstract 

The aims of this study were  

1) to examine the repeatability of the quantitative scoring system for the Rey Complex Figure 
Test (RCFT) developed by Taylor, as well as of the scoring system developed by Booth to 
measure central coherence; 2) to examine the effects of hospital treatment on visuo-spatial 
memory, central coherence, and clinical status in a sample of anorexia nervosa (AN) inpatients; 
3) to examine the relationship between neuropsychological characteristics, as assessed by the 
RCFT, and the clinical status of AN patients, as assessed by BMI and self-reporting measures 
(CR-EAT and EDE-Q); 4) to explore any possible correlation between the observed 
neuropsychological characteristics and the outcome of hospital treatment.  

We examined a sample of 31 AN inpatients, 29 women and 2 men. All patients completed the 
RCFT upon admission, and 21 patients were re-tested at the discharge, the test consisting of 
both a copy and recall trial. They also completed self-reporting measures (CR-EAT and EDE-
Q) and their BMI was measured at both baseline and discharge.  

To test the repeatability of the scoring system, all RCFT (N=108) were scored by two 
independent raters, and the between-rater agreement was assessed by Spearman’s correlation 
coefficients (ρ). The RCFTs were evaluated for both accuracy and central coherence. The 
correlation coefficients for accuracy ranged from 0.598 to 0.930, and for central coherence 
ranged from 0.700 to 0.856.  

Regarding the effects of the hospital treatment, we found that hospitalization had a statistically 
significant effect on the patients´ body weight and BMI (p<0.01), as well as on all four EDE-Q 
scales and the total EDE-Q score (p<0.01). As for the CR-EAT scales, we found a statistically 
significant difference between the baseline- and end-scores for the total CR-EAT score 
(p<0.01) and those CR-EAT scales reflecting the ED symptomatology (“Weight preoccupation”, 
“Control over eating”, “Restrained eating behavior”, “Body embarrassment”). CR-EAT scales 
reflecting other underlying characteristics (“Concerns about negative evaluation”, 
“Perfectionism”) remained unchanged. Furthemore, we observed a statistically significant 
change (p<0.01) in the accuracy and central coherence of the recall RCFT trial. 

For the relation between the clinical status and RCFT performance, and for the correlation 
between RCFT performance and hospital treatment outcome, the neuropsychological 
characteristics assessed in our study (visuo-spatial memory and central coherence) are most 
strongly linked to the EDE-Q scale “Weight concern”. This is suggested both by the correlations 
between this EDE-Q scale and the accuracy of the recall (p<0.05) and the central coherence of 
the recall (p=0.063) at the baseline, as well as by the correlations between the accuracy of the 
recall (p<0.05) and the central coherence of both the copy (p<0.05) and the recall (p<0.05) and 
the differences the participants reached on this scale during the hospital treatment. 
Interestingly, the BMI at the time of assessment does not correlate with the accuracy and 
central coherence of either the copy or the recall. However, there is a significant correlation 
between the all-time lowest BMI and the accuracy of the recall (p<0,01), and a statistically 
significant negative correlation between the central coherence of the copy at the beginning of 
the treatment and the change in the BMI during hospitalization.  
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Souhrn 

Předkládána studie měla za cíl 1) ověřit inter-rater reliabilitu běžného Taylorova kvantitativního 
skórovacího systému využívaného k hodnocení Reyovi komplexní figury, jakož i skórovacího 
systému popsaného Booth (2006) k hodnocení centrální koherence; 2) zkoumat efekt 
hospitalizace na klinický stav, prostorovou paměť a centrální koherenci u pacientek s mentální 
anorexií; 3) zkoumat vztah mezi neuropsychologickými vlastnostmi měřenými Reyovou 
komplexní figurou a klinickým stavem hodnocením jednak BMI, jednak dvěma dotazníky (CR-
EAT a EDE-Q) a 4) zkoumat prediktivní hodnotu pozorovaných neuropsychologických 
charakteristik na efekt hospitalizace.  

Vzorek tvořilo 31 hospitalizovaných pacientů s mentální anorexií, z toho 29 žen a 2 muži. 
Všichni pacienti se na začátku podrobili testu Reyovy komplexní figury, přičemž test sestával 
z kopie figury dle předlohy a z její reprodukce z paměti. Na konci hospitalizace bylo 
testovaných 21 pacientů. Pacienti též na začátku i na konci hospitalizace vyplnili dotazníky 
(CR-EAT a EDE-Q). U pacientů jsme k tomuto sledovali hmotnost a index tělesné hmotnosti 
(BMI).  

Reliabilitu skórovacího systému Reyovi komplexní figury jsme vyhodnotili Spearmanovými 
korelačními koeficienty (ρ). Všechny figury (N=108) byly hodnoceny dvěma nezávislými 
hodnotiteli, kteří hodnotili přesnost a centrální koherenci. Korelační koeficienty pro přesnost se 
pohybovali od 0.598 do 0.930, korelační koeficienty pro centrální koherenci v rozmezí 0.700 a 
0.856.  

Co se týče efektu hospitalizace, našli jsme statisticky signifikantní rozdíl mezi hmotností 
pacientů (p<0.01) a indexem tělesné hmotnosti (p<0.01) od začátku do konce hospitalizace, 
jakož i statisticky signifikantní rozdíly na všech čtyřech škálách dotazníku EDE-Q (p<0.01) a 
celkovým EDE-Q skóre (p<0.01). Z celkového počtu 12 škál dotazníku CR-EAT jsme 
pozorovali statisticky signifikantní změny na škálách přímo odrážejících symptomy poruchy 
příjmu potravy (škály „Zabývání se váhou“, „Kontrola jídla“, „Restrikce v jídle“, „Stud za tělo“). 
Ty škály dotazníku CR-EAT, které odrážejí spíš rysy tvořící bázi poruchy příjmu potravy 
(„Obavy z negativního hodnocení“, „Perfekcionismus“‘) zůstaly bez statisticky signifikantní 
změny. Kromě toho jsme našli statisticky signifikantní změny přesnosti reprodukce figury 
z paměti a centrální koherencí reprodukce (p<0.01). Skóre prostorové paměti a centrální 
koherence byly na konci hospitalizace vyšší.  

Ohledně souvislosti klinického stavu a výkonu v testu Reyovi komplexní figury jako i prediktivní 
hodnoty výkonu v tomto testu na efekt hospitalizace, se zdá, že neuropsychologické vlastnosti 
hodnoceny testem Reyovi komplexní figury (prostorová paměť a centrální koherence) nejvíc 
souvisí se škálou EDE-Q „Soustředění na hmotnost“.  Vidíme to jednak z korelací mezi touto 
škálou a přesností reprodukce (p<0.05) či centrální koherencí reprodukce (p=0.063) na začátku 
hospitalizace, jako i z korelací mezi přesností reprodukce (p<0.05) a centrální koherencí kopie 
(p<0.05) i reprodukce (p<0.05) a rozdíly na této škále v průběhu hospitalizace. Je zajímavé, že 
index tělesné hmotnosti na začátku hospitalizace nekoreluje s přesností ani centrální koherencí 
ani kopie ani reprodukce figury, ale nacházíme statisticky signifikantní (p<0.01) korelaci mezi 
nejnižší BMI v anamnéze a přesností reprodukce, jako i statisticky signifikantní negativní 
korelaci mezi rozdílem v BMI na začátku a na konci hospitalizace a centrální koherencí na jejím 
začátku. Tyto poznatky je možné využít i klinicky, například při plánování terapeutických 
přístupů (kognitivní remediace).  
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I Theoretical background 
 
Cognitive and executive functions in eating disorders (EDs) have received a considerable deal 
of attention, but the results are still ambiguous. Although several studies have concentrated on 
cognitive and executive functions in ED, no complete neuropsychological profile of anorexia 
nervosa (AN), bulimia nervosa (BN) or other ED is available. The reasons for this include lesser 
interest in neuropsychology in EDs compared to other psychiatric illnesses, small and 
heterogeneous samples and different study designs (Tchanturia et al., 2005). Duchesne et al. 
(2004) conducted a literature review on the neuropsychology of EDs and concluded that AN 
was the most frequently studied ED, followed by BN.  
 
Most findings agree that attention deficits as well as deficits in visuo-spatial and visuo-
constructive ability exist in AN patients (Gillberg et al., 2007; Duchesne et al., 2004; Mathias & 
Kent, 1998; Szmukler et al., 1992). Furthermore, deficits of executive functions have been 
repeatedly described, including a tendency to local information processing and weak central 
coherence (Lopez et al., 2008a,b; Lopez, 2009), impairments in set-shifting (Roberts et al., 
2007a; Steinglass et al., 2006; Holliday et al., 2005), and impairments in decision-making 
(Tchanturia et al., 2007b; Cavedini et al., 2004).   
 
After successful treatment, some deficits improve while others persist (or even precede the 
development of AN), which supports the hypothesis that they can contribute to AN 
development or worsen its prognosis, and could be considered as candidate endophenotypes 
(Lopez, 2009; Duchesne et al., 2004; Lena et al., 2004). This presumption is supported also by 
the fact that several of these deficits have been found in unaffected relatives of AN patients.  
 
Weak central coherence describes a cognitive style with a tendency to focus on details and a 
lesser ability to integrate information into context (Lopez, 2008a). This cognitive style can be 
characterized as “missing the forest for the trees”. The concept of central coherence has its 
origins in autism research (Frith, 1989). It has been shown that individuals with an autism 
spectrum disorder show a tendency to a detail-focused information processing style and have a 
lesser ability to extract the global context (Happé & Frith, 2006). This assumption has been 
repeatedly confirmed, although it remains unclear whether impaired global processing is a 
consequence of superiority in local processing. Some authors suggest that both styles – 
increased local processing and decreased global processing – should be studied/tested 
separately (Happé & Booth, 2008). 
 
The impulse to study central coherence, known from autism research, in AN patients is based 
on the assumption that AN can be viewed as a part of the autistic spectrum. Patients with AN 
and autism spectrum disorders share social impairments and deficits in empathy, normal or 
superior performance in tasks requiring local information processing and poorer performance 
when more global information processing is needed (Lopez, 2008a; Zucker et al., 2007; 
Gillberg et al., 1996).  
 
There are several methods to objectify the tendency to local versus global information 
processing in the visuo-spatial, auditory and verbal domains, most of which originate in autism 
research (Lopez, 2008a). In these tests, the participant is asked to identify simple figures in 
more complex diagrams (Embedded Figures Test; Witkin et al., 1997), to construct a figure 
from its parts (Block Design Test; Wechsler, 1949; 1974; and Object Assembly; Wechsler 
1974; 1981), to draw a complex diagram while focusing either on the global shape or on its 
individual elements (Rey-Osterrieth Complex Figure Test; Rey, 1941; Osterrierth 1944), or to 
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interpret verbal stimuli depending on their context (Sentence Completion Task; Happé et al., 
2001 and Homograph Reading Task; Happé, 1997; Jollife&Baron-Cohen, 1999). Thus, all of 
these tests assess the tendency to focus either on details or on the global context. Some of 
them favor participants with better local information processing, whereas others favor 
participants with better global processing. Thus, for example, in the Embedded figured test, 
participants with a tendency to local information processing perform better, whereas on the Rey 
Complex Figure Tests, better results are achieved by participants with a more global 
information processing style.  
 
According to a meta-analysis conducted by Lopez (2008b) only four studies used the concept 
of central coherence in ED, and in one of them (Lopez, 2008c) only BN patients were tested. 
However, the tendency to local information processing has been described elsewhere (Gillberg 
et al., 2007; Southgate et al., 2008; Lopez et al., 2008a).  
 
However, it should be noted that according to the meta-analysis by Lopez (Lopez, 2008b), the 
hypothesis that individuals suffering from AN have weaker central coherence remains 
unproven. There seems to be enough evidence of global processing deficiency, but insufficient 
evidence supporting an assumption of superiority in local processing. This opinion is consistent 
with that of Happé and Booth (2008).  
 
Findings from neuropsychology can be meaningfully transferred into clinical practice (Baldock 
& Tchanturia, 2007).  
 
The idea of cognitive remediation therapy for anorexia nervosa originates from schizophrenia 
research, where it has been widely studied and proven effective (Medalia & Choi, 2009; 
McGurk et al., 2009; Přikrylová-Kučerová, 2009; Wykes & Huddy, 2009; McGurk, 2007; Kurtz, 
2003).  Cognitive training has also been shown useful in OCD patients (Buhlmann et al., 2006; 
Park et al., 2006) For AN patients, CRT has been developed by the London group (Baldock & 
Tchanturia, 2007a; Tchanturia et al., 2007b; Pretorius & Tchanturia, 2007). 
 
II Study design 
 
II.I Aims of the study 
 

1. To examine the repeatability of the commonly-used quantitative scoring system for the 
RCFT by Taylor, as well as of the scoring system developed by Booth to objectify 
central coherence. 

2. To examine the effects of hospital treatment on visuo-spatial memory and central 
coherence in AN patients. 

3. To examine the relationship between the clinical status assessed by BMI and self-
reporting measures and the neuropsychological characteristics. 

4. To explore the predictive value of neuropsychological characteristics at the baseline for 
hospital treatment outcomes. 
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II.II Hypotheses 
 

1. Both Taylor’s scoring system, commonly used to assess visuo-spatial memory via the 
RCFT, and Booth’s scoring system objectifying central coherence are highly 
repeatable. 

2. There is a statistically significant difference between RCFT performance in AN patients 
at the beginning and at the end of hospital treatment. 

3. There is a statistically significant association between the clinical status of the patients 
and their performance on the RCFT. 

4. RCFT performance at the baseline predicts hospital treatment outcome.  
 
II.III Inclusion criteria 
 

1. Male or female, age ≥ 18 years 
2. Diagnosis of anorexia nervosa of either the restrictive or binge-eating/purging sub-type 

(DSM-IV) 
3. Hospitalization at the Eating Disorders Unit of the Psychiatric Department, First 

Medical Faculty, Charles University in Prague 
4. Informed consent 

 
II.IV Exclusion criteria 
 

1. Psychosis 
2. Mental retardation 
3. Co-morbid neurological disorder 
4. Illiteracy 
5. Pregnancy 
6. Refusal or withdrawal of informed consent 

 
III Material 
 
III.I Rey Complex Figure Test 
 
The Rey Complex Figure Test (Figure 1; Osterrieth, 1944) is a neuropsychological test used to 
assess visuo-spatial organization and memory. It was developed by Rey (1941) and 
standardized by Osterrieth (1944).  
 
Figure1: Rey Complex Figure (Rey, 1941; Osterrieth, 1944) 
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III.I.A Scoring  
 
Accuracy 
 
Several scoring systems for RCFT have been described. The standard quantitative 18-item 
scoring system was developed by Tylor (Spreen&Strauss, 1998), and represents the most 
frequently used scoring method (Liberman, 1994). This scoring system divides the Rey 
Complex Figure into 18 elements which are scored independently, the final score being the 
sum of the scores for all of the 18 elements. If an element is drawn and placed correctly, two 
points are given. If an element is drawn correctly and placed incorrectly or vice versa, one point 
is given. If an element is neither drawn nor placed correctly, but recognizable, a score of 0.5 is 
given. If an element is unrecognizable or missing, no points are given. Thus, the final RCFT 
score can range from 0 to 36 points.  
 
Central coherence  
 
Furthermore, there are several ways of assessing the drawing style. In our study, we used 
Savage and Booth’s (Booth, 2006) scoring system modified by Lopez (Lopez, 2008a).  
 
The so-called central coherence index is reckoned as an objective measure of the central 
coherence. The central coherence index consists of 1) Order of Construction Index, and 2) 
Style Index.  
 
Since assessment of the sequence in which the drawing was made is necessary to evaluate 
central coherence, we used the so-called pen-switching method (Lezak et al., 2004). This 
means that participants copied the figure using colored pencils. Each time the participant 
finished a portion of the drawing (usually a single line), the examiner gave him or her a pencil of 
a different color. The sequence in which the colors changed was noted. Thus, it was possible to 
trace the sequence in which the figure was drawn. 
 
To assess the order of construction, the individual elements of the RCFT are divided into four 
categories: A) global external structures, B) global internal structures, C) local perimeter 
structures, and D) local internal structures. Elements from category A receive 4 points, 
elements from category B receive 3 points, elements from category C are assigned 1 point, and 
elements of category D are assigned no points. The first six elements of the drawing are 
assigned a respective score, the order of the elements being assessed based on the colors the 
participant used. The Order of Construction Index is calculated as the average of these scores, 
and can thus range from 0 to 3.3.  
 
To assess the Style Index, six elements are scored for style. These include: element 2 (the 
large rectangle), elements 4 and 16 (the extended horizontal line), element 5 (the vertical line) 
plus one segment either above or below the large rectangle, elements 13 and 15 (the sides of 
the large rectangle and the line within it) and element 6 (the small rectangle). These elements 
are shown in Figure 2.  
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Figure 2: The six components scored for style on the Rey Complex Figure Test (Booth, 2006; 
Reproduced with the kind permission of Carolina Lopez) 
 

 
 
 
If the lines of these elements are drawn as a continuous stroke or consecutively, 2 points are 
assigned. One point is given if the element is partially fragmented or drawn separately, and no 
points are given if the element is clearly disjointed, drawn in a piecemeal manner or missing. 
The Style Index is computed as the average of the ratings of these six elements, and thus 
ranges from 0 to 2.  
 
While for the Order of Construction Index only completed elements are scored (and partially 
drawn elements are not assigned any rating), for the Style Index, partially or inaccurately drawn 
elements are rated, too.  
 
Finally, the Central Coherence Index is computed by adding the proportions of the total 
possible scores in order (score/3.3) and style (score/2), thus ranging from 0 to 2. (The 
description of the procedure for obtaining the Central Coherence Index was described to the 
author in personal communication with Carolina Lopez).  
 
A higher Central Coherence Index indicates a more global information processing style, while a 
lower one indicates a more local information processing style and a stronger tendency to focus 
on details at the cost of the global context.  
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III.II Clinical and Research Inventory for Eating Disorders  
 
The Clinical and Research Inventory for Eating Disorders (CR-EAT; Moessner et al., under 
review) is a self-reporting questionnaire reflecting the multidimensionality of EDs, as it 
assesses their psychological as well as behavioral aspects.  
 
The final version consists of 70 items and 12 scales:  
 
1a. Weight preoccupation  
1b. Control over eating 
2. Emotional dysregulation 
3. Affect-regulatory eating
4. Self-esteem 
5. Concerns about negative evaluation
6. Body embarrassment 
7. Restrained eating behavior 
8. Societal expectations of weight and shape
9. Perfectionism: familial expectation 
10. Harmful weight regulation 
11. Perfectionism: personal expectations 
 
III.III Eating Disorder Examination – Questionnaire  
 
The Eating Disorder Examination – Questionnaire (EDE-Q; Fairburn & Beglin, 1994) is a 41-
item measure adapted from the Eating Disorder Examination (EDE), a structured clinical 
interview assessing the key behavioral features and psychopathology of EDs.  
 
The EDE-Q consists of four scales:  
 
1. Restraint  
2. Weight concern  
3. Shape concern  
4. Eating concern 
 
In both questionnaires (CR-EAT; EDE-Q), the total scores are calculated by adding the 
averages of all scales (scales 1a to 11 in CR-EAT and scales 1 to 4 in EDE-Q).  
 
IV Procedure 
 
All patients were tested at the beginning of the hospital stay within three days of admission, 
and 21 of the patients were re-tested at the end of the hospital stay. The patients who were not 
re-tested at the discharge were those interrupting the hospitalization ahead of time.  
 
The RCFT was administered in two stages.  
 
First, the participant was presented a stimulus card with the Figure template and given a blank 
sheet of paper (A5 format), followed by instructions to copy the Figure onto the paper as 
precisely as possible without using any other tools (e.g. a ruler). We refer to this as the “copy 
trial”.  
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The template was presented horizontally, but patients were allowed to change the orientation 
as they wished. They were informed that task was not timed. Since assessment of the 
sequence in which the drawing was made was necessary to evaluate central coherence, we 
used the so-called pen-switching method (Lezak et al., 2004). This means that participants 
copied the figure using colored pencils. Each time the participant finished a portion of the 
drawing (usually a single line), the examiner gave him or her a pencil of a different color. The 
sequence in which the colors changed was noted. Thus, it was possible to trace the sequence 
in which the figure was drawn. Although it may be hypothesized that pen-switching can be 
overly distracting for some patients (Lezak et al., 2004), a study by Ruffolo et al. (2001) 
suggests that the pen-switching method is associated with better test performance. In our 
study, all patients understood the instructions quickly and claimed that the pen-switching 
technique did not add any difficulty in completing the task.  
 
After a 20-minute interval, the participant was given a blank sheet of paper again and asked to 
draw the figure, this time recalling it from memory. This we refer to as the “recall trial”, and 
happened without prior warning. The time between the copy and recall trials was filled with 
interaction tasks (other questionnaires). When recalling the figure from memory, the pen-
switching method was used again.  

The self-reporting measures (CR-EAT and EDE-Q) were administered on-line using Web-
Akquasi software (Percevic et al., 2005) kindly provided by the Centre for Psychotherapy 
Research of the University of Heidelberg.  

At the baseline, the participants were given a code and a password that enabled them to log in 
to the computer system. Once logged in, they were presented the questionnaires and 
answered them using the computer mouse.  

V Sample 
 
We examined 31 AN (DSM-IV) patients, all of whom were hospitalized at the Eating Disorders 
Unit, Psychiatry Hospital, Charles University in Prague. At the discharge, 21 of these patients 
were re-tested. Those patients who interrupted the hospitalization ahead of time, were not 
tested at its end. The diagnosis was established by the team of experienced psychiatrists 
working at the Eating Disorders Unit. The characteristics of the sample are shown in Table 1.  
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Table 1: Sample description 
 N Minimum Maximum Mean Std. Deviation 
Age 31 16.00 35.00 25.5806 5.14311 
Duration of hospitalization (days) 31 10 56 40.10 13.298 
Duration of illness (years) 30 1 22 7.60 5.709 
Body weight at the beginning (kg) 31 30.00 68.60 43.3677 7.36466 
BMI at the beginning (kg/m2) 31 12.02 19.10 15.4400 1.94541 
Body weight at the end (kg) 31 30.10 69.30 47.7968 6.82239 
BMI at the end (kg/m2) 31 12.06 19.31 17.0616 1.85292 
All-time lowest body weight (kg) 29 25.00 65.00 38.1552 7.52726 
All-time lowest BMI (kg/m2) 29 9.20 18.00 13.6655 1.93488 
All-time highest body weight (kg) 31 42.00 100.00 64.7903 13.95575 
All-time highest BMI (kg/m2) 31 17.30 33.90 23.2258 4.58890 
Preferred body weight (kg) 22 40.00 77.00 51.3550 7.82053 
Preferred BMI (kg/m2) 22 16.40 21.30 18.5273 1.24295 

 

VI Statistical analysis 

For the statistical analysis, we used SPSS (Statistical Package for the Social Sciences), 
version 16.0. 
 
To assess inter-rater agreement for the RCFT scoring systems, we used non-parametric 
correlations (Spearman’s correlations coefficient, ρ). To assess the differences between 
means, we used the non-parametric Wilcoxon test.  
 
Finally, the relation between clinical status and neuropsychological characteristics as well as 
the relations between neuropsychological characteristics and outcome measures were 
established using both Pearson’s correlation coefficient.  

VII Results 

VII.I Inter-rater reliability of the scoring system 
 
VII.I.A Accuracy 

To assess the accuracy of the drawing, we used the standard quantitative 18-item scoring 
system developed by Tylor (Spreen & Strauss, 1998). 

As we described before, 31 patients completed the RCFT at the beginning of the hospital stay, 
the testing consisting of the copy and recall trial. Twenty-one of these patients were retested 
again at the end of their hospital treatment, and the testing consisted again of the copy and 
recall trial. Thus, we collected a total of 66 (33x2) RCFTs at the beginning and 42 (21x2) 
RCFTs at the end. All 108 (66+42) RCFTs were rated by two independent raters. Both raters 
were psychiatrists, and had previous experience evaluating RCFTs.  
 
Inter-rater reliability was assessed between the scores given by the first rater (A score) and by 
the second rater (B score) for the copy and recall trials at the beginning (Copy 1 and Recall 1) 
and at the end (Copy 2 and Recall 2) of the hospitalization.  
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Inter-rater agreement was assessed using Spearman’s rank correlation coefficient. Both the 
average differences and the Spearman’s rank correlations between the scores of the two raters 
are shown in Table 2. The differences between A and B scores were computed by subtracting 
the A score from the B score (B-A). 
 
Table 2: Accuracy: The average differences and Spearman’s rank correlations (ρ) between A 
and B scores for copy and recall trials at the beginning (Copy 1, Recall 1) and at the end (Copy 
2, Recall 2) of hospital treatment.  
 
 Mean dif. (B-A) Std. dev.  Range Spearman’s 

correlation (ρ) 
Spearman’s 
correlation (ρ) 

Copy 1 1.41 1.88 (-1.5; 6.0) 0.598 p < 0.01 
Copy 2 0.81 1.29 (-1.0; 3.0) 0.777 p < 0.01 
Recall 1 1.36 2.14 (-1.5; 9.0) 0.914 p < 0.01 
Recall 2 1.00 1.41 (-1.5; 3.5)  0.930 p < 0.01 
 
VII.I.B  Central coherence 
 
Not only the accuracy of the drawing was assessed. We also assessed the tendency to focus 
either on the global shape or the details, as expressed by the concept of central coherence.  
 
As we described earlier, there are several ways of assessing the drawing style. In our study, 
we used Savage and Booth’s scoring system modified by Lopez (Booth, 2006; Lopez, 2008a). 
The method of assessing the central coherence index was discussed previously.  
 
For the Central Coherence Indices, similarly to the accuracy scores, between-rater agreement 
was assessed using Spearman’s rank correlations. Both the average differences and the 
Spearman’s rank correlations between the scores of the two raters are shown in Table 3.  
 
Table 3: Central Coherence Index: The average differences and Spearman’s rank correlations 
(ρ) between A and B scores for copy and recall trials at the beginning (Copy 1, Recall 1) and at 
the end (Copy 2, Recall 2) of the hospital treatment.  
 
 Mean dif. (B-A) Std. dev.  Range Spearman’s 

correlation (ρ) 
Spearman’s 
correlation (ρ) 

Copy 1 -0.0515 0.18 (-0.38;0.35) 0.865 p < 0.01 
Copy 2 -0.026 0.13 (-0.26;0.20) 0.700 p < 0.01 
Recall 1  0.010 0.16 (-0.32;0.25) 0.788 p < 0.01 
Recall 2 -0.235 0.13 (-0.30;0.17)  0.751 p < 0.01 
 
VII.II The changes in the clinical status and neuropsychological variables during the 
hospitalization 
 
The Table 4 shows the differences between the observed variables at the beginning and at the 
end of the hospital stay. These were calculated by subtracting the value at the beginning of the 
hospitalization from the value at its end, and statistical significance was established using the 
non-parametric Wilcoxon test.  
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Table 4: The differences in body weight and BMI, CR-EAT and EDE-Q scores and 
neuropsychological variables at the beginning and at the end of the hospital treatment 
 
 Scale name Beginning SD End SD P 
Body 
weight (kg) 

 43.37 7.36 47.3 6.8 0.000** 

BMI (kg/m2) 
 

 15.44 1.95 17.06 1.85 0.000** 

CR-EAT_1a Weight 
preoccupation  

3.92 1.68 3.06 1.51 0.000** 

CR-EAT_1b Control over eating 4.00 1.58 3.02 1.52 0.001** 
CR-EAT_2 Emotional 

dysregulation 
3.79 1.32 3.07 1.34 0.001** 

CR-EAT_3 Affect-regulatory 
eating

1.87 1.33 1.65 0.83 0.469 

CR-EAT_4 Self-esteem 
 

4.00 1.25 3.47 1.1 0.031* 

CR-EAT_5 Concerns about 
negative evaluation

4.46 1.67 4.14 1.57 0.147 

CR-EAT_6 Body 
embarrassment 

3.84 1.26 3.26 0.97 0.038* 

CR-EAT_7 Restrained eating 
behavior 

3.96 1.42 3.04 1.28 0.006** 

CR-EAT_8 Societal 
expectations of 
weight and shape

3.20 1.38 2.82 1.05 0.037* 

CR-EAT_9 Perfectionism: 
familial expectation 

3.09 1.94 3.04 1.88 0.343 

CR-EAT_10 Harmful weight 
regulation 

1.93 1.21 1.46 0.75 0.083 

CR-EAT_11 Perfectionism: 
personal 
expectations 

4.18 1.42 3.84 1.28 0.105 

CR-EAT_tot 
 

 3.52 1.08 2.99 0.92 0.002** 

EDE-Q_1 Restraint  
 

3.29 1.81 0.64 0.73 0.000** 

EDE-Q_2 Weight concern  
 

2.33 1.55 1.17 1.22 0.005** 

EDE-Q_3 Shape concern 
 

3.06 1.23 2.19 1.25 0.006** 

EDE-Q_4 Eating concern 
 

4.04 1.13 2.94 1.41 0.003** 

EDE-Q_tot  
 

3.12 1.19 1.55 0.81 0.000** 

Accuracy – 
Copy 

 32.8 2.12 32.91 2.14 0.752 

Accuracy – 
Recall 

 19.25 5.68 23.89 4.2 0.001** 

CC – Copy  
 

1.39 0.42 1.56 0.17 0.134 

CC – Recall 
 

 1.39 0.23 1.62 0.19 0.001** 
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We see that those scales directly associated with ED symptomatology (with the exception of 
harmful weight regulation) tend to improve, but those associated rather with the personality 
traits possibly underlying the ED remain unchanged (or at least change to a lesser degree) as a 
result of hospitalization. Since the EDE-Q focuses more on ED psychopathology – restrained 
eating and concerns associated with weight, shape and food – significant changes can be 
observed after treatment. These correspond with the changes on the CR-EAT Weight 
preoccupation, Control over eating, and Emotional dysregulation scales. As affect-regulation, 
Concerns about negative evaluation and Perfectionism regarding both Familial and Personal 
expectations are not direct symptoms of EDs, but can be considered, rather, as traits 
underlying them, these tend to remain unchanged.  
 
Considering the neuropsychological assessments, statistically significant differences between 
the baseline and discharge assessments were found in accuracy of recall and central 
coherence in recall. This means that participants recalled the RCF from memory significantly 
better at discharge than at admission. Further, they tended to use a more holistic and global 
style when drawing the figure from memory at discharge as compared to the baseline.  
 
VII.III The relation between the neuropsychological characteristics and the clinical status 
 
In the following section, we will explore the relation between the visuo-spatial memory and the 
central coherence assessed by the RCFT and the clinical status of the participants assessed 
by the BMI and the self-reporting measures (CR-EAT; EDE-Q). For this purpose, we use the 
data assessed at the beginning of the hospitalization. The Table 5 shows Pearson’s correlation 
coefficients between the baseline BMI, all-time lowest BMI, CR-EAT and EDE-Q scales and the 
neuropsychological variables. 
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Table 5: Pearson’s correlations between the BMI, all-time lowest BMI, CR-EAT and EDE-Q 
scores and the neuropsychological variables assessed at the beginning of the hospital 
treatment 
 
 Accuracy Copy Accuracy 

Recall 
CC Copy CC Recall 

BMI -.034 
 

.160 .025 .119 

All-time lowest .175 .471  
** 

.056 -.046 

CR-EAT_1a .018 
 

-.103 -.312 -.373 

CR-EAT_1b -.151 -.358 -.428 p=0,053 
 

-.437 * 

CR-EAT_2 .003 
 

.024 -.106 -.068 

CR-EAT_3 -.377 
 

-.449 * -.399 -.210 

CR-EAT_4 -.305 
 

-.069 -.289 -.421 

CR-EAT_5 -.066 
 

-.248 -.267 -.188 

CR-EAT_6 -.002 
 

-.316 -.357 -.261 

CR-EAT_7 -.016 
 

-.263 -.259 -.340 

CR-EAT_8 .008 
 

-.344 -.274 -.220 

CR-EAT_9 .044 
 

-.091 -.031 .040 

CR-EAT_10 -.130 
 

.106 .101 .092 

CR-EAT_11 .093 
 

-.220 -.055 -.217 

CR-ET_tot -.092 
 

-.266 -.299 -.291 

EDE-Q_1 .243 
 

-.115 -.110 -.168 

EDE-Q_2 -.336 -.591 ** -.412 p=063 
 

-.301 

EDE-Q_3 -.261 
 

-.365 -.337 -.273 

EDE-Q_4 -.228 
 

-.202 -.230 -.320 

EDE-Q_tot -.111 
 

-4.22 * -.344 -.331 
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The results show statistically significant correlations between accuracy of the recall and the 
EDE-Q scale “Weight Concern” (p<0,01) as well as between accuracy of the recall and the total 
EDE-Q score (p<0,05). The accuracy of the recall also significantly correlates with the “Affect-
regulatory eating” scale of the CR-EAT (p<0,05).  The correlation between the “Weight 
Concern” scale and the central coherence of the copy is significant on the level p=0,063.  

Furthermore, there is a statistically significant correlation between central coherence of the 
recall and the CR-EAT scale “Control over eating” (p<0,05). The correlation between the 
central coherence of the copy and this scale is significant on the level p=0,053.  

Interestingly, the BMI at the time of assessment does not correlate with the accuracy and 
central coherence of either the copy or the recall. However, the correlation between the all-time 
lowest BMI and the accuracy of the recall is statistically significant (p<0,01).  

These correlations are shown in the following graphs: 
 
Graph 1: Pearson’s correlation between accuracy of the recall and the EDE-Q scale “Weight 
concern”  
 

 
 
 
 
Graph 2: Pearson’s correlation between accuracy of the recall and the total EDE-Q score 
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Graph 3: Pearson’s correlation between accuracy of the recall and the CR-EAT scale “Affect 
regulatory eating”  
 

 
 
 
Graph 4: Pearson’s correlation between central coherence of the recall and the CR-EAT scale 
“Control over eating” 

 
 
Graph 5: Pearson’s correlation between accuracy of the recall and the all-time lowest BMI 
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VII.IV The predictive value of the neuropsychological characteristics for the treatment 
outcome 
 
Finally, we examined RCFT performance at the baseline and all-time lowest BMI as potential 
indicators for the effectiveness of hospital treatment. The correlations between the accuracy 
and central coherence both for the copy and recall at the baseline and the differences between 
the CR-EAT and EDE-Q scores are shown in Table 6. The differences were calculated by 
subtracting the score at the beginning from the score at the end. 
 
Table 6: Pearson’s correlations between the neuropsychological variables at the baseline and 
the differences in the CR-EAT and EDE-Q scales as well as between the differences in the 
total CR-EAT and EDE-Q scores 
 
 Accuracy_Copy_ 

Beginning 
Accuracy_ 
Recall_Beginning 

CC_Copy_ 
Beginning 

CC_Recall_ 
Beginning 

CR-EAT_1a_diff -.130 
 

.213 .359 .179 

CR-EAT_1b_diff .006 
 

.190 .457 .304 

CR-EAT_2_diff .022 
 

.215 .186 .104 

CR-EAT_3_diff .149 
 

.311 .373 .191 

CR-EAT_4_diff -.218 
 

.035 .252 .220 

CR-EAT_5_diff -.266 
 

-.023 .280 -.039 

CR-EAT_6_diff .124 
 

.329 .605 * .515   p=050 

CR-EAT_7_diff .271 
 

.208 .478 .438 

CR-EAT_8_diff -.360 
 

.026 .325 .115 

CR-EAT_9_diff -.218 
 

-.200 -.116 -.241 

CR-EAT_10_diff -.062 
 

-.162 -.036 -.301 

CR-EAT_11_diff -.559 * 
 

.182 .059 -.029 

CR-ET_tot_diff  
-.165 

.165 .462 .194 

EDE-Q_1_diff -.255 
 

.300 .224 .194 

EDE-Q_2_diff .189 .528 * .610 * 
 

.549 * 

EDE-Q_3_diff -.036 
 

.201 .336 .254 

EDE-Q_4_diff .012 
 

.161 .216 .282 

EDE-Q_tot_diff .091 
 

.343 .430 .412 

BMI_diff 
 

-.301 .193 -.381 *  -.293 
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We see that there is a statistically significant negative correlation between the accuracy of the 
copy trial and the difference in the CR-EAT scale “Perfectionism: personal expectations.” 
Moreover, there is a statistically significant positive correlation between the central coherence 
of the copy and central coherence of the recall as well as between the accuracy of the recall 
and the difference in the EDE-Q scale “Weight concern”, and finally a statistically significant 
positive correlation between the central coherence of the copy and the difference in the CR-
EAT scale “Body embarrassment”.  

Furthermore, if we look at the association between the difference in the BMI calculated by 
subtracting the BMI at the beginning of the hospitalization from the BMI at it’s end and the 
neuropsychological variables, we see that there is a statistically significant negative correlation 
between the central coherence of the copy at the beginning of the treatment and the change in 
the BMI. This is shown in Graph 6. Other correlations between the neuropsychological 
variables and the difference in the BMI are given in the Table 6.  

Graph 6: The correlation between the central coherence of the copy at the beginning of the 
hospital treatment and the change in the BMI 

 

 
VIII Discussion 
 
VIII.I Inter-rater reliability of the scoring system 
 
VIII.I.A Accuracy 
 
The first aim of this study was to examine the repeatability of the commonly-used quantitative 
scoring system for the RCFT developed by Tylor (Spreen & Strauss, 1998). To achieve this, 
two independent raters rated a total number of N=108 RCFTs, and between-rater agreement 
was assessed via Spearman’s correlation coefficients (ρ). The RCFTs were obtained by testing 
31 AN patients at the beginning of hospital treatment and re-testing 21 of these patients at the 
end of hospitalization. The testing, both at the beginning and at the end of the hospital stay, 
consisted of a copy trial and a recall trial. Thus, a total of 108 RCFTs (31x2 plus 21-2) were 
obtained. The Spearman’s correlation coefficients between score A (rater 1) and score B (rater 
2) were 0.598 for copy accuracy and 0.777 for recall accuracy at the beginning of the hospital 
stay, and 0.914 for copy accuracy and 0.930 for recall accuracy at the end of the stay.  
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In general, both the between- and within-rater agreements found in our study are lower than 
the inter-rater agreements reported in the literature. Liberman (1994) studied between-rater 
agreement for the RCFT in a non-clinical sample of amateur boxers, and reports Spearman’s 
rank correlations between the scores of two raters ranging from 0.88 to 0.97 for the copy and 
immediate recall trials. Tupler et al. (1995) report inter-rater correlations of 0.85 between four 
raters rating RCFTs completed by older individuals with memory impairments. In a study by 
Duley et al. (1993), two raters rated RCFT in HIV-infected subjects, reaching agreement of 
90.1% for the copy trials and 88.1% agreement for the recall trials. Lopez et al. (2007) used the 
18-item quantitative scoring system for the RCFT in a sample of AN women, and report an 
average inter-rater correlation of 0.89. In our previous study using a similar methodology, we 
found Spearman’s rank correlations ranging from 0.904 to 0.608 for inter-rater reliabilities 
(Žuchová et al., under review).  
 
The raters rating the RCFT are often reported to have received the same training in RCFT 
scoring (Liberman, 1994), which can lead to higher inter-rater agreement. In our study, the 
RCFTs were rated by two psychiatrists having both experience in working with eating disorder 
patients and in using the standard 18-item scoring system for RCFT evaluation, but without any 
special, common training in RCFT evaluation. Although this can lead to lower between-rater 
agreement, it also reflects a common situation in the clinical setting, where patients are often 
examined by several experts with different educational and experiential backgrounds, which in 
turn can lead to larger discrepancies in their clinical judgments.  
 
Although the correlations found between the individual ratings can still be considered relatively 
high – and, thus, the standard scoring system reliable – more explicit scoring rules would be 
needed to reach higher rating agreement. From our clinical experience we can assume that 
some patients consider copying the figure an easy task and do not pay sufficient attention to 
copying it exactly enough to attain the maximum score. Since the scoring system does not 
include explicit rules on how large the discrepancies between the original template and the 
copy must be to produce lower scores (for example, discrepancies between an “exact” 
rectangle and an “exact” square for element 2), the score ultimately depends on the rater’s 
subjective judgment. Since the rater often knows that mistakes in copy trials can be due to lack 
of attention and that for recall trials they can reflect “real” cognitive impairments, the rater may 
tend to be more strict in rating the recall trials and less strict for the copy trials (Lezak et al., 
2004). These discrepancies due to rater’s subjective judgment could be reduced through the 
use of explicit scoring rules. 
 
VIII.I.B Central coherence 
 
Using the RCFT, we also assessed the tendency to focus either on the global shape or the 
details, as expressed by the concept of central coherence. For this purpose, we used Booth’s 
(2006) scoring system as modified by Lopez (2008a). To assess the order in which participants 
drew the Figure, we used the pen-switching method as described by Lezak (2004). The so-
called central coherence index is reckoned as an objective measure of central coherence, and 
consists of 1) Order of Construction Index and 2) Style Index, where the Order of Construction 
Index can range from 0 to 3.3, the Style Index from 0 to 2 and the Central Coherence Index 
from 0 to 2. A higher Central Coherence Index means a more global information processing 
style, while a lower one indicates a more local style and a stronger tendency to focus on details 
at the cost of the global context.  
 

 19



The Spearman’s correlation coefficients between score A (rater 1) and score B (rater 2) were 
0.856 for copy central coherence and 0.700 for recall central coherence at the beginning of the 
hospitalization, and 0.788 for copy central coherence and 0.751 for recall central coherence at 
the end of the stay.  
 
We have found only one study mentioning intra-rater reliability for Central Coherence Indices. 
Lopez et al. (2008a) report an intra-class correlation coefficient for the Central Coherence 
Index obtained by the same procedure as in our study of ρ=0.97. The between-rater 
agreements expressed by Spearman’s rank correlation coefficients in our study are lower, but 
all of the correlations are statistically significant. Again, a possible explanation might be a lack 
of common training for both raters. Further, while scoring RCFT for accuracy is a common 
procedure during psychological assessment, evaluating central coherence is a novel procedure 
with which most raters are still not familiar. This can lead to relatively lower between-rater 
agreement.  
 
However, the Spearman’s correlation coefficients for between-rater agreement for both 
accuracy and central coherence are statistically significant (p=0.01), so we considered both 
Taylor’s and Booth’s scoring systems highly repeatable and decided to use them in the present 
study. 
 
VIII.II Changes in clinical status and neuropsychological variables during hospitalization 
 
We examined 31 AN (DSM-IV) patients, all of whom were hospitalized at the Eating Disorders 
Unit, Psychiatry Hospital, Charles University in Prague. All patients were tested at the 
beginning of the hospital treatment and re-tested at its end. At both times they completed the 
RCFT, consisting of the copy and recall trials, and two self-reporting measures (CR-EAT, 
Moessner et al., under review; and EDE-Q, Fairburn & Begling, 1994) assessing ED 
symptomatology. Additionally, their BMIs were assessed both at the beginning and at the end 
of the hospital stay. The RCFTs were evaluated for copy accuracy, recall accuracy, copy 
central coherence and recall central coherence, both at the beginning and at the end of 
treatment.  
 
We found a statistically significant change in body weight (p<0.01) and BMI (p<0.01) among 
the participants. During hospitalization, most patients gained weight, although the average BMI 
at discharge (17.06 kg/m2; SD=1.85) is still below the normal (18 kg/m2) value. We found 
statistically significant differences between the baseline and discharge scores on all four EDE-
Q scales: “Restraint” (p<0.01), “Weight concern” (p<0.01), “Shape concern” (p<0.01) and 
“Eating concern” (p<0.01), as well as between the total EDE-Q scores at the beginning and end 
of the hospital stay (p<0.01).  
 
As for the CR-EAT, there were statistically significant differences found on the following scales: 
“Weight preoccupation” (p<0.01), “Control over eating” (p<0.01), “Emotional dysregulation” 
(p<0.01), “Self-esteem” (p<0.05), “Body-embarrassment” (p<0.05), “Restrained eating 
behavior” (p<0.01), “Societal expectations of weight and shape” (p<0.01) and the total CR-EAT 
score (p<0.01). However, the changes in the “Affect-regulatory eating”, “Concerns about 
negative evaluation”, “Harmful weight regulation”, “Perfectionism: Familial expectations” and 
“Perfectionism: Personal expectations” scales were not statistically significant.  
 
 
 

 20



We see that those scales directly associated with ED symptomatology (with the exception of 
“Harmful weight regulation”) tend to improve, but those associated rather with the traits possibly 
underlying the ED remain unchanged (or at least change to a lesser degree) after 
hospitalization. Since the EDE-Q focuses more on ED psychopathology – restrained eating and 
concerns associated with weight, shape and food – significant changes can be observed after 
treatment. These correspond with the changes on the CR-EAT “Weight preoccupation”, 
“Control over eating” and “Emotional dysregulation” scales. As for affect-regulatory eating, 
concerns about negative evaluation and perfectionism regarding both familial and personal 
expectations are not direct symptoms of EDs but can be considered, rather, as traits underlying 
them. These tend to remain unchanged.  
 
These findings agree with the results of Moessner et al. (under review). They conducted a 
factor analysis of the CR-EAT and found that the “Weight preoccupation”, “Control over eating”, 
“Body embarrassment”, “Restrained eating behavior”, “Societal expectations of weight and 
shape” and “Harmful weight regulation” scales load on the factor “Eating behavior disturbance”. 
With the exception of the “Harmful weight regulation” scale, these were the scales on which we 
found statistically significant improvement in participants during hospital treatment. The same 
authors also point out that the “Harmful weight regulation” scale (the only scale loading for this 
factor where we found no statistically significant effect of hospital treatment) showed deficits in 
the non-clinical sample regarding its internal consistency and item characteristics. The authors 
of the questionnaire decided to keep it, based on its clear clinical utility. Our findings suggest 
that this scale might have deficits in a clinical sample as well. However, this requires further 
research.  
 
The “Emotional dysregulation”, “Affect-regulatory eating”, “Self-esteem” and “Concerns about 
negative evaluation” scales load on the factor “Affective/cognitive impairment”. In our sample, 
we found statistically significant improvement on the “Emotional dysregulation” and “Self-
esteem” scales, but no statistically significant improvement on the “Affect regulatory eating” and 
“Concerns about negative evaluation” scales. Finally, both perfectionism scales, loading on the 
factor “Perfectionism total”, remained stable during the hospital treatment.  
 
This has implications for both clinical practice and research. First, clinicians should consider 
therapeutic approaches targeting not only the symptoms of the ED but also the underlying traits 
(specifically, in our case, affective and cognitive impairments and perfectionism). Second, when 
studying therapy outcomes in research, researchers should be aware that it might not be 
sufficient to assess only changes in ED symptoms, but should consider including variables 
reflecting the underlying traits as well. In this context, the CR-EAT seems to be a suitable 
questionnaire. Although some of the correlations of the CR-EAT and EDE-Q scales are low, the 
probable reason is that CR-EAT assesses additional aspects not fully covered by the EDE-Q. 
Similar findings were obtained by Moessner et al. (under review) regarding correlations with the 
scales of other self-reporting measures commonly used in EDs, namely the Eating Disorder 
Inventory 2 (EDI-2; Thiel et al., 1997), the Short Evaluation of Eating Disorders (SEED; Bauer 
et al., 2004) and the Weight Concerns Scale (WSC; Killen et al., 1994).  
 
Considering the neuropsychological assessments, statistically significant differences between 
the baseline and discharge assessments were found in recall accuracy and recall central 
coherence. This means that participants recalled the RCF from memory significantly better at 
discharge than at admission. Further, they tended to use a more holistic and global style when 
drawing the figure from memory at discharge as compared to the baseline.  
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This can have several interpretations. First, the RCFT was used for both baseline and end 
assessment. Obviously, it can be argued that participants remembered the Figure better at 
discharge, since it was the second time they saw it. Additionally, they also knew that the copy 
trial would be followed by a recall trial, so they might have paid more attention and tried to 
remember the Figure when copying it. If this was the case, however, there should be a 
statistically significant improvement in copy accuracy as well. One way to approach this 
problem would be to use a different complex figure test at discharge, for example a Tylor 
Complex Figure or one of the Medical College of Georgia Complex Figures (Lezak et al., 
2004). However, there is no scoring system developed to assess central coherence based on 
these tests. As for accuracy, it would have been necessary to prove the equivalency of the 
scoring systems. Since a similar procedure (using the same RCFT at both baseline- and end-
assessment) has been commonly used in similar studies (Tchanturia et al., 2007b; Lopez et al., 
2008b; Lopez et al., 2008d), we decided to retain it. Further, using the same Figure twice can 
be a confounding variable when assessing accuracy. Central coherence is an implicit measure 
which should not be influenced by patients’ paying even more attention to recall and trying to 
remember the figure better. 
 
As for changes in neuropsychological findings after treatment, the findings in the literature 
differ. Some authors (Lopez et al., 2009) argue that bias towards local information processing 
is independent of the acute state of the illness since it is a trait underlying the ED (an 
endophenotype). In a study by Lopez et al. (2009), recovered ED patients still performed worse 
on tasks requiring a holistic, globally oriented information processing style (specifically, the 
RCFT) as compared to healthy controls. According to these authors, recovered ED subjects 
were even more enhanced in detail processing than subjects with acute AN. Mathias and Kent 
(1998) found that nutritional status and weight loss were not directly associated with cognitive 
performance in AN patients. Other authors, however, find significant improvements in 
neuropsychological characteristics, especially set-shifting and central coherence, after 
treatment (Tchanturia et al., 2007b), and especially so if specific treatment approaches 
targeting these functions are used. Overall, future research using larger sample sizes and more 
tasks assessing both visuo-spatial memory and central coherence are needed to shed light on 
this matter. 
 
VIII.III Relation between neuropsychological characteristics and clinical status 
 
We also explored the relation between participants’ clinical status as assessed via BMI and 
self-reporting measures (CR-EAT and EDE-Q), and visuo-spatial memory and central 
coherence assessed by the RCFT. For this purpose, the baseline data were used, meaning 
that we examined the association between clinical status and performance on the 
neuropsychological task at admission.  

The results show statistically significant correlations between recall accuracy and the EDE-Q 
“Weight concern” scale (p<0.01) as well as between recall accuracy and the total EDE-Q score 
(p<0.05). Recall accuracy also significantly correlates with the “Affect-regulatory eating” scale 
of the CR-EAT (p<0.05). The correlation between the “Weight Concern” scale and copy central 
coherence is significant at the level of p=0.063.  

Additionally, there is a statistically significant correlation between recall central coherence and 
the CR-EAT “Control over eating” scale (p<0.05). The correlation between copy central 
coherence and this scale is significant at the level of p=0.053.  
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Interestingly, BMI at admission does not correlate with the accuracy or central coherence of 
either copy or recall. However, the correlation between the all-time lowest BMI and recall 
accuracy is statistically significant (p<0.01).  

These results show certain patterns. It seems that there is an association between some ED 
symptoms (the EDE-Q “Weight concern” and CR-EAT “Control over eating” scales) and both 
visuo-spatial memory and bias towards local information processing. This presumption is also 
supported by the finding of statistically significant positive correlations between the accuracy of 
the recall and the central coherence of both copy and recall at the baseline and the difference 
in the EDE-Q “Weight concern” scale discussed below. Interestingly, the correlations between 
the accuracy of the copy and recall and the central coherence of the copy and recall and the 
CR-EAT “Perfectionism” subscales are low (0.044, -0.091, -0.031 and 0.040 for the 
“Perfectionism: familial expectations” scale and 0.093, -0.220, -0.055 and -0.217 for the 
“Perfectionism: personal expectations” scale, respectively). Since it could be hypothesized that 
drawing accuracy and attention to detail are associated with perfectionism, higher correlations 
could be expected here. Our findings indicate that both accuracy and central coherence are, 
rather, more associated with ED symptoms than with these traits. Obviously, a larger sample 
size would be needed to explore this presumption further.  
 
Also, although we did not find a statistically significant correlation between it and current BMI at 
admission, there was a statistically significant correlation between the all-time lowest BMI and 
recall accuracy. This means that patients with lower all-time BMI performed worse on the RCFT 
recall trial than those with higher all-time BMI. This might imply that although 
neuropsychological performance is not linked with current nutritional status (Mathias & Kent, 
1998), there is an association between illness severity (as indicated by all-time lowest BMI) and 
neuropsychological performance. 
 
VIII.IV Predictive value of neuropsychological characteristics for treatment outcome 
 
Finally, we examined RCFT performance at the baseline and all-time lowest BMI as potential 
indicators for the effectiveness of hospital treatment, and found a statistically significant 
negative correlation (p<0.05) between copy trial accuracy and the difference on the CR-EAT 
scale “Perfectionism: personal expectations”, as well as a statistically significant negative 
correlation (p<0.05) between copy central coherence and BMI change during hospitalization. 
This means that participants showing weaker central coherence copying the figure at the 
baseline gained more weight during the hospital stay (since the differences were calculated by 
subtracting the baseline value from the end value). In this sense, copy central coherence at the 
baseline could be considered a predictor of hospital treatment outcome.  

However, we found statistically significant positive correlations between copy and recall central 
coherence, between recall accuracy and the difference in the EDE-Q “Weight concern” scale, 
and between copy central coherence and the difference on the CR-EAT “Body embarrassment” 
scale. The positive correlations seem puzzling. They suggest that a higher score on the RCFT 
means a smaller difference in ED symptomatology during the hospital stay. This could be 
explained by the fact that participants having higher RCFT scores at the baseline also had 
lower scores on the baseline EDE-Q “Weight concern” subscale (as shown previously), and 
were thus not able to attain greater improvements.  The same is true for the CR-EAT “Control 
over eating” scale. On the contrary, it is understandable that high “Perfectionism” scores are 
associated with higher central coherence when copying the figure (although, as mentioned 
previously, we found no such association at the baseline). This would make the positive 
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correlation between copy central coherence and the difference on the CR-EAT “Perfectionism: 
personal expectations” subscale understandable.  

To sum up, it seems that the neuropsychological characteristics assessed in our study (visuo-
spatial memory and central coherence) are most linked to the EDE-Q “Weight concern” scale. 
This is suggested both by the correlations between this EDE-Q scale and recall accuracy 
(p<0.05) and recall central coherence (p=0.063) at the baseline, as well as by the correlations 
between recall accuracy (p<0.05) and central coherence for both copy (p<0.05) and recall 
(p<0.05) and the differences the participants attained on this scale during hospital treatment. In 
general, impairments in visuo-spatial memory and weak central coherence seem to be more 
closely linked to ED symptoms (EDE-Q scales and total score, CR-EAT “Control over eating” 
scales, all-time lowest BMI) than to other characteristics of ED patients (with the exception of 
perfectionism, where the findings are ambiguous). Further research employing more 
neuropsychological tasks and studying larger samples is needed to explore these links further.  

IX Limitations of the study 

The presented study has several limitations. 
 
First, considering the repeatability of the scoring system, not only inter-rater, but also intra-rater 
agreements need to be assessed. Furthermore, the between- and within-rater agreements 
could be assessed not only for the total accuracy or central coherence score, but also for the 
scores of the 18 individual elements of the Figure. In the case of the Central Coherence Index, 
the repeatability of the scoring system might be examined not only for this index as a whole, 
but also for the Order of Construction and Style indices that comprise it. Since examination of 
the repeatability of the scoring systems was not main goal of the present study and simply 
desired to ensure that the scoring systems are repeatable enough to be used in our further 
research, we decided to refrain from more detailed exploration. Moreover, the repeatability of 
Taylor’s scoring system regarding both the within-rater agreements and the Kapa indices for 
the scorings of the 18 individual elements was discussed in our previous work (Žuchová et al., 
under review). 
 
The second limitation of our study is sample size. Due to the sample size, the normal 
distribution could not be tested. Further, the association between neuropsychological variables 
and clinical status as well as their predictive value for hospital treatment outcome was 
assessed only by inter-correlations, since the small sample size did not allow us to study them 
via regression analysis. Therefore, our results should be considered preliminary findings in 
need of further exploration using larger sample populations. 
 
Additionally, both visuo-spatial memory and central coherence were assessed using only the 
RCFT. It would certainly be advisable to employ more neuropsychological tasks assessing the 
studied variables. The problem of using the RCFT both at the beginning and at the end of 
hospital treatment might pose a problem when studying changes in visuo-spatial memory 
during hospitalization. We addressed this difficulty previously. It is certainly possible to use a 
different complex figure test (Taylor Complex Figure or one of the Medical College of Georgia 
Complex Figures) for the end assessments, though equivalent scoring systems are bis dato 
lacking. This is true especially for the scoring system assessing central coherence. 
 
Finally, as mentioned previously, using self-reporting measures in a sample of ED patients 
might be problematic. Due to the psychopathology, one must count on obtaining intentionally or 
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unintentionally incorrect and misleading information from participants (Salbach-Andrae et al., 
2008). Therefore, it is important to employ other measures objectifying ED symptomatology 
(current BMI, all-time lowest BMI, weight fluctuation, menstrual status, hormonal levels, etc.). 
Apart from current and all-time lowest BMI, we did not use those in the present study.  
 
Last, but not least, the researcher conducting the present study was a medical doctor working 
on the Eating Disorders ward. Thus, it can be presumed that participants perceived her as a 
medical authority, and this could have led to biased answers, despite the declaration that the 
data would be used for research purposes only.  
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