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Abstract: The evaluation of cognitive-communication disorders is performed with several types of 
assessment methods. These methods include different types of cognitive and language tests such 
as the Arizona Battery for Communication Disorders of Dementia (ABCD). The present study aimed 
to validate the ABCD in the Greek language. 132 individuals participated in the study: 60 adults in 
cognitive health (ACH) and 72 patients [24 Parkinson Disease (PD) patients without cognitive 
impairment, 24 with Parkinson Disease Dementia (PDD) and 24 with Alzheimer's Disease (AD)]. The 
cognitive and mental status of all participants was estimated by means of the Mini Mental State 
Examination (MMSE), the Abbreviated Mental Test Score (AMTS), the Clock Drawing Test (CDT), the 
Instrumental Activities of Daily Living (IADL), the Neuropsychiatric Inventory (H-NPI) the Geriatric 
Depression Scale -15 (GDS-15) and the ABCD. Statistically significant differences were found 
between all tests administered with the PDD and AD patients having the lower scores. The ABCD 
showed good psychometric properties, internal consistency (Cronbach alpha=0. 901) and 
discriminatory ability. It was significantly correlated with the AMTS, CDT, IADL, and MMSE.The 
Greek version of the ABCD demonstrated good validity, sensitivity, and discriminatory ability. The 
ABCD is a valuable instrument to assess cognitive-communication dis-orders. 
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1.0  INTRODUCTION 
Cognitive ability may decline over time (Muslimović et 
al., 2007; Ryan et al., 2003), with a part of the aging 
population developing dementia eventually (Klimova et 
al., 2017; Naylor et al., 2012). Scientists around the 
world approach this problem from different disciplines 
and suggest age-related neurodegeneration models 
(Fossel, 2020), as well as diagnostic criteria 
(Khachaturian, 2006; Khachaturian et al., 2019) to 
identify people with cognitive impairment more 
accurately. A range of medical factors and diseases can 
lead to the declination of cognitive ability, such as 
Parkinson disease (PD), Alzheimer disease (AD) or even 
stroke (Naylor et al., 2012; Khachaturian, 2006; 
Khachaturian et al., 2019; Khachaturian & Radebaugh, 
2019). While cognitive impairment is developing, many 
quality-of-life problems are arising (Farina et al., 2017) 
but also language and communication disorders are 
attested in patients (Azuma et al., 2003; Bayles et al., 
1992, 2000, 2004, 2020; Bayles & Tomoeda, 1983). 
 
Particularly, language-communication symptoms due to 
cognitive impairment can differ depending on the type 
of dementia and the disease staging (Azuma et al., 2003; 
Bayles & Tomoeda, 1983; Bayles et al., 2000, 2004). 
Individuals diagnosed with dementia are experiencing a 
gradual loss of their daily functions and, eventually, 
their ability to communicate effectively and 
independently (Muslimović et al., 2007; Ryan et al., 
2003). For example, mild problems in attention, 
executive functions, language processing and memory 
result in a slower information process during a discourse 
(Tomoeda & Bayles, 1993). On the other hand, 
mediocre problems may result in reduced and less 
substantive verbal output and a loss of someone's 
ability to express themselves adequately (Tomoeda & 
Bayles, 1993).  
 
Furthermore, language disorders due to dementia are 
characterized by the following: a) less concise discourse 
with loss of meaningful speech and the ability to 
maintain a conversation, b) use of fewer words, c) 
language with perseverations and with grammatical 
errors, d) difficulties in naming and word finding, e) 
neologism and f) deficits in comprehension of oral and 
written language (Klimova & Kuca, 2016).  
 
Based on the above, several screening tests and 
assessment batteries have been developed, validated, 
and standardized, which are important for the optimal 
management of patients with cognitive problems 
(Hodkinson, 1972; Khachaturian, 2006; Khachaturian et 
al., 2019; Lawton & Brody, 1969; Tuokko et al., 1992). 

Furthermore, validation studies (Fountoulakis et al., 
1999, 2000; Messinis et al., 2007; Politis et al., 2004; 
Theotoka et al., 2007) and normative studies (Messinis 
et al., 2007, 2011; Konstantopoulos et al., 2016; Poptsi 
et al., 2019) were conducted with Greek speaking 
populations for several cognitive (Fountoulakis et al., 
1999; Fountoulakis et al., 2000; Konstantopoulos et al., 
2016; Messinis et al., 2007, 2011; Politis et al., 2004; 
Poptsi et al., 2019; Tafiadis et al., 2012, 2021, 2022; 
Theotoka et al., 2007) and language assessment tools 
(Messinis et al., 2007). To the best of our knowledge, no 
comprehensive battery for assessing communication 
disorders due to cognitive impairment, such as ABCD 
(Bayles & Tomoeda, 1993), has been validated for the 
Greek language.  
 
Bayles and Tomoeda developed the original ABCD in 
1993. The ABCD is a standardized comprehensive 
assessment for evaluating patients at risk of a 
neurocognitive disorder (mild to severe). The ABCD 
assessment was also evaluated in British and Australian 
English (Armstrong et al., 1996; Moorhouse et al., 
1999). Moreover, it was translated into Dutch and 
Indonesian (Dharmaperwira-Prins, 2004) and into Greek 
in two pilot studies. However, it has not been validated 
yet. The test was also used with patients with 
adolescent TBI (Sandifer et al., 2005) and patients with 
close head injuries (Speer & Skinner, 1995). This study 
presents the validation of the ABCD battery test in the 
Greek language for patients with cognitive-
communication disorders due to  AD and PD. 
 
2.0  MATERIALS AND METHODS 
2.1  Participants 
One hundred and thirty-two (132) monolingual Greek 
speakers participated in this study. Sixty (60) cognitively 
healthy adults (ACH) were recruited from the "National 
Open Care Centre for the Elderly" (KAPI). The "KAPI" are 
state institutions established in Greece to prevent 
health, psychological and social problems that the aging 
populations may face. The remaining seventy-two (72) 
participants were 24 PD patients without cognitive 
impairment, 24 patients with PDD and 24 patients with 
AD. In this study, the ACH and the PD patients were the 
cognitively healthy group (GCH), while the PDD and the 
AD patients formed the group with cognitive 
impairment (GCI).  
 
All patients were recruited from a neurological 
outpatient clinic of the University Hospital of Ioannina 
in Epirus, Greece. A specialized neurologist diagnosed 
patients with AD and PD patients on their medical files, 
neurological examination, and Magnetic Resonance 
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Imaging (MRI) (Jack, et al., 2011; Litvan, et al., 2012; 
Postuma et al., 2015, 2016, 2018; Schmand et al., 2012).  
 
Specifically, for the PD patients, the staging was 
determined following the Hoehn and Yahr scale (Emre 
et al., 2007; Goetz et al., 2004; Hoehn &Yahr, 1967). The 
cognitive status of the PD and PDD patients was 
determined based on the MDS task force criteria (Goetz 
et al., 2004; Litvan et al., 2012; Postuma et al., 2015; 
Schmand et al., 2012) and the clinical diagnostic criteria 
suggested by Emre et al. (2007). On the other hand, the 
NIA-AA guidelines were followed to determine AD 
patients' cognitive impairment levels (Jack et al., 2011; 
McKhann et al., 2011; Sperling et al., 2011). 
 
All subgroups were matched on age and educational 
background. The participants with a history of prior 
cognitive deficits, other neurological impairments 
and/or psychiatric disorders were excluded from the 
study. All participants were informed of this study with 
a consensus letter and signed a written consensus form. 
The participants with PD and PDD were fully 
communicative and at the first stages of the PD, as 
apparent from the Hoehn-Yahr staging. The AD patients 
were in the first years of staging. However, if there was 
any doubt about their level of consciousness, the legal 
caregiver signed the consent form. This research was 
approved by the Department of Medicine, School of 
Health Sciences, University of Ioannina Ethical 
Committee (reference No: 658α). 
 
2.2  Translation of the ABCD 
The translation and cultural adaptation of the ABCD 
(Copyright © 1993 PRO – ED, Inc. Arizona Battery for 
Communication Disorders of Dementia, translated with 
the permission of the publisher. All rights reserved) 
(Bayles & Tomoeda, 1993) were carried out according to 
the "Minimal Translation Criteria." (Medical Outcomes 
Trust, 1997). Finally, the Greek version of the ABCD 
underwent two pilot studies before its validation. The 
battery test has several subtests that are divided into 
five constructs: i) Mental Status, ii) Episodic Memory, iii) 
Language Expression, iv) Language Comprehension and 
v) Visuospatial Construction. The ABCD test evaluates a 
person's mental status using questions that pertain to 
the participant's current condition and questions that 
target current time and space. For the evaluation of 
Episodic Memory, a person is asked to retell a story 
immediately after it is presented to him/her, while after 
about 20 minutes, the participant is expected to recall 
and recognize words in a specific manner. To evaluate 
the Linguistic Expression, a person is asked to describe 
two objects, respond to several naming tasks, and 

provide definitions. For the assessment of Linguistic 
Comprehension, a person is asked to reply to word 
repetition tasks, follow commands of ascending 
difficulty, pair words to figures, and respond to 
comprehension questions on several types of printed 
tasks. Finally, a participant is evaluated on his/her 
Visual-Spatial abilities by means of coping figures and 
generating specific drawings such as a clock (Bayles & 
Tomoeda, 1993) (Table 1). The ABCD in its original 
version exhibited very good construct validity when it 
was correlated with the Global Deterioration Scale 
(GDS) (Reisberg et al., 1982), the Mini-Mental State 
Examination (MMSE) (Folstein et al., 1975) and the 
Block Design of the Wechsler Adult Intelligence Scale – 
Revised (WAIS-R) (Wechsler, 1981). Τhis robustness was 
also reported for the Australian and UK versions of the 
battery (Dharmaperwira-Prins, 2004; Sandifer et al., 
2005).  
 
Table 1. The five constructs of ABCD. 
 

Mental  
Status 

Episodic  
Memory 

Linguistic  
Expression 

Linguistic  
Comprehension 

Visuospatial  
Construction 

Mental 
status 

Story 
Retelling: 

Immediate 

Object 
description 

Following 
commands 

Generative 
drawing 

 

Word 
Learning 

Generative 
naming 

Reading 
comprehension 

(words; 
sentences) 

Figure 
coping 

Free recall 
Confrontation 

naming 
Comparative 

Questions 

 
Total recall 

Concept 
definition 

Repetition 

Recognition   

 
 
2.3  Data Collection 
All informants were administered the ABCD battery test 
(Bayles & Tomoeda, 1993). The ABCD battery test has 
17 brief subtests that are divided into five constructs i) 
Mental Status, ii) Episodic Memory, iii) Language 
Expression, iv) Language Comprehension and v) 
Visuospatial Construction (Bayles & Tomoeda, 1993). 
The ABCD also includes four optional screening tasks  
that determine whether participants' limitations with 
vision, reading, and other difficulties will impact their 
ABCD performance (Bayles & Tomoeda, 1993). Besides 
the administration of ABCD, all participants were 
evaluated for their cognitive and mental status on the 
following scales:  
 
a) Evaluation of Cognitive and Daily Living Abilities  

1. The validated Mini-Mental State Examination 
(MMSE) in the Greek language (Fountoulakis et 
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al., 2000) is a screener that assesses cognitive 
abilities. MMSE was introduced in 1975 by 
Folstein, Folstein, and McHugh (1975), and it is 
recommended to evaluate AD patients' cognitive 
status by NIA-AA (McKhann et al., 2011). 
Likewise, the MDS task force (Schmand et al., 
2012) suggests MMSE as a level I instrument for 
evaluating a PD patient's cognitive ability (Emre 
et al., 2007; Goetz et al., 2004; Litvan et al., 2012). 
The study's groups were formed based on the 
cut-off of<24, as suggested by Fountoulakis et al. 
(2000). 

2. The Abbreviated Mental Test Score (AMTS) is a 
10-item screening test for the detection of 
cognitive impairment (Hodkinson, 1972). The 
validated in Greek language AMTS was used -as 
was the MMSE- to categorize patients with or 
without cognitive impairment using a threshold 
of<6.5 (Tafiadis et al., 2022). 

3. The Greek version of the Clock Drawing Test 
(CDT) (Tafiadis et al., 2021) can evaluate the 
participants' visuospatial abilities. The CDT test 
was shown to differentiate dementia from typical 
age-related memory changes (Tuokko et al., 
1992, Tafiadis et al., 2021). The threshold of the 
Greek CDT was computed at<4 (Tafiadis et al., 
2021) and was used to categorize patients with or 
without visuospatial difficulties. 

4. The Greek version of the Instrumental Activities 
of Daily Living (IADL) (Theotoka et al., 2007), is a 
test that can evaluate the functional abilities that 
are essential in determining participants' 
cognitive capacity (Lawton & Brody, 1969). 

 
b) Evaluation of Psychiatric Symptoms 

1. The Greek version of the Geriatric Depression 
Scale -15 (GDS-15) is a 15-item screening test that 
assesses depression in geriatric populations 
(Fountoulakis et al., 1999). A threshold of > 7 was 
used to include informants in the study 
(Fountoulakis et al., 1999). 

2. The Greek version of the Neuropsychiatric 
Inventory (H-NPI) (Politis et al., 2004) is a 
screener designed to detect the occurrence of 
neuropsychiatric symptoms common in 
dementia. The H-NPI was used to consider if an 
informant is to be excluded due to psychiatric 
disturbances such as deliberative Ideas, 
hallucinations, and anxiety from the present 
study. 

 
 
 

2.4  Statistical Analysis 
The normality assumption was evaluated using 
Kolmogorov-Smirnov and Shapiro-Wilk tests (p>0.05). 
The continuous variables are expressed with means (M) 
and standard deviations (SD), and the dichotomous 
ones with absolute and relative frequencies. The chi-
square tests were used for the comparison of 
proportions. The student's t-test was used to compare 
the ABCD mean total scores and the scores in its five- 
constructs between the GCH and the GCI groups, along 
with Cohen's effect sizes. Additionally, to compare the 
mean scores of the ABCD total score and its 5- 
constructs between all study groups (ACH, PD patients, 
PDD patients and AD patients), the One-Way ANOVA 
test was calculated along with partial eta square effect 
sizes. The internal consistency of the Greek version of 
ABCD was computed using Cronbach's alpha coefficient 
and the split-half reliability coefficient technique. 
Additionally, Pearson correlation (r) between total 
scores of the Greek versions of the AMTS, CDT, MMSE, 
IADL and the total score of ABCD was computed to 
determine the sensitivity of the latter. A Receivers 
Operative Characteristic (ROC) analysis using the 
Youden Index was calculated to determine the ABCD 
discriminatory ability between the study groups. The 
statistical significance was set at p<0.05, and all 
reported p values were two-tailed. The analysis was 
conducted using SPSS statistical software (version 19.0, 
Armonk, NY, USA). 
 
3.0  RESULTS 
3.1  Demographic Data 
The sample of this study was matched on age, years of 
education and gender. All patient groups were also 
matched on the duration of their disease. The PD and 
PDD patients were also matched on the Hoehn-Yahr 
staging. Relevant information is presented in Table 2.  
 
3.2  Comparison of Means Between Subgroups 
For comparing the means for the ABCD test and its five 
constructs, an independent sample t-test analysis was 
computed. A statistically significant difference was 
observed in the ABCD total scores between the GCH and 
the GCI group [t (130)=7.59, p<0.01], with the GCH 
group scoring significantly higher and with large effect 
size results (Cohen's d=0.97, 95% CI [0.74, 1.58]) (Table 
3).  
 
Likewise, the results of the t-test returned a statistically 
significant difference in the "Mental Status" construct 
total scores between the GCH and the GCI group [t 
(130)=5.731, p<0.01] with the GCH group scoring 
significantly higher and with large effect size results 
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(Cohen's d=0.96, 95% CI [0.58, 1.38]). A statistically 
significant difference was observed in the "Episodic 
Memory" construct total scores between the GCH and 
the GCI group [t (130)=6.461, p<0.01], with the GCH 
group scoring significantly higher and with large effect 
size results (Cohen's d=0.86, 95% CI [0.71, 1,42]). A 
statistically significant difference was observed in the 
"Linguistic Expression" construct total scores between 
the GCH and the GCI group [t (130)=6.733, p<0.01], with 
the GCH group scoring significantly higher and with 
large effect size results (Cohen's d=0.92, 95% CI [0.78, 
1.50]). A statistically significant difference was observed 
in the "Linguistic Comprehension" construct total scores 
between the GCH and the GCI group [t (130)=7.048, 
p<0.01], with the GCH group scoring significantly higher 
and with large effect size results (Cohen's d=0.95, 95% 
CI [0.82, 1.52]). A statistically significant difference was 
observed in the "Visuospatial Construction" construct 
total scores between the GCH and the GCI group [t 
(130)=5.471, p<0.01], with the GCH group scoring 
significantly higher and with large effect size results 
(Cohen's d=0.91, 95% CI [0,60, 1.31]) (Table 3).  
 
Regarding group effects in the tests used, the ANOVA 
analysis returned a main group effect in the ABCD total 
scores. Similarly, group main effects were also detected 
in all the test's constructs. A group main effect was 
observed in the "Mental Status" construct total scores F 
(3, 128)=15.003, p<0.01; η2=0.510. A group main effect 
was detected in the "Episodic Memory" construct total 
scores F (3, 128)=17.872, p<0.01; η2=0.543. A group 
main effect was observed in the "Linguistic Expression" 
construct total scores F (3, 128)=16.813, p<0.01; 
η2=0.532. A group main effect was found in the 
"Linguistic Comprehension" construct total scores F (3, 
128)=19.640, p<0.01; η2=0.561. A group main effect was 
observed in the "Visuospatial Construction" construct 
total scores F (3, 128)=12.739, p<0.01; η2=0.478. In 
ABCD total score and all five constructs total score, PDD 
and AD had the lower scores. Relevant information is 
presented in Table 4.  
 
3.3  Reliability Measures for the ABCD Test 
The overall estimated internal consistency of the ABCD 
was excellent (Cronbach alpha=0.901). An alternative 
analysis using the split-half reliability technique also 
showed that the ABCD was internally consistent (split-
half reliability coefficient=0.890). The Internal 

consistency for the constructs of Mental status 
(α=0.855), Episodic memory (α=0.828), Linguistic 
expression (α=0.819), Linguistic comprehension 
(α=0.824), and Visuospatial construction (α=0.878) 
were all excellent as well.  

 
3.4  Correlations for the ABCD Test 
Pearson correlations were computed between the 
ABCD Total Score, as well as its five constructs and the 
Greek versions of the MMSE, AMTS, IADL and Tuoko's 
CDT for determining the sensitivity of the ABCD test 
against an external validity criterion. 
 
3.4.1  Correlation between the ABCD and MMSE 
A strong positive correlation was detected between the 
MMSE total score and the ABCD total (r=0.863, p<0.01). 
Statistically significant positive correlations were 
detected between the MMSE score and the ABCD five 
constructs total scores. Specifically:  

• MMSE score and ABCD "Mental Status" construct 
total score: (r=0.787, p<0.01); 

• MMSE score and ABCD "Episodic Memory" construct 
total score: (r=0.774, p<0.01); 

• MMSE score and ABCD "Linguistic Expression" 
construct total score: (r=0.767, p<0.01); 

• MMSE score and ABCD "Linguistic Comprehension" 
construct total score: (r=0.776, p<0.01); 

• MMSE score and ABCD "Visuospatial Construction" 
construct total score: (r=0.720, p<0.01). 

 
3.4.2  Correlation between the ABCD and AMTS 
A strong positive correlation was detected between the 
AMTS and the ABCD total scores (r=0.835, p<0.01). 
Statistically significant positive correlations were found 
between the AMTS score and the ABCD five construct 
total scores. Specifically: 

• AMTS score and ABCD "Mental Status" construct 
total score: (r=0.833, p<0.01); 

• AMTS score and ABCD "Episodic Memory" construct 
total score: (r=0.747, p<0.01); 

• AMTS score and ABCD "Linguistic Expression" 
construct total score: (r=0.759, p<0.01); 

• AMTS score and ABCD "Linguistic Comprehension" 
construct total score: (r=0.737, p<0.01); 

• AMTS score and ABCD "Visuospatial Construction" 
construct total score: (r=0.704, p<0.01). 
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Table 2. Demographics of the samples. 
 
 ACH Group PD Patients PDD Patients AD Patients p 
Participants 60 24 24 24  
 M (SD) M (SD) M (SD) M (SD)  
Years of Age 67.77 (7.51) 69.00 (5.81) 71.54 (9.15) 67.58 (7.11) .446 
Gender, N (%)      

Male  30 (50%) 12 (50%) 13 (54%) 13 (54%)  
Female 30 (50%) 12 (50%) 11 (46%) 11 (46%) .575 

Years of Education 8.07 (3.86) 9.23 (4.89) 8.35 (3.55) 9.54 (3.68) .222 
Duration of Disease ------ 2-3 years 2-3 years 2-3 years  
H-Y Staging ------ 1. 64 (0.056) 1.59 (0.038) ------ .741 

Abbreviations: ACH, Adults in Cognitive Health; PD, Parkinson's Disease; PDD, Parkinson's Disease Dementia; AD, Alzheimer's 
Disease; H-Y Staging, Hoehn – Yahr Staging; *p<0.05. 
 

Table 3. ACH and GCI group comparisons on ABCD total score and its five construct total scores. 
 
 GCH Group (N=84) GCI Group (N=48)   
 Μ (SD) Μ (SD) t (130) d 
Mental Status 4.07 (0.73) 3.07 (1.28) 5.731** 0.96 
Episodic Memory 3.96 (0.58) 3.11 (0.93) 6.461** 0.86 
Linguistic Expression 3.92 (0.62) 3.04 (0.86) 6.733** 0.92 
Linguistic Comprehension 4.06 (0.68) 3.04 (0.96) 7.048** 0.95 
Visuospatial Construction 4.39 (0.94) 3.21 (1.40) 5.471** 0.91 
ABCD Total Score 21.81 (2.93) 15.95 (4.54) 7.847** 0.97 

Abbreviations: ACH, Adults in Cognitive Health; GCI, Group with Cognitive Impairment; Arizona Battery for Communication 
Disorders of Dementia; *p<0.05; **p<0.01. 
 

Table 4. Group effects (ACH, PD, PDD, AD) in the ABCD total score and its five construct total scores. 
 

 ACH Group (N=60) 
PD Group 

(N=24) 
PDD Group  

(N=24) 
AD Group (N=24)   

 Μ (SD) Μ (SD) Μ (SD) Μ (SD) F (3, 128) η2 
Mental Status 4.80 (0.40) 4.46 (1.17) 4.08 (0.93) 3.33 (1.46) 15.003** 0.510 
Episodic Memory 4.05 (0.41) 3.96 (0.85) 3.37 (0.69) 2.85 (1.07) 17.872** 0.543 
Linguistic Expression 4.09 (0.37) 4.04 (1.02) 3.15 (0.46) 2.84 (1.09) 16.813** 0.532 
Linguistic Comprehension 4.20 (0.51) 4.03 (0.92) 3.16 (0.61) 2.92 (1.21) 19.640** 0.561 
Visuospatial Construction 4.54 (0.48) 4.12 (1.25) 3.17 (1.14) 3.35 (1.62) 12.638** 0.478 
ABCD Total Score 21.53 (1.35) 22.10 (1.70) 16.18 (4.54) 16.67 (2.76) 22.893** 0.669 

Abbreviations: ACH, Adults in Cognitive Health; PD, Parkinson's Disease; PDD, Parkinson's Disease Dementia; AD, Alzheimer's Disease; Arizona 
Battery for Communication Disorders of Dementia; *p<0.05; **p<0.01. 

 
3.4.3  Correlation between the ABCD and Tuokko CDT 
A strong positive correlation was detected between the 
Tuokko CDT score and the ABCD total score (r=0.770, 
p<0.01). Statistically significant positive correlations 
were detected between the Tuokko CDT score and the 
ABCD five construct total scores. Specifically: 

• Tuokko CDT score and ABCD "Mental Status" 
construct total score: (r=0.601, p<0.01); 

• Tuokko CDT score and ABCD "Episodic Memory" 
construct total score: (r=0.604, p<0.01); 

• Tuokko CDT score and ABCD "Linguistic Expression" 
construct total score: (r=0.619, p<0.01); 

• Tuokko CDT score and ABCD "Linguistic 
Comprehension" construct total score: (r=0.616, 
p<0.01); 

• Tuokko CDT score and ABCD "Visuospatial 
Construction" construct total score: (r=0.880, 
p<0.01). 

 
3.4.4  Correlation between the ABCD and IADL 
A strong positive correlation was found between the 
IADL score and the ABCD total score (r=0.702, p<0.01). 
Statistically significant positive correlations were 
detected between the IADL score and the ABCD five 
construct total scores. Specifically,  

• IADL's score and ABCD "Mental Status" construct 
total score: (r=0.851, p<0.01); 

• IADL's score and ABCD "Episodic Memory" construct 
total score: (r=0.636, p<0.01); 
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• IADL's score and ABCD "Linguistic Expression" 
construct total score: (r=0.578, p<0.01); 

• IADL's score and ABCD "Linguistic Comprehension" 
total construct score: (r=0.614, p<0.01); 

• IADL's score and ABCD "Visuospatial Construction" 
total construct score: (r=0.587, p<0.01). 

 
3.5  Receiver Operating Characteristics Analysis 
A ROC analysis was used to determine the ability of the 
Greek ABCD test, its total score and its five construct 
scores to discriminate between the GCH and GCI 
groups. The analysis returned a statistically significant 
positive discrimination for the ABCD total score, with 
the cut-off point calculated at 19.40 (AUC 0.892, p<0.01)  
(Figure 1a; Table 5).  
 

Likewise, the analysis showed the discriminatory ability 
of all the test's constructs. Specifically, statistically 
significant positive discrimination was shown for the 
"Mental Status" construct (AUC 0.740, p<0.01) with a 
cut-off point estimated at 3.50 was shown for the score, 
for the "Episodic Memory" construct (AUC 0.790, 
p<0.01) with the cut-off calculated at 3.50; for the 
"Linguistic Expression" construct (AUC 0.825, p<0.01) 
with the  cut-off estimated at 3.70; for the "Linguistic 
Comprehension" construct (AUC 0.818, p<0.01) with 
the cut-off calculated at 3.60 and for the "Visuospatial 
Construction" construct (AUC 0.753, p<0.01) with the 
cut-off estimated at 3.70 (Figure 1b; Table 6). 
 
 
 

 
 

Figure 1. Receiver Operating Characteristics (ROC) curve for the (a) ABCD total between GCH and the GCI groups; (b) ABCD five 
constructs total scores between GCH and the GCI groups. 

 
 
Similarly, a ROC analysis was used to determine the 
ability of the Greek version of the ABCD total score to 
discriminate between all study groups. The analysis 
returned a statistically significant positive 
discrimination between the GCH and AD groups (AUC 
0.873, p<0.01), with the cut-off point calculated at 
19.70. Likewise, statistically significant positive 
discrimination was detected between the GCH and PDD 
groups (AUC 0.911, p<0.01), with the cut-off estimated 
at 19.10 (Table 5).  
 
Also, statistically significant positive discrimination was 
estimated between the ACH and GCI groups (AUC 0.930, 
p<0.01) with the cut-off point estimated at 19.40. A 
statistically significant positive discrimination was found 
also between the ACH and AD groups (AUC 0.907, 

p<0.01). At the same time, the cut-off point was 
calculated at 19.30, as well as between the ACH and the 
PDD groups (AUC 0.953, p<0.01) with the cut-off set at 
18.90 (Table 5). 
 
Moreover, the same discriminatory ability was observed 
between the PD and PDD groups (AUC 0.810, p<0.01), 
while the cut-off point was calculated at 19.10. Finally, 
the ROC analysis revealed statistically a significant 
positive discriminatory ability for the ABCD total score 
between the PD and the AD groups [cut-off=19.60; (AUC 
0.800, p<0.01)]. Non-statistically significant results were 
returned for the ABCD total score between the ACH and 
the PD groups as well as between the PDD and AD 
groups. Statistically significant results are presented in 
Table 5.  
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4.0  DISCUSSION 
This study presents a psychometric evaluation of the 
Greek version of ABCD, a line of investigation never 
pursued before. The ABCD was shown to have high  
reliability and validity (Bayles & Tomoeda, 1993). 
Furthermore, the validation results agree with other 

adaptations of the ABCD for a number of languages 
(Dharmaperwira-Prins, 2004). Moreover, this study 
provides evidence for the ability of the test to assess the 
level of cognitive impairment caused by different 
medical conditions.

 
 

Table 5: ROC data on the discrimination between subgroups of the ABCD total score. 
 

 Cut-off (Out of 25) AUC (95% CI) p 
GCH Vs. GCI 19.40 0.892 (0.831-0.935) <0.01 
GCH Vs. AD  19.70 0.873 (0.790-0.956) <0.01 
GCH Vs. PDD 19.10 0.911 (0.840-0.892) <0.01 
ACH Vs. GCI 19.40 0.930 (0.877-0.983) <0.01 
ACH Vs. AD  19.30 0.907 (0.826-0.989) <0.01 
ACH Vs. PDD  18.90 0.953 (0.888-1.00) <0.01 
PD Vs. PDD  19.10 0.810 (0.673-0.947) <0.01 
PD Vs. AD  19.60 0.800 (0.670-0.927) <0.01 

Abbreviations: ACH, Adults in Cognitive Health; GCH, Group with Cognitive Health; GCI, Group with Cognitive Impairment; PD, 
Parkinson's Disease; PDD, Parkinson's Disease Dementia; AD, Alzheimer's Disease; Arizona Battery for Communication Disorders 
of Dementia. 

 
Table 6: ROC data on the discriminatory ability of the ABCD five constructs between GCH and GCI groups. 
 
 Cut-off (Out of 5) AUC (95% CI) p 
Mental Status 3.50 0.740 (0.644-0.835) <0.01 
Episodic Memory 3.50 0.790 (0.709-0.871) <0.01 
Linguistic Expression 3.70 0.825 (0.748-0.902) <0.01 
Linguistic Comprehension 3.60 0.818 (0.736-0.901) <0.01 
Visuospatial Construction 3.70 0.753 (0.659-0.847) <0.01 

Abbreviations: AUC, Area Under Curve; CI, Confidence Interval; Arizona Battery for Communication Disorders of Dementia. 

 
 
4.1  Discriminatory ability of ABCD 
The ABCD total score and its five constructs revealed 
significant differences between all study groups, with 
the AD and PDD patients showing the lowest scores 
(Sandifer et al., 2005; Tafiadis et al., 2015). Specifically, 
previous research has proven that the ABCD test 
successfully assessed the level of cognitive 
communication impairment in AD patients (Bayles & 
Tomoeda, 1993) and in PD and PDD patients (Tafiadis et 
al., 2015). Moreover, previous relevant studies that 
focus on the ABCD battery test also support its 
discriminatory ability for cognitive-communication 
disorders due to different types of medical conditions 
(Sandifer et al., 2005; Speer & Skinner, 1995). Sandifer 
et al. (2005) administered the ABCD battery in 
adolescents with traumatic brain injury (TBI) and found 
significant differences between Caucasians and African 
Americans, with the latter scoring significantly lower. 
They also concluded that clinicians should use this 
battery test to assess language functions in populations 
with race differences and TBI (Sandifer et al., 2005).  

Additionally, Speer and Skinner in 1995 assessed young 
adults having Closed Head Injury (CHI) against a control 
group using the ABCD battery test. They found 
statistically significant differences between the two 
groups in all the subtests of ABCD (Speer & Skinner, 
1995). Furthermore, the researchers re-administrated 
the ABCD to the CHI group after a period of 
rehabilitation, and it was evident that the CHI subjects 
did not show improvement over time in the mental 
status or episodic memory constructs of the ABCD 
(Speer & Skinner, 1995). This finding proves the post-
therapy validity of this battery test. The above results 
are in line with the findings of this study since, in our 
case, the ABCD was administered to Greek-speaking 
patients experiencing cognitive impairment due to 
different medical etiology, with the analysis supporting 
it proving the discriminatory ability of the ABCD. 
 
No previous studies on linguistic and cultural 
adaptations of the ABCD battery test estimated cut-off 
points for the test's overall scores or construct scores 
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with demented populations using a ROC analysis. The 
present study, which presents such data for the Greek 
version of the test, is the first one. Specifically, to date, 
only one study in Greek-speaking populations has 
presented results on the mediocre discriminatory 
power of the ABCD total score between cognitively 
healthy adults and PD patients (AUC 0.675, p<0.05) as 
well as on a high discriminatory ability of the ABCD total 
score between PD and PDD patients (AUC 0.950, 
p<0.01) without providing cut-off points (Tafiadis et al., 
2015). Furthermore, the use of ABCD in the Australian 
and UK context reported its cultural robustness 
(Dharmaperwira-Prins, 2004; Sandifer et al., 2005). 
Armstrong et al., in 1996, reported that ABCD can be 
used in the UK context and that cultural effects in the 
stimuli are limited, hence not influencing test 
performance (Dharmaperwira-Prins, 2004). Similar 
results were reported by Moorhouse et al. (1999) for 
the Australian-English language context, although the 
elderly sample of their study achieved significantly 
lower scores than those of the participants in the 
original US study (Sandifer et al., 2005). The above data 
suggest that the ABCD can sustain its properties and 
serve its purpose across different languages, as it did in 
this study.  
 
4.2  Psychometric properties of the ABCD 
In this study, the psychometric properties of the Greek 
version of ABCD were examined, with our results 
showing similar psychometric properties to those 
reported in the original study (Bayles, & Tomoeda, 
1993). The Greek version of ABCD presents very good 
internal consistency in line with the data reported in 
other studies (Armstrong et al., 1996; Bayles & 
Tomoeda, 1993; Moorhouse et al., 1999). The intra-
class correlation coefficient of the Greek version of 
ABCD was excellent, a result also reported by previous 
relevant literature, showing that the ABCD is a reliable 
and valid tool cross-linguistically (Bayles & Tomoeda, 
1993).  
 
4.3  Strengths and Limitations 
The sample size was a limitation of this study, which 
could weaken the ability to generalize its results, albeit 
not substantially. This is because the sample was 
robustly and strictly characterized, which is one of the 

study's strengths. Another limitation is that the patients 
were recruited from one clinic in a specific region. 
Crucially, the study constitutes the first attempt to 
psychometrically validate the ABCD in the Greek 
language, which adds to the novelty of the presented 
research.  
 
5.0  CONCLUSIONS 
This study presented the validation of the ABCD in a  
Greek-speaking population facing cognitive problems. 
The ABCD is a battery test that can be used to assess 
patients with cognitive-communications disorders. The 
findings of the present study point in the same direction 
and corroborate relevant previous research since it was 
found that the Greek version of the ABCD can 
discriminate between demented and non-demented 
groups. The Greek version of the ABCD demonstrates 
good validity, which agrees with previous results in 
different language versions of the test. As the ABCD is a 
battery test, it could easily be employed by specialists in 
outpatient clinics as a reliable assessment tool. It is 
suggested that it is employed alongside other tools that 
assess an individual's cognitive abilities. 
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