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ABSTRACT 

Aim: In this study we used the Nelson’s Modified 
Card Sorting Test (MCST) to find the differences 
between Alzheimer’s disease (AD) group/Vascular 
dementia (VD) group and a normal control group 
(non-dementia and non-AD), and to identify the 
commonality between the MCST and dementia 
patients. Patients and Methods: The MCST was 
administered to 32 AD patients, 18 vascular de- 
mentia patients, and 38 controls. The relation- 
ship between the MCST performance and demo- 
graphic characteristics was evaluated. Results: 
There were no statistical differences in age, sex, 
level of education, smoking, drinking and de- 
pression in the three groups. The MCST was 
classified into four groups for analysis—number 
of categories completed (Cat), preservative error 
score (PE), non-preservative error score (NPE), 
unique error (UE) and total error (TE). For Cat, 
UE and TE showed a significant difference in all 
three groups, whereas PE and NPE revealed no 
significant difference. Conclusion: These find- 
ings suggest that cognitive function appears to 
significantly impair MCST performances in AD 
and VD patients, so these should be taken into 
consideration during an interpretation of the 
clinical assessment. For the effective use of the 
MCST in a clinical setting, further studies of spe- 
cific clinical populations are planned to develop 
normative data for elderly Taiwanese people. 

Keywords: Dementia; Taiwanese; Elderly; Nelson’s 
Modified Card Sorting Test 

1. INTRODUCTION 

According to the Department of Statistics, Ministry of 
the Interior (MOI), December 2010, the aging index 
stood at 39.4 percent in 1999 but shot up to 65.05 in 
2009 as the impact of Taiwan’s declining birth rate began 
to bite. Even though it is lower than in 2004 average of 
88.24% in all developing countries. The MOI report 
shows that Taiwan’s elderly population was close to 2.5 
million, or 1-to-10 as of the end of last year. The over-65 
population accounts for 10.63 percent of the country’s 
23.12 million people [1]. This increasing population of 
the elderly has led to the development of physical and 
mental problems for both patients and family members. 
Su’s report showed that a high prevalence in dementia 
(45.7% - 50.4%) and depression (25%) for long-term 
institutionalized elderly leprosy patients in Taiwan [2]. 
One study has shown that the percentage of elderly de- 
mentia patients has increased from 1.9% to 4.4% in Tai- 
wan [3], where 91.5% of dementia patients are taken care 
of by their family members, and only a few dementia 
cases are under the care of a health facility. Chen’s (2009) 
research identified that dementia is a hidden health issue 
because of its underestimation in the elderly population 
in Taiwan and many other counties [4]. 

Chang’s (2012) research revealed that feeding diffi- 
culty has a higher prevalence in elderly patients with 
dementia in Taiwan [5]. Dementia is characterized by 
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significant impairments in multiple cognitive domains, 
functioning, and behavior, and places a tremendous bur- 
den not only on individuals, but also on society. 

Dementia refers to a syndrome of acquired cognitive 
impairment that is caused by cerebral dysfunction and 
interferes with social or occupational functioning [6]. 
The DSM-IV [7] further defines dementia as a disorder 
characterized by disturbances of memory and at least one 
additional cognitive function (e.g., language, praxis, 
gnosis, or executive function). The cognitive deficits 
present in dementia must represent a significant decline 
from premorbid functioning and must result in signifi- 
cant declines in activities of daily living (ADLs). Various 
dementias are associated with a wide range of neuropa- 
thological features, and it is generally acknowledged that 
patients with different types of dementias present with 
varied cognitive, behavioral, and affective disturbances 
[8].  

Neuropsychometric assessment seems to be the best 
method to screen individuals in most developing coun- 
tries [9]. Executive dysfunction may be an early sign of 
vascular cognitive impairment and may have consider- 
able impact on the functional outcomes of patients with 
stroke [10]. Proposed executive processes include func- 
tions such as planning, monitoring, energizing, switching 
and inhibition [11]. The WCST is commonly used in 
neuropsychological assessment as a measure of execu- 
tive function [12]. The WCST is particularly sensitive to 
frontal-lobe lesions [13] and is a well-validated neuro- 
psychological tool for the assessment of executive func- 
tioning [14].  

AD is the major focus for dementia cases in the Wis- 
consin sorting card test, which is used to identify prob- 
lems in decision making, problem solving, conception 
structure and cognitive ability [15]. These are all closely 
related to the functioning of the frontal lobe. Studies 
have also shown that the WSCT shows a distinctive dif- 
ference for cases of dementia, depression, and Parkin- 
son’s disease, and the control group. However elderly 
persons sometimes find the WSCT too abstract, imperi- 
ous, and time consuming, which decreases their motiva- 
tion to complete the task, hence, Nelson developed a 
modified way to do the WSCT which increases the mo- 
tivation to complete the task and increases the patient’s 
understanding of the method of the test via decreasing 
the number of cards from 128 to 24, and there by de- 
creasing the time taken to complete the test [16]. The 
Modified Card Sorting Test [16], a simplification of the 
Wisconsin Card Sorting Test, consists of two sets of only 
24 cards. MCST scoring is mainly based on the number 
of categories completed and the number of errors, 
classified as “perseverative” and “non-perseverative”. 
The capability to categorize and avoid perseveration is of 
greater clinical significance, and on this basis the MCST 

has proved useful in studying frontal lobe lesions or 
dysfunctions in adults [17]. The aim of this study was to 
explore the relation between Alzheimer’s disease/vas- 
cular dementia and the Nelson’s Modified Card Sorting 
Test.  

2. METHODS 

2.1. Participants  

This study was reviewed and approved by the Institu- 
tional Review Board (IRB) of Chung Hwa University of 
Medical and Technology. Subjects selected for this study 
were elderly patients who are 65 years old and over. A 
total of 210 patients were evaluated for dementia at the 

Young-Kang Veteran Hospital between September 2009 
and May 2011. From the 210 patients we then selected 
those with a clinical diagnosis and we used the mini- 
mental state examination (MMSE), the clinical dementia 
rating (CDR), the geriatric depression scale (GDS), DSM- 
IV criteria of Alzheimer’s type, Hachinski’s ischemic 
scale and CT-scan of the brain as a standard to diagnose 
AD and VD. Finally we are collect of possible AD (N = 
64) and VD (N = 40), yielding a total of 178 patients in 
the study. Patients excluded from this selection of de- 
mentia types had either “mixed” dementia, traumatic 
brain injury, depression, developmental disability, mental 
retardation, Down’s syndrome, hearing loss, or another 
diagnosis. The results were that 64 out of the 178 had AD, 
40 had vascular dementia and 74 were in the control 
group. We used the Nelson’s MCST and subject’s age 
and qualification to judge the relationship between de- 
mentia and result of MCST. 

2.2. Assessment 

A comprehensive history, neurological examination, 
and mental status examination were performed by ex- 
perienced geriatric psychiatrists. This assessment in- 
cluded a complete evaluation of any cognitive symptoms, 
using input from the patient’s family members and care- 
giver. Brain imaging (MRI or CT) and laboratory as- 
sessments (including chemistries, electrolytes, complete 
blood count, liver tests, thyroid tests, serum B12, serum 
folate, sedimentation rate, urinalysis, and chest X-ray) 
were performed. 

The subjects in this study were 65 years old and over, 
and went through a series clinical and neurological ex- 
aminations. Diagnoses were made by using the informa- 
tion obtained above, along with information from family 
members, other caregivers, and primary care physicians, 
to ensure reliability. Patients were also rated on the fol- 
lowing standardized scales: 

1) The mini-mental state examination (MMSE) or 
Folstein test, a brief 30-point questionnaire test that is 
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used to assess cognition. It is commonly used in medi- 
cine to screen for dementia. In the time span of about 10 
minutes, it samples various functions, including arith- 
metic, memory and orientation. It was introduced by 
Folstein et al. in 1975 [18], and is widely used with small 
modifications. The MMSE is a copyrighted test of Psy- 
chological Assessment Resources, Inc. The complete 
Folstein is available in the appendix of the original 
publication. Any score over 24 (out of 30) is effectively 
normal. The normal value is also corrected for degree of 
schooling and age [19]. Low to very low scores correlate 
closely with the presence of dementia, although other 
mental disorders can also lead to abnormal findings on 
MMSE testing. The presence of purely physical pro- 
blems can also interfere with interpretation if not pro- 
perly noted; for example, a patient may be physically 
unable to hear or read instructions properly, or may have 
a motor deficit that affects writing and drawing skills.  

2) The Clinical Dementia Rating (CDR), a numeric 
scale used to quantify the severity of symptoms of 
dementia (i.e., its “stage”). Using a structured-interview 
protocol developed by John C. Morris and colleagues at 
Washington University School of Medicine, a qualified 
health professional assesses a patient’s cognitive and 
functional performance in six areas: memory, orientation, 
judgment and problem solving, community affairs, home 
and hobbies, and personal care. Scores in each of these 
are combined to obtain a composite score ranging from 0 
through 3 [20]. CDR is credited with being able to 
discern very mild impairments, but its weaknesses in- 
clude the amount of time it takes to administer, its 
ultimate reliance on subjective assessment, and relative 
inability to capture changes over time.  

3) The Geriatric Depression Scale (GDS), a 30-item 
self-report assessment used to identify depression in the 
elderly. The GDS questions are answered “yes” or “no”, 
instead of a five-category response set. This simplicity 
enables the scale to be used with ill or moderately 
cognitively impaired individuals. The scale is commonly 
used as a routine part of a comprehensive geriatric 
assessment. One point is assigned to each answer and the 
cumulative score is rated on a scoring grid. The grid sets 
a range of 0 - 9 as “normal”, 10 - 19 as “mildly 
depressed”, and 20 - 30 as “severely depressed”. A 
diagnosis of clinical depression should not be based on 
GDS results alone. Although the test has well-established 
reliability and validity evaluated against other diagnostic 
criteria, responses should be considered along with 
results from a comprehensive diagnostic work-up [21].  

4) Hachinski Ischemic Scale. In the 1970s, the wide- 
spread understanding that cerebrovascular disease was 
preventable prompted the development of the Hachinski 
Ischemic Scale to help differentiate multi-infarct demen- 
tia from degenerative dementia. Since then, this scale has 

been validated for use in the differentiation of pure Alz- 
heimer’s disease from multi-infarct dementia, although it 
is not capable of distinguishing between the multi-infarct 
state and mixed dementias. From a practical viewpoint, it 
is the identification of a potentially treatable vascular 
component that is important. Hence, the important dis- 
tinction is between pure Alzheimer’s disease and multi- 
infarct or mixed dementia [22]. In this scale, scores of 7 
or more suggest a vascular cause of dementia; scores of 4 
or less suggest primarily a degenerative process.  

5) Nelson’s MCST: Nelson developed a considerably 
shorter alternative version of the test. The MCST differs 
from the WCST in several ways [16]. 

Firstly, the 128 response cards have been reduced to 
48, consisting pairs of identical packs of 24 response 
cards. For the set of 4 stimulus cards, each individual 
response will only apply to 1 stimulus card. It was 
claimed by Lineweaver et al. that the examiner’s feed- 
back are able to provide the respondent more defined 
information due to the change, therefore the sorting 
strategy for the participant can be easily claimed that the 
change allows the examiner’s feedback to provide un- 
ambiguous information to the respondent, and the par- 
ticipant’s sorting strategy can be easily deduced [23].  

Secondly, the MCST allows the participants to begin 
with the category of their own choice and allocate the 
other 2 categories in a self-selected order. 

Thirdly, instead of 10 in the original version, the 
number of consecutive correct responses necessary for 
completing the category is reduced to 6 correct re- 
sponses.  

Fourthly, following 6 continuous correct answers, the 
participant is informed to form a new sorting principle 
and change the rule. As the average cognitive perform- 
ance and attention capacity declines with age [23,24], the 
simple and clear instruction of the survey with the 
shorten length allows the elderly to complete without any 
difficulties. The elderly candidates are more likely per- 
form to their true potential by using the modified version 
of MCST, as there are more flexibility and lesser ambi- 
guity and confusion of the test [25]. 

The administration procedure and instructions given to 
the participants were as follows [26]: 

“Here are 4 key cards, I want you to pair each of the 
cards in the deck [indicating the response cards] to one 
of these 4 key cards [indicating each of the 4 stimulus 
cards], by following certain rules. However, I am not 
allowed to tell you what the rules are. You have to de- 
duce them by trying different rules. I will tell you 
whether your response is correct or not after each pair. 
You are only allowed to take one top card from the deck 
at all time, and place it below the key card that you think 
it matches. If you are told your match is incorrect, just 
leave this match, and try to match the next card. Now, 
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let’s start.” As the participants are all ethnically Chinese, 
the instructions used were translated into Mandarin 
throughout the administration procedure and therefore 
the procedure was conducted in Mandarin. 

Data analyses were performed with Statistical Package 
for Social Science version 15 for Windows (SPSS, 
Chicago Illinois, USA). ANOVA and Chi-square were 
used to estimate three different groups, and the dif- 
ferences of the groups were considered significant if p- 
values were smaller than 0.05. 

3. RESULTS 

This study used ANOVA and Chi-square as a statistical 
analysis for the three different groups, and the results for 
MCST results were classified into five groups for analy- 
sis—number of categories completed (Cat), preservative 
error score (PE), non-preservative error score (NPE), 
unique error (UE) and total error (TE). For Cat, UE and 
TE showed a significant difference for all three groups 
whereas PE and NPE did not demonstrate a significant 
difference (Table 1). Also, in all three groups, there were 
no statistical differences for age (normal control group = 
77.24 ± 5.59, Alzheimer’s disease = 78.09 ± 6.124, vas- 
cular dementia group = 77.6 ± 5.144, F value = 0.388, 
p-value = 0.679), education level (normal control group 
= 7.73 ± 4.60, Alzheimer’s disease = 5.44 ± 4.81, vascu- 
lar dementia group = 6.45 ± 4.87, F value = 4.053, p- 
value = 0.019), smoking, drinking and depression (Table 
2).  

4. DISCUSSION 

The WCST is particularly sensitive to frontal-lobe le- 
sions [27] and is a well-validated neuropsychological 
tool for the assessment of executive functioning [28]. 
The test involves individual presentation of up to 128 
cards and requires the examinee to learn simple percep- 
tual rules for classification on the basis of verbal feed- 

back to their responses. The WCST is commonly used 
for psychiatric analysis, as a decision-making concept 
formation and recognition test. Despite the benefits of 
the WCST, it requires 30 to 60 minutes to administer and 
is particularly difficult for patients with dementia who 
invariably find it to be a demoralizing experience and 
may reject the test outright. It is much harder for the eld- 
erly to finish the WCST; hence, the results are unusable. 
This has resulted in the increased use of the MCST, 
which decreases the difficulty for elderly patients finish- 
ing the test. A preferable option is to modify the WCST 
so that the important test characteristics are not sacrificed 
and the test is less frustrating to the patient. 

The relatively poorer performance in category com- 
pletion may be related to excessive preservative errors 
and/or non-preservative errors. Since most errors made 
were non-preservative, the unsuccessful completion of 6 
categories was probably due to an inability to understand 
the nature and concepts of the task, or to remember pre- 
vious responses [29]. Since the present study evaluated 
older people, with a mean age over 77.6 years, the fewer 
categories obtained may be explained by the declination 
of executive function in older adults. Further study in the 
comparison of MCST performance in different age 
groups should be conducted to address this hypothesis. 

This study was designed to control for age and educa- 
tion level in the three groups, so no prominent difference 
in preservative errors and/or non-preservative errors were 
noted in these groups, although there were high propor- 
tions rate of preservative errors and/or non-preservative 
errors in these three groups. This study showed a sig-
nificant difference between the control group, and AD 
and vascular dementia patients in Cat, UE and TE. (This 
can be explained by the grater declination of executive 
function in AD and vascular dementia patients than in 
the normal control group). Hence, a modified MCST is a 
suitable tool for dementia analysis, yet there still is a need 
to develop a standard data for special elderly dementia 

 
Table 1. MCST results of the three groups. 

Variable 
Normal Controls 

(N = 74) 
Alzheimer’s Disease

(N = 64) 
Vascular Dementia 

(N = 40) 
F 

Number of Categories Completed (Cat) 2.41 ± 1.39 1.03 ± 1.40 0.951 ± 0.83 11.679* 

Post Hoc Scheffe NC > AD, VD    

Preservative Error (PE) 12.92 ± 9.93 14.41 ± 10.48 16.35 ± 13.78 0.502 

Non-Preseverative Error (NPE) 13.0 ± 5.51 14.25 ± 7.35 13.70 ± 7.61 0.266 

Unique Error (UE) 1.32 ± 2.84 4.34 ± 4.96 3.65 ± 4.63 4.739* 

Post Hoc Scheffe NC < AD    

Total Error 27.64 ± 8.95 32.41 ± 9.15 33.70 ± 6.33 4.248* 

Post Hoc Scheffe NC < VD    

*p < 0.05. 
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Table 2. Demographic results of the three groups. 

Variable 
Normal Controls 

(N = 74) 
Alzheimer’s Disease 

(N = 64) 
Vascular Dementia 

(N = 40) 
F/Chi-Square Value 

Age (years) 77.24 ± 5.59 78.09 ± 6.08 77.6 ± 5.08 0.388 

Education 7.73 ± 4.60 5.44 ± 4.81 6.45 ± 4.87 4.053* 

Post Hoc Scheffe NC > AD    

Depression 2.57 ± 6.92 13.41 ± 6.64 13.30 ± 7.68 0.284 

MMSE 27.11 ± 2.14 17.34 ± 4.90 18.20 ± 4.30 131.55* 

Post Hoc Scheffe NC > AD, VD    

Sex    Chi-Square 

Male 64 (42.7) 52 (34.7) 34 (22.7) 0.731 

Female 10 (35.7) 12 (42.9) 6 (21.4)  

Smoking     

No Smoking 38 (37.3) 38 (37.3) 26 (25.5) 2.152 

Smoking 36 (47.4) 26 (34.2) 14 (18.4)  

Drinking     

No Drinking 58 (46.0) 44 (34.9) 24 (19.0) 4.441 

Drinking 16 (30.8) 20 (38.5) 16 (30.8)  

*p < 0.05. 

 
cases. Therefore, to effectively use the MCST as a clini- 
cal assessment of neurological or psychiatric problems in 
elderly people, age- and education-based normative data 
should be developed. 

5. CONCLUSION 

The Nelson’s Modified Card Sorting Test is an impor- 
tant neuropsychological test. The test is mainly reliant on 
frontal lobe function and provides a measure of execu- 
tive function. Our results suggest that cognitive function 
appears to significantly impair MCST performances in 
AD and VD patients, so these should be taken into con- 
sideration during an interpretation of the clinical assess- 
ment, and our finding suggest that some executive func- 
tion tests are more sensitive than others for predicting 
specific functional abilities and that they may be most 
useful to healthcare professionals for treatment planning. 
For the effective use of the MCST in a clinical setting, 
further studies of specific clinical populations are plan- 
ed to develop normative data for elderly Taiwanese peo- 
ple. 

 

REFERENCES 

[1] Taiwan Review (2010) Taiwan’s aging population hits 
record high. Retrieved 10 October 2011. 
http://taiwanreview.nat.gov.tw/ct.asp?xitem=92758&ctno
de=205&mp=1 

[2] Su, T.W., Wu, L.L. and Lin, C.P. (2012) The prevalence 

of dementia and depression in Taiwanese institutionalized 
leprosy patients, and the effectiveness evaluation of remi- 
niscence therapy—A longitudinal, single-blind, random- 
ized control study. International Journal of Geriatric 
Psychiatry, 27, 187-196. doi:10.1002/gps.2707 

[3] Liu, H.C., Lin, K.N. and Teng, E.L. (1995) Prevalence 
and subtypes of dementia in Taiwan: A community survey 
of 5297 individuals. Journal of American Geriatric Soci- 
ety, 43, 1-6. 

[4] Chen, J.H., Lin, K.P. and Chen, Y.C. (2009) Risk factors 
for dementia. Journal of the Formosan Medical Associa- 
tion, 108, 754-764. doi:10.1016/S0929-6646(09)60402-2 

[5] Chang, C.C. (2012) Prevalence and factors associated 
with feeding difficulty in institutionalized elderly with 
dementia in Taiwan. Journal of Nutrition, Health & Ag- 
ing, 16, 258-261. doi:10.1007/s12603-011-0158-6 

[6] Cummings, J.L. and Benson, D.F. (1992) Dementia: A 
clinical approach. 2nd Edition, Butterworth-Heinemann, 
Boston. 

[7] American Psychiatric Association (1994) Diagnosis and 
statistical manual of mental disorders. 4th Edition, DSM- 
IV, Washington DC. 

[8] Bayles, K.A. and Kaszniak, A.W. (1987) Communication 
and cognition in normal aging and dementia. College- 
Hill/Little, Brown and Company, Boston. 

[9] Chaves, M.L., Ilha, D., Maia, A.L., Motta, E., Lehmen, R. 
and Oliveira, L.M. (1999) Diagnosing dementia and 
normal aging: Clinical relevance of brain ratios and 
cognitive performance in a Brazilian sample. Brazilian 
Journal of Medical and Biological Research, 32, 1133- 
1143. doi:10.1590/S0100-879X1999000900013 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

http://taiwanreview.nat.gov.tw/ct.asp?xitem=92758&ctnode=205&mp=1
http://taiwanreview.nat.gov.tw/ct.asp?xitem=92758&ctnode=205&mp=1
http://dx.doi.org/10.1002/gps.2707
http://dx.doi.org/10.1016/S0929-6646(09)60402-2
http://dx.doi.org/10.1007/s12603-011-0158-6
http://dx.doi.org/10.1590/S0100-879X1999000900013


J.-K. Chao et al. / Open Journal of Preventive Medicine 3 (2013) 172-177 177

[10] Royall, D.R., Lauterbach, E.C., Cummings, J.L., Reeve, 
A., Rummans, T.A., Kaufer, D.I., LaFrance Jr., W.C. and 
Coffey, C.E. (2002) Executive control function: A review 
of its promise and challenges for clinical research. A re-
port from the committee on research of the American 
neuropsychiatric association. The Journal of Neuropsy- 
chiatry & Clinical Neurosciences, 14, 377-405.  
doi:10.1176/appi.neuropsych.14.4.377 

[11] Stuss, D.T. (2007) New approaches to prefrontal lobe 
testing. In: Miller, B.L. and Cummings, J.L., Eds., The 
Human Frontal Lobes: Functions and Disorders, 2nd 
Edition, The Guilford Press, New York, 292-305. 

[12] Heaton, R.K., Chelune, G.J., Talley, J.L., Kay, G.G. and 
Curtiss, G. (1993) Wisconsin Card Sorting Test manual 
revised and expanded. Psychological Assessment Re- 
sources, Inc., Lutz.  

[13] Milner, B. (1963) Effects of different brain lesions on 
card sorting. Archives of Neurology, 9, 100-110.  
doi:10.1001/archneur.1963.00460070100010 

[14] Lezak, M.D. (1995) Neuropsychological assessment. 3rd 
Edition, Oxford University Press, New York. 

[15] Anthony, M.P., Bradley, N.A., Alexander, I.T. and Karen, 
T.B. (1996) Utility of a Wisconsin Card Sorting Test short 
form in persons with Alzheimer’s and Parkinson’s disease. 
Journal of Clinical and Experimental Neuropsychology, 
18, 892-897. doi:10.1080/01688639608408310 

[16] Nelson, H.E. (1976) A modified card sorting test sensitive 
to frontal lobe deficits. Cortex, 12, 313-324. 

[17] De Zubicaray, G. and Ashton, R. (1996) Nelson’s (1976) 
modified card sorting test: A review. The Clinical Neuro- 
psychologist, 10, 245-254.  
doi:10.1080/13854049608406687 

[18] Folstein, M.F., Folstein, S.E. and McHugh, P.R. (1975) 
“Mini-mental state”. A practical method for grading the 
cognitive state of patients for the clinician. Journal of 
Psychiatric Research, 12, 189-198.  
doi:10.1016/0022-3956(75)90026-6 

[19] Crum, R.M., Anthony, J.C., Bassett, S.S. and Folstein, 
M.F. (1993) Population-based norms for the Mini-Mental 
State Examination by age and educational level. The 
Journal of the American Medical Association, 269, 2386- 

2391. doi:10.1001/jama.1993.03500180078038 

[20] Morris, J.C. (1993) The Clinical Dementia Rating (CDR): 
Current version and scoring rules. Neurology, 43, 2412- 
2414. doi:10.1212/WNL.43.11.2412-a 

[21] Liao, Y.C., Yeh, T.L., Ko, H.C., Luo, C.M. and Lu, F.H. 
(1995) Geriatric depression scale-validity and reliability 
of the Chinese-translated version: A preliminary study. 
Medical Journal of Changhua Christian Hospital, 1, 11- 
17.  

[22] Hachinski, V.C. (1974) Multi-infarct dementia: A cause 
for mental detonation in the elderly. Lancet, 11, 207-210.  
doi:10.1016/S0140-6736(74)91496-2 

[23] Lineweaver, T.T., Bondi, M.W., Thomas, R.G. and Salmon, 
D.P. (1999) A normative study of Nelson’s (1976) modi- 
fied version of Wisconsin Card Sorting Test in healthy 
older adults. Clinical Neuropsychology, 13, 328-347.  
doi:10.1076/clin.13.3.328.1745 

[24] Korten, A.E., Henderson, A.S., Christensen, H., Jorm, 
A.F., Rodgers, B., Jacomb, P. and Mackinnon, A.J. (1997) 
A prospective study of cognitive function in the elderly. 
Psychosomatic Medicine, 27, 919-930.  
doi:10.1017/S0033291797005217 

[25] De Zubicaray, G.I., Smith, G.A., Chalk, J.B. and Semple, 
J. (1998) The modified card sorting test: Test-retest sta- 
bility and relationships with demographic variables in a 
healthy older adult sample. British Journal of Clinical 
Psychology, 37, 457-466.  
doi:10.1111/j.2044-8260.1998.tb01403.x 

[26] Birren, J.E. and Schaie, K.W. (2001) Handbook of the 
psychology of aging. Academic Press, San Diego. 

[27] Milner, B. (1963) Effects of different brain lesions on 
card sorting. Archives of Neurology, 9, 90-100.  
doi:10.1001/archneur.1963.00460070100010 

[28] Lezak, M.D. (1995) Neuropsychyological assessment. 
Oxford University Press, New York. 

[29] Chen, C.W.Y., Lam, L.C.W., Wong, T.C.M. and Chiu, 
H.F.K. (2003) Modified card sorting test performance 
among community dwelling elderly Chinese people. Hong 
Kong Journal of Psychiatry, 13, 2-7. 

 

 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 

http://dx.doi.org/10.1176/appi.neuropsych.14.4.377
http://dx.doi.org/10.1001/archneur.1963.00460070100010
http://dx.doi.org/10.1080/01688639608408310
http://dx.doi.org/10.1080/13854049608406687
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1001/jama.1993.03500180078038
http://dx.doi.org/10.1212/WNL.43.11.2412-a
http://dx.doi.org/10.1016/S0140-6736(74)91496-2
http://dx.doi.org/10.1076/clin.13.3.328.1745
http://dx.doi.org/10.1017/S0033291797005217
http://dx.doi.org/10.1111/j.2044-8260.1998.tb01403.x
http://dx.doi.org/10.1001/archneur.1963.00460070100010

