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The Rey-Osterrieth Complex Figure Task (ROCFT) has been a standard in 

neuropsychological assessment for six decades. Many researchers have contributed 

administration procedures, additional scoring systems and normative data to improve its utility. 

Despite the abundance of research, the original 36-point scoring system still reigns among 

clinicians despite documented problems with ceiling and floor effects and poor discrimination 

between levels of impairment. This study is an attempt to provide a new method based upon item 

response theory that will allow clinicians to better describe the impairment levels of their 

patients. Through estimation of item characteristic curves, underlying traits can be estimated 

while taking into account varying levels of difficulty and discrimination within the set of 

individual items. The ultimate goal of the current research is identification of a subset of ROCFT 

items that can be examined in addition to total scores to provide an extra level of information for 

clinicians, particularly when they are faced with a need to discriminate severely and mildly 

impaired patients. 
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INTRODUCTION 

Rey Complex Figure 

 
The utility of the Rey Complex Figure spans over six decades with generations of 

researchers and clinicians exploring its value across settings and populations.  However, the 

wealth of new information and procedures derived from the accumulation of practice and 

research seems not to have influenced current procedures to the extent that might be expected, as 

diagnosticians continue to prefer the aging scoring system developed by Rey and Osterrieth 

(1944; see translation, 1993). 

Though backed by a solid history, the Rey-Osterrieth 36-point system offers little in the 

way of description of the illness continuum. General practice entails the use of a single copy and 

a single recall summary score derived from the scores on each of eighteen core elements of the 

figure. Though a useful criteria to determine if an examinee is impaired, the total score provides 

little to no descriptive information particularly for those in the high and low ends of the 

distribution. The lack of descriptive information provided by the Rey Total Score has not gone 

unnoticed and gradually new scoring methods are arising to provide clinicians with more than a 

yes or no answer. Qualitative scoring methods represent the process-approach to testing. Such 

systems are more interested in the strategies and approaches used to solve the testing problem 

than in the accuracy of the answers, as is the case with quantitative scoring criteria.  

Though multiple process-oriented approaches exist to describe the strategies behind 

complex figure drawings, the use of such strategies in everyday clinical practice remains 

infrequent. Reasons for this lack of popularity might stem from the comfortable, long-standing 

history of the original system. Less research exists for other scoring systems, and clinicians 

likely feel more confident relying upon the “standard” as opposed to the risk inherent in a novel 
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approach. Secondly, the infrequent use of qualitative criteria may simply be the result of 

clinicians unwilling or unable to take the time necessary to learn and employ a new, more 

involved strategy despite the additional descriptive information it might offer. 

The present research hopes to alleviate some of the concerns in using the 36-point total 

score and newer qualitative scoring systems for the Rey Complex Figure Task. The goal of the 

study is the compilation of a subset of original Rey-Osterrieth Complex Figure items that, when 

analyzed individually per the 36-point system, provide additional information on the trait level of 

the examinees. Applications of Item Response Theory offer ways to view parameters or 

characteristics of individual items numerically and graphically.  Through such statistical 

procedures, parameter values for difficulty level and discrimination threshold can be estimated 

and represented visually with Item Characteristic Curves, discussed in more detail in subsequent 

sections. These curves will provide information necessary to group items that can make finer 

distinctions among ability levels of examinees. Such would offer a simple and less time- 

consuming option for clinicians hoping to use the Rey-Osterrieth Complex Figure task for more 

than impairment screening without employment of an entirely new scoring system.  

History 

 The history of the Rey-Osterrieth Complex Figure task is important to the extent that 

most of the original elements and procedures remain widely used today and are evident in this 

study as well.  Early information on the Rey-Osterrieth Complex Figure task, in addition to more 

recent developments, has been thoroughly reviewed in a recently published compendium by 

Knight and Kaplan (2003). The authors of individual chapters comprehensively address 

numerous aspects of the test including normative data, alternate forms and procedures, disease 

profiles and psychometrics. Thus the majority of the information presented here can be found in 
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that exhaustive text. 

Sixty-five years after its development, Andre Rey’s complex figure has gained a 

notoriety that enables distinction among a myriad of both old and new drawing tasks. However, 

when first presented in the early 1940’s, the figure was a novel, if not unusual, stimulus. Rey, a 

Swiss psychologist, clinician, and inventor, developed the figure as an attempt to differentiate 

organic brain dysfunction from acquired traumatic injury. His intent was to create a complex 

design of simple elements that required integration of parts into a whole as well as specific 

attention to details. Such was accomplished through the use of common shapes (i.e. squares, 

diamonds, crosses, circles, and rectangles) and repeating linear elements (Cripe, 2003).  

To be included in Rey’s figure, each element had to be relatively unaffected by the 

subject’s drawing skill, such that children as young as four years could successfully copy the 

figure. Specific dimensions of Rey’s original figure were cited in many early studies but 

relatively few recent articles have found it necessary to specify these details. Unfortunately, the 

modern reliance on photocopied reproductions and the evolution of some researchers’ own 

attempts at manual copying have resulted in variations from the original dimensions. However, 

at this time, there have been no studies to suggest that such discrepancies affect overall scoring 

patterns (Knight, 2003, pp.57-191). 

Not unlike the busy academicians of more recent decades, Andre Rey recruited a 

graduate student to continue development of his new diagnostic tool. Paul Osterrieth, under the 

guidance of his mentor, was responsible for the standardization of administrative procedures, 

institution of timed performance, collection of normative data, and most importantly the first and 

most commonly adopted scoring system (Koss, 2003). Thus was born the Rey-Osterrieth 

Complex Figure Task or ROCFT as it will be referred to in this paper.  
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Administration 

Widespread use of the ROCFT over the course of several decades has resulted in 

numerous variations in administration and scoring. Unfortunately, very little research exists to 

determine the effects of such alterations on overall performance. In contrast to some of the minor 

modifications to administration procedures, new scoring systems and alternate test versions have 

been developed, the most popular of which, are accompanied by empirical supporting evidence. 

This section will first discuss Osterrieth’s original protocol upon which his normative data was 

based, as it remains the most widely used procedure.  

 Osterrieth’s subjects were presented with the stimulus figure printed on a small card in 

landscape orientation and requested simply to copy the figure. It was emphasized that the task 

was not a test of one’s drawing skills and that he or she needed only to do his or her best. 

Because it was Osterrieth’s intention to create an incidental memory paradigm, no warning was 

given to remember the elements of the figure. The subjects were given a colored pencil to begin 

the drawing on a standard sheet of unlined paper. The examiner carefully observed the subject’s 

progress and gave him a different colored pencil upon completion of each element. Such was 

intended to provide information on process variables and perceptual sequencing. Colored pencil 

sequence, as well as total drawing time, was recorded on the subject’s paper after he or she 

determined the representation to be complete (Knight, 2003, pp.57-191). 

 Rey and Osterrieth’s original procedures required that the stimulus figure remain in the 

horizontal position, as rotation ninety degrees could result in a figure appearing as a recognizable 

object (i.e. church, house or rocket-ship). However, the subject was allowed to rotate his own 

paper. In contrast to other procedures discussed later in this section, Rey and Osterrieth were not 

concerned with the proportionality of the drawing in relation to the stimulus card, as such was 
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believed unrelated to the specific memory processes under study (Knight, 2003, pp.57-191).  

 To test the subject’s incidental memory, a three minute delayed allowed for removal of 

the stimulus figure, the copied drawing and the colored pencils. A clean sheet of paper and 

regular pencil were presented with the instructions to draw the figure from memory. Again, the 

time for this recall trial was recorded and notes were made as to whether the drawing process 

was similar to the copy (Knight, 2003, pp.57-191).  

 Since the normative data collection in 1944, clinicians and researchers have adapted the 

administration procedures to fit their specific referral questions and/or experimental hypotheses. 

Such modifications have included time limits on the initial copy portion, use of examiner flow 

charts rather than colored pens to document process variables, additional questioning at the end 

of the recall portion to assess thought processes, and incorporation of a delayed recall trial. The 

delayed recall trial typically proceeds with the same instructions as in an immediate recall trial, 

but occurs after a delay of twenty to thirty minutes. In a standard testing battery, optimal 

procedures require a series of tests with predominate verbal processes be given in the space of 

time preceding delayed recall (Knight, 2003, pp.57-191). 

 Other modifications have been useful in populations with known or suspected deficits. 

The use of felt tip pens allows examiners to note extensive pauses in subject drawings indicative 

of a wide variety of cognitive slowing and processing deficits. Special prompts may also be 

given for patients with visual field cuts or hemi-inattention to assess their perception of the 

completeness of the figure. Patients with motor deficits may be allowed to “visually trace” the 

figure and then undergo recognition trials of individual elements (Fastenau, 2002). The addition 

of a recognition trial is part of a modified complex figure task, the Extended Complex Figure 

Test, which will be discussed in more detail in the section on alternate forms. 
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Scoring 

As much variation as there is in administrative procedures for the ROCFT, there is even 

more discrepancy among the multiple scoring systems employed by clinicians and researchers. 

Similar to the development of many other neuropsychological tests, both achievement and 

process approaches have been taken. Rey’s original method for scoring incorporated both 

systems with a process or qualitative approach utilized in the copy trial (use of colored pencils) 

and an achievement or quantitative approach devised for the recall portion (total score). The 

quantitative score was based upon the assignment of one point for each correctly drawn linear 

segment and a weighted score given for more complex elements. The reader is directed to 

Osterrieth’s review and revision of the Rey scoring criteria for a complete description of 

rationale and procedures (Osterrieth, 1993).  

 Osterrieth sought to eliminate some of the inaccuracy and tediousness of Rey’s scoring 

system and as a result of extensive empirical study, his 36-point system remains the most popular 

quantitative method to date (Knight, Kaplan & Ireland, 2003). In his 1944 article, Osterrieth 

reports an empirical study of the division of the complex figure into eighteen visually identifiable 

elements. These visual units make up the “items” of his 36-point scoring criteria. Each item or 

unit is rated by the examiner as to its correctness of structure as well as its placement in relation 

to other units. Zero points are assigned to an item that is unrecognizable, while two points are 

awarded to a correctly drawn and placed item. A half point can be given if the item is 

recognizable but distorted and misplaced and one point given to the item that is distorted but 

correctly placed.  The summation of item scores yields a total score for which normative data is 

available (Knight, 2003, pp.57-191). 

The specificity of Osterrieth’s criteria helped eliminate the difficulty in using Rey’s 
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scoring system with ambiguous or pathological drawings. However, because the quantitative 

system was applied to both the recall and copy trials, some qualitative, process-oriented 

information was lost. Since that time, other researchers have stepped up to create qualitative 

methods equal in simplicity and consistency to Osterrieth’s criteria. 

Process oriented approaches are less concerned with the “correctness” of an item than the 

strategies taken to get a correct or incorrect score. Rey’s use of colored pencils was an attempt to 

understand how the subject approached and sequenced his drawing thus providing an indirect 

measure of his perceptual organizational style. Critics of purely quantitative criteria claim that 

two vastly different representations of an item can earn the same numerical score and as a result 

those differences are ignored or lost completely. Features of drawings important to process 

interpretation might include perseverations, micro/macrographia, sequencing, line closures, 

additions, location on the page, and quality of the lines among others. For instance, Visser’s 

Complex Figure Test (Visser, 1973), the Perceptual Cluster Index (Shorr, Delis & Massman, 

1992), and the Complex Figure Organizational Quality Scoring System (Hamby, Wilkins & 

Barry, 1993) were primarily designed to examine the sequencing of item drawing while the 

Bennet-Levy Copying Strategy Scoring System (Bennett-Levy, 1984), emphasized symmetry 

and continuation. For the specific purpose of localizing brain damage, the Qualitative Error 

Scoring System (Loring, Lee, Meador, 1988), is interested only in the presence of certain 

discriminating error types (i.e. placement, distortion, rotation, perseveration and closure errors). 

While some qualitative systems are designed to augment the quantitative summary score 

and measure only certain salient process variables, other multi-dimensional systems have arisen 

to provide a single method to generate both achievement and process scores. The Boston 

Qualitative Scoring System (BSQQ) created by Stern and colleagues (1999), sought to reduce 
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subjectivity of qualitative ratings by quantifying certain process variables and improving the 

psychometric properties of other qualitative systems. A lengthy description of scoring procedures 

and criteria, complete with templates, examples and standardization data can be found in the 

BQSS scoring manual but is beyond the scope of this paper (Stern et al., 1999). 

The range of available scores from both quantitative and qualitative measures is vast and 

clinicians have the option to pick and choose systems best suited for their specific assessment 

needs. Though most would agree on the value of using both process and achievement variables, 

time constraints, reimbursement issues and psychometric inconsistencies lead many to sacrifice 

one or the other. While it is unlikely that steadfast clinicians will abandon the original figure and 

scoring system they’ve held onto for years, a niche certainly exists for the development of 

supplementary scoring criteria that will bridge the gap between the total score screening system 

and the descriptive process approaches.  

Psychometric Properties 

The long-standing history of Osterrieth’s 36-point scoring system has yielded much in the 

way of psychometric research. Despite investigations of multiple unaffiliated researchers with 

populations varying in age, ethnicity and deficits, high reliability and validity coefficients are 

consistently found. Therefore, individual studies in agreement will only be mentioned in citation. 

 Reliability, or consistency of scores, is considered of primary importance, for 

traditionally, a test can only be as valid as it is reliable. Statisticians describe reliability as the 

ratio of true score variance to variance due to error. Thus reliability is greatly dependent upon the 

type of scoring criteria utilized and the true score proportion of the estimated scores. Inter-rater 

reliability is particularly important for the ROCFT due to the subjective nature of drawing 

judgments. Generally, researchers have found inter-rater reliability estimates for the total score 
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on Osterrieth’s 36-point system between .80 and .99 for two to five raters (Knight, 2003, pp. 

193-253). Equally important, intra-rater reliability estimates are similarly high indicating 

consistency within a single rater’s judgments. Both sets of reliability coefficients provide support 

for Osterrieth’s total score as easily replicable and definitive enough to avoid excessive 

discrepancy in scores. Interestingly, agreement between and within raters for individual items is 

exceedingly variable with some estimates ranging as low as .14 to as high as .96 (Knight, 2003, 

pp.193-253). Such indicates the need for additional research at the item level to determine the 

practical significance of this variability.  

 When discussing the importance of rater agreement in scoring items, it is also imperative 

to know that the items themselves are measuring the intended traits. An estimate of internal 

consistency provides clinicians and researchers with an average correlation between items. High 

coefficients indicate homogeneity of items while lower estimates suggest potential problems 

with item sampling or construct validity, which will be discussed later. Fortunately, the few 

studies reporting internal consistency values for the ROCFT have found estimates of .90 and 

greater for copy and recall trials (Knight, 2003, pp.193-253). 

 The elevated internal consistency coefficients are good news for Rey and Osterrieth in 

that they signify a uniform and cohesive group of items. However, these findings are only 

important in light of research on content and construct validity. Content validity is related to the 

creation of specific items on the test, or in the case of the ROCFT, the elements of the complex 

figure. Its purpose is to answer the question of whether the items measure the domain or content 

desired. Items can be selected rationally, (does this item sensibly appear to be part of the 

content?), or empirically. Rey’s original system was rational in that he created the items himself 

based on perceptual theories. Osterrieth’s grouping of linear segments into the 18 elements 
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created a new base of items whose content was validated by a consensus of judges. Three-fourths 

of the judges had to agree that the linear grouping was visually identifiable before Osterrieth 

included it in his scoring system (Knight, 2003, pp.193-253). 

This type of test validation must be distinguished from construct validity, which entails 

comparisons to other criteria. It logically follows that construct validity is a measure of how well 

a particular test measures the abstract construct. In neuropsychology, the ability to undertake this 

type of analysis requires the supposition that testing behavior is a direct or indirect measure of 

brain functioning. Thus, in the ROCFT, recreation of figure elements is related to how the brain 

is functioning, or more specifically, how the brain is functioning in terms of visuoperception, 

visual memory, motor performance, attention, etc. The external criteria selected for comparison 

are based upon the hypothesized constructs underlying performance. For instance, some 

researchers have suggested that while the copy trial is a measure of the brain’s visuoconstructive 

ability, recall trials involve primarily visual memory (Knight, 2003, pp.193-253). To test the 

ROCFT’s validity against these constructs, specific visuoconstructive and visual memory indices 

would need to be selected. Most frequently, these indices are other validated assessment tools, 

physiological imaging techniques, or diagnoses. 

Current literature on the construct validity of the ROCFT recognizes the distinction in 

skills necessary for the copy and recall trials. Generally, scores from the copy portion are 

compared to other visuoconstructive or sustained attention tasks while recall scores are related to 

tests of visual memory (Knight, 2003, pp.193-253). Such underscores the belief that the trials of 

the ROCFT measure different underlying constructs. Measures of convergent validity are 

employed to validate the constructs of interest in a particular assessment tool. Specifically, 

comparing the test of interest to other tests purporting to measure the same constructs, allows for 
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estimation of correlation coefficients. When these coefficients are high, convergent validity is 

said to be achieved.  

Because convergent validity is most often associated with the mono-trait, multi-method 

approach, comparisons of the same trait across multiple measures, validity estimates for the 

ROCFT are provided in comparison to other well-known or validated tests of similar traits. The 

ROCFT professional manual (Meyers & Meyers, 1995) includes convergent validity coefficients 

that compare copy trials with the Performance IQ of the WAIS-R (r = .59) (Wechsler, 1981), 

Benton, Varney and Hamsher’s (1978) Judgment of Line Orientation test (r = .54), and Visual 

Retention Test (r = .61), and Hooper’s (1958) Visual Organization Test (r =.47) Lower 

correlations were found for the same measures when compared to the immediate and delayed 

recall trials providing further evidence of a secondary construct.  

In addition to correlation coefficients, factor analysis has also been used to determine 

construct validity of the ROCFT. Berry and colleagues (1991) found a single factor to account 

for a significant portion of the variance in scores on the Copy, Immediate Recall and Delayed 

Recall of the ROCFT. This single factor also included loadings from the Wechsler Memory 

Scale- Visual Reproductions subtest (Wechsler, 1987) and the Judgment of Line Orientation test. 

Though variance accounted for was significant for all trials of the ROCFT, the strongest loadings 

were for the recall trials (Knight, 2003, pp.193-253). The results for convergent validity studies 

of the ROCFT certainly corroborate the hypothesized measurement of visual-perceptive and 

constructive abilities. The underlying secondary construct of visual memory is also a logical 

construct for the recall trial scores, but its contribution relative to the larger overlying construct 

needs additional study. 

Though convergent validity offers a lot in the way of construct validity estimation, it does 
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not tell researchers and clinicians what the test doesn’t measure. Divergent validity studies on the 

ROCFT seek to assure that the test is only measuring what it is designed to measure. For 

instance, Meyers & Meyers (1995) found low correlations between the ROCFT trials and the 

Verbal IQ score on the WAIS-R. Furthermore, low associations were found on additional verbal 

assessment tools such as the Controlled Oral Word Association Test (Benton & Hamsher, 1976) 

and the Benton Sentence Repetition Test (Spreen & Benton, 1969). Regarding the memory 

component of the recall trials, low correlations have been found for tests of verbal memory 

including Denman’s 1978 version of Story Recall (r = .20) and the logical memory subtest-of the 

Wechsler Memory Scale( r = .16 to r = .23) (Loring et al., 1988). In summary, it can be said that 

the ROCFT successfully measures visual perception and memory with little impact from verbal 

processes, a finding that strongly supports Rey and Osterrieth’s original intent. 

While this study does not question the robust estimations of reliability and validity, it is 

concerned with the ROCFT’s applicability to adequately discriminate levels of impairment 

across the spectrum of performance. The majority of studies of the ROCFT’s ability to make 

accurate diagnostic decisions have compared performance of impaired groups with healthy 

controls. In this arena, the ROCFT performs very well, particularly with respect to recall trials. 

However, few, if any studies have sought to distinguish different levels of impairment (e.g. mild 

cognitive impairment from vascular dementia). In addition, previous research has utilized only 

total scores for the various trials as opposed to analysis of individual items. This study represents 

an attempt to begin to fill the hole in the research literature, as its focus pertains to the ability of 

these individual items to provide sensitive diagnostic information. 

Current Use 

 Psychometric research has clarified the empirical and statistical uses of the ROCFT, but 
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more importantly is the clinical utility and practical significance of the scores. Studies of 

construct validity are important in determining the pattern of test usage among clinicians. A 

recent survey of International Neuropsychological Society (INS) members (Knight, Kaplan & 

Ireland, 2003), found that Rey and Osterrieth’s original methods and constructs have stood the 

test of time. Out of over 1,000 respondents 62% reported using the ROCFT and of those, more 

than half followed the original administration procedures utilized during validation (i.e. colored 

pencils for copy only, immediate recall and delayed recall). Furthermore, almost three-fourths of 

those who use the Rey in clinical or research settings employed Osterrieth’s 36-point scoring 

criteria. In terms of clinical use, the ROCFT was most often used as part of a flexible battery for 

specific neurological impairment, but utility was rated highest for its use as a cognitive screening 

measure. 

One reason, the ROCFT seems to be preferred for screening purposes lies in its high 

power to discriminate impaired from non-impaired persons. Years of research consistently 

demonstrate the ability of the ROCFT to identify target populations including, brain injury 

(Visser, 1973; King, 1981; Binder, 1982; Meyers & Meyers, 1995; Fastenau, 2002), cortical and 

subcortical dementias (Denman, 1984; Berry et al., 1991; Fastenau, 2002) epilepsy (Taylor, 

1979; Denman Scoring System Manual, 1987; Fastenau, 2002) and chronic psychiatric disorders 

(copy only) (Meyers & Meyers, 1995). Though useful for providing a yes or no answer to the 

impairment question, these quantitative scores do very little to describe the deficits. In addition, 

the ROCFT is subject to dramatic floor and ceiling effects, which only hinder clinicians’ ability 

to more specifically describe their patients’ impairments. 

Floor and Ceiling Effects 

In the previously mentioned survey of INS members (Knight, Kaplan & Ireland, 2003), 
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62% of respondents reported using the ROCFT. The remaining 38% answered questions relating 

to their reasons for not using this test. Though poor norms, was the most frequently cited reason, 

many clinicians reported that the test was too difficult for their patients. Such qualifies the 

inherent problem with floor effects. No meaningful discriminate information is garnered when 

all examinees score in the severely impaired range. In this case, as the complexity of the figure 

increases, even normally aging elderly patients may be unable to score outside of the range of 

severe impairment. From the total test score alone, one may not be able to distinguish normal 

elderly from those with Alzheimer’s disease. Though typically less of a problem than floor 

effects, ceiling effects represent a plateau in the scores of non-impaired individuals as they reach 

the normal performance cut-off. No additional information is available outside of this “normal” 

diagnostic label and as a result, the ROCFT utility is limited in populations other than the 

neurologically impaired. 

Alternate Figures and Scoring 

To combat the problems with ceiling and floor effects, researchers have begun to develop 

new figures, administrative procedures and scoring systems that are better able to describe their 

populations. The largest efforts have been put forth to create qualitative scoring systems 

stemming from Rey’s original use of colored pencils in the copy trial. Use of qualitative systems 

provides additional scores that describe processes rather than accuracy. Visser’s Complex Figure 

Test (1973) was one of the earliest methods for identifying process approaches to visual-

construction tasks. After noting that brain-damaged individuals created similar drawings to 

normal controls but varied in the sequence in which they drew the figure, he created an elaborate 

recording system in which each line drawn by the examinee, in the copy trial only, was 

numbered in sequence. In addition, certain types of qualitative errors such as interruptions and 
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omissions were noted. Such scoring criteria allowed for more specific discrimination than the 

yes/no impairment decisions of the quantitative methods of the times. In accordance with his 

theory, Visser’s system was able to correctly classify brain-damaged individuals from a 

population of other neurological, psychiatric and control subjects. Since this time, other scoring 

methods have arisen that, like, Visser’s Complex Figure Test, emphasize construction strategies 

and sequence (Binder, 1982; Bennett-Levy, 1984; Shorr, Delis & Massman, 1992). 

 In addition to copy strategies, qualitative scoring procedures have also examined error 

types. The Qualitative Error Scoring System (QESS) developed in an attempt to better 

discriminate left and right temporal deficits (Loring, Lee & Meador, 1988). Through analysis of 

eleven consistent error types including additions, rotations, distortions and misplacements, the 

QESS was found to correctly classify 83% of the validation sample. Other error-related systems 

have developed to distinguish groups such as brain-injured children (Bernstein & Waber, 1996), 

amnestic adults (Kixmiller et al., 2000) and psychiatric populations with executive dysfunction 

(Lott et al., 1996).  

 Though both quantitative and qualitative scoring systems provide useful information, it 

seems that neither is complete without the other. The Boston Qualitative Scoring System (BQSS) 

was developed in an effort to meet the needs of clinicians and researchers looking for both 

process and accuracy variables within the same scoring system (Stern et al., 1999). The BSQQ 

provides this in addition to an option of three scoring methods each varying in scoring time and 

depth of interpretation. Though the standardization sample and psychometric data were prized 

for their comprehensiveness and adequacy over other qualitative methods in particular, the utility 

of this system has been under-investigated. Furthermore, the complexity of scoring criteria 

requiring lengthy study, lends it to be an infrequently used assessment tool (Knight, Kaplan & 
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Ireland, 2003). 

 Thirty years of new scoring and administrative developments have come only part of the 

way in making the ROCFT a more useful and descriptive tool. However, other than the 

elimination of the recall trials in some qualitative systems, the new methods have done little to 

reduce the overall difficulty of the complex figure for normal elderly populations or increase 

difficulty to discriminate normal to gifted populations. The enduring history of Rey’s complex 

figure has not scared away researchers willing to tackle the floor and ceiling effects. Though 

some alternate figures were designed to be equivalent forms (Taylor, 1969), others added 

recognition and matching trials (Meyers & Meyers, 1995; Fastenau, 2002). 

Simplified figures were also created to deal specifically with the floor effects found with 

use of the original ROCFT in elderly populations. Hubley and Tombaugh (2002) designed two 

figures for use with elderly individuals with suspected or confirmed cognitive impairments. For 

elderly adults with no diagnosed impairment, a rectangle-based figure was given that consisted 

of thirteen elements rather than the eighteen found in standard ROCF protocols. Such 

necessitated less encoding and provided more time for examinees to attend to individual 

segments. A second triangle-based figure included only nine elements further simplifying the 

encoding process and was found to be particularly useful with elderly with previously diagnosed 

cognitive or memory impairments. Validation of the new figures as part of the Memory Test for 

Older Adults (Hubley & Tombaugh, 2002) found that the rectangle successfully differentiated 

healthy age-related impairments. The triangle was also successful at discriminating its target 

groups, namely mild and moderate Alzheimer’s disease. Such findings were good news in the 

fight against floor effects since such subjects were most typically represented with a total score 

of zero on the original ROCFT. However, the simplicity of these new figures exaggerates the 
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ceiling effects, and clinicians must be certain that their clients are functioning below the 

maximum measurement capacity prior to administering the test. 

In summary, the ROCF quantitative systems are exceptionally able to discriminate 

between healthy and cognitively impaired young and middle-aged adults. Among elderly 

populations, this ability significantly weakens. Though modified versions of the complex figure 

are more useful for this population, they have yet to receive the empirical attention in research 

that accompanies use of the original ROCFT. As a result, most clinicians are resorting to use of 

the original complex figure as a screening tool or as part of a testing battery that will provide the 

missing information. This study hopes to extend the efforts of Hubley and Tombaugh (2002) by 

providing a method that combats floor and ceiling effects and allows the use of the original 

figure to precisely measure a wider range of underlying trait levels.  A modern approach to 

measurement theory, Item response theory, provides an item-based description of performance 

which has yet to be explored in ROCFT research. 
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Comparing Classical Test Theory and Item Response Theory 

Classical Test Theory 

Factor analysis, correlation and discriminant function analysis are among the numerous 

statistical methods that have been employed over the years to test various properties of the 

ROCFT. Like the ROCFT, these procedures have a long history of use in research and are based 

around the oldest theory of test construction. Classical test theory (CTT) is a model of 

measurement used to predict the probability that the observed score is the “true” score. True 

scores are defined as the observed score minus error. Error refers to any element of the testing 

situation (i.e. person, item, raters, environment etc.) that influence the observed score but are 

unrelated to the true score (METRIC, 2005).The fundamental quest of CTT is to estimate the 

reliability of test scores within a population. Thus when reliability is calculated for a particular 

test, it is population specific. CTT estimation of reliability is only useful among broad 

heterogeneous populations because restricted range of scores will underestimate true reliability 

of scores as measured by a particular tool (Wikipedia, Classical Test Theory). For example a 

measure of cognitive functioning might be determined “reliable” when it is used to test a 

population of adults of various ages with and without cognitive impairments. However, this same 

measure might be unable to reproduce the consistency of scores when applied to a population of 

dementing elderly. This population-specific tenet of CTT is one of the major criticisms that lead 

to the development of modern measurement theories such as Item Response Theory. 

Item Response Theory 

  Item response theory, known also as latent trait theory, is a modern psychometric model 

that allows a more comprehensive and flexible approach to measurement. As an attempt to 

alleviate the weaknesses inherent in classical test theory, IRT allows for a mathematical 
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estimation of the probability of a correct response on a single item based on characteristics of the 

individual examinee and parameters of the item. In contrast, the probabilities calculated in 

classical test theory are based solely around the normative sample characteristics, leading to 

difficulties with generalizability. Though it has yet to gain widespread use, IRT has been integral 

in development of computerized adaptive testing as it allows for the presentation of items 

specific to the examinee. IRT also has promise in the identification of item biases for 

multicultural populations or other subsets of the general population. The statistics in IRT lend 

themselves to the development of equivalent test forms which are particularly important in 

situations where re-testing is necessary but subject to practice effects (Embretson & Reise, 

2000). 

 The basis of IRT is the determination of model fit such that a person can be identified 

along a continuum of the ability being measured based upon the combination of item parameters. 

Mathematically speaking, the probability of a correct response of an item is a function of the 

person parameter (i.e. their weighted total score on the assessment) and one or more item 

parameters. The item parameters consist of item difficulty (represented as b), item discrimination 

(a) and the probability of a correct guess on the item (c).  Various applications of IRT allow for 

incorporation of the single parameter, difficulty (the Rasch model), while others utilize 

additional parameters to improve model fit (Embretson & Reise, 2000). 

In IRT, data are represented by an Item Characteristic Curve (ICC) which plots the 

probability of a correct response on an individual item against the continuum of the latent trait 

being measured (i.e. ability level). Thus the item parameters can be seen at certain locations on 

the graph. Specifically, the item difficulty parameter can be seen as the point which sets the 

curve on the horizontal axis (see Figure 1). That is, difficulty increases as the inflection of the 
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curve shifts from left to right. If we can say that there is no probability for a correct guess (i.e. c 

= 0) then item difficulty will always equal a probability value of .5. This means that at a given 

ability level (b) there is a 50% chance of a correct response on that item (Harvard University et 

al., 2006). The ‘a’ parameter represents item discrimination and can be seen as the slope of the 

line (of the curve related to ‘b’) at its steepest point (see Figure 2). This parameter describes the 

item’s ability to distinguish between persons of differing ability levels. When discrimination is 

high, the probability of a correct response jumps dramatically between relatively small changes 

in ability. In tests where there is little guessing, a two-parameter model will suffice. However on 

many ability tests, the possibility exists that a correct response could happen by chance. In these 

instances, a third parameter, ‘c’, is calculated to represent the probability of a correct guess. Its 

location is the lowest point on the curve as it moves toward the negative end of the spectrum 

(Embretson & Reise, 2000).  

Assumptions of IRT are much more stringent than those necessary for CTT.  The ICC is 

considered an assumption because IRT necessitates that a specific form exists to describe the 

relationship between the latent trait and item responses. Second, though IRT can be used to 

determine dimensionality, it is generally assumed that a single latent trait underlies the measure. 

The residual covariance between any two items should be zero once the common factor is 

partialed out. Third, it is assumed in IRT that the item parameters do not vary across populations. 

Granted, the wider the range in sample scores the more accurate the estimations (curve values) 

will be. Particularly large samples are necessary to create a curve that will be an adequate 

representation of the general population, particularly in the extreme ends of the scores (Brannick, 

2005).  

 



  

 21

Applications of IRT with the Rey Osterrieth Complex Figure 

 Relatively little research has been conducted to examine the properties of specific 

ROCFT items. Profiles for certain clinical populations have been developed but remain more 

global in their perspective, identifying patterns between trials rather than within trials. Item 

response theory is specifically designed to examine the properties of individual test items and as 

a result functions to better describe the assessment tool. The applications of IRT are numerous, 

particularly given the growing interest in item bias for special populations. The goal of the 

present study is to use IRT to estimate parameters for the individual elements of the original 

ROCFT. Of particular interest is the ability of the items to discriminate impaired and non-

impaired performance. Though high discrimination is generally a desirable characteristic in most 

measurement theories, the ability to confidently say ‘yes’ or ‘no’ comes at the expense of better 

description across the ability range. Because data from research and practice consistently 

reminds us that typical ROCFT examinees are congregated in the extreme ends of the scoring 

spectrum, we can automatically assume high discrimination. However, it is important, know 

more about the individuals within those extreme ends of the spectrum.  

 The present study hopes to identify a subset of items or drawing elements with low 

discrimination. Logically, it can be inferred that items that don’t distinguish well will naturally 

be better at describing the performance. Thus in theory, closer inspection of the performance of 

individuals already defined by the yes/no impairment criteria on this subset of items will provide 

a better description of their functioning. Among those with severe impairment as determined by 

empirically validated cut-off scores (Meyers & Meyers 1995) what is the pattern of performance 

on the item subset? Through use of the calibration (normative) sample, we can correlate 

performance patterns on these poorly discriminating items with known diagnoses, illness severity 
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indicators, and performance on other neuropsychological tests. Such will provide information on 

those affected by the floor effects of the 36-point system. 

The value of the study lies in the need for information across a broad range of ability as 

opposed to a focus around certain levels affiliated with their respective cut-off scores. Such 

would offer a supplemental analysis within a standard procedure already in use thus negating the 

necessity of learning new modified or qualitative protocols. Due to the exploratory nature of the 

study, no specific hypotheses were postulated. 
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METHOD 

Participants  

Selection Criteria  

 Archival data was available for approximately 572 subjects presenting with neurological 

and cognitive complaints at several separate institutions. The majority of the sample data was 

collected from neuropsychological screening protocols administered at the John Peter Smith 

County Hospital (JPS) Memory Clinic in Fort Worth, Texas. Secondary sites for data collection 

include JPS Family Medicine Clinic, a private neurology office in Hurst, Texas, Denton 

Regional Hospital, and the Denton Community Senior Center. Patient protocols were selected 

based on age (eighteen to ninety-four years), and availability of diagnostic and demographic 

information (diagnosis, education, and race/ethnicity). In addition to clinical populations, a small 

community sample of senior citizens reporting no dementing illness or cardiac events within the 

past year was included in the data set. To be included in the study, all participants were required 

to have English as their primary language. 

Sample Characteristics 

 Of the 575 subjects with available demographic information, the mean age was 66.5 (SD 

= 13.45) and the mean for years of education was 11.8 (SD = 3.15). Consistent with lifespan and 

mortality data that suggests women live longer than men (CDC, 2008), there were more than 

twice as many females in the sample (n = 305, n = 150, respectively). As seen in Table 1, the 

sample was composed primarily of Caucasian subjects (n = 261), followed by less than half as 

many African American participants (n = 96) and half again as many Hispanic individuals (n = 

52). This finding was somewhat unexpected as the represented clinics served primarily minority 

patients. Furthermore, ethnic minority, particularly African American heritage has been 
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associated with increased rates of dementia (Gorelick, 1997). Thus, one might expect these 

minority populations to be overrepresented in the sample.  

 Due to the archival nature of the data, demographic data was not available for some 

subjects. However, the missing data was not related to collection at any particular site and as 

such it can be assumed that the gender, ethnicity, age and education of these missing cases would 

closely resemble that of the available subjects. 

 

  

   

Procedure 

 All procedures and assessments, other than those administered to the community sample, 

constituted the normal standard of care in their respective institutions. In addition to the standard 

neuropsychological testing battery data, the JPS Memory Clinic and Denton Regional Hospital 

samples included physiological measures such as CT scan and blood work. Due to the 

invasiveness of such procedures, the community and private practice samples contributed only 

testing data. 

 Primary care physicians referred the majority of the clinical subjects to their respective 

facilities. All patients were required to sign informed consent as per guidelines of the medical 

institution. A waiver of informed consent was drafted specifically for the subjects recruited from 

the community and demographic information and medical histories were taken prior to 

assessment. In addition, all physiological procedures were administered well in advance of 

testing. 
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 Though the assessment batteries varied somewhat in the tests administered, all began 

with the copy trial of the Rey Osterrieth Complex Figure Test. A standard No.2 pencil was given 

to examinees with instructions to copy the figure as best they could. The trial was timed but 

subjects were not told of the five-minute time limit. In addition, subjects were not allowed to turn 

the stimulus figure from is originally presented layout (horizontal orientation) or erase any 

misdrawn lines. They could however, mark out any lines they wished to be ignored during 

scoring. The trial was ended when subjects indicated to the examiner that they were done or 

when they had exceeded the five-minute limit. As per rules of incidental memory paradigms, the 

subjects were not told to remember the figure for the delayed recall trial. 

 A series of primarily verbal tests followed the ROCFT copy trial. After a twenty-minute 

delay, the subjects were given a standard sheet of white paper and asked to draw the figure from 

memory. Subjects were given as long as necessary to complete the task to the best of their 

ability. For both ROCFT trials the only information recorded by the examiner was time to 

completion. 

 Scoring criteria were instituted according to guidelines set forth by Osterrieth (1993), 

which included the division of figure elements into eighteen items scored from zero to two. 

Individual items are outlined in Figure 3. Scores for items were determined by the correctness 

and recognition of the element as well as its location in relation to other parts of the figure. Thus 

a score of zero would be assigned to an item that was unrecognizable and misplaced, while a two 

would be awarded an item that was mostly identifiable and drawn in the correct location. The 

possible range of scores was zero to thirty-six. Additional scoring guidelines were consulted 

when drawings deviated significantly from given examples (Lezak, 1995). Both the copy trial 

and delayed recall trial were scored along the same criteria resulting in two total scores and 
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thirty-six individual item scores for each subject. To simplify proposed data analysis, item scores 

were coded in four-level (0, ½, 1, 2) and dichotomous (correct = 1 or 2, incorrect = 0 or ½) 

formats.  

Measures 

 The focus of this study is analysis of the eighteen elements of the ROCFT. As mentioned 

previously, Osterrieth divided the complex figure into these eighteen visually distinct segments 

in order to facilitate more objective, straightforward scoring.  The items range in complexity 

from a single line to embedded shapes, yet all were empirically validated as unique visual and 

graphical units (Knight, 2003, pp.57-191). 

 In addition to analysis of the individual items of the ROCFT, data on several other 

variables was collected to allow for the secondary analyses previously noted. Specifically, 

demographic variables shown to be related to performance on cognitive tasks such as age (Kolb 

& Whishaw, 1990; Berstein & Waber, 1996; Rosenstein, 1999), gender (Stern et al., 1994, 

Poulton & Moffit, 1995), years of education (Berry et al., 1991; Ponton et al., 1996), and 

ethnicity (Roselli & Ardila, 1991; Conant et al., 1997) are of interest as well as any pre-morbid 

diagnoses (e.g. depression, CHD, Alzheimer’s Disease, Vascular dementia, stroke, diabetes, head 

injury etc.). These particular variables were obtained from a combination of intake forms and 

medical charts completed prior to evaluation 
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RESULTS 

                                                     Descriptive Statistics for Items 

  Means and item difficulty.  Due to the archival nature of the data, some subjects’ recall 

scores were not available. During the course of standard administration, an examinee unable to 

complete the copy portion is not administered the delayed recall. Out of 19 missing entries, 13 

had total scores of 5.00 or less on the copy trial. The remaining missing data was most likely due 

to misplacement or unavailability of the protocols during the data coding process. 

  Means and standard deviations were calculated for each of the 36 copy and recall items, 

as scored on the two-point system, using SPSS version 11.5.  Simplistic item difficulty may be 

inferred from the item means. As seen in Tables 2 and 3, the means for copy items, on the 2, 1, 

.5, or 0 item-score scale, range from .9 (item 7) to 1.6 (item 13). Recall item means range from 

.08 (item 10) to 1.3 (item 2). For the purpose of comparison and examination of item difficulty, a 

table of descending means is also presented.  

 Between-item correlation. In addition to analysis of means, an item correlation of copy 

and recall items was also conducted. Results suggest that on both the copy and recall trials, 

performance on any single items is strongly related to each of the other 17 items, as all 

correlations were significant. (p < .0001). Closer examination of individual correlations of copy 

items with a two-tailed test, identifies strong relationships between Item 3 and Item 2 (r = .65), 

Item 4 and Item 16 (r = .67), Item 15 and Item 13 (r = .64) and Item 17 and Item 18 (r = .69). 

The lowest correlations found for Item 1 and Item 16 (r = .26), Item 7 and item 16 (r = .29) and 

Item 7 and Item 17 (r = .29) were still in the moderate range for social science data.  See Table 4 

for complete listing of copy item correlations. 

 A similar table is presented for recall item correlations (Table 5).  Overall, correlations 

were lower as they ranged from r = .04 (Item 10 and Item 12) to r = .60 (Item 16 and Item 4) 

with a two-tailed test. Despite these lower coefficients, almost all remained positive and 

significant (p < 0 .01). One set of correlations (Item 10 and 13) was significant with p < .05. Two 
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sets of correlations (Items 16 and 10, and Items 10 and 12 were the only non-significant 

correlations.  

 Internal consistency. To determine the amount of consistency among responses and to 

quantify the contribution of each item to the total score, Cronbach’s alpha was computed as a 

measure of internal consistency. The non dichotomized copy and recall data as well as the 

dichotomized items were analyzed. Results indicated that for all four groups of items, alpha 

exceeded .70, the suggested benchmark for good internal consistency. However, alphas for both 

the dichotomized and non dichotomized copy items were higher than their recall counterparts. 

The full four-level (non dichotomized) copy items had an alpha equal to .94 and the 

dichotomized (two-level) version of the same items had an alpha equal to .92. Though lower, the 

measure of internal consistency for recall items remained good with an alpha equal to .88 for the 

four-level items and .86 for the two-level dichotomized items. 

 While the overall measure of internal consistency for each of the four sets of data was 

high, an analysis of the individual items revealed some discrepancies. Specifically, copy items 

one and seven in the non dichotomized dataset were low with alpha equaling .52 for both items. 

The values for these same items when the data was dichotomized was even lower as α = .46 

(Item 1) and α = .42 (Item 7).  

 Examination of these same item-total correlations within the recall data were similar 

though Items 1 and 7 were not among the lowest items. Instead, Items 9, 10 and 15 in both the 

four level non dichotomized data and the two level dichotomized data had alphas of .32 and less. 

See Tables 34 through 37 for a complete listing of item-total correlations. 

                                                      Exploratory Factor Analysis 

 Exploratory factor analysis was performed to determine the degree to which certain 

items, or portions of the drawing could be grouped together to represent larger components of the 

figure. Both two-point (0, .5, 1 and 2) and dichotomized copy and recall items were analyzed via 

varimax rotation using SPSS version 11.5.  
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 Copy. Results of the exploratory analysis of two-point copy items suggest the presence of 

two factors with Eigenvalues greater than 1.00 (see Figure 4). A single factor alone accounted 

for 50.17% of the variance while addition of a second factor contributed only an additional 

7.02% of the variance. Items loading on the first proposed factor include 8, 6, 1, 7, 3, 10, 17, 2, 

18, 12, 9, and 11. The remaining items (16, 13, 15, 4, 14 and 5) loaded on factor two (see Table 

6). The reader is referred to Figure 3 for graphical representations of these specific items. 

 Recall. The exploratory factor analysis of recall items extracted three factors with 

Eigenvalues over 1.0 (Figure 5). Together these three items account for 47.74% of the variance. 

However, as with the copy items, a single factor accounted for a much greater portion of 

variance (33.77%) than the second and third factors (7.90% and 6.07% respectively). Items 3, 12, 

1, 18, 8, 11, 5, 9, and 17 loaded on factor one, while factor two appeared to be comprised of 

items 13, 16, 4, 14, and 2. The remaining items (10, 15, 7 and 6) load on the third factor (See 

Table 7). 

 Dichotomized copy. A secondary exploratory factor analysis was run on the dataset 

composed of dichotomized copy and recall items. As noted previously, items with scores of 0 or 

.5 were combined and represented by a new score of 1. Items with a previous score of 1 or 2 

were combined under the new score of 2.  For the copy trial, three factors were extracted with 

initial Eigenvalues greater than 1.00 (See Figure 6). Combined, the three factors accounted for 

56.96% of the variance. However, as was the case with the non-dichotomized scores reported 

above, the largest portion of variance was accounted for by a single factor (Factor one = 

43.77%). The second and third factors accounted for only an additional 7.56% and 5.64% of the 

variance, respectively.  As seen in Table 8, Factor one was comprised of Items, 16, 14, 15, 13, 4, 

12, and 11. Factor two included Items 17, 18, 1, 6, 7 and 8. The remaining items (10, 3, 2, 5 and 

9) fell under the third factor. 

 Dichotomized recall. The exploratory factor analysis of the dichotomized recall scores 

was similar to the analysis of the four-level, non dichotomized data in that both datasets appeared 

to be composed of three factors (Eigenvalues > 1.00 seen in Figure 7). In addition, the total 
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variance accounted for was similar at 44.54 % compared to 47.74 % for non dichotomized data. 

The variance accounted for by the individual factors was similar as well, with Factor 1 

accounting for 30.28% (33.77% for non dichotomized), Factor 2 accounting for 8.07% (7.90 for 

non dichotomized) and Factor 3 accounting for 6.19% of the variance (6.07% for non 

dichotomized). Individual item loadings can be seen in Table 9 but were nearly identical to the 

factor breakdown in the non dichotomized data. Only Items, 2, 15 and 9 were unique. 

                                                     Confirmatory Factor Analysis  

 Based upon the information obtained from the exploratory analyses, confirmatory factor 

analysis was run for both the standard four-level, non-dichotomized data as well as the 

dichotomized version of the same data. MPlus version 4.1 was used to test the two and three 

factor copy and recall models followed by the three factor models for dichotomized copy and 

recall. 

 Copy. Based on the information gathered in the exploratory factor analysis that suggested 

a single factor to account for a significant portion of the variance, model fit statistics were run for 

the non-dichotomized copy items based upon a single factor model. Results suggested poor 

model fit as χ2 = 816.07 (p < .001, df = 135). Other model fit tests were equally as poor. Tanaka 

(1993) has suggested for good model fit, the Confirmative Factor Index (CFI) and the Tucker-

Lewis Index (TLI) must be greater than .9. In this single factor analysis, CFI = .88 and TLI = .86. 

See Table 10 for individual item fit statistics. Residual variances are reported in Table 11. 

  A two factor model was run and based upon factor loadings identified in exploratory 

analysis. While the Chi-squared Test of Model Fit indicated poor model fit with χ2 = 566.63 (p < 

.001, df = 134), other tests suggested better model fit (CFI =.92 and TLI = .91). The reader is 

referred to Table 12 for estimates of model fit and factor structure. Residual variances are listed 

in Table 13. 

 Finally, for the non dichotomized copy items, confirmatory factor analysis was run for a 

proposed three-factor model. Similar to the two-factor model, items were designated to each 

factor based upon their loadings in the exploratory analysis. Results indicated model fit was only 
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slightly improved over the two-factor model, but still not a statistical match with  χ2 = 510.99 (p 

< .001, df = 132). Again, secondary model fit tests suggest adequate but not exceptional model 

fit (CFI = .93, TLI = .92). Estimates and the forced factor structures are reported in Table 14, 

with an additional table presenting residual variances (Table 15). 

 Recall. As with the copy data, one, two and three factor models were analyzed for the 

non dichotomized recall data. When a single factor was proposed, model fit statistics suggested 

poor fit as χ2 = 709.29 (p < .01, df = 135). Other tests of model fit, the Tucker-Lewis Index and 

the Comparative Fit Index supported this finding as neither value exceeded the .90 cut-off for 

adequate model fit (TLI = .80, CFI = .82). See Table 16 and Table 17 for estimates and residual 

variances for the one factor model. 

 Due to results of the exploratory factor analysis of non dichotomized recall data that 

suggested at least two factors with Eigenvalues greater than 1.0, a confirmatory analysis was also 

run. Individual items were assigned to each of the factors based upon the loading results 

identified in the exploratory analysis. These confirmatory factor analysis estimates can be found 

in Table 18 along with the factor structures and residual variances in Table 19. In general, the 

Chi-Squared Test of Model Fit for the two-factor model was slightly better than the one-factor 

model but still a poor fit for the data (χ2 = 504.25, p < .001, df = 134). The other tests of model 

fit also indicated poor fit, but were also improved over the single factor model (TLI = .87, CFI = 

.88). 

 A final three factor confirmatory analysis was run on the non dichotomized recall data to 

determine if these multiple factors provided adequate fit for the data. However, the Chi-Squared 

Test, remained significant, indicating continued poor fit (χ2 = 506.17, p < .001, df = 132). 

Furthermore, secondary tests of model fit for this three factor model were slightly lower than in 

the two-factor model (TLI = .86, CFI = .88). See Tables 20 and 21 for estimates and residual 

variances. 

 Dichotomized copy. Though confirmatory factor analysis of the non dichotomized copy 

and recall items failed to identify a well-fitting model, the same analyses were performed on the 
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second dataset. These items, were reduced from the four-level, two-point scores (0, .5, 1, 2) to a 

dichotomized two-level scoring system. As with the non dichotomized analyses, the factor 

structures to be confirmed were based upon results and factor loadings for the exploratory 

analysis. First, however, the single factor model was tested on the dichotomized copy items. Not 

surprisingly, results continued to indicate poor model fit (χ2 = 913.58, p < .001, df = 135). The 

Tucker-Lewis Index and Confirmative Factor Index agreed with the Chi-Squared test of Model 

Fit in that a single factor alone was not adequate to describe the data (TLI = .81, CFI = .83). See 

Table 22 and Table 23 for estimates and residual variances. 

 Next, the two-factor model for dichotomized copy items was examined via confirmatory 

factor analysis. This model too, appeared to be a poor fit for the data (χ2 = 719.29, p < .001, df = 

134). The Tucker-Lewis and Confirmative Factor indices also suggested poor fit with values less 

than .9 (TLI = .85, CFI = .87). Tables 24 and 25 contain individual item estimates and residual 

variances. The item estimates and residual variances for the proposed three-factor model are also 

presented in tables (Table 26 and Table 27), though this model also failed to fit the data (χ2 = 

707.69, p < .001, df = 132). The secondary tests of model fit for this three factor model also 

indicated poor fit (TLI = .85, CFI = .87). 

 Dichotomized recall. The final set of confirmatory factor analysis was performed on the 

dichotomized recall items. The reader is referred to the tables listed below, as results for one, 

two, and three-factor models are only summarized here. Overall, none of the proposed models 

appeared to fit the dichotomized dataset. The one-factor model yielded χ2 = 586.80 (p < .001, df 

= 135) while the two factor model produced a Chi-squared equal to 444.20 (p < .001, df = 134) 

(see Tables 28-31). The three factor model was slightly improved over the one and two factor 

models (χ2 = 398.24, p < .001, df = 132) (Tables 32 and 33) but still not an adequate fit. 

Secondary tests of model fit also demonstrated poor fit for one and two-factor models (TLI = .80, 

CFI = .82) ( TLI = .86, CFI = .88) respectively. One test of model fit for the three-factor model 

did reach a level indicating adequate fit (CFI = .90) but in light of the lower values for Chi-
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Squared and Tucker Lewis Index (TLI = .88), concluding the model fit the data would likely be 

erroneous.                            

                                                    Item Response Theory  

 The primary means of analysis in IRT is examination of the curves. As previously 

mentioned, Item Characteristic Curves generally take on an S-shape and represent the item 

parameters. In addition to ICCs, other curves are created in IRT that present summarized test 

information (Test Information Curves, TICs) as well as patterns of performance for a particular 

person (Person Characteristic Curves, PCCs). With the large sample size of the present study, 

PCCs are not practical, but they do, however, provide a method for estimating trait level in actual 

clinical practice when the number of curves generated is restricted to number of tests 

administered to a single patient. Through use of MPlus version 4.1, data obtained from this study 

was used to create both ICCs and TICs for copy and recall trials (Embretson & Reise, 2000). 

 Item Characteristic Curves are developed through use of a calibration sample. By 

regressing item responses on trait level slopes and intercepts can be estimated based on the line 

of best fit. As mentioned previously, the slope of the item line (or curve) represents item 

discrimination. Similarly, the intercept corresponds to the item difficulty parameter. Test 

Information Curves are similar to ICCs except that rather than estimating the likelihood of 

individual item responses, the likelihood of item response patterns for all test items is calculated 

and plotted against trait level. Again, slope of the curve is related to the test’s overall ability to 

discriminate. 

 Once ICCs have been estimated and appropriate parameters are known, the data can be 

transformed into a maximum likelihood function. While classical test theory busies itself with 

calculation of means and standard deviations from the mean, the maximum likelihood function is 

more concerned with the mode, or most frequently occurring scores and patterns. Specifically, it 

gives an estimate of the likelihood of a specific pattern of item responses for any given trait 

level. The maximum likelihood function is presented as another type of curve that plots 

likelihoods against trait levels for particular responses. In relation to the present study this might 
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mean that patterns of pass and fail on the different items of the ROCFT may indicate differing 

trait levels despite having the same total score.  

 The usefulness of the maximum likelihood function depends upon the level of 

discrimination of items. Item difficulty parameters make little to no difference in the estimation 

of trait levels. Passing more discriminating items will ultimately lead to higher overall trait level 

estimates while passing more difficult items will yield similar trait levels to those who passed 

easier items, given the same total score overall. Thus maximum likelihood estimates based upon 

the two-parameter model that include item discriminations will provide a more specific level of 

the underlying trait (i.e. visuoconstruction and visual memory) than analysis of total scores alone 

as is done in the commonly used 36-point ROCFT scoring system. For a more in depth 

description of the maximum likelihood function including equations, the reader is directed to the 

text by Embretson & Reise (2000). 
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DISCUSSION 

 The purpose of the present study was to provide a statistical examination of the individual 

elements of the Rey Osterrieth Complex Figure. Current use of this figure requires summation of 

scores for these individual items to estimate underlying impairment. Items are weighted equally 

in this simple summary score despite no research to support their equal contribution to the 

underlying construct. It was hoped that the statistical procedures of Item Response Theory could 

be used to provide a novel examination of these individual items. However, due to the lack of 

any available data at the item level, the complex procedures of Item Response Theory were not 

necessary as simple descriptive statistics and analyses alone provided a substantial amount of 

new information.  

                                                      Descriptive Statistics for Items 

 Based upon mean scores obtained from the study’s clinical population it appears that the 

easiest items to copy were those that represented the large global features such as Item 13, the 

pointed tip of the figure, and Item 4, the major horizontal dividing line. Also among the easier 

items to copy were those that appeared to be separate, independent features such as the square 

hanging off the bottom (Item 18) and the diamond hanging off the pointed tip (Item 14). Such 

might suggest that these items receive the most attention in the visuoconstructive process given 

that they are seen as contributing to the structural integrity of the drawing or because their 

uniqueness is unexpected. 

 The most difficult items to copy, as evidenced by lower mean scores, seemed to be those 

simpler single lines that did not serve to divide the figure in a meaningful way. For instance, 

Item 7, a short line directly above a distinct figure, was often completely overlooked, thus 

yielding an overall mean score of only .9. Other difficult items were those with multiple parts 

such as the two series of parallel lines (Item 8 and Item 12) and the square with an embedded X 

(Item 6). Logically, these more complex portions of the drawing yielded more opportunities for 

distortions, which decrease the item score. 
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 Surprisingly, item difficulties for the recall trial varied quite a bit from those in the copy 

trial. Only Item 13 (the pointed tip) and Item 7 (the short line above a distinct figure) retained 

their former status. Other portions of the drawing that appeared easier to recall include Item 2 

(the structural square) and Item 3 (the large X). In summary, it appears that when copying the 

figure, large structural items competed with unique individual items for visuoconstructive 

attention, while in recall, these same global components and dividing lines were, by far, easier to 

remember. 

Correlation 

 When correlations between items were examined, it was not surprising to find that most 

elements of the figure were positively and significantly related. The very nature of the figure 

assumes that the items are linked in the very least, visually, as all are presented within the 

context of a single design. Such suggests that good performance on any single items is related to 

good performance on any other part of the drawing. Though logical and simply stated, such has 

not been formally noted in the literature. Interestingly, not all items held as strong a relationship 

as others. The weakest relationships in the copy trial were found for those items that tended to be 

on opposite sides of the stimulus figure. Such tends to support the theory that items are drawn 

from side to side or top to bottom.  Similarly, the copy items with the strongest relationship were 

those in spatial proximity. The relationships examined in the recall portion appeared to have less 

of a logical fit. Items with strong correlations were not necessarily adjacent nor were those with 

weaker correlations on opposite sides of the figure. It makes sense that when recalling a complex 

figure after twenty minutes, the bits and pieces remembered likely have less to do with spatial 

proximity and more to do with importance of the element in contributing to overall shape or 

structure. For instance, Item 4 and Item 16 were highly correlated and represent the horizontal 

midline of the figure. 

 Additional correlations of importance were those between the individual item and item 

totals that speak toward the internal consistency of the measure. Overall, the measure appears to 

have good internal consistency in both copy and recall trials. This is good news for the many 
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clinicians using this measure as it suggests that the items are a cohesive group. However, closer 

examination of individual item-total statistics indicates that certain parts of the figure contribute 

less than others to the measure’s consistency. Items one and seven in the copy trial were among 

those less *** items. Interestingly, neither item contributes to the structural integrity of the figure 

with one located on the periphery of the main figural unit and the other (also noted to be the most 

difficult copy item) a small almost indistinguishable line. Despite their relative small 

contribution these items count equally toward the total score. Furthermore, this less important 

item (Item 7) is also the most difficult. One might wonder why such a difficult and unimportant 

item can affect the total score and thus the possibility of being identified as impaired as much as 

an easier or more important item such as the structural square. This seems to be the integral 

problem with Osterrieth’s scoring system and such implies the need to examine individual item 

performance in addition to total score. 

                                                                 Factor Analysis 

 When searching the existing literature on the Rey Osterrieth Complex Figure, there are 

numerous references to factor analysis. However, the studies that sought to examine factor 

structure did so with the ROCFT as either part of a battery of tests or in comparison to other 

types of trials (e.g. immediate recall, recognition). The closest approximation to a factor analysis 

of the individual items within a single trial occurred in development of the 36-point scoring 

system. As previously noted, Osterrieth sought to empirically validate his grouping of items by 

presenting them to a panel of judges. Consensus of the majority equaled empirical validation. 

Given the times, Osterrieth’s system was not farfetched and to this day, his items have avoided 

much scrutiny. Results from the present study support the notion that his items create a unified 

measure. Results also provide information on possible underlying factors and groupings of 

individual items within the cohesive measure. 

 Exploratory factor analysis. Though it was expected that there was an existing order to 

how the figure was copied, exploratory analysis seemed most appropriate given the lack of 

existing literature on individual item statistics. The factor analysis research performed over the 
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years has generally considered the entire copy or recall trial as a single factor therefore it was not 

surprising to find that the present study found a significant portion of the variance accounted for 

by a single factor, regardless of trial or dichotomization of scores. However, in every analysis 

(copy, recall, non dichotomized, dichotomized) at least one additional factor emerged.  

 The copy trial with non dichotomized scores appeared to be a combination of two 

significant factors. The structure did not appear to make sense until the scores were 

dichotomized and the same analysis run. This time three factors emerged with grouping of items 

similar to the previous analysis. However, the three factor model of copy items (dichotomized) 

was neatly separated into what could be labeled Left, Right and Center. This finding lends 

support to the correlational analyses of copy data that suggested a side-to-side reconstruction of 

the figure with stronger correlations for adjacent or nearby items. 

 As with the copy data, exploratory factor analysis for the recall items also yielded three 

factors. However, there appeared to be no consistent theme behind any of the groupings of items 

as was seen in the dichotomized copy analysis. This type of inconsistency was seen in the 

correlational analyses of recall data as well since no pattern was evident among those more 

highly related items. The same assumption can be made for both sets of analyses in that recall of 

the figure appears to be less organized from a spatial sequence perspective. There tends to be 

more jumping around when recalling the figure.  

 Confirmatory factor analysis. The confirmatory factor analysis was run primarily to get 

an idea of whether the models that made the most logical and practical sense, were also 

statistically, the best fit for the data. Unfortunately the chi-squared statistics of model fit failed to 

highlight any sound models for copy, recall, non dichotomized and dichotomized datasets. Some 

variance was noted in other tests of model fit such as the Confirmative Factor Index and the 

Tucker-Lewis Index. 

 The Tucker-Lewis Index (TLI), also called the Non-Normed Fit Index is a measure of 

model fit that takes into account the complexity of the model. Most importantly it appears to be 

less influenced by sample size than other statistics such as Chi-squared. In this particular study, 
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given the large sample size, p values for the Chi-squared test are likely to be artificially reduced 

(more significant). Therefore examination of the TLI may be useful in capturing a more accurate 

estimate of model fit for this data.  

 Of all confirmatory factor analyses run in this study, only two demonstrated TLI’s in the 

acceptable range. For the non dichotomized copy items, both the two and three factor models 

were adequate per the TLI. It is these same models that make the most clinical sense as well as 

the division of items into factors is neatly explain by geographical location (left, right and 

center). It is not surprising that the TLI did not reach the .9 cut-off for other analyses, as these 

groupings appeared more random and made little clinical or practical sense. These findings may 

be significant given that no other research to date has identified an empirical relationship 

between the items. 

                      Limitations of the Present Study and Directions for Future Research 

 Despite some interesting finds related to item difficulty, correlations and factor structure, 

several limitations must be noted the first of which involves the sample characteristics. Though 

the ROCFT is rarely given to subjects without suspected neuropsychological deficits, a sample 

population with a greater variance in age, education and individual item scores might have been 

useful if one wished to generalize results to the general population. In addition, the data obtained 

was archival in nature and certain demographic, and performance variables were missing.  

 The most obvious limitation of this study happens to be the lack of generated Item 

Characteristic Curves. It is unclear why the data failed to generate the curves, though fortunately 

analysis of item difficulty was undertaken without their use. It may be that the dichotomization 

of the data to fit the simplistic 2 parameter model resulted in the loss of important information 

needed for the production of curves.  Graded response and polytomous format models are 

available within the scope of Item Response Theory and may better represent the complete four-

level data. However the complexity of such models exceeded the expertise of researchers. There 

is no doubt that additional research in this area would be useful, particularly given the glimpses 

of important item characteristics found in this less complex study. The additional research could 
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greatly improve upon existing interpretations of figure drawing and the related scoring systems. 

The most valuable contribution from further research would be a scoring system based upon the 

common 36-point protocol that incorporated item weights based on levels of difficulty and 

discrimination identified through the more complex Item Response Theory models. 
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Table 1.  Ethnicity of Sample  

 

 Caucasian 
African 
American Hispanic Other 

Frequency 261 96 52 11 

Percentage 62.1 22.9 12.4 2.6 
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Table 2. Item Means 

 

 

Table 3.  Descending Item Means; Easiest to Most Difficult 

Items N Mean Std. Deviation  Items N Mean Std. Deviation 
COPY1 575 1.40 .80  RECALL1 556 .65 .71
COPY2 575 1.47 .66  RECALL2 556 1.31 .82
COPY3 575 1.42 .73  RECALL3 556 .76 .82
COPY4 575 1.54 .74  RECALL4 556 1.02 .93
COPY5 575 1.55 .72  RECALL5 556 .83 .89
COPY6 575 1.32 .77  RECALL6 556 .37 .62
COPY7 575 .90 .97  RECALL7 556 .18 .52
COPY8 575 1.32 .77  RECALL8 556 .45 .63
COPY9 575 1.48 .79  RECALL9 556 .27 .59
COPY10 575 1.38 .87  RECALL10 556 .09 .34
COPY11 575 1.47 .71  RECALL11 556 .66 .74
COPY12 575 1.44 .75  RECALL12 556 .45 .67
COPY13 575 1.61 .67  RECALL13 556 1.10 .93
COPY14 575 1.49 .72  RECALL14 556 .76 .81
COPY15 575 1.55 .76  RECALL15 556 .35 .71
COPY16 575 1.59 .75  RECALL16 556 .72 .93
COPY17 575 1.47 .73  RECALL17 556 .42 .59
COPY18 575 1.55 .73  RECALL18 556 .36 .52
Valid N (listwise) 575     Valid N (listwise) 556   

 N Mean Std. Deviation   N Mean Std. Deviation 
COPY13 575 1.61 .67  RECALL2 556 1.31 .82
COPY16 575 1.59 .75  RECALL13 556 1.10 .93
COPY18 575 1.55 .73  RECALL4 556 1.02 .93
COPY15 575 1.55 .76  RECALL5 556 .83 .89
COPY5 575 1.55 .72  RECALL14 556 .76 .81
COPY4 575 1.54 .74  RECALL3 556 .76 .82
COPY14 575 1.49 .72  RECALL16 556 .72 .93
COPY9 575 1.48 .79  RECALL11 556 .66 .74
COPY17 575 1.47 .73  RECALL1 556 .65 .71
COPY11 575 1.47 .71  RECALL8 556 .45 .63
COPY2 575 1.47 .66  RECALL12 556 .45 .67
COPY12 575 1.44 .75  RECALL17 556 .42 .59
COPY3 575 1.42 .73  RECALL6 556 .37 .62
COPY1 575 1.40 .80  RECALL18 556 .36 .52
COPY10 575 1.38 .87  RECALL15 556 .35 .71
COPY8 575 1.31 .77  RECALL9 556 .27 .59
COPY6 575 1.31 .77  RECALL7 556 .18 .52
COPY7 575 .90 .97  RECALL10 556 .09 .34
Valid N (listwise) 575     Valid N (listwise) 556   



  

 43

Table 4.  Copy Item Correlations 

   COPY1 COPY2 COPY3 COPY4 COPY5 COPY6 COPY7 COPY8 
Correlation COPY1 1.00 .40 .40 .34 .318 .47 .38 .46 

COPY2 .40 1.00 .65 .56 .443 .51 .37 .51 
COPY3 .40 .65 1.00 .57 .528 .55 .41 .58 
COPY4 .34 .56 .57 1.00 .603 .49 .36 .49 
COPY5 .32 .44 .53 .60 1.000 .45 .35 .45 
COPY6 .47 .51 .55 .49 .446 1.00 .45 .63 
COPY7 .38 .37 .41 .36 .345 .45 1.00 .51 
COPY8 .46 .51 .58 .49 .451 .63 .51 1.00 
COPY9 .37 .51 .49 .45 .490 .48 .33 .52 
COPY10 .38 .47 .60 .49 .535 .49 .38 .56 
COPY11 .35 .39 .49 .52 .447 .50 .34 .50 
COPY12 .41 .51 .59 .57 .511 .54 .43 .57 
COPY13 .32 .45 .47 .54 .468 .44 .29 .45 
COPY14 .35 .40 .46 .51 .434 .38 .35 .45 
COPY15 .30 .43 .48 .55 .511 .48 .32 .46 
COPY16 .26 .42 .45 .67 .513 .38 .29 .41 
COPY17 .42 .50 .54 .50 .535 .52 .41 .54 
COPY18 .37 .51 .51 .51 .474 .55 .40 .51 

 COPY9 COPY10 COPY11 COPY12 COPY13 COPY14 COPY15 COPY16 COPY17 COPY18 
COPY1 .37 .38 .35 .41 .32 .35 .31 .26 .42 .37
COPY2 .51 .47 .39 .51 .45 .40 .43 .44 .50 .51
COPY3 .49 .60 .49 .59 .47 .46 .48 .45 .54 .51
COPY4 .45 .49 .52 .57 .54 .51 .55 .67 .50 .51
COPY5 .49 .54 .45 .51 .47 .43 .51 .51 .54 .47
COPY6 .48 .49 .50 .54 .44 .38 .48 .38 .52 .55
COPY7 .33 .38 .34 .43 .29 .35 .32 .29 .41 .40
COPY8 .52 .56 .50 .57 .45 .45 .46 .41 .54 .51
COPY9 1.00 .54 .49 .50 .46 .41 .47 .44 .50 .49
COPY10 .54 1.00 .54 .52 .42 .41 .46 .37 .45 .46
COPY11 .49 .54 1.00 .59 .44 .39 .48 .45 .47 .41
COPY12 .50 .52 .59 1.00 .49 .48 .57 .53 .59 .56
COPY13 .46 .42 .44 .49 1.00 .61 .64 .63 .49 .44
COPY14 .41 .41 .39 .48 .61 1.00 .54 .58 .43 .45
COPY15 .47 .46 .48 .57 .64 .54 1.00 .61 .45 .44
COPY16 .44 .37 .45 .53 .63 .58 .61 1.00 .48 .48
COPY17 .50 .45 .47 .59 .49 .43 .45 .48 1.00 .69
COPY18 .49 .46 .41 .56 .44 .45 .44 .48 .69 1.00
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Table 5.  Recall Item Correlations 

 

   RECALL1 RECALL2 RECALL3 RECALL4 RECALL5 RECALL6 RECALL7 RECALL8 
Correlation RECALL1 1.00 .40 .42 .40 .31 .33 .27 .36 

RECALL2 .40 1.00 .50 .48 .43 .26 .21 .27 
RECALL3 .42 .50 1.00 .32 .34 .28 .34 .40 
RECALL4 .40 .48 .32 1.00 .53 .25 .22 .26 
RECALL5 .31 .43 .34 .53 1.00 .26 .26 .33 
RECALL6 .33 .26 .28 .25 .26 1.00 .41 .35 
RECALL7 .27 .21 .34 .22 .26 .41 1.00 .37 
RECALL8 .36 .27 .40 .26 .33 .35 .37 1.00 
RECALL9 .21 .16 .23 .13 .26 .30 .17 .24 
RECALL10 .22 .11 .14 .17 .17 .19 .14 .14 
RECALL11 .41 .35 .45 .36 .35 .32 .38 .43 
RECALL12 .34 .30 .31 .29 .33 .31 .19 .22 
RECALL13 .31 .48 .37 .48 .39 .26 .24 .28 
RECALL14 .35 .42 .41 .45 .36 .29 .33 .35 
RECALL15 .17 .23 .20 .23 .18 .25 .25 .12 
RECALL16 .29 .31 .31 .60 .35 .23 .18 .30 
RECALL17 .43 .29 .33 .35 .30 .35 30 .37 
RECALL18 .30 .34 .33 .31 .29 .30 .21 .27 

 
RECALL9 RECALL10 RECALL11 RECALL12 

RECALL
13 

RECALL 
14 

RECALL 
15 

RECALL 
16 

RECALL 
17 

RECALL 
18 

RECALL1 .21 .22 .41 .34 .31 .35 .17 .29 .43 .30
RECALL2 .16 .11 .34 .30 .48 .42 .23 .31 .29 .34
RECALL3 .23 .14 .45 .31 .37 .41 .20 .31 .33 .33
RECALL4 .13 .17 .36 .29 .48 .45 .23 .60 .35 .31
RECALL5 .26 .16 .35 .33 .39 .36 .18 .35 .30 .29
RECALL6 .30 .19 .32 .31 .26 .29 .25 .23 .35 .30
RECALL7 .17 .14 .38 .19 .24 .33 .25 .18 .30 .21
RECALL8 .24 .14 .43 .22 .28 .35 .12 .30 .37 .27
RECALL9 1.00 .16 .23 .21 .13 .16 .15 .12 .21 .21
RECALL10 .16 1.00 .15 .04 .09 .17 .18 .08 .25 .12
RECALL11 .23 .15 1.00 .36 .35 .40 .26 .31 .38 .27
RECALL12 .21 .04 .36 1.00 .26 .31 .18 .20 .31 .31
RECALL13 .13 .10 .35 .26 1.00 .58 .41 .57 .38 .29
RECALL14 .16 .17 .40 .31 .58 1.00 .27 .45 .34 .24
RECALL15 .15 .180 .26 .18 .41 .27 1.00 .28 .27 .14
RECALL16 .12 .08 .31 .20 .57 .45 .28 1.00 .29 .24
RECALL17 .21 .25 .38 .31 .38 .34 .27 .29 1.00 .36
RECALL18 .21 .12 .27 .31 .29 .24 .14 .24 .36 1.00
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Table 6: Rotated Factor Matrix 
Non Dichotomized Copy Items (a) 
 
  Factor 
  1 2 
COPY8 .75 .30 
COPY6 .73 .28 
COPY1 .67 .10 
COPY7 .66 .12 
COPY3 .66 .42 
COPY10 .64 .36 
COPY17 .62 .43 
COPY2 .61 .39 
COPY18 .60 .42 
COPY12 .59 .52 
COPY9 .55 .43 
COPY11 .52 .45 
COPY16 .18 .85 
COPY13 .24 .78 
COPY15 .28 .76 
COPY14 .27 .70 
COPY4 .40 .70 
COPY5 .44 .58 

Extraction Method: Principal Component Analysis.  Rotation Method: Varimax with Kaiser 
Normalization. 
a  Rotation converged in 3 iterations. 
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Table 7:  Rotated Factor Matrix 
Non Dichotomized Recall Items (a) 
 
  
  
  Factor  
  1 2 3 
RECALL3 .606 .323 .102
RECALL12 .599 .198 -.019
RECALL1 .581 .270 .179
RECALL8 .573 .148 .279
RECALL18 .573 .203 .020
RECALL11 .551 .287 .278
RECALL9 .460 -.080 .301
RECALL17 .446 .273 .401
RECALL13 .153 .789 .214
RECALL16 .124 .765 .106
RECALL4 .301 .729 .034
RECALL14 .290 .622 .242
RECALL2 .476 .543 -.047
RECALL5 .469 .470 .029
RECALL10 .055 .037 .616
RECALL15 -.090 .433 .608
RECALL7 .387 .093 .521
RECALL6 .480 .064 .506
   

 
Extraction Method: Principal Component Analysis.  Rotation Method: Varimax with Kaiser 
Normalization. 
a  Rotation converged in 12 iterations. 
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Table 8: Rotated Factor Matrix 
             Dichotomized Copy Items 
 
 Factor 
  1 2 3 
COPY16 .80 .12 .21
COPY14 .75 .24 .04
COPY15 .70 .15 .30
COPY13 .69 .17 .30
COPY4 .61 .20 .45
COPY12 .55 .52 .22
COPY11 .52 .28 .22
COPY17 .36 .68 .16
COPY18 .39 .66 .20
COPY1 .06 .64 .21
COPY6 .25 .61 .36
COPY7 .09 .60 .14
COPY8 .15 .60 .39
COPY10 .20 .26 .75
COPY3 .23 .27 .74
COPY2 .19 .27 .71
COPY5 .43 .19 .54
COPY9 .35 .28 .52

 
Extraction Method: Principal Component Analysis.  Rotation Method: Varimax with Kaiser 
Normalization. 
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Table 9: Rotated Factor Matrix 

              Dichotomized Recall Items 

 
 Factor 
  1 2 3 
RECALL3 .65 .16 .13
RECALL1 .64 .19 .23
RECALL12 .60 .11 .01
RECALL2 .58 .39 -.08
RECALL18 .58 .14 .07
RECALL11 .58 .14 .22
RECALL8 .49 .09 .33
RECALL5 .48 .34 .16
RECALL17 .43 .32 .27
RECALL13 .20 .79 .08
RECALL16 .20 .76 .00
RECALL4 .42 .64 .03
RECALL14 .27 .61 .15
RECALL15 -.09 .56 .37
RECALL10 -.04 .13 .67
RECALL7 .22 .13 .59
RECALL9 .33 -.08 .46
RECALL6 .40 .11 .43

 
Extraction Method: Principal Component Analysis.  Rotation Method: Varimax with Kaiser 
Normalization. 
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Table 10: Non Dichotomized Copy Items  

               One Factor Model Fit 

 

 Estimates S.E. Est./S.E.

 F1       BY  

    COPY1 1.00 0.00 0.00

    COPY2 1.07 0.09 12.08

    COPY3 1.29 0.10 12.70

    COPY4 1.29 0.10 12.57

    COPY5 1.16 0.10 12.02

    COPY6 1.28 0.10 12.21

    COPY7 1.22 0.12 10.23

    COPY8 1.33 0.11 12.48

    COPY9 1.23 0.10 11.91

    COPY10 1.40 0.12 12.03

    COPY11 1.12 0.10 11.82

    COPY12 1.36 0.11 12.83

    COPY13 1.07 0.09 11.94

    COPY14 1.07 0.09 11.52

    COPY15 1.25 0.10 12.11

    COPY16 1.21 0.10 11.98

    COPY17 1.26 0.10 12.43

    COPY18 1.22 0.10 12.25

Variances   

 

    F1 0.18 0.03 6.64



  

 50

Table 11: Non Dichotomized Copy Items Residual Variance 

               One Factor Model 

          

 Estimate S.E. Est./S.E.

    COPY1 0.45 0.03 16.37

    COPY2 0.22 0.01 15.85

    COPY3 0.22 0.01 15.42

    COPY4 0.24 0.02 15.53

    COPY5 0.27 0.02 15.88

    COPY6 0.30 0.02 15.78

    COPY7 0.67 0.04 16.37

    COPY8 0.27 0.02 15.60

    COPY9 0.32 0.02 15.93

    COPY10 0.39 0.03 15.87

    COPY11 0.28 0.02 15.93

    COPY12 0.23 0.02 15.29

    COPY13 0.24 0.02 15.91

    COPY14 0.30 0.02 16.07

    COPY15 0.30 0.02 15.83

    COPY16 0.30 0.02 15.90

    COPY17 0.25 0.02 15.64

    COPY18 0.27 0.02 15.75
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Table 12: Non Dichotomized Copy Items 

     Two Factor Model Fit  

 

 

 F1       BY 

Estimates 
 

 

S.E. 

 

 
Est./S.E. 

 

    COPY8 1.00 0.00 0.00

    COPY6 0.96 0.05 17.88

    COPY1 0.76 0.06 13.22

    COPY7 0.92 0.07 13.16

    COPY3 0.95 0.05 19.00

    COPY10 1.04 0.06 17.06

    COPY17 0.93 0.05 18.12

    COPY2 0.79 0.05 17.07

    COPY18 0.90 0.05 17.62

    COPY12 0.99 0.05 19.18

    COPY9 0.90 0.06 16.50

    COPY11 0.81 0.05 16.18

  

 F2       BY  

    COPY16 1.00 0.00 0.00

    COPY13 0.86 0.05 18.76

    COPY15 0.98 0.05 18.87

    COPY4 0.98 0.05 19.58

    COPY14 0.84 0.05 17.04

    COPY5 0.84 0.05 16.94
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Table 13: Non Dichotomized Copy Items Residual Variance 

               Two Factor Model 

 
 Estimates    S.E.     Est./S.E.

   COPY1 0.44 0.03 16.22

   COPY2 0.22 0.01 15.60

    COPY3 0.21 0.01 15.01

    COPY4 0.21 0.02 13.99

    COPY5 0.27 0.02 15.14

    COPY6 0.28 0.02 15.39

    COPY7 0.65 0.04 16.23

    COPY8 0.25 0.02 15.11

    COPY9 0.32 0.02 15.73

    COPY10 0.38 0.02 15.60

    COPY11 0.28 0.02 15.79

    COPY12 0.22 0.02 14.94

    COPY13 0.19 0.01 14.44

    COPY14 0.26 0.02 15.11

    COPY15 0.25 0.02 14.39

    COPY16 0.22 0.02 13.92

    COPY17 0.25 0.02 15.31

    COPY18 0.26 0.02 15.46
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Table 14: Non Dichotomized Copy Items 
                Three Factor Model Fit 
 

 Estimates S.E. Est./S.E.
    
 F1       BY    
    COPY3 1.00 0.00 0.00
    COPY10 1.09 0.06 17.56
    COPY2 0.82 0.05 17.33
    COPY5 0.88 0.05 16.90
    COPY12 1.04 0.05 19.64
    COPY9 0.95 0.06 16.91
    COPY11 0.86 0.05 16.65
  
 F2       BY  
    COPY16 1.00 0.00 0.00
    COPY13 0.86 0.05 19.24
    COPY15 0.98 0.05 19.18
    COPY4 0.95 0.05 19.39
    COPY14 0.84 0.05 17.34
  
 F3       BY   
    COPY7 1.00 0.00 0.00
    COPY1 0.82 0.07 11.14
    COPY8 1.06 0.08 13.65
    COPY6 1.03 0.08 13.42
    COPY17 1.00 0.07 13.52
    COPY18 0.97 0.07 13.32
  
 F2       
WITH 

 

    F1 0.29 0.02 12.04
  
 F3       
WITH 

 

    F1 0.29 0.03 10.43
    F2 0.25 0.03 9.81
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Table 15: Non Dichotomized Copy Items Residual Variance 
                Three Factor Model 
 
 Estimate S.E. Est./S.E.

    COPY1 0.43 0.03 15.92

    COPY2 0.22 0.01 15.49

    COPY3 0.21 0.01 14.75

    COPY4 0.22 0.02 13.95

    COPY5 0.27 0.02 15.59

    COPY6 0.26 0.02 14.48

    COPY7 0.63 0.04 15.90

    COPY8 0.24 0.02 14.16

    COPY9 0.32 0.02 15.59

    COPY10 0.37 0.03 15.43

    COPY11 0.27 0.02 15.65

    COPY12 0.22 0.02 14.71

    COPY13 0.19 0.01 14.04

    COPY14 0.26 0.02 14.90

    COPY15 0.24 0.02 14.07

    COPY16 0.21 0.02 13.50

    COPY17 0.23 0.02 14.35

    COPY18 0.24 0.02 14.61
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Table 16: Non Dichotomized Recall Items 
                One Factor Model Fit 
 

 Estimates S.E. Est./S.E.

  

 F1       BY  

    RECALL1 1.00 0.00 0.00

    RECALL2 1.17 0.10 11.58

    RECALL3 1.22 0.10 11.87

    RECALL4 1.46 0.12 12.28

    RECALL5 1.27 0.11 11.51

    RECALL6 0.80 0.08 10.46

    RECALL7 0.61 0.06 9.77

    RECALL8 0.86 0.08 11.01

    RECALL9 0.51 0.07 7.40

    RECALL10 0.30 0.04 6.82

    RECALL11 1.10 0.09 11.88

    RECALL12 0.82 0.08 10.11

    RECALL13 1.47 0.12 12.39

    RECALL14 1.33 0.11 12.55

    RECALL15 0.76 0.08 9.09

    RECALL16 1.33 0.12 11.49

    RECALL17 0.88 0.08 11.59

    RECALL18 0.66 0.07 10.15
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Table 17: Non Dichotomized Recall Items Residual Variance 
                One Factor Model 
 
 
 Estimate S.E. Est./S.E.

RECALL1 0.34 0.02 15.79

RECALL2 0.42 0.03 15.67

RECALL3 0.41 0.03 15.54

RECALL4 0.50 0.03 15.32

RECALL5 0.51 0.03 15.70

RECALL6 0.29 0.02 16.03

RECALL7 0.21 0.01 16.18

RECALL8 0.28 0.02 15.87

RECALL9 0.32 0.02 16.50

RECALL10 0.14 0.01 16.55

RECALL11 0.33 0.02 15.53

RECALL12 0.35 0.02 16.11

RECALL13 0.48 0.03 15.25

RECALL14 0.36 0.02 15.15

RECALL15 0.42 0.03 16.30

RECALL16 0.56 0.04 15.70

RECALL17 0.24 0.02 15.66

RECALL18 0.22 0.01 16.10
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Table 18: Non Dichotomized Recall Items 
                Two Factor Model Fit 
 
 Estimates S.E. Est./S.E.
  
 F1       BY  
    RECALL13 1.00 0.00 0.00
    RECALL16 0.92 0.06 15.32
    RECALL4 0.98 0.06 16.38
    RECALL14 0.84 0.05 15.98
    RECALL2 0.72 0.05 13.80
    RECALL5 0.78 0.06 13.63
    RECALL15 0.46 0.05 9.87
  
 F2       BY  
    RECALL6 1.00 0.00 0.00
    RECALL8 1.07 0.09 11.42
    RECALL7 0.75 0.07 10.17
    RECALL11 1.32 0.11 11.99
    RECALL9 0.64 0.08 7.97
    RECALL17 1.06 0.09 11.73
    RECALL1 1.18 0.11 11.30
    RECALL3 1.42 0.12 11.70
    RECALL18 0.78 0.08 10.27
    RECALL12 0.97 0.10 10.12
    RECALL10 0.36 0.05 7.13
  
 F2       WITH  
    F1 0.20 0.02 9.49
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Table 19: Non Dichotomized Recall Items Residual Variance 
                Two Factor Model 
 
 

 

 

  

Estimate S.E. Est./S.,E.

    RECALL1  0.33 0.02 15.22

    RECALL2 0.41 0.03 15.23

    RECALL3 0.40 0.03 14.94

    RECALL4 0.41 0.03 13.94

    RECALL5 0.50 0.03 15.29

    RECALL6 0.27 0.02 15.41

    RECALL7 0.20 0.01 15.75

    RECALL8 0.25 0.02 15.14

    RECALL9 0.31 0.02 16.29

    RECALL10 0.13 0.01 16.41

    RECALL11 0.31 0.02 14.70

    RECALL12 0.34 0.02 15.76

    RECALL13 0.37 0.03 13.50

    RECALL14 0.34 0.02 14.21

    RECALL15 0.42 0.03 16.15

    RECALL16 0.47 0.03 14.59

    RECALL17 0.22 0.02 14.92

    RECALL18 0.21 0.01 15.71
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Table 20: Non Dichotomized Recall Items 
     Three Factor Model Fit 
 
 Estimates S.E. Est./S.E.
  
 F1       BY  
    RECALL3 1.00 0.00 0.00
    RECALL12 0.69 0.06 10.86
    RECALL1 0.83 0.07 12.12
    RECALL18 0.55 0.05 10.89
    RECALL8 0.74 0.06 12.16
    RECALL11 0.93 0.07 13.02
    RECALL5 0.98 0.08 11.74
    RECALL9 0.45 0.05 8.20
    RECALL17 0.74 0.06 12.63
  
 F2       BY  
    RECALL13 1.00 0.00 0.00
    RECALL16 0.93 0.06 15.47
    RECALL4 0.96 0.06 16.10
    RECALL14 0.85 0.05 16.12
    RECALL2 0.71 0.05 13.63
  
 F3       BY  
    RECALL10 1.00 0.00 0.00
    RECALL15 2.30 0.34 6.76
    RECALL7 2.11 0.29 7.39
    RECALL6 2.82 0.37 7.62
  
 F2       WITH  
    F1 0.29 0.03 10.10
  
 F3       WITH  
    F1 0.07 0.01 6.80
    F2 0.07 0.01 6.48
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Table 21: Non Dichotomized Recall Items Residual Variance 
                Three Factor Model 
 
 

 

 

Estimates S.E. Est./S.E.

    RECALL1 0.33 0.02 15.35

    RECALL2 0.42 0.03 15.11

    RECALL3 0.40 0.03 15.04

    RECALL4 0.42 0.03 13.77

    RECALL5 0.53 0.03 15.51

    RECALL6 0.22 0.02 12.30

    RECALL7 0.18 0.01 13.71

    RECALL8 0.26 0.02 15.33

    RECALL9 0.31 0.02 16.33

    RECALL10 0.13 0.01         15.85

    RECALL11 0.31 0.02         14.86

    RECALL12 0.34 0.02        15.80

    RECALL13 0.37 0.03       13.05

    RECALL14 0.32 0.02       13.75

    RECALL15 0.40 0.03       15.19

    RECALL16 0.46 0.03        14.21

    RECALL17 0.22 0.02       15.09

    RECALL18 0.21 0.01       15.79
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Table 22: Dichotomized Copy Items 
                One Factor Model Fit 
 
   
 Estimates S.E. Est./S.E.

  

 F1       BY  

    COPY1 1.0 0.00 0.00

    COPY2 1.03 0.10 9.96

    COPY3 1.35 0.13 10.33

    COPY4 1.36 0.13 10.60

    COPY5 1.18 0.12 10.14

    COPY6 1.37 0.13 10.21

    COPY7 1.12 0.14 7.98

    COPY8 1.27 0.13 9.76

    COPY9 1.27 0.13 9.99

    COPY10 1.49 0.15 10.18

    COPY11 1.08 0.11 9.68

    COPY12 1.48 0.14 10.82

    COPY13 1.15 0.11 10.31

    COPY14 1.07 0.11 9.74

    COPY15 1.29 0.13 10.18

    COPY16 1.32 0.13 10.33

    COPY17 1.32 0.13 10.45

    COPY18 1.35 0.13 10.60
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Table 23: Dichotomized Copy Items Residual Variance 
                One Factor Model 
 
 
 Estimates S.E. Est./S.E.

  

   COPY1 0.13 0.01 16.40

    COPY2 0.06 0.00 15.95

    COPY3 0.08 0.01 15.71

    COPY4 0.07 0.00 15.45

    COPY5 0.07 0.01 15.84

    COPY6 0.09 0.01 15.79

    COPY7 0.21 0.01 16.47

    COPY8 0.11 0.007 16.04

    COPY9 0.09 0.01 15.93

    COPY10 0.11 0.01 15.82

    COPY11 0.08 0.01 16.08

    COPY12 0.06 0.00 15.14

    COPY13 0.06 0.00 15.72

    COPY14 0.08 0.01 16.05

    COPY15 0.08 0.01 15.81

    COPY16 0.08 0.01 15.70

    COPY17 0.07 0.01 15.60

    COPY18 0.07 0.00 15.45
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Table 24: Dichotomized Copy Items 
                Two Factor Model Fit 
 
 
 Estimates S.E. Est./S.E.
  
 F1       BY  
    COPY8 1.00 0.00 0.00
    COPY6 1.05 0.08 13.65
    COPY10 1.14 0.08 13.54
    COPY3 1.03 0.08 13.82
    COPY1 0.80 0.08 10.61
    COPY17 1.01 0.07 14.10
    COPY2 0.81 0.06 13.24
    COPY18 1.03 0.07 14.41
    COPY7 0.88 0.09 9.63
    COPY9 0.95 0.07 12.81
  
 F2       BY  
    COPY16 1.00 0.00 0.00
    COPY14 0.80 0.05 15.24
    COPY15 0.94 0.06 16.35
    COPY13 0.81 0.05 16.35
    COPY4 0.96 0.06 17.52
    COPY12 0.97 0.06 16.97
    COPY11 0.74 0.05 13.86
    COPY5 0.80 0.05 15.04
F2   WITH 
    F1 

 
0.06 0.01 10.48
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Table 25: Dichotomized Copy Items Residual Variance 
                Two Factor Model 
 
 
 
 Estimates S.E. Est./S.E.

    COPY1 0.12 0.01 16.13

    COPY2 0.05 0.00 15.37

    COPY3 0.08 0.01 15.06

    COPY4 0.06 0.00 14.46

    COPY5 0.07 0.01 15.44

    COPY6 0.09 0.01 15.16

    COPY7 0.20 0.01 16.28

    COPY8 0.10 0.01 15.50

    COPY9 0.09 0.01 15.54

    COPY10 0.11 0.01 15.22

    COPY11 0.08 0.01 15.74

    COPY12 0.07 0.01 14.74

    COPY13 0.06 0.00 15.01

    COPY14 0.07 0.00 15.38

    COPY15 0.07 0.01 15.01

    COPY16 0.06 0.00 14.38

    COPY17 0.07 0.01 14.88

    COPY18 0.06 0.00 14.65
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Table 26: Dichotomized Copy Items 
                Three Factor Model Fit 
 
    
 Estimates S.E. Est./S.E.
  
 F1       BY  
    COPY16 1.00 0.00 0.00
    COPY14 0.81 0.06 14.30
    COPY15 0.95 0.06 15.17
    COPY13 0.84 0.05 15.46
    COPY4 0.97 0.06 16.04
    COPY12 1.06 0.06 16.96
    COPY11 0.78 0.06 13.54
    COPY17 0.93 0.06 15.33
    COPY18 0.95 0.06 15.87
  
 F2       BY  
    COPY8 1.00 0.00 0.00
    COPY6 1.05 0.07 14.77
    COPY1 0.77 0.07 11.12
    COPY7 0.89 0.08 10.50
  
 F3       BY  
    COPY10 1.00 0.00 0.00
    COPY3 0.90 0.05 16.58
    COPY2 0.68 0.04 15.18
    COPY5 0.70 0.05 14.36
    COPY9 0.77 0.05 14.21
  
 F2  WITH  
    F1 0.06 0.01 10.21
  
 F3  WITH  
    F1 0.07 0.01 10.95
    F2 0.07 0.01 10.34
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Table 27: Dichotomized Copy Items Residual Variance 
                Three Factor Model 
 
 
 Estimates S.E. Est./S.E.

  

    COPY1 0.12 0.01 15.28

    COPY2 0.05 0.00 14.61

    COPY3 0.07 0.01 13.63

    COPY4 0.07 0.00 15.02

    COPY5 0.07 0.01 15.00

    COPY6 0.07 0.01 11.86

    COPY7 0.19 0.01 15.52

    COPY8 0.08 0.01 13.12

    COPY9 0.09 0.01 15.07

    COPY10 0.09 0.01 13.86

    COPY11 0.08 0.01 15.81

    COPY12 0.06 0.00 14.53

    COPY13 0.06 0.00 15.26

    COPY14 0.07 0.01 15.63

    COPY15 0.08 0.01 15.36

    COPY16 0.07 0.01 14.00

    COPY17 0.07 0.01 15.31

    COPY18 0.07 0.00 15.09
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Table 28: Dichotomized Recall Items 
                One Factor Model Fit 
 
 
 Estimates S.E.     Est./S.E.

  

 F1       BY  

    RECALL1 1.00 0.00 0.00

    RECALL2 0.84 0.07 11.75

    RECALL3 0.94 0.08 11.27

    RECALL4 1.11 0.09 12.91

    RECALL5 0.94 0.08 11.30

    RECALL6 0.70 0.07 9.67

    RECALL7 0.43 0.05 8.52

    RECALL8 0.77 0.08 9.95

    RECALL9 0.41 0.06 6.77

    RECALL10 0.25 0.04 6.17

    RECALL11 0.86 0.08 10.47

    RECALL12 0.72 0.08 9.57

    RECALL13 0.97 0.08 11.82

    RECALL14 0.96 0.08 11.47

    RECALL15 0.53 0.06 8.18

    RECALL16 0.93 0.08 11.39

    RECALL17 0.88 0.08 11.13

    RECALL18 0.76 0.08 10.04
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Table 29: Dichotomized Recall Items Residual Variance 
                One Factor Model 
 
    
 
 Estimates S.E. Est./S.E.

  

    RECALL1 0.16 0.01 15.39

    RECALL2 0.12 0.01 15.45

    RECALL3 0.17 0.01 15.64

    RECALL4 0.13 0.01 14.74

    RECALL5 0.17 0.01 15.63

    RECALL6 0.16 0.01 16.09

    RECALL7 0.09 0.01 16.29

    RECALL8 0.18 0.01 16.03

    RECALL9 0.14 0.01 16.50

    RECALL10 0.06 0.00 16.55

    RECALL11 0.18 0.01 15.90

    RECALL12 0.17 0.01 16.11

    RECALL13 0.15 0.01 15.41

    RECALL14 0.17 0.01 15.56

    RECALL15 0.14 0.01 16.34

    RECALL16 0.16 0.01 15.60

    RECALL17 0.16 0.01 15.69

    RECALL18 0.17 0.01 16.01
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Table 30: Dichotomized Recall Items 
                Two Factor Model Fit 
 
     
 Estimates S.E. Est./S.E.
  
 F1       BY  
    RECALL1 1.00 0.00 0.00
    RECALL3 0.94 0.08 11.90
    RECALL11 0.88 0.08 11.20
    RECALL8 0.81 0.08 10.82
    RECALL6 0.71 0.07 10.25
    RECALL9 0.44 0.06 7.47
    RECALL18 0.76 0.07 10.47
    RECALL12 0.73 0.07 10.07
    RECALL7 0.44 0.05 9.02
    RECALL17 0.86 0.08 11.44
    RECALL5 0.86 0.08 11.01
  
 F2       BY  
    RECALL10 1.00 0.00 0.00
    RECALL13 5.06 0.90 5.59
    RECALL16 4.85 0.87 5.56
    RECALL4 5.22 0.93 5.60
    RECALL14 4.65 0.85 5.51
    RECALL15 2.57 0.51 5.05
    RECALL2 3.64 0.67 5.42
  
 F2 WITH  
    F1 0.02 0.00 5.11
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Table 31: Dichotomized Recall Items Residual Variance 
                Two Factor Model 
 
     
 Estimates S.E. Est./S.E.

  

    RECALL1 0.15 0.01 14.58

    RECALL2 0.12 0.01 15.13

    RECALL3 0.16 0.01 14.97

    RECALL4 0.12 0.01 13.36

    RECALL5 0.18 0.01 15.41

    RECALL6 0.15 0.01 15.69

    RECALL7 0.08 0.01 16.02

    RECALL8 0.16 0.01 15.47

    RECALL9 0.14 0.01 16.31

    RECALL10 0.07 0.00 16.53

    RECALL11 0.17 0.01 15.33

    RECALL12 0.17 0.01 15.75

    RECALL13 0.12 0.01 13.52

    RECALL14 0.15 0.01 14.61

    RECALL15 0.14 0.01 16.05

    RECALL16 0.13 0.01 14.05

    RECALL17 0.15 0.01 15.21

    RECALL18 0.16 0.01 15.62
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Table 32: Dichotomized Recall Items 
                Three Factor Model Fit 
 
 Estimates S.E. Est./S.E.
  
 F1       BY  
    RECALL3 1.00 0.00 0.00
    RECALL1 1.05 0.09 12.17
    RECALL12 0.75 0.08 9.80
    RECALL2 0.83 0.07 11.50
    RECALL18 0.79 0.08 10.28
    RECALL11 0.90 0.08 10.83
    RECALL8 0.83 0.08 10.42
    RECALL5 0.91 0.08 10.94
    RECALL17 0.88 0.08 11.05
   
 F2       BY  
    RECALL13 1.00 0.00 0.00
    RECALL16 0.98 0.07 14.90
    RECALL4 0.99 0.07 14.76
    RECALL14 0.88 0.07 13.28
    RECALL15 0.50 0.05 9.21
  
 F3       BY  
    RECALL10 1.00 0.00 0.00
    RECALL7 1.76 0.29 5.00
    RECALL9 1.83 0.33 5.61
    RECALL6 2.90 0.46 6.31
  
 F2       WITH  
    F1 0.08 0.01 9.36
  
 F3       WITH  
    F1 0.02 0.00 5.956
    F2 0.02 0.00 5.49
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Table 33: Dichotomized Recall Items Residual Variance 
                Three Factor Model 
 
 
 Estimates S.E. Est./S.E.

    RECALL1 0.15 0.01 14.69

    RECALL2 0.12 0.01 15.13

    RECALL3 0.16 0.01 14.98

    RECALL4 0.12 0.01 13.23

    RECALL5 0.17 0.01 15.42

    RECALL6 0.13 0.01 12.60

    RECALL7 0.08 0.01 14.33

    RECALL8 0.17 0.01 15.63

    RECALL9 0.13 0.01 15.22

    RECALL10 0.06 0.00 15.80

    RECALL11 0.17 0.01 15.47

    RECALL12 0.17 0.01 15.84

    RECALL13 0.11 0.01 12.80

    RECALL14 0.15 0.01 14.48

    RECALL15 0.14 0.01 15.98

    RECALL16 0.12 0.01 13.08

    RECALL17 0.15 0.01 15.37

    RECALL18 0.16 0.01 15.68
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Table 34: Internal Consistency Non Dichotomized Copy Items 
                Item-total Statistics 
 

            
     

         Scale 
         Mean 

          if Item 
           Deleted    

 

 
 

Scale 
Variance 

if Item 
Deleted 

 

 
 

Corrected 
Item- 
Total 

Correlation 
 

 
 

Squared 
Multiple 

Correlation
 

 
 

Alpha if 
Item 

Deleted 
 

COPY1 24.56 84.53 .52 .32 .94 

COPY2 24.48 84.24 .67 .53 .94 

COPY3 24.53 82.62 .73 .60 .94 

COPY4 24.41 82.43 .72 .62 .94 

COPY5 24.41 83.42 .67 .50 .94 

COPY6 24.63 82.54 .69 .54 .94 

COPY7 25.05 82.66 .52 .33 .94 

COPY8 24.63 82.15 .72 .57 .94 

COPY9 24.47 82.79 .66 .47 .94 

COPY10 24.57 81.47 .67 .53 .94 

COPY11 24.48 83.85 .65 .48 .94 

COPY12 24.51 82.08 .75 .59 .93 

COPY13 24.34 84.11 .66 .57 .94 

COPY14 24.47 83.97 .63 .49 .94 

COPY15 24.40 82.77 .68 .56 .94 

COPY16 24.37 83.20 .65 .61 .94 

COPY17 24.48 82.77 .71 .60 .94 

COPY18 24.40 83.09 .69 .58 .94 
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Table 35: Internal Consistency Dichotomized Copy Items 
                Item-total Statistics 
 

                Scale 
               Mean 

                if Item 
                Deleted 

Scale 
Variance 

if Item 
Deleted 

Corrected 
Item- 
Total 

Correlation 

Squared 
Multiple 

Correlation 

Alpha 
if Item 
Deleted 

              

COPY1 30.72 18.70 .46 . .92

COPY2 30.62 18.74 .60 . .92

COPY3 30.69 18.22 .65 . .91

COPY4 30.67 18.22 .69 . .91

COPY5 30.65 18.51 .62 . .92

COPY6 30.71 18.15 .65 . .92

COPY7 31.03 18.46 .42 . .92

COPY8 30.71 18.29 .59 . .92

COPY9 30.70 18.34 .60 . .92

COPY10 30.77 17.95 .64 . .92

COPY11 30.65 18.76 .54 . .92

COPY12 30.68 18.11 .70 . .91

COPY13 30.63 18.60 .63 . .92

COPY14 30.65 18.69 .57 . .92

COPY15 30.68 18.34 .62 . .92

COPY16 30.68 18.38 .62 . .92

COPY17 30.66 18.37 .64 . .92

COPY18 30.66 18.33 .66 . .91
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Table 36: Internal Consistency Non Dichotomized Recall Items 
                 Item-total Statistics 
 

                   
               Scale 

                   Mean 
                 if Item 

                  Deleted 
 

 
Scale 

Variance 
if Item 
Deleted 

 

 
Corrected 

Item- 
Total 

Correlation
 

 
Squared 
Multiple 

Correlation 
 

 
Alpha 
if Item 
Deleted 

 

RECALL1 10.08 50.85 .56 .37 .87

RECALL2 9.43 49.63 .58 .44 .87

RECALL3 9.98 49.70 .58 .41 .87

RECALL4 9.71 48.12 .62 .54 .87

RECALL5 9.90 49.23 .56 .39 .87

RECALL6 10.37 52.36 .48 .32 .88

RECALL7 10.56 53.43 .44 .30 .88

RECALL8 10.28 52.04 .51 .35 .88

RECALL9 10.47 53.97 .31 .16 .88

RECALL10 10.65 55.66 .24 .13 .88

RECALL11 10.07 50.37 .59 .39 .87

RECALL12 10.29 52.18 .45 .27 .88

RECALL13 9.63 48.11 .63 .55 .87

RECALL14 9.97 49.30 .62 .45 .87

RECALL15 10.39 52.63 .38 .24 .88

RECALL16 10.02 49.01 .55 .49 .88

RECALL17 10.32 51.95 .55 .36 .88

RECALL18 10.38 53.31 .46 .25 .88
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Table 37: Internal Consistency Dichotomized Recall 
                 Item-total Statistics 
 

 
                      Scale 
                     Mean 

                      if Item 
                     Deleted 

 

 
Scale 

Variance 
if Item 

Deleted 
 

 
Corrected 

Item- 
Total 

Correlation 
 

 
 

Squared 
Multiple 

Correlation 
 

 
 

Alpha 
if Item 

     Deleted 
 

RECALL1 23.39 17.37 .57 . .85

RECALL2 23.10 17.86 .54 . .85

RECALL3 23.39 17.55 .53 . .85

RECALL4 23.29 17.26 .61 . .85

RECALL5 23.36 17.58 .52 . .85

RECALL6 23.59 18.17 .44 . .86

RECALL7 23.74 18.88 .38 . .86

RECALL8 23.51 17.98 .45 . .86

RECALL9 23.67 18.85 .30 . .86

RECALL10 23.78 19.43 .24 . .86

RECALL11 23.38 17.67 .50 . .85

RECALL12 23.54 18.09 .43 . .86

RECALL13 23.25 17.51 .55 . .85

RECALL14 23.36 17.58 .52 . .85

RECALL15 23.65 18.71 .33 . .86

RECALL16 23.47 17.69 .51 . .85

RECALL17 23.52 17.73 .52 . .85

RECALL18 23.55 18.02 .45 . .86
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Figure 1. Graphical presentation of the item difficulty parameter. 
                                             

                   

 
     
 
 
 
Figure 2. Item characteristic curve: three parameter model. 
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Figure 3. Individual items from the Rey-Osterrieth 36-point scoring system. 



  

 

Figure 4: Non-dichotomized copy items. 
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Figure5: Non-dichotomized recall items. 

Scree Plot

Factor Number

181716151413121110987654321

Ei
ge

nv
al

ue

7

6

5

4

3

2

1

0

79



  

  

Figure 6: Dichotomized copy items. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Dichotomized recall items. 
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