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Previous research has been conducted with diabetic 

populations to investigate the neuropsychological sequelae 

of diabetes mellitus. Subjects with diabetic retinopathy, a 

common symptom associated with the chronicity of diabetes, 

have been excluded from previous studies since an 

appropriate neuropsychological test battery has not been 

available for evaluating individuals with visual impairment. 

This study utilized the Comprehensive Vocational Evaluation 

System (CVES), a neuropsychological test battery recently 

adapted for the blind. To investigate the possibility that 

chronic diabetes mellitus was related to specific 

neuropsychological deficits, cognitive functioning was 

measured in subjects with diabetic retinopathy (without 

secondary disabilities), and in subjects classified as 

normal blind adults (also without secondary disabilities). 

The scores for the two groups were then compared. 

Forty-eight percent of the experimental group was 

correctly classified as diabetic using discriminant 

analysis. Ninety percent of the normal blind control group 



was correctly classified. The performance of the diabetic 

group was significantly lower than the performance of the 

control group on tasks requiring fluid abilities (vs. 

crystallized abilities): these scores contributed most to 

the discrimination between the groups. 

A second discriminant analysis was used to compare the 

correctly classified diabetic cases with the incorrectly 

classified diabetic cases. One hundred percent of the cases 

were correctly classified. The variables which most 

contributed to the discrimination between the groups were 

consistent with those variables which contributed most to 

the discrimination between the diabetic group and the 

control group. It was apparent from this analysis that the 

primary difference between the correctly classified and the 

incorrectly classified diabetic cases was the severity of 

the symptoms. 

These results suggested that diabetes mellitus was 

related to specific deficits in neuropsychological 

functioning. It was further suggested that the severity of 

the neuropsychological symptoms was highly related to the 

chrorticity of the disease, the course of which may have 

ranged from transient cognitive dysfunction to structural 

damage. 
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CHAPTER I 

INTRODUCTION 

Diabetes mellitus is the most common of the serious 

metabolic disorders. It has a prevalence rate of between 

two to six per cent of the world's population. There are 

more than 12 million people with diabetes in the United 

States alone (Foster, 1980). 

Diabetes mellitus is a disease characterized by 

inadequate metabolism of the sugars and starches absorbed in 

the diet. Symptoms include thirst, emaciation, and high 

levels of glucose in both the blood and the urine 

(hyperglycemia). The impaired action of insulin (a hormone 

secreted by the pancreas), may be due either to a lack of 

the hormone, or to a decreased number of insulin receptors 

in the insulin target cells throughout the body. What 

follows are increased levels of glucose in the blood which 

result in diabetes (Richardson, 1990). 

Neurologically, the most common sequelae of diabetes 

mellitus are hypertension, hypoglycemic coma, cerebral 

atherosclerosis, peripheral and autonomic neuropathy, uremic 

and hepatic encephalopathies secondary to diabetic induced 

kidney and liver failure, as well as, cerebral electrolyte 

and neurotransmitter imbalances (Skenazy & Bigler, 1984). 



Despite the many neurological conditions that have been 

associated with, or are secondary to diabetes, and the 

relative frequency of diabetic occurence, few 

neuropsychological investigations have been undertaken. 

Pathological Physiology of 

Diabetes Mellitus 

The pancreas is composed of two major types of tissues: 

1) the acini, which secrete digestive juices into the 

duodenum, and 2) the islets of Langerhans, which secrete 

insulin and glucagon directly into the blood. The islets 

contain three major types of cells: the alpha cells, which 

constitute about 25 per cent of the total, secrete glucagon? 

the beta cells, constituting about 60 per cent of all the 

cells, secrete insulin; and the delta cells, about 10 per 

cent of the total, secrete somatostatin. The inter-

relationship of these different cell types allows direct 

control of secretion of some of the hormones by the other 

hormones. For example, the major effects of glucagon on 

glucose metabolism are 1) the breakdown of liver glycogen 

and 2) increased gluconeogenesis in the liver resulting in 

hyperglycemia. As the plasma glucose concentration rises, 

insulin secretion is rapidly increased in order to cause the 

transport of glucose into the liver, muscle, and other 

cells, and thereby to reduce the blood glucose 

concentration. Somatostatin inhibits the secretion of both 

insulin and glucagon extending the period of time over which 



the food nutrients are assimilated into the blood. (Guyton, 

1986). 

There are multiple effects of insulin in the body. Of 

most importance, insulin causes a large part of the glucose 

absorbed after a meal to be stored almost immediately in the 

liver in the form of glycogen. Between meals, when the 

blood glucose concentration begins to fall, the liver 

glycogen is split back into glucose, and is released back 

into the blood to prevent the blood glucose concentration 

from falling too low. According to Guyton (1986), about 60 

per cent of the glucose in the meal is stored in the liver 

and then returned later. 

Another effect of insulin is in promoting glucose 

metabolism in muscle. The normal resting muscle membrane is 

almost impermeable to glucose except when the muscle fiber 

is stimulated by insulin. Utilization of glucose by muscle 

is highest during periods of heavy exercise or after a meal 

when the circulating blood glucose concentration is high. 

During periods of elevated blood glucose levels the pancreas 

secrete large quantities of insulin. Glucose is usually 

transported through the muscle cell membrane by the process 

of facilitated diffusion in which a specific carrier protein 

is activated by insulin. The brain cells and the liver 

cells, however, are permeable to glucose without the 

intermediation of insulin (as is muscle during periods of 

heavy exercise). It is only when the blood glucose falls 



too low that symptoms of hypoglycemic shock develop, 

characterized by progressive irritability that leads to 

fainting, convulsions, and even coma (Guyton, 1986). 

While insulin has profound effects on carbohydrate 

metabolism, it is mainly abnormalities of fat metabolism, 

causing such conditions as acidosis and arteriosclerosis, 

which are the usual causes of death in diabetic patients. 

By increasing the utilization of glucose, insulin 

automatically decreases the utilization of fat, thus 

functioning as a "fat sparer". Insulin also promotes fatty 

acid synthesis in the liver and fat cells, and promotes the 

storage of fat in the adipose cells. Therefore, when 

insulin is not available to promote glucose entry into the 

fat cells, fat storage is almost totally blocked. What 

results are large quantities of fatty acids and glycerol in 

the circulating blood. This free fatty acid then becomes 

the main energy substrate used by all tissues of the body 

besides the brain (Guyton, 1986). 

The liver captures a large share of the released fatty 

acids and glycerol and stores them in the form of 

triglycerides. Some of the fatty acids are converted into 

phospholipids and cholesterol, two of the major products of 

fat metabolism. These two substances, along with some of 

the triglycerides, are then discharged into the blood as 

lipoproteins. In the absence of insulin, but in the 

presence of excess fatty acids in the liver cells, the 



mechanism for transporting fatty acids into the mitochondria 

becomes increasingly activated. In the mitochondria, beta 

oxidation of the fatty acids proceeds rapidly. What results 

is the release of extreme amounts of acetyl-CoA which is 

condensed to form acetoacetic acid. Acetoacetic acid is 

then released into the circulating blood. As the 

concentration rises above what can be metabolized by the 

tissues, some of the acetoacetic acid is also converted into 

B-hydroxybutyric acid and acetone. These two substances, 

along with the acetoacetic acid, are called ketone bodies, 

and their high concentration in the body fluids is called 

ketosis. Ketone bodies can cause severe acidosis and coma 

in patients with severe diabetes, which often leads to death 

(Guyton, 1986). 

In addition, in patients with prolonged diabetes, the 

inability to synthesize proteins leads to wasting of the 

tissues as well as many cellular functional disorders. 

Protein storage comes to a halt when insulin is not 

available, and large quantities of amino acid are dumped 

into the plasma. Most of the excess amino acids are either 

used directly for energy or as substrates for 

gluconeogenesis. The degredation of the amino acids also 

leads to enhanced urea excretion in the urine. The 

resulting protein wasting is one of the most detrimental of 

all the effects of severe diabetes mellitus (Guyton, 1986). 



Most tissues can shift to utilization of fats and 

proteins for energy in the absence of glucose. It should be 

emphasized, however, that glucose is the only nutrient which 

normally can be utilized by the brain, retina, and germinal 

epithelium of the gonads in sufficient quantities to supply 

them with their required energy. Consequently, it is 

important to maintain a constant blood glucose concen-

tration. It is also important that the blood glucose 

concentration not rise too high. First, glucose exerts a 

large amount of osmotic pressure in the extracellular fluid. 

If the glucose level rises to excessive values, this can 

cause considerable extracellular and intracellular 

dehydration. Second, an excessively high level of blood 

glucose concentration will cause the spilling of glucose in 

the urine. Third, this causes osmotic diuresis by the 

kidneys depleting the body of its fluids and electrolytes 

(Guyton, 1986). And last, increased glucose levels result 

in increased platelet adhesiveness leading to decreased rate 

of blood flow and hypoxia (J. Davidson, personal 

communication, April 8, 1993). 

Diabetes mellitus is distinguished by five different 

subclasses. For the purpose of this study the two most 

prominent subclasses of diabetes mellitus will be defined in 

detail: 1) insulin-dependent diabetes mellitus and 2) 

noninsulin-dependent diabetes mellitus. Current 

classification also distinguishes the following subclasses: 



3) diabetes associated with certain conditions and symptoms 

such as pancreatic disease, changes in other hormones 

besides insulin, the administration of various drugs and 

chemical agents,, insulin receptor abnormalities, genetic 

syndromes, and malnourished populations; 4) gestational 

diabetes, where glucose intolerance develops, or is 

discovered during pregnancy, and usually disappears 

following the end of the pregnancy; and 5) impaired glucose 

tolerance (IGT) which is present when individuals have 

plasma glucose levels intermediate between normal and those 

considered diabetic (Berkow & Fletcher, 1987). 

Type I, or insulin-dependent diabetes mellitus (IDDM) 

(previously known as juvenile diabetes) is the more common 

of the two major forms in patients aged less than 30. IDDM 

is caused by a deficiency in the production of the hormone 

insulin. This leads to a compensatory increase in fat 

metabolism, which may result in ketoacidosis, hyperosmolar 

coma, and eventually death (Richardson, 1990; Berkow & 

Fletcher, 1987). While twin concordance of IDDM is only 

50%, the role of heredity in the predisposition to IDDM is 

important. Hereditary predisposition has been found in the 

a) development of antibodies against the beta cells, thus 

causing autoimmune destruction of these, b) possible 

destruction of the beta cells by viral disease, or c) 

possible simple degeneration of these cells. Regulation of 
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IDDM consists of the administration of exogenous insulin, 

physical exercise, and dietary management (Guyton, 1986). 

Type II, or non-insulin-dependent diabetes mellitus 

(NIDDM) was previously called "mature or adult-onset 

diabetes", and occurs in approximately 80% of all cases of 

diabetes. While NIDDM is more common among older patients, 

both types of diabetes may occur in various age groups 

(Berkow & Fletcher, 1987; Richardson, 1990). Twin 

concordance of NIDDM is as high as 90% implicating the more 

direct role of heredity in NIDDM than in IDDM. NIDDM is 

probably caused by resistance to normal insulin action which 

may result from a reduced number of receptors in the 

pancreas for glucose or for insulin on the cell membrane. 

NIDDM may also be caused by a relative reduction of insulin 

secretion. 

The symptoms of metabolic disturbance are usually much 

less pronounced than in IDDM: exogenous insulin may or may 

not be used for symptom control but is not required for 

survival. NIDDM may be controlled by dietary management, 

and possible supplements of oral hypoglycemics. Obesity 

predisposes to this type of diabetes possibly because in 

obesity the beta cells in the islets of Langerhans become 

less responsive to stimulation by increased blood glucose. 

Therefore, a surge of insulin secretion following a meal is 

less marked in obese persons. Obesity also greatly 

decreases the number of insulin receptors in the insulin 



target cells throughout the body. This subclass has been 

subdivided into obese NIDDM and nonobese NIDDM (Berkow & 

Fletcher, 1987). See Table 1 below for a description of the 

general characteristics of diabetes mellitus types I and II. 

Diabetic Retinopathy 

The following complications of diabetes are more 

closely associated with the level of the blood lipids than 

with the level of blood glucose: atherosclerosis, increased 

susceptibility to infection, cataracts, hypertension, and 

chronic renal disease. The capillaries of diabetics are 

characterized by an increased thickness of the basal lamina 

(basement membrane). This can be observed in the major 

capillary beds of skin and skeletal muscle. Clinically, the 

retina and the renal glomeruli are the most important sites 

of microvascular involvement (Berkow & Fletcher, 1987). 

Diabetic retinopathy, which accounts for almost one 

half of blind registrants in the western world (Vaughan & 

Asbury, 1983), can be particularly severe in juvenile 

diabetics with IDDM, but is also frequent in chronic NIDDM. 

While the severity of the metabolic derangement is 

important, the degree of retinopathy appears to be more 

related to the duration of the diabetes than to its 

stability. About 60% of diabetic patients develop 

retinopathy within 15 to 20 years after the initial 

diagnosis, even if the disease is under good control (Apple, 

1991; Vaughan & Asbury, 1983). 
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Table 1 

Characteristic Insulin-Dependent 
(Type I) 

Non-Insulin-Dependent 
(Type II) 

Age of onset 

Body build 

Ketoacidosis 
without exogenous 
insulin 

Endogenous 
insulin secretion 

Predominant 
vascular disease 

Specific histo-
compatibility 
antigens (HLA DR3/ 
DR4) and islet 
cell antibodies 

Family history 

Twin concordance 

Islet cell 
morphology 

Often < 30 

Almost always lean 

Yes 

Insulinopenia 

Microangiopathy 

Present 

Often > 30 

90% are obese 

No 

Variable insulin levels 
associated with insulin 

resistance 

Atherosclerosis 

Decreased with 
different distribution 

Minor (10% DM in 
parent or sibling) 

Low 

Loss of B cells, 
often with hyper-
plasia of other 
islet cells 

Marked 

High 

Hyperplasia, usually 
with decreased mass 

Note. Adapted from The Merck Manual (15th ed.) (p. 1071) 
edited by R. Berkow & A. J. Fletcher, 1987, Rahway, N. J. 
Merck & Co., Inc. 
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Two types of diabetic retinopathy are recognized: 

background (nonproliferative) retinopathy and proliferative 

retinopathy. Background retinal abnormalities are confined 

to the retina, while new vessels on the back of the vitreous 

are a result of proliferative retinopathy (Apple, 1991). 

Background retinopathy is characterized by 

microvascular obstructions and nonperfusion of capillaries 

resulting from basement membrane thickening. This condition 

provides the basis for the hypoxia and ischemia that later 

can lead to proliferative changes. In addition, pericytes 

are normally wrapped about the outer circumference of the 

vascular channel, probably to provide structural integrity 

to the vessel. In diabetic retinopathy, the capillary 

pericytes are gradually lost, possibly creating a weakness 

in the vessel wall. What follows are hemorrhages, 

microaneurysms, exudates, and edema. Visual symptoms are 

not encountered until an advanced stage is reached (macular 

edema or proliferative retinopathy). There are two types of 

exudates of retinopathy: soft exudates and hard exudates. 

Soft exudates, also referred to as cotton-wool spots, are 

microinfarcts caused by anoxia (acute vascular deficiency). 

Hard yellow exudates usually result from chronic edema 

(damaged capillaries). Both types impair normal vision 

(Apple, 1991). 

The proliferative phase is characterized by scarring 

and by new vessel formation (neovascularization) which 
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occurs within the retina and extending into the vitreous. 

It has been suggested that the growth is in response to 

underlying retinal hypoxia and the probable release of an 

angiogenesis factor. The new vessels may extend into the 

vitreous cavity with subsequent vitreous hemorrhages, 

fibrous tissue formation, and secondary retinal detachment 

in response to traction from the contracting vitreous body. 

In addition to microaneurysms, diabetics may also experience 

retinal arterial macroaneurysms. Multiple macroaneurysms, 

either along the same or a different artery, are present in 

up to 20% of cases (Apple, 1991). 

Cognitive Functioning in Diabetic Persons 

It has been proposed that the conditions leading to 

retinopathy and neuropathy could also have led to more 

central pathology or "diabetic encephalopathy" (Richardson, 

1990). Evidence for this idea stemmed from the results of 

several investigations. 

In postmortem investigations, long-term diabetes 

mellitus was observed to be associated with both diffuse and 

focal cerebral lesions. The findings were similar to those 

found in hypoxia. The following was observed: degeneration 

and necrosis of nerve cells were found (resulting from 

mitochondrial swelling and internal cellular 

disorganization), as well as microglial and macroglial 

proliferation. The time course of the process depended on 

the size of the cells, being more rapid in smaller neurons 
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(e.g., the polymorphic cells of the striatum) than in the 

larger neurons (e.g., the Betz cells of the motor cortex) 

(Brierley, 1981). 

A major complication in patients with IDDM was 

iatrogenic hypoglycemia or the "insulin reaction" in which 

the blood glucose level fell too low as a result of having 

taken too much insulin, exercising, or having eaten too 

little. Hypoglycemic coma often resulted from this 

condition. In the early years of exogenous insulin use, 

fatalities often occurred when hypoglycemic coma became 

irreversible. In reviewing the neuropathological reports of 

several of those cases, Lawrence, Meyer, and Nevin (1942) 

noted the close similarities between brain damage due to 

hypoxia and brain damage due to hypoglycemia. As blood 

oxygen content was normal, they suggested that in 

hypoglycemia the brain was unable to utilize oxygen because 

of a lack of glucose. 

Postmortem studies implicated hypoglycemic attacks as a 

major cause of brain lesions, even when the attacks were 

nonfatal (Brierley, 1981). In reviewing studies utilizing 

experimental primates, Brierley noted that brain damage 

could result from extreme levels of uncomplicated 

hypoglycemia. Less extreme levels of hypoglycemia could 

also have had the same outcome if complicated by 

hypotension, hypoxaemia, or epileptic activity. 
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In studies examining the long term neurological and 

neuropathological effects of uncomplicated insulin-induced 

hypoglycemia in the rhesus monkey, "selectively vulnerable 

regions" included the striatum, neocortex and hippocampus in 

decreasing order of frequency and also the occipital and 

parietal regions (Brierley, 1981). In man (postmortem 

observations), these regions included 1) neocortical layers 

three and five; 2) the hippocampus; and 3) the small 

polymorphic cells of the striatum. Diffuse demyelination 

might have accompanied the cortical damage. Vlassara, 

Brownlee, and Cerami (1983) observed that diabetes seemed to 

affect myelination in rats by disrupting the incorporation 

of acetate and glucose into nerve lipids. 

Abnormal brain functioning in diabetes has also been 

associated with cerebrovascular disease. Dandona, Newbury, 

Woodland, and Beckett (1978) suggested that the decreased 

responsiveness of cerebral vessels to the administration of 

carbon dioxide which they observed in diabetics was due to 

the increased viscosity of the blood in this population. 

Reske-Nielsen and Lundbaek (1963) reported neuropathological 

findings in three case studies (observed in autopsy) who had 

had diabetes mellitus from 24 to 30 years. Two cases were 

observed to have moderate vascular disease, and a third had 

severe vascular disease. 

Abnormalities were observed in EEG studies with 

diabetic adults and children (Haumont, Corchy, & Pelc, 
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1979). The abnormal EEG patterns included non-rythmic 

slowing, sharp spikes and waves, and bursts of delta waves. 

Abnormal EEG activity was related to frequent and severe 

hypoglycemic attacks, comas and/or convulsions, and vascular 

changes in the retina. 

While there was a clear rationale for the study of the 

neurobehavioral correlates of this disease, prior to 1980 

there were only two studies that addressed cognitive 

functioning in adults (Bale, 1973; Rennick, Wilder, Sargent, 

& Ashley, 1968). Recently additional studies have examined 

neuropsychological performance in adult diabetes. Overall, 

they were very far from conclusive or convincing and were 

often directly contradictory to one another in terms of 

outcome on specific tasks (Prescott, Richardson, & 

Gillespie, 1990). These results could have partially been 

explained by differences in experimental design: the 

investigators often failed to match subjects on relevant 

demographic or clinical variables (Prescott et al., 1990; 

Richardson, 1990). 

The evidence strongly implied that chronic, poorly 

controlled IDDM led to deficits on a wide variety of 

cognitive tasks. When compared with control groups, 

however, the magnitude of impairment had sometimes been 

found to be rather slight (subjects produced scores that 

were within the normal range of intelligence). This led 

Ryan, Vega, Longstreet, and Drash (1984) to suggest that the 
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measured deficits could have been the result of transient 

metabolic abnormalities at the time of testing. 

Effects of Glucose Levels on Cognitive Functioning 

In light of previous studies in which blood glucose 

levels varied widely during the testing periods, and the 

lack of information about the origins of any cognitive 

impairment which might have been demonstrated, Smith Holmes, 

Hayford, Gonzalez, and Weydert (1983) attempted to control 

blood glucose levels using an artificial insulin/glucose 

infusion system (Biostator) while testing cognitive 

performance. Cognitive skills were assessed at each of 

three selected blood glucose levels (low, 60 mg/dl; normal, 

110 mg/dl; and high, 300 mg/dl). Attention and fine motor 

skills, assessed by visual reaction time, was slowed at both 

high and low glucose levels (p < 0.05). Performance was 

less impaired during hyperglycemia than hypoglycemia, 

although it was still slower than normal. While accuracy 

was not affected, the time required to solve simple addition 

problems was increased during hypoglycemia (g < 0.05); 

reading comprehension was not affected. It was suggested 

that some "automatic brain skills" were disrupted at altered 

glucose concentrations, while "associative or inferential 

skills" may have been less affected. These results are 

presented below in Table 2. Similar findings were 

reproduced by Pramming, Thorsteinsson, Theilgaard, Pinner, 
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Table 2 

Mean Performance on Cognitive Tasks at Low. Normal, and High 

Blood Glucose Levels 

Blood Glucose 
Level 

Reaction Math Calculation Reading 
Time Time Comprehension 

(.01 x 1 sec.) (# correct) (# correct) 

Low * 46.6 * 18.9 7.2 
(SD = 9.2) (SD = 9.0) (SD = 2.9) 

Normal 39.7 21.5 6.5 
(SD = 6.3) (SD = 10.5) (SD = 2.5) 

High * 43.6 21.7 6.8 
(SD = 7.5) (SD = 9.9) (SD = 2.4) 

Note. Adapted from "A survey of cognitive functioning at 
different glucose levels in diabetic persons" by Smith 
Holmes, Hayford, Gonzalez, & Weydert, 1983, Diabetes Care. 
6, pp. 180-185. 

* E < 0.05 

and Binder (1986) in which performance returned to baseline 

with restoration of normal serum glucose levels. 

In a subsequent study Holmes, Mann Koepke, Thompson, 

Gyves, and Weydert (1984) measured the effect of serum 

glucose alterations (described previously) on selected 

verbal skills in a group of diabetic men, ages 18 to 35 

years. Exclusionary criteria were evidence of diabetic 

neuropathy or retinopathy that significantly impaired 

acuity. Results showed disrupted naming or labeling skills, 

and a slowed rate of responding at hypoglycemia [a similar 
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finding to rate of responding deficits noted in the previous 

study (Smith Holmes et al., 1983)]. Also, a trend toward 

poorer performance was observed at hyperglycemia. Word 

recognition skills were not affected by deviations in 

glucose. Overall, the performance effects were not 

correlated with duration of disease. 

Holmes (1986) further investigated the contribution of 

poor metabolic control to intellectual and 

neuropsychological performance decrements. In light of the 

fact that the diversity of previous diabetic samples may 

have obscured the impact of specific disease variables on 

performance, the sample was selected to be homogenous for 

characteristics of age, gender, and absence of diabetic 

peripheral neuropathy. Men in poor metabolic control 

obtained lower scores on the Wechsler Adult Intelligence 

Scales (WAIS) (Wechsler, 1955) Information and Vocabulary 

subtests than did a matched group with good metabolic 

control. Those with poor control also evidenced disrupted 

attention on simple reaction time measures. The combination 

of earlier disease onset (before age 13) and poor control 

was associated with lower WAIS Similarities test scores 

(although the scores were still within the average range). 

Finally, in a study conducted by Reich, Kaspar, 

Puczynski, Puczynski, Cleland, Angela, and Emanuele (1990) 

school-age diabetic children were evaluated for 

neuropsychological functioning to demonstrate the effects of 
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a mild hypoglycemic episode on cognitive functioning even 

after detectable physical symptoms had subsided. The 

pattern exhibited by these children involved reduced motor 

performance, attention, and memory. 

The contribution of this data toward deciphering the 

etiology of short-term neuropsychological deficits in 

diabetics was evident. It was observed, however, that the 

effects of hypoglycemia/hyperglycemia were mild (still in 

the normal range); it was projected that long term effects 

of fluctuating glucose states were more drastic. 

Cognitive Functioning in IDDM 

In 1982 Strider contrasted the performance of 40 

insulin-dependent diabetic patients with 40 matched controls 

who were hospitalized for non-neurologic disorder 

management. The sample of diabetics was divided into two 

groups: one with onset before age 25 and the other with 

onset after age 25. Overall, the diabetic group showed a 

significantly greater percentage of persons with two or more 

scales elevated on the Luria Nebraska Neuropsychological 

Battery (LNNB) (Golden, Hammeke, & Purisch, 1980). While 

the group with later age of onset showed less cognitive 

impairment on the LNNB scales, they were more often 

classified as brain damaged according to two elevated LNNB 

clinical scale criteria (47% of the sample) than the early 

onset group (19% of the sample). (Twelve percent of the 

control group were classified as brain damaged.) A history 
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of hypoglycemia was significantly related to cognitive 

impairment in the later onset group. 

Prescott et al. (1990) evaluated the effects of 

duration of illness and glycemic control upon memory 

function in 40 cases of IDDM. It was observed that duration 

of illness was inversely related to performance, but degree 

of glycemic control had no effect at all. 

Franceschi, Cecchetto, Minicucci, Smizne, Baio, and 

Canal (1984) compared a control group of neurologically 

asymptomatic patients with IDDM patients. Those diabetics 

who had experienced coma in the three preceeding months were 

excluded, while diabetic patients with mild degrees of 

peripheral neuropathy (17 out of 37 subjects) and background 

retinopathy (10 out of 37 subjects) were admitted to the 

study. Six of the 37 subjects were found to have 

association of peripheral neuropathy and background 

retinopathy. Consequently, only 10 of the 37 subjects 

included had neither peripheral neuropathy nor background 

retinopathy. Results indicated that the diabetic group 

performed significantly worse in global memory, abstract 

reasoning, and eye-hand coordination tests. The diabetic 

group scored similarly to the control group in intelligence, 

concentra-tion and attention. The diabetic scores were also 

similar to the scores of the control group on spatial, 

visual, and psychomotor tests. According to Franceschi et 
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al. the neuropsychological deficits did not correlate with 

the duration or the severity of the disease. 

It should have been noted that although diabetic 

patients showed worse global memory performance, no 

significant deficit was identified in an analysis of verbal 

memory and learning, or of visual memory. Franceschi et al. 

also failed to address the interpretation of the performance 

test data ("eye-hand coordination") in light of the fact 

that such a large proportion of the diabetic subjects had at 

least some peripheral neuropathy or background retinopathy. 

Aaina Versus NIDDM-Related Changes 

Thorough evaluation of central nervous system 

complications of diabetes was particularly important in the 

elderly, where the manifestations of diabetic complications 

represented an interplay between the aging process and the 

duration and magnitude of the hyperglycemia (Morley, 

Mooradian, Rosenthal, 1987). A degree of deterioration in 

cortical function of diabetic patients was expected on the 

basis of increased incidence of cerebrovascular accidents 

and recurrent hypoglycemic episodes (Mooradian, Perryman, 

Fitten, Kavonian, & Morley, 1988). NIDDM has, indeed, been 

described as a condition of abnormal or accelerated aging 

(Richardson, 1990). 

Meuter, Thomas, Gruneklee, Gries, and Lohmann (1980) 

compared an NIDDM group to a control group matched for age, 

gender and education. They found that patients with NIDDM 
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showed a broadly similar pattern of cognitive deficits to 

patients with IDDM, but were conspicuously impaired in tests 

of learning and memory as compared to IDDM. Also, 

significant impairment was found on tasks requiring rapid 

responding and focused attention. 

In a study designed to determine whether normal, age-

related declines in cognitive function were accelerated in 

NIDDM (Perlmuter, Hakami, Hodgson-Harrington, Ginsberg, 

Katz, Singer, & Nathan, 1984), it was observed that the mean 

cognitive score in the oldest control subjects tended to be 

better than those for the youngest diabetic patients on 

measures of serial learning, auditory attention, and 

immediate memory. No differences were observed on reaction 

time tasks. It was suggested that the deficits may have 

been related to more poorly controlled diabetes as measured 

by glycosylated hemoglobin Ale levels in serum. This 

procedure was a measure of metabolic control during the 

previous six to eight weeks. Also increases in the degree 

of peripheral neuropathy were associated with a decline in 

cognitive performance. This decline in cognitive 

performance may have paralleled a central nervous system 

abnormality that affected cognition. 

Perlmuter, Tun, Sizer, McGlinchey, and Nathan (1987) 

further investigated changes in verbal fluency of the aging 

process and NIDDM. In addition, immediate and secondary 

memory were examined using digit symbol, digit span, and a 
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serial learning task. Two age groups (55-64 and 65-74 

years) of diabetic subjects and controls were compared. 

While the number of words generated on the verbal fluency 

test was similar for both groups, qualitative analyses of 

the verbal output revealed that older subjects and diabetics 

produced the greatest number of previously recited words 

(repetitions) which may have signaled a failure to monitor 

behavior contributing to cognitive decline, or impairment of 

memory for recent events. Results showed that digit symbol 

performance was poorer for older subjects and diabetics 

while serial learning was poorer only for diabetic subjects. 

No differences were observed on the Digit Span subtest. 

Tun, Perlmuter, Russo, and Nathan (1987) sought to 

determine whether diabetics reported more memory complaints 

in carrying out their daily activities, and if memory self-

assessments were reflective of performance on laboratory 

tasks. Results indicated that both diabetes and increased 

age were associated with poorer performance on Digits 

Backwards, Digit Symbol Substitution, Serial List Learning, 

and with more self-reported memory problems. It was 

emphasized that depression levels could have inflated the 

frequency and severity of self-reported problems: when 

depression levels were statistically controlled, the 

diabetes variable was no longer a significant predictor of 

memory complaints. 
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It was observed by Reaven, Thompson, Nahum, and Haskins 

(1990) that elderly subjects with NIDDM (mean age 69.8 

years) performed more poorly on measures of verbal learning, 

abstract reasoning, and complex psychomotor functioning than 

demographically similar non-diabetic volunteers (mean age 68 

years). Within the diabetic group these performances were 

affected by poor metabolic control. No between-group 

differences were observed in performance on tasks involving 

pure motor speed and simple verbal abilities. 

In a study to determine the effects of diabetes 

mellitus on cognitive functioning in subjects over 60 years 

of age Mooradian et al. (1988) compared NIDDM men with age-

matched controls. The NIDDM patients were significantly 

inferior to the control group on the Serial Learning Task, 

and Benton's Visual Retention Test. Electroencephalogram 

(EEG)-frequency-band analysis revealed slowing over the 

central cortex and reduction of activity over the parietal 

area in the NIDDM patients which was unaffected by the 

administration of glucose (specifically at Pz and Cz 

recording sites). 

Cognitive Function and Diabetic Retinopathy 

Rennick, Wilder, Sargent, and Ashley (1968) tested the 

assumption that patients with signs of diabetic retinopathy 

would have been more likely to have brain involvement than 

those diabetics who were free of it. From a pool of 

diabetic adults, 15 were found with mild to moderate 
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retinopathy (but without noticeable visual impairments) and 

2 were found to be essentially blind. Fifteen individually 

matched diabetics without retinopathy were used as a 

comparison group. All subjects were given the WAIS and 

selected tests from the Halstead-Reitan Neuropsychological 

Battery (HRNB) (Reitan, 1969). Most of the impairment in 

the retinopathy group was found on tasks involving "complex 

novel problem-solving". Relevant components of such tasks 

included: adequate information processing and storage; 

ability to interpret novel and complex perceptual patterns; 

ability to initiate and execute novel motor patterns; 

abstraction of relevant similarities and differences in 

recurring situations; and a capacity to profit from error-

correcting feedback. No impairment was observed on tests 

such as vocabulary, information, and comprehension subtests 

of the WAIS, and basic sensory and motor-function tests. 

The authors noted that the pattern was not consistently 

compelling with such small samples. Also it should have 

been noted that peripheral neuropathy was reported in some 

of the subjects. According to the authors, the data 

suggested that the hypothesis was tenable: that diabetics 

with retinopathy may have had mild cerebral dysfunction, 

however, the effects on the patients' lives were minimal. 

Skenazy and Bigler (1984) compared visually impaired 

and non-visually impaired diabetic groups with a 

nonneurologic chronically ill group and a healthy group on 
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the WAIS and the HRNB. Impairment of the diabetic groups 

was more consistent and pronounced among male diabetics than 

among female diabetics on measures of somatosensory ability, 

motor strength, and motor speed. In an absence of other 

indicators of parietal lobe involvement, it was suggested 

that the diminished tactile sensitivity and discrimination 

reflected peripheral nerve damage which was consistent with 

peripheral sensory neuropathy. It was observed that 

cognitive skills and memory remained intact among most 

diabetics and that impaired performance was associated with 

severity of disease and number of severe hypoglycemic 

episodes, rather than duration of the disease. It should 

have been noted, however, that performance tests on either 

battery were not administered to the visually impaired 

group. Also 8 of the 19 non-visually impaired group had 

been diagnosed as having at least background retinopathy and 

it was suggested that the retinopathy may have negatively 

affected their performance. Because of these factors, the 

validity of this research was questioned. Several of the 

tests administered in this study, including the TPT and 

Trailmaking A and B, required vision to complete. The 

authors concluded that sensory and motor deficits were 

related to peripheral neuropathy. They also reported 

evidence for visual processing and visuopraxic deficits, 

although the mechanism was unclear. 
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Inconsistencies and Methodological Problems in Previous 

Studies 

In summary, it appeared that the metabolic 

abnormalities associated with diabetes mellitus resulted in 

a decrement in intellectual and neuropsychological 

functioning. The specific effects were somewhat 

inconsistent, however, depending on the measures and 

populations selected for evaluation. It should have been 

noted that all studies with the exception of one (Skenazy & 

Bigler, 1984) showed that diabetics performed more poorly 

than controls on tasks of learning and memory. See Table 3 

for a summary of findings from previous investigations. 

Studies measuring the effects of metabolic changes on 

intellectual and neuropsychological performance showed 

significant impairment only on reaction time tasks during 

periods of hyperglycemia (although a trend toward poorer 

performance on all tasks was noted). Episodes of 

hypoglycemia, on the other hand, led to a wide range of 

cognitive deficits. 

Studies of neuropsychological functioning in patients 

with IDDM have consistently demonstrated impairment in 

comparison with suitable control groups or population norms, 

however, the pattern of impairment across different 

cognitive tasks has tended to be inconsistent from one study 

to another. Moreover, the magnitude of this impairment was 

typically slight. 
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Table 3 

Effects of Diabetes Mellitus Upon Cognitive Function: 

Summary of Findings from Previous Investigations 

" -

1 2 3 4 5 6 7 

IDDM 

Prescott et al. (1990) 0 0 0 + 0 0 0 

Franceschi et al. (1984) + - - + - + 0 

NIDDM 

Meuter et al. (1980) + 0 0 + + 0 0 

Perlmuter et al. (1984) - 0 0 + + 0 0 

Perlmuter et al. (1987) + 0 0 + 0 0 + 

Tun et al. (1987) + 0 0 + 0 0 0 

Reaven et al. (1990) + - 0 + 0 + 0 

Mooradian et al. (1988) 0 0 0 + 0 0 0 

Diabetic Retinopathy 

Rennick et al. (1968) - - - 0 0 + 0 

Skenazy & Bigler (1984) + + - - 0 - 0 

Note. Adapted from "Cognitive function in diabetes 
mellitus" by J.T.E. Richardson, 1990, Neuroscience & 
Biobehavioral Reviews. 14, p. 386. 

l=Reaction Time/Perceptual Tasks; 2=Motor Performance; 
3=Intelligence Tests; 4=Learning and Memory; 
5=Attention/Concentration; 6=Abstract Reasoning; 7=Verbal 
Fluency. 

(+) Significant deficit; (-) No significant deficit; (0) No 
comparison on this type of task. 
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Research into cognitive functioning in patients with 

NIDDM also has evidenced impaired performance, especially in 

tests of learning and memory. The magnitude of such 

impairment has been associated with the level of metabolic 

control. Even so, the deficits measured were relatively 

slight and unlikely to have important consequences in 

patients' everday life. 

Finally, in light of the fact that neuropsychological 

measures were not available for use with a visually impaired 

population, it was not surprising that the Rennick study 

(1968) and the Skenazy and Bigler study (1984) were the only 

neuropsychological investigations attempted with this 

population, and both studies posed methodological concerns. 

Rennick et al. were limited by the lack of appropriate test 

instruments for the blind and consequently selected only 

subjects with mild retinopathy. The results on 

neuropsychological measures, as might have been expected, 

reflected only mild deficits. The comparison group 

(diabetics without retinopathy) did, however, provide some 

perspective on disease progress. Furthermore, as noted by 

the authors, the sample sizes were small. The study 

conducted by Skenazy and Bigler included confounding 

conditions. Performance tests were not administered to the 

visually impaired group and a large percentage of the 

nonvisually impaired group had been diagnosed with 

background retinopathy. The investigators also failed to 
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control for peripheral neuropathy which also may have 

affected test results. 

Richardson (1990) has suggested that a plausible reason 

for the lack of consistency in previous research findings 

was the possible insensitivity of the psychometric tests 

that have been used. Some tests, although established as 

psychometric instruments, have not demonstrated reliability 

with neurological populations. In addition, some of the 

tests have often been chosen on an ad hoc basis as 

quantitative measures without considering their 

appropriateness either to the presumed underlying pathology 

or to psychological theories of normal cognitive function 

(Brooks, 1972). 

One critical drawback in terms of testing was the 

necessity to exclude subjects with visual impairment (Holmes 

et al., 1983; 1984; 1986). Considering that blindness was 

the most common sequela of chronic Type I diabetes (Skenazy 

& Bigler, 1984) this subgroup was often a large percentage 

of the original sample. Conversely, by including this 

population, investigators ran the risk of confounding the 

results by administering tests which were inappropriate for 

the visually impaired like Trails A and B, the TPT, and 

Block Design for example (Franceschi et al., 1984; Shenazy & 

Bigler, 1984). 

Many authors have noted that although cognitive 

functioning may have been somewhat impaired in diabetic 
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patients with respect to some control group, the scores may 

still have been within the normal range of performance. In 

light of Lerner's findings (1981) in which deficits in 

social-emotional functioning was related to 

neuropsychological dysfunction, the mild impairment observed 

in diabetic patients has prompted some authors to suggest 

that the obtained deficits may have been an indication of 

the emotional influence of chronic illness (Franceschi et 

al., 1984; Ryan et al., 1984), or to motivational factors 

(Holmes et al., 1986). Ryan et al. (1984) also suggested 

that the observed deficits may have been a function of 

transient metabolic abnormalities at the time of testing. 

These questions may have been more appropriately 

addressed in studies which measured the progress of the 

disease. Considering that the symptomology of the more 

progressed states of diabetes mellitus included diabetic 

retinopathy and neuropathy, it had previously been 

inappropriate to measure neuropsychological functioning 

using tests developed for the sighted population. 

Purpose of the Present Study 

Despite the fact that people with visual impairments 

comprised one of the largest groups of persons with 

disabilities within the United States (Kirschner, 1985), 

there was a striking lack of psychometrically sound 

evaluation systems designed and normed for people with 

visual impairments (McBroom, Seaman, Graves, & Freeman, 
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1988; Ouellette & Leja; 1988; Peterson, Capps, & Moore, 

1984) . Consequently, serious obstacles were created for 

both successful evaluation, and ultimately, the vocational 

rehabilitation of this population (Kaskel, 1993). Many of 

the basic tests of cognitive function were not applicable to 

individuals with significant visual impairments, 

particularly those tests with performance related items. In 

addition, tests measuring neuropsychological functioning 

have only been normed with sighted populations, further 

hampering accurate interpretations of results in testing the 

visually impaired. 

The Comprehensive Vocational Evaluation System (CVES) 

was a neuropsychologically-based system developed to assess 

brain damage, rehabilitation potential, and vocational or 

educational functioning of persons with visual impairment 

(Dial, Mezger, Gray, Massey, Chan, & Hull, in press; Dial, 

Chan, Mezger, Parker, Zangla, Wong, and Gray, 1991). The 

system has also been found to be useful in 

neuropsychological assessment with persons for whom visual 

functioning level may have affected traditional test 

performance such as the McCarron-Dial System (McCarron & 

Dial, 1986), the Halstead-Reitan Neuropsychological Battery 

(Reitan, 1969), or the Luria Nebraska Neuropsychological 

Battery (Golden, Hammeke, & Purisch, 1980). The CVES was 

normed on a sample of 1,100 visually impaired and blind 

subjects (Dial et al., in press). In a sample of 237 
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visually impaired and blind subjects, the CVES data were 

found to be highly related to actual vocational and 

residential living levels (r = .90 and .88 respectively) 

(Dial et al., 1991). In a sample of 300 brain damaged and 

300 non-brain damaged subjects, the CVES correctly 

classified 85 percent of the subjects (Dial, Chan, Elliott, 

and Gray, 1992). 

The CVES was developed to measure verbal-spatial-

cognitive (VSC), sensorimotor (SM), and emotional-coping 

(EC) functioning based upon a model of evaluation described 

by McCarron and Dial (1986). This model of evaluation was 

based on principles derived from traditional neurology and 

Luria's Functional Systems Theory (Luria, 1970; 1973). 

The primary purpose of this study was to investigate 

neuropsychological sequelae of diabetes mellitus in 

individuals with diabetic retinopathy. In light of the 

neurological and microvascular pathology observed in the 

retina in this population, there was ample reason to suspect 

the possiblity that similar mechanisms of pathology would 

have been extended to the CNS in addition to the retina. 

Because CNS involvement may have existed in discrete 

systems, (Brierley, 1981), this study provided a complete 

evaluation of cognitive functioning to determine if the 

sample exhibited neuropsychological differences more subtle 

than could have previously been measured. To reduce the 

possibility of erroneous findings, a neuropsychological 
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battery designed for use with the visually impaired, the 

Comprehensive Vocational Evaluation System (CVES), was used. 

As mentioned previously, hippocampal involvement has 

been observed by, several investigators in postmortem studies 

investigating the cerebral effects of diabetes mellitus 

(Brierley, 1981). Use of the CVES provided a specific 

advantage in this study since many of the tests in the 

battery were not only designed for evaluation of memory, but 

of learning new material (verbal and non-verbal). 

By comparing a group with diabetic retinopathy (without 

secondary disabilities) to a normal group of visually 

impaired individuals (also without secondary disabilities) 

it was possible to control for the effects of visual 

impairment on the measurement of cognitive functioning, and 

to examine deficits which were unique to the disease. While 

peripheral neuropathy was a confounding variable in 

measuring the cognitive effects of diabetes, this study 

provided initial insight into a progressed state of the 

disease which had previously been impossible due to the lack 

of assessment instruments appropriate for the visually 

impaired. 

Hypothesis 

It was hypothesized that neuropsychological differences 

would be found in subjects with diabetic retinopathy on the 

CVES variables when compared with a normal blind population. 

Specific cognitive deficits were noted unique to this 
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population indicating regions of the CNS which were shown to 

be more vulnerable to the abnormalities associated with 

diabetes mellitus. 



CHAPTER II 

METHOD 

Subjects 

Data were drawn from archival records on 1032 visually 

impaired clients who presented for services at 

rehabilitation agencies in Texas. The clients were 

individuals who were being evaluated for vocational 

rehabilitation, and voluntarily agreed to have their test 

scores utilized for the purpose of empirical investigation. 

Maintenance of valid norms was a standard agency practice. 

In addition, the data was provided as a raw data file from 

which all identifying data such as Social Security number, 

name, and address had been removed. The investigator was 

not directly connected with data collection, or contact with 

subjects. 

The 58 subjects in the experimental group were selected 

on the basis of the following criteria. 

1. The etiology of blindness for all subjects was 

classified as diabetic retinopathy. This 

information was obtained either from medical 

documentation, or from interviews with the patient. 

2. The Comprehensive Vocational Evaluation System 

(CVES) had been administered to all subjects. 

36 
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3. CVES test protocols and documentation materials 

were available for each subject (excluding 

identifying data). 

4. All subjects were between the ages of 19 and 65. 

5. Subjects with the following secondary disabilities 

were excluded: brain damage (with etiology other 

than diabetes), seizure disorder, mental 

retardation, cerebral palsey, learning disorder, 

history of substance abuse, and hearing impairment. 

The subjects in the experimental group included 39 

males (67.24%) and 19 females (32.76%) ranging in age from 

19 to 64 (mean age was 39). The subjects were distributed 

by race as follows: 37 (63.79%) Caucasian; 4 (6.9%) African 

American; and 14 (24.14%) Hispanic. Data was unavailable 

for 3 (5.17%) subjects. A right hand preference for writing 

was reported by 86.21%, while the remaining 13.79% were left 

preferred. Age of onset of visual impairment was available 

for 35 of the 58 subjects. Of this group, onset of visual 

impairment occurred after the age of 15 for 30 of the 

subjects (85.71%), age six to 15 for one subject (2.86%), 

and age zero to five for four subjects (11.43%). The only 

secondary disability reported for the diabetic group was 

peripheral neuropathy, a common sequalae of diabetes 

mellitus. Of the 58 subjects in the diabetic group, 30 

(51.72%) had peripheral neuropathy, and 28 (48.28%) did not 
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have peripheral neuropathy. Four of the 58 subjects (6.9%) 

had been treated for psychological disorders. 

Control subjects consisted of 176 blind individuals 

whose files were, submitted by the same agencies from whom 

the diabetic subjects were received. The CVES data were 

available for all the controls. Exclusion criteria were the 

same for the controls as for the diabetic subjects. 

Specifically, subjects were excluded based on the existance 

of any secondary disability which would have affected the 

normal distribution of scores on the CVES, such as mental 

retardation, cerebral palsy, brain damage, seizure disorder, 

learning disorder, history of substance abuse, and hearing 

impairment. In addition, subjects were excluded from the 

control group who had a diagnosis of diabetes mellitus. The 

controls included 110 males (62.5%) and 66 females (37.5%) 

ranging in age from 18 to 61 (mean age was 28). The 

controls were distributed by race as follows: 91 (51.7%) 

Caucasian; 31 (17.61%) African American; 51 (28.98%) 

Hispanic; and 3 (1.7%) Oriental. Eighty-nine percent of the 

controls were right preferred, and 11% were left preferred 

handedness. Of the 98 controls for whom the data was 

available, 76 (77.55%) experienced onset of visual 

impairment from the ages of zero to five, 8 (8.16%) 

experienced onset of visual impairment from the ages of six 

to 15, and 14 (14.29%) experienced the onset after the age 

of 15. Of the 17 6 control subjects, none had peripheral 
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neuropathy. Twelve of the 17 6 subjects (6.9%) had been 

treated for psychological disorders. This information is 

presented in Appendix A, Table 4. 

The nature of diabetes mellitus is one in which the 

disease advances in a chronic course, and therefore the 

diabetic visually impaired population is likely to be older 

than a visually impaired population in which the etiology of 

blindness is other than diabetes. As mentioned previously, 

retinopathy is generally diagnosed 20 years after the onset 

of the disease. 

In this study, significant differences in age were 

observed between the diabetic and control groups. Data was 

available for 174 control subjects and 58 diabetics. As 

mentioned previously, the mean age of the diabetic group was 

39.7 years of age in contrast to 27.3 years of age for the 

control group. A frequency distribution of the two groups 

in this study revealed that fifty percent of the control 

group was under the age of 26, compared to 8.62% under the 

age of 2 6 for the diabetic group. See Appendix A, Table 5. 

The chronicity of diabetes mellitus is a significant 

correlate to neuropsychological deficits, as well as, to 

variability in the onset of visual impairment. To control 

for the significant differences in age between the groups, 

age corrected norms were used for all variables in the 

analysis. 
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It was suggested that emotional problems would result 

from adjustment to the later onset of visual impairment in 

the diabetic group (S. Fracek, personal communication, 

April, 1993). To control for the contribution of emotional 

disorders to test performance, the control group was matched 

with the diabetic group for a history of psychiatric 

disorders. Twelve of the 174 controls for whom the data was 

available (6.9%) had been treated for psychiatric disorders, 

compaired to 162 (93.1%) who had not been treated. Of the 

diabetic group, four (6.9%) had received treatment for 

psychiatric problems in the past compared to 54 (93.1%) who 

had not. 

Sex differences were controlled by the use of 

appropriate norms (i.e., scaled scores based on norms by sex 

were employed for some motor tests). No significant 

differences in handedness were observed between the two 

groups. No attempt to control for differences in ethnic 

origin, or peripheral neuropathy was made. 

Subjects qualified for inclusion in this study if they 

met the legal guidelines for blindness. This was defined as 

visual acuity of 20/200 in the better eye with correction, 

or field perception of 20 degrees or less. 
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Instruments 

Neuropsychological data on subjects using the 

Comprehensive Vocational Evaluation System (CVES) (Dial et 

al., in press) was available. The CVES was a neuropsycho-

logical^ based system for evaluating those with visual 

impairment and blindness (Dial, Mezger, Gray, Massey, Chan, 

& Hull, in press; Dial, Chan, Mezger, Parker, Zangla, Wong, 

& Gray, 1991). The CVES measured verbal-spatial-cognitive, 

sensorimotor, and emotional-coping abilities based upon the 

McCarron Dial System (MDS) (Kramer & Close Conoly, 1992; 

McCarron & Dial, 1986) which was an assessment battery that 

incorporated both rehabilitation evaluation and clinical 

neuropsychology technologies. 

Validation studies (Dial, Chan, & Norton, 1990) 

indicated that the MDS correctly classified 93% of brain 

damaged from non-brain damaged subjects. The CVES was 

normed on a sample of 1,100 visually impaired subjects. 

Furthermore, in a sample of 300 brain damaged and 300 non-

brain damaged subjects, the CVES correctly classified 85 

percent of the subjects (Dial et al., 1992). In a study 

designed to predict vocational and residential living 

levels, 237 visually impaired and blind individuals were 

evaluated. The CVES data were found to be highly related to 

vocational (r = .90) and residential (r = .88) living levels 

(Dial et al., 1991). 
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The CVES instruments measured verbal, motor, and 

sensory abilities. The system provided a multi-method, 

multi-factor model for evaluating the vocational potential 

and independent living levels of persons with visual 

impairments. 

The neuropsychological components of the CVES which 

contributed to the verbal-spatial-cognitive factor included 

the Cognitive Test for the Blind (CTB) (Dial et al., in 

press) and the Wechsler Adult Intelligence Scale-Revised 

(WAIS-R) verbal subscales and Verbal Intelligence Quotient 

(VIQ) (Wechsler, 1981). The CTB was the primary measure of 

intellectual, cognitive and information processing. The CTB 

differed from the WAIS-R in that it focused on active 

learning, problem solving, and memory. The CTB consisted of 

a verbal scale and a non-verbal performance scale from which 

a total standard score was derived. The CTB verbal subtests 

included Auditory Analysis, Immediate Digit Recall, Language 

Comprehension and Memory, Letter-Number Learning, and 

Vocabulary. The non-visual performance subtests included 

Category Learning, Category Memory, Memory Recognition, 

Pattern Recall, and Spatial Analysis. See Appendix B for 

subtest descriptions and procedures. Reliability 

coefficients for the CTB may be referenced in Appendix B, 

Table 6. 

Six factor scores were derived on an a priori basis in 

the development of the CTB from different combinations of 
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the CTB subtests (Dial et al, in press). These were: 

Conceptual; Learning; Verbal Memory; Non-Verbal Memory; 

Language; and Spatial. A separate standard score was 

derived for each, factor. See Appendix C for a description 

of factors. 

A sensory-motor factor was measured by the Haptic 

Sensory Discrimination Test (HSDT) (Dial et al., in press), 

and the McCarron Assessment of Neuromuscular Development-

Blind Adaptation (MAND-BA) (Dial et al., in press). The 

sensory-motor factor pertained to the basic mechanisms of 

receiving information from the environment; forming complex 

perceptions; and responding in a purposeful, adaptive 

manner. The HSDT was used in assessing tactile-matching 

skills, short-term haptic memory, and spatial localization 

skills in people with impaired vision or blindness. Initial 

studies of the HSDT revealed relatively high reliability 

(r = .92) and predictive validity, as the HSDT correlates 

significantly with vocational functioning (r = .67) and 

community living functioning (r = .60) for individuals with 

visual impairments (Kaskel, 1993). The HSDT procedures are 

described in Appendix D. 

The MAND-BA consisted of five fine and five gross motor 

tests combined to produce a total motor score. The MAND-BA 

was a measure of fine motor and gross motor abilities, 

speed, coordination, balance, and muscle power of the upper 

and lower body. The MAND has demonstrated excellent 
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reliability (test-retest correlation of .99) for use with 

brain damaged groups (McCarron, 1982). Similarly, the 

predictive validity of the MAND and work performance was 

significant (r = .70; p < .0001). The correlation 

coefficient between the MAND and residential program level 

was also significant (r = .51; p < .001). The subtest 

scores from the MAND-BA combined to form four factor scores: 

Persistent Control; Muscle Power; Kinesthetic Integration; 

and Bimanual Dexterity. The factors were derived in an 

orthogonal factor analysis during the devlopment of the 

instrumentation (McCarron & Dial, 1986). See Appendix E for 

a description of factors. 

In addition to the four factors, specific MAND-BA 

scores related to speed, strength, and fine motor 

coordination were combined to form a Hand Preference Index 

(HPI) for both extremities. See Table 7 for a list of the 

individual subtests comprising the CTB, HSDT, and the MAND-

BA. 

The CVES also made use of a variety of observational 

checklists and measures of adaptive and emotional behavior. 

The Emotional-Coping factor included data related to the 

person's characteristic responses to stress, general 
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Table 7 

Subtests Comprising the CTB. HSDT. and MAND 

Cognitive Test for the Blind 

Auditory Analysis 

Immediate Digit Recall 

Letter Number Learning 

Category Learning 

Category Memory 

Memory Recognition 

Language Comprehension/Memory Pattern Recall 

Vocabulary Spatial Analysis 

Haptic Sensory Discrimination Test 

Shape 

Size 

Texture 

Configuration 

McCarron Assessment of Neuromuscular Development 

Beads in the Box 

Finger Tapping 

Rod Slide 

Finger-Nose-Finger 

Heel-Toe Walk 

Beads on the Rod 

Nuts and Bolts 

Hand Strength 

Jumping 

Stand on One Foot 

personality development, emotional-behavioral functioning, 

knowledge and skills related to daily living, adaptive 

behavior, and personal-social and work adjustment. The 

emotional factor was assessed using the Emotional Behavioral 
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Checklist (EBC) (Dial, Mezger, Massey, & McCarron, 1986; 

Kramer & Close Conoley, 1992), and the Survey of Functional 

Adaptive Behaviors (SFAB) (Dial, Mezger, Massey, Carter, & 

McCarron, 1986; Kramer & Close-Conoley, 1992). The EBC was 

a scale designed to assess the following emotional-

behavioral factors: Frustration-Impulsivity; Anxiety; 

Depression-Withdrawal; Socialization; Self-Concept; 

Aggression; and Reality Disorientation. The EBC was a 

structured situational assessment rating form and provided 

normative data for the general adult population, adult 

neuropsychological^ disabled, and visually impaired/blind 

populations. 

The SFAB was a comprehensive rating scale of adaptive 

behavior. It included 135 specific behavioral items 

covering four major skill areas: Residential Living Skills; 

Daily Living Skills; Academic Skills; and Vocational Skills. 

Each of the major skill areas was further subdivided into 

the following 9 areas: Personal Management; Home 

Management; Functional Skills; Community Services; Travel 

Skills; Numerical Reasoning and Mathematics; Functional 

Language, Literacy and Writing; Physical Abilities; and 

Vocational Behaviors. The SFAB was highly correlated with 

the AAMD-Adaptive Behavior Scale (Nihira, Foster, Shellhaas, 

& Leland, 1974) and the Vineland Social Maturity Scale 

(Doll, 1947) (r = .87 and .90, respectively). 
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The Wide Rage Achievement Test-Revised (WRAT-R) was 

used as a measure of academic achievement. The Braille or 

the Large Print Edition were utilized. 

Procedure 

Clinical psychologists and vocational diagnosticians 

used the CVES for vocational rehabilitation purposes at 

rehabilitation agencies in Texas. The individual subtests 

comprising the CVES were administered according to the 

standard procedures as described in the CVES manual (Dial et 

al., in press). Procedures for administration of the CTB 

and the HSDT may be referenced in Appendices B and D. 

Procedures for administration of the MAND, the EBC, and the 

SFAB are described in the manual for the MDS (McCarron & 

Dial, 1986). 

The psychologists and vocational diagnosticians were 

requested to keep detailed records on cases involving 

documented visual impairment due to diabetic retinopathy. 

Detailed records on cases involving visual impairment with 

no secondary disabilities were also kept. Medical history 

and patient reports were used for classification of cases. 

Collaborative test results were used to further classify 

visually impaired control cases without secondary 

disabilities. The description of disability was recorded by 

the psychologist and vocational diagnosticians on a 

criterion form (see Appendix F) . The form included a case 

number, a summary statement of pathology and/or etiology, 
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date of onset, evaluation date, chronicity, medication, and 

method of documentation. In addition to the criterion 

information, the protocols (without names) for each 

instrument were submitted for each case and identified by 

the case number. The data were categorized by etiology of 

visual impairment due to diabetic retinopathy, and visual 

impairment with no secondary disabilities. 

A model was selected for analysis in which factor 

scores, lateralization scores, and algorithms were included. 

The factor structure utilized in the present study reflected 

those factors which were incorporated in the original design 

of the CTB and the MAND instrumentation (Dial et al, in 

press; McCarron & Dial, 1986). Table 8 below may be 

referenced for a list of the variables submitted for 

analysis. These variables were included in order to provide 

a general analysis appropriate to an initial study. The 

selected scores were also sufficiently specific to provide 

information for a detailed interpretation. 

The data were submitted for analysis using a multiple 

discriminant analysis to identify the degree of 

classification accuracy of the dependent measures. (In 
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Table 8 

CVES Variables Submitted for Discriminant Analysis: 

Diabetics vs. Controls 

CTB Factor Scores 

Conceptualization (CONC) 

Learning (LRNG) 

Verbal Memory (VM) 

Non-Verbal Memory (NVM) 

Language (LANG) 

Spatial (SPA) 

HSDT 

Total Right HSDT (HSDT-RT) 

Total Left HSDT (HSDT-LFT) 

MAND Factor Scores and 
Hand Preference Indices 

Persistent Control (PC) 

Muscle Power (MP) 

Kinesthetic Integration 
(KI) 

Bimanual Dexterity (BD) 

HPI Right (HPI-RT) 

HPI Left (HPI-LFT) 

Emotional Coping 

EBC Total (EBC) 

SFAB Total (SFAB) 

Algorithms (Accepting only positive values. 
Negative values equal 0.) 

VIQ minus CTB Total (VIQ-CTB) 

HSDT Right minus Left (HSDT R-L) 

HSDT Left minus Right (HSDT L-R) 

HPI Right minus Left (HPI R-L) 

HPI Left minus Right (HPI L-R) 

CTB VM minus NVM (VM-NVM) 

CTB NVM minus VM (NVM-VM) 

CTB Language minus 
Spatial (LANG-SPA 

CTB Spatial minus 
Language (SPA-LANG) 
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multiple discriminant analysis, the categorical data are 

commonly treated as dependent variables, while test or 

individual attribute data are treated as independent 

variables.) A second analysis was conducted in which the 

correctly classified diabetic cases were compared with the 

incorrectly classified diabetic cases using multiple 

discriminant analysis. This second analysis incorporated 

the same variables as in the first analysis which classified 

diabetics and controls. The analyses were performed using 

CSS: Statistica, version 3.1 (Statsoft, 1990). 



CHAPTER III 

RESULTS 

Data from 234 cases are submitted for discriminant 

analysis. The initial step derives the means for the groups 

which are identified as "diabetic with retinopathy," and as 

"normal blind control" (see Table 9, Appendix G). 

Of the 2 5 variables surveyed (see Table 8), there is 

statistically significant separation (£ < .01) between the 

diabetic group and the control group from twelve of the 

variables in discriminant function analysis. The 

classification results for a stepwise multiple discriminant 

analysis are presented in Table 10 (Appendix G). The 

stepwise procedure reveals that the twelve variables 

interact to accurately classify 79.92% of the subjects from 

the combined groups into their actual membership. Of the 

"normal blind control" group, 159 (90.34%) are correctly 

classified, while 17 (9.66%) are incorrectly classified as 

belonging to the "diabetic with retinopathy" group. Of the 

"diabetic with retinopathy" group, 28 (48.28%) are correctly 

classified, and 30 (51.72%) are incorrectly classified as 

belonging to the "normal blind control" group. 

Of the 12 variables, six variables are reported as they 

contribute significantly to the equation based on the 

51 



52 

results of a univariate ANOVA (although all 12 variables 

contribute to the classification of groups). The groups 

differ significantly (p < .01) on the following measures: 

Bimanual Dexterity; Muscle Power; and Persistent Control. 

The groups also differ significantly (p < .05) on Language. 

While not significant at g c .05 by themselves, a 

contribution to the discrimination between the groups is 

made by the algorithms derived from the right/left 

differences on hand preference measures. The Lambda for HPI 

R-L and HPI L-R (Lambda = .78858 and .77783, respectively) 

are relatively close to that for Language (Lambda = .79889), 

a factor which is significantly different for the two groups 

in univariate ANOVA. Consequently, the hand-preference 

algorithms are reported. A summary of the stepwise analysis 

is depicted in Table 11 (Appendix G). 

Bimanual Dexterity is the primary predictor in 

separating the diabetic group from the control group (F = 

30.14; p < .00000). This factor is derived from the Beads 

on Rod and Nut & Bolt subtests of the MAND-BA. The diabetic 

group exhibits a less adequate performance on measures of 

bimanual dexterity (mean = 87.71) than the control group 

(mean = 99.88). 

When the residual matrix is examined at the second 

step, the variable that accounts for the most residual 

variance is Muscle Power (F = 9.80; p < .00197). This 

factor is also derived from the MAND-BA; contributing 
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subtests include Hand Strength and Jumping. The diabetic 

group also exhibits a less adequate performance (mean = 

88.60) than the control group (mean =99.43) on measures of 

muscle power. 

When the residual matrix is examined at the third step, 

the variable that accounts for the most residual variance is 

Persistent Control from the MAND-BA (F = 8.34; p < .00424). 

This factor is derived from the Rod Slide and Finger-Nose-

Finger subtests. The mean scores for the diabetic group are 

higher on this factor (102.91) than the control group 

(99.97). Clinically, this difference is not deemed 

significant. 

The Language factor from the CTB accounts for the most 

residual variance at step four (F = 5.85; p < .01640). This 

factor is derived from the following subtests: Auditory 

Analysis, Language Comprehension, and Vocabulary. The 

diabetic group demonstrates a mean score on this factor of 

102.37 relative to a mean score of 99.51 for the control 

group. Again, this difference is not of a substantial 

magnitude to be considered clinically significant. 

A contribution to the discrimination between the groups 

is made by the algorithms measuring the difference between 

right/left hand-preference measures taken from the MAND-BA. 

Subtests contributing to the hand-preference score are 

Finger Tapping, Beads in the Box, and Hand Strength. The 

contribution of Hand Strength scores is considered redundant 
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at this step (since Hand Strength scores are included at the 

second step of the discriminant analysis): scores on Finger 

Tapping and Beads in.the Box (measures of fine motor speed) 

account for the most residual variance at this step. The 

algorithms reflect a less adequate performance by the 

diabetic group than the control group on measures of fine 

motor speed utilizing both hands. The difference score of 

the right-dominant algorythm (HPI RT-LFT) is different for 

the two groups at p < .08555 (F = 2.98) ; the difference 

score of the left-dominant algorythm (HPI LFT-RT) 

differentiates between the groups at p < .07786 (F = 3.14). 

Table 12 (Appendix G) presents the characteristics and 

the standardized coefficients for the canonical discriminant 

function derived from the above analysis. The Bimanual 

Dexterity factor (.540), Muscle Power factor (.405), and 

Persistent Control factor (-.373) have the highest 

standardized coefficients and contribute most to the 

discriminative power of the function. The Language factor 

(-.298), HPI R-L algorithm (.335), and HPI L-R algorithm 

(.238) contribute moderately to the function but are 

weighted less than the BD, MP, and PC variables. The 

eigenvalue of .359 and canonical correlation of .515 

characterize a rather unified discriminant function which is 

associated to a high degree with differentiating between the 

diabetic and control groups in discriminant function space. 
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To further analyze those variables differentiating the 

correctly classified diabetic group and the incorrectly 

classified diabetic group, a second discriminant analysis is 

performed. Misclassified and correctly classified cases are 

selected for this analysis with posterior probabilities less 

that .40 and greater than .60. By excluding those cases 

with posterior probabilities between .40 and .60, "pure" 

samples can be compared, and group characteristics can be 

isolated. The initial step derives the means for the groups 

which are identified as "correctly classified diabetics" and 

"incorrectly classified diabetics" (see Table 13, Appendix 

G) . 

Of the 2 5 variables surveyed (see Table 8, Appendix G), 

there is statistically significant separation (p < .01) 

between the correctly classified diabetic group and the 

incorrectly classified diabetic group from 14 of the 

variables in a discriminant function analysis. The 

classification results for a stepwise multiple discriminant 

analysis are presented in Table 14 (Appendix G). The 

stepwise procedure reveals that the 14 variables interact to 

accurately classify 100% of the subjects from the combined 

groups into their actual membership. Of the "correctly 

classified diabetic" group, 25 (100%) are classified as 

"diabetic with retinopathy". Of the "misclassified 

diabetic" group, 22 (100%) are classified as belonging to 

the "normal blind control" group. 
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Nine of the 14 variables are reported since they 

contribute significantly to the equation based on results of 

univariate ANOVA (although all 14 variables contribute to 

the classification of groups). The groups differ 

significantly (p < .01) on the following measures: the 

algorithm LANG-SPA (F = 11.88, p < .01); Muscle Power (F = 

8.50, p < .006); Persistent Control (F = 11.02, p < .002); 

Bimanual Dexterity (F = 14.94, p < .0004); and the algorithm 

HPI L-R (F = 7.77, p < .008). While not significant at p < 

.01 by themselves, a contribution to the discrimination 

between the groups is made by the algorithms HPI R-L (F = 

3.05, p < .089) VIQ-CTB (F = 3.83, p < .058); Conceptual (F 

= 2.69, p < .109); and Emotional Behavioral Checklist (F = 

3.78, p < .060). These variables preceded HPI L-R (which 

was significantly different for the two groups at p < .01). 

Consequently, these variables are reported. A summary of 

the stepwise analysis is depicted in Table 15 (Appendix G). 

An inspection of the means for the two groups (Table 

13, Appendix G) reveals that the "correctly classified" 

group exhibited a lower score than the "incorrectly 

classified" group on Muscle Power (mean score = 76.59 versus 

91.59, respectively), Bimanual Dexterity (mean score = 83.27 

versus 93.08), Conceptual (mean score = 87.15 versus 95.04), 

and Emotional Behavioral Checklist (mean score = 96.5 versus 

98.17). The HPI algorithms reflected a lower performance 

for the "correctly classified" group relative to the 
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"incorrectly classified" group on fine motor speed (mean 

difference score for HPI R-L =2.25 versus 2.44, 

respectively; mean difference score for HPI L-R = 2.40 

versus 3.22). The "correctly classified" group exhibited a 

better performance on Persistent Control (mean score = 

109.85 versus 94.13, respectively). The "correctly 

classified" group performed better than the "incorrectly 

classified" group on Language relative to a deficient 

performance on Spatial as measured by the LANG-SPA algorithm 

(mean difference score = 25.67 versus 10.21, respectively). 

Performance by the "correctly classified" group on 

performance oriented tasks was lower than that by the 

"incorrectly classified" group as measured by the VIQ-CTB 

algorithm (mean difference score = 8.5 versus 3.5). This 

score also reflects a better performance by the "correctly 

classified" group relative to the "incorrectly classified" 

group on measures of verbal ability. 

Table 16 (Appendix G) presents the characteristics and 

the standardized coefficients for the canonical discriminant 

function derived from the above analysis. The LANG-SPA 

algorithm (1.217), Muscle Power factor (-.856), Persistent 

Control factor (1.239), Bimanual Dexterity factor (-1.786), 

and the Conceptual factor (1.215) have the highest 

correlations and contribute most to the discriminative power 

of the function. The HPI R-L algorithm (-.808), the VIQ-CTB 

algorithm (.796), EBC (.627), and the HPI L-R algorithm 
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(-.891) contribute moderately to the function but are 

weighted less than the other variables. The eigenvalue of 

5.103 and canonical correlation of .915 characterize a 

rather unified discriminant function which is associated to 

a high degree with differentiating between the correctly 

classified diabetic and misclassified diabetic groups in 

discriminant function space. 

Many of the variables retained in the discriminant 

analysis of the correctly classified diabetic and 

misclassified diabetic groups are identical to those 

retained in the analysis of the diabetic and control groups 

(BD, MP, PC, HPI R-L, and HPI L-R). Functions measured by 

the LANG variable, retained in the discriminant analysis of 

the diabetic and control groups, is also represented by the 

LANG-SPA and VIQ-CTB algorithms included in the second 

analysis. 



CHAPTER IV 

DISCUSSION 

In general, the results of the present study support 

the hypothesis that neuropsychological differences are found 

in subjects with diabetic retinopathy on the CVES variables 

when compared to a normal blind population. Specific 

cognitive deficits are noted that are unique to this 

population suggesting that specific regions of the CNS are 

more vulnerable to the abnormalities associated with 

diabetes mellitus. 

Of 25 variables submitted for discriminant analysis in 

separating "normal blind controls" from "diabetics with 

retinopathy", 12 are observed to accurately classify the two 

groups. An ANOVA reveals that differences in scores between 

the two groups are significant for four variables: Bimanual 

Dexterity, Muscle Power, Persistent Control, and CTB 

Language. The algorithms reflecting right/left differences 

on hand preference measures are reported as this index is 

consistent with the dominant motor differences 

characteristic of this discriminant function and contributes 

significantly to the classification of the groups. 

Based on classification results, a large percentage of 

the diabetic group is correctly classified (48%). The 
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results of the stepwise analysis suggest that the diabetic 

group, compared to a normal blind population, is 

characterized by significant deficits in the following 

areas: bimanual, integration of proprioceptive and 

kinesthetic information with fine motor coordination 

(Bimanual Dexterity); and the healthy functioning of the 

skeletal muscles, reflecting timing and coordination (Muscle 

Power). The diabetic group is further characterized by 

bilateral deficits in fine motor speed and dexterity (Hand 

Preference Index). These results are consistent with 

previous studies in which deficits are observed in diabetic 

groups on perceptual/motor, reaction-time, and motor 

performance tasks (Franceschi et al., 1984; Meuter et al., 

1980; Permuter et al., 1987; Tun et al., 1987; Reaven et 

al., 1990; Skenazy & Bigler, 1984). A variety of studies 

indicate that the perceptual/motor factor, more than any 

other, best discriminates brain damaged groups from normal 

controls (Dial et al., 1990; Malec, 1978; Reed & Reitan, 

1963a; Reed & Reitan, 1963b). In addition, motor slowing is 

considered by these investigators to be an early sign of 

brain dysfunction (Dial et al., 1990; Reitan, 1969). Brain 

areas that are generally implicated with these deficits 

include the posterior frontal lobes bilaterally (Luria's 

Unit III) (Dial et al., in press). 

The variables measuring primary verbal receptive and 

expressive language functions (Language), and the 
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integration of perceptual skills with the regulation of 

hand-arm movement (Persistent Control) contribute 

significantly to the classification of the diabetic and 

control groups. On these measures, the diabetic group 

performs slightly more adequately than the control group. 

Although differences reach statistical significance, they 

are of little practical magnitude. 

The slightly higher performance in Persistent Control 

observed in the diabetic group is attributed to the deficits 

observed in motor ability (reaction time; perceptual/motor 

abilities; and motor performance such as speed, dexterity, 

and strenth). It follows that the pattern observed in 

persistent control is probably compensatory: the patient is 

judicious in movement to compensate for declining motor 

skills. The progressive increase in this ability appears to 

be related to the chronicity of the disease. As observed in 

the analysis between the "correctly classified" and the 

"incorrectly classified" groups, this pattern supports the 

idea that as motor ability decreases, the individual's 

efforts to compensate may be observed on measures of 

persistent control. These results are discussed later in 

this section. 

The relatively higher score on the Language factor 

observed in the diabetic group versus the control group may 

be attributed to later onset of visual impairment in the 

diabetic group. In normal development, cognitive structures 
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generated from object concepts become paired with verbal 

symbols (word names) as spoken language develops (Piaget & 

Inhelder, 1969). Aurally and tactually gathered information 

in language development in the visually impaired may result 

in a different understanding of words and the underlying 

concept of the object than for a sighted population (Santin 

& Simmons, 1977). 

An examination of previous studies reveals that 

visually impaired persons seem to be less articulate and 

conceptual in cognitive processes. In several studies, they 

exhibit a slightly lower performance in Comprehension, 

Similarities, and Vocabulary subtests (Jordan & Felty, 1968; 

Tillman, 1967). 

It is further suggested that educational opportunity 

may influence the differential performance on measures of 

language observed in this study. The practice in 

educational programming for visually impaired children has 

been to parallel the academic curriculum of the sighted, 

although providing different materials, eguipment and 

teaching devices. The assumption that this enabled children 

to learn the same subjects as their sighted peers is not 

based on an objective appraisal of functional achievement 

(Daugherty & Moran, 1982). Birch, Tisdall, Peabody, and 

Sterrett (1968) investigated school achievement of 1,084 

partially sighted fifth and sixth graders: those with 

average intelligence lagged one year behind their normally 



63 

sighted counterparts in overall academic achievement and 

almost two years behind in grade placement. 

Similar findings to those observed in this study were 

reported by Rennick et al. (1968) in which no impairment was 

observed with the diabetic group on verbally oriented tasks. 

In comparing diabetic groups with controls, Holmes et al. 

(1984) observed that verbal deficits are limited to rate of 

responding only. These results are consistent with the 

literature. Generally, verbal abilities are retained in the 

face of brain damage resulting from progressive disease 

(Filskov & Boll, 1981; Mattarazzo, 1972; McCarron & Dial, 

1986). 

The results of the discriminant analysis in which the 

"correctly classified" versus "incorrectly classified" 

diabetic cases are analyzed are particularly revealing. The 

correct classification of 100% of the two groups suggests 

that the variables retained in the analysis clearly define 

the characteristics of the two groups. The "correctly 

classified" diabetic group is characterized by the same 

functional abilities and deficits that characterized the 

diabetic group in the original analysis. An inspection of 

the means of the two groups in contrast to the normal blind 

control group clearly portrays the progression of the 

disease. (See Tables 9 and 13, Appendix G.) The pattern of 

scores in the "correctly classified" and "incorrectly 

classified" groups is identical to the pattern of scores for 
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the original diabetic group. However, the differences 

reflect the degree of deficits observed: the severity is 

greatest for the "correctly classified" diabetic group; the 

"incorrectly classified" group scores reflect moderate 

impairment. When the "correctly classified" group means are 

compared with the normal blind group means, deficits 

observed in the diabetic group are particularly striking. 

It is suggested that the combination of subjects 

demonstrating various stages of progression of diabetes has 

been problematic in previous studies. The deficits observed 

were mild, leading to somewhat inconsistent results, and 

leading the investigators to question the functional versus 

organic nature of the deficits (Franceschi et al., 1984; 

Ryan et al., 1984). 

The results of the second discriminant analysis more 

clearly delineate the contribution of lateralization 

measures to the classification of the cases. The 

predominance of language over spatial skills observed in the 

correctly classified group not only reflects the abilities 

of this group in the area of language, but clearly reflects 

the deficits observed in this group in terms of spatial 

abilities. This pattern is indicative of right hemisphere 

dysfunction. The predominance of VIQ scores on the WAIS 

over the total score on the CTB is also a general indicator 

of right hemisphere dysfunction: spatially oriented tasks 
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are included on the CTB and lead to a lower total score with 

the diabetic population relative to the VIQ. 

While cognitive and perceptual dysfunction appears to 

be lateralized to a greater extent in the diabetic group, 

motor deficits are not, indicating possible bilateral 

frontal involvement. Interestingly, posterior frontal and 

right parietal dysfunction is also evident in schizophrenia 

and in brain damage resulting from progressive disease (Dial 

et al., 1990; Russell, 1979). 

In general, the diabetic subjects in this study (as in 

previous studies) are characterized by deficits in "fluid" 

abilities relative to "crystallized" abilities. Previous 

research with brain damaged populations indicates that 

crystallized abilities, versus fluid abilities, have better 

"hold" in the face of brain damage and are less likely to be 

affected as tested (Dial, et al., 1990; Filskov & Goldstein, 

1974; Russell, 1980). In the diabetics for whom the disease 

is less progressed, the observation of deficits in fluid 

abilities may suggest the following: 1) the presence of 

mild deficits only; 2) possible diffuse damage; or 3) 

transient cognitive dysfunction versus structural damage. 

The third possibility is suggested by Franceschi et al. 

(1984) and Holmes et al. (1984). In light of the present 

findings, it is proposed that diabetes mellitus may cause 

neurological dysfunction at early stages of the disease, 



66 

leading to structural damage as the disease reaches a 

progressed state. 

In view of the various findings, this study is 

considered to be a preliminary investigation and cannot be 

considered conclusive on any count. While the data clearly 

suggests that significant deficits exist in diabetic 

populations which are indicative of neurological dysfunction 

and/or structural damage, questions regarding the chronicity 

of the disease are yet to be answered. The control of 

variables such as subject age, the age of onset of visual 

impairment, and the length of time diagnosed with diabetes 

mellitus would not only insure that different populations 

are not being sampled, but would confirm the hypothesis that 

the neuropsychological symptoms observed in this study are 

directly related to the chronicity of the disease. In light 

of the differences observed in the area of language in this 

study, information on the educational process experienced by 

the samples would provide clarification of the differences 

observed. 

Finally, the motor component that dominates the 

classification of groups in this study appears to have 

overshadowed the inclusion of varibles related to cognitive 

functioning (specifically in the area of memory and 

learning) observed in previous studies (see Table 3). A 

comparison of means indicates that deficits in the area of 

non-verbal memory are observed in diabetics compared to 
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rather adequate abilities of this group in the area of 

verbal memory. The distinction between performance on 

verbal memory relative to nonverbal memory was evaluated 

only by Franceschi et al. (1984). Additional statistical 

procedures are suggested to more clearly analyze this 

pattern (such as a regression analysis); a model designed 

specifically to evaluate cognitive functioning would address 

this issue as well. 

Simple comparison of means in this study revealed that 

on most measures the diabetic group exhibited a less 

adequate performance than the controls. Exceptions included 

variables related to verbal skills, verbal memory, and 

persistent control. These results are consistent with the 

literature, and support the hypothesis that 

neuropsychological differences would be found in subjects 

with diabetic retinopathy when compared with a normal blind 

population. In fact, this study further reveals the rather 

alarming possibility that about half of the population 

diagnosed with diabetic retinopathy may display significant 

neuropsychological deficits. 

As the disease progresses to the point that the patient 

experiences diabetic retinopathy, it is apparent from this 

investigation that multiple needs must be addressed which 

include problems related to cognitive deficits. These needs 

extend to vocational rehabilitation and functional needs of 

everyday living. 
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What must also be addressed are the emotional/coping 

needs specific to this population. Diabetic group scores on 

the Emotional Behavioral Checklist, and the Survey of 

Functional Adaptive Behaviors were considerably lower than 

those for the control group (although both groups 

experienced similar problems related to visual impairment). 

It is suggested that the diabetic group experiences more 

severe emotional/coping difficulties due to the later onset 

of visual impairment. The majority of subjects in the 

control group have been visually impaired since childhood, 

and consequently, may have adapted better and developed 

better coping skills than the diabetic group. In addition 

to the emotional problems which may be related to blindness, 

diabetic patients are challenged with a daily medical 

regimen which requires additional coping skills (e.g., they 

may experience renal failure, amputations, etc.). Finally, 

the cognitive changes and deficits that they are 

experiencing as a result of physiological changes may create 

additional problems emotionally, as well as, in developing 

functionally adaptive behavior. As has been previously 

shown by Dial et al. (1991), emotional coping abilities are 

critical in terms of predicting the patients' vocational and 

independent living levels. These issues must be considered 

of utmost importance in providing treatment and care for 

this population. 



APPENDIX A 

EXPERIMENTAL VS. CONTROL GROUPS: 

DESCRIPTIVE DATA 
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Table 4 

Demographic Variables: Diabetic vs. Control Groups 

Diabetic Group Control Group 

Total Percentage Total Percentage 

Gender 

Male 67.24 
Female 32.76 

Ethnic 

Afro-American 6.9 
Caucasian 63.79 
Hispanic 24.14 
Oriental 0.00 

Hand Preference 

Right 86.21 
Left 13.79 

Onset of Visual Impairment* 

> 15 years of age 85.71 
6-15 years 2.86 
0-5 years 11.43 

Psychiatric Disorders 6.9 

Peripheral Neuropathy* 51.72 

62.5 
37.5 

17.61 
51.7 
28.98 
1.7 

89.0 
11.0 

14.29 
8.16 

77.55 

6.9 

0 . 0 

E < .01 
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Table 5 

Frequency Distribution of Aae in Years: Diabetic vs, 

Control Group 

Diabetic Group Control Group 

Age n Total % n Total 

18-29 

30-39 

40-49 

50-65 

16 

14 

15 

13 

27.6 

24.14 

25.86 

22.4 

106 

44 

18 

8 

63.29 

21.25 

8.7 

6.76 
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CTB Subtest Description 

1• Auditory Analysis and Repetition 

In this subtest, the subject is asked to repeat word-

like sounds presented by audiotape. This test requires 

attention, auditory detection, acoustic analysis and 

basic expressive language abilities. 

2. Immediate Digit Recall 

This subtest is analogous to the Digit Span subtest of 

the WAIS-R. The individual is asked to repeat a series 

of numbers presented by audiotape. This test requires 

attention, concentration, recognition of basic numbers 

and immediate memory recall. Tasks involved in this 

subtest are mediated by similar brain structures 

involved in the auditory analysis subtest, however, 

immediate or short term memory is added. 

3. Language Comprehension and Memory 

Stories are presented by audiotape, followed by 

content-related questions. This test requires 

receptive language, memory for verbal detail, and basic 

expressive language. 

4. Letter Number Learning 

Paired letters and numbers are presented in series, 

the inidividual is asked to repeat each series 

presented. Repeated trials (1 to 5) are given until 

a series is correctly recalled. Verbal memory and 
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learning, sequencing and organizing functions 

mediating the oral response, and adequate arousal, 

attention and concentration play a role in the 

performance of this task. 

Vocabulary" 

This subtest is similar to the WAIS-R Vocabulary 

subtest. The individual is asked to define words 

orally. This test requires word knowledge, long 

term memory and expressive language functions. 

Haptic Category Learning 

(Analogous to the HRNB Category Test.) The individual 

is asked to feel stimuli and is told that what is felt 

should be a reminder of a number between one and four. 

Feedback is given verbally (correct/incorrect). The 

subject tries to determine the principle involved 

(e.g., number of items, location of specific item, 

quadrant in which a specific item is located, etc.) 

in solving the problem. This test measures non-verbal/ 

spatial concept learning. 

Haptic Category Memory 

The individual is presented a selected number of Haptic 

Category items (previously administered) and an equal 

number of distractor items. She/he is then asked to 

respond with a "yes" or "no" as to whether she/he has 

felt the item before. This is a non-verbal test of 

incidental memory. 
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8• Haptic Memory Recognition 

Various textures mounted on formic tiles are 

presented. The individual is asked to remember the 

textures. Stimulus items are then mixed with an 

equal number of distractors. The subject must identify 

true positives and true negatives. This test measures 

immediate tactile (non-verbal) memory. 

9. Pattern Recall 

Various textured patterns are presented. The 

individual is asked to recreate the pattern from 

memory. This test measures complex immediate and 

short term spatial memory. 

10• Spatial Analysis 

The individual matches shapes and assembles patterns 

or configurations using wooden shapes and tactile 

frames for reference. This test measures complex 

spatial analysis and orientation. 



Table 6 

CTB Subtest arid Composite Score Reliability 

76 

Subtest/Composite Score Reliability r 

Total Standard Score Test-retest .95 

Verbal factor score Test-retest .96 

Performance factor score Test-retest .93 

Auditory Analysis Test-retest .90 

Inter-rater reliability .85 

Immediate Digit Recall Test-retest .93 

Language Comprehension Test-retest .92 

Letter-Number Learning Alternate form .90 

Vocabulary Alternate form .90 

Haptic Category Learning Internal consistency .85 

Haptic Category Memory Internal consistency .86 

Memory Recognition Test-retest .88 

Pattern Recall Alternate form .94 

Spatial Analysis Test-retest .92 
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CTB Factor Description 

Conceptual Factor 

This factor is a measure of abstract learning and problem-

solving. The contributing subtests include Category 

Learning, and Spatial Analysis. In addition to requiring a 

basic level of attention and concentration (Unit I) and 

spatial analysis (Unit II), it is hypothesized that adequate 

to superior performance on this factor would require 

significant mediation by bilateral frontal lobes efficacy 

(Unit III). Higher levels of conceptualization, planning, 

and evaluating performance are required. 

Learning Factor 

This factor measures primary verbal and spatial learning 

skills. The contributing subtests include Letter-Number 

Learning and Category Learning. Bilateral contributions 

from the structures of Unit II are hypothesized as mediators 

of tasks included in the measurement of this factor. 

Attention and concentration are also significantly involved. 

Verbal Memory Factor 

This factor measures immediate and short-term verbal memory 

functions. The contributing subtests include Digit Recall 

and Language Comprehension/Memory. The left temporal lobes 

of Unit II and attention/concentration functions of Unit I 

are considered vital in mediating performance on this 

factor. 
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Non-Verbal Memory Factor 

This factor measures immediate and short-term tactile-

spatial memory functions. The contributing subtests include 

Category Memory, Memory Recognition, and Pattern Recall. 

The temporoparietal lobes (Unit II) and 

attention/concentration functions of Unit I are hypothesized 

to mediate tasks included in this factor. 

Language Factor 

This factor measures primary verbal receptive and expressive 

language functions. The contributing subtests include 

Auditory Analysis, Language Comprehension and Vocabulary. 

Unit II temporoparietal areas and Unit III motor speech 

areas of the left hemisphere are involved in mediating tasks 

included in this factor. 

Spatial Factor 

This factor measures spatial organization and analysis. 

Contributing subtests include both Pattern Recall and 

Spatial Analysis. Right parieto-occipital lobes (Unit II) 

are considered important structures in mediating tasks 

included in this factor. 
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Haotic Sensory Discriminant Test (HSDT): 

Description and Procedures 

The HSDT procedures require the individual to 

manipulate objects which vary in shape, size, texture and/or 

spatial configuration, to remember the specific object, and 

to identify a like object from among five alternatives on 

teh response plate. Initially, the response plate of five 

objects, all from the same stimulus group (shape, size, 

texture, or configuration) is presented to the person. 

Following an orientation to these objects, the person is 

presented one test item at a time and instructed to feel the 

object and remember its shape, size, texture, or 

configuration. After feeling the cue for ten seconds, the 

object is removed and the person is instructed to find the 

identical item from among the five included in the response 

plate. A total of 64 test items (32 to each hand) equally 

divided among shape, size, texture and configuration are 

presented. The number of correct responses for all four 

stimulus groups constitutes the individual's raw score. 
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MAND Factor Description 

Persistant Control 

This factor is assessed by the Rod Slide and Finger-Nose-

Finger subtests, and involves the integration of perceptual 

skills with the regulation of hand-arm movement. The tasks 

require controlled hand-arm coordination (cerebellum), the 

ability to focus attention while inhibiting extraneous motor 

movements (Unit I Reticular Formation and Unit III Motor 

Cortex), and the adequate integration of proprioceptive 

feedback (Unit III Parietal Area). Inadequate persistent 

control may also suggest poorly focused attention. 

Muscle Power 

This factor is measured by the Hand Strength and Jumping 

subtests, involving the healthy functioning of the skeletal 

muscles reflecting timing and coordination. The greatest 

muscle power is elicited when the muscles are contracted 

simultaneously. The tasks include a measure of hand/arm 

strength and a measure of leg strength. Reduced muscle 

power, particularly to the upper body, may indicate cortical 

level brain damage (posterior frontal lobes-Luria's Unit 

III) . 

Kinesthetic Integration 

This factor is measured by the Heel-Toe Walk and the 

Standing On One Foot subtests and is defined as the control 

of balance and orientation of the body in space. 
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MAND Factor Description 

Performance on these subtests involves static balance and 

equilibrium as well as dynamic balance with the integration 

of sensorimotor input from large muscle systems. 

Individuals with sensory impairments may experience problems 

in kinesthetic integration. Work tasks which require 

extended reaching, crawling, or climbing may be hazardous or 

require individual accommodation. Severe deficits may be 

observed in patients with subcortical vestibular system and 

cerebellar lesions. 

Bimanual Dexterity 

This factor is measured by the Beads on Rod and the Nut and 

Bolt subtests. Adequate performance on the bimanual 

dexterity factor requires integration of proprioceptive and 

kinesthetic information with fine motor coordination of both 

hands. The Nut and Bolt subtest requires the inhibition of 

movement in one hand while simultaneously manipulating the 

fingers and wrist of the preferred hand (e.g., rotating 

thumb and wrist movements). A high score in this area 

requires precise bilateral manual coordination. Deficits in 

bimanual dexterity have a negative impact on a wide range of 

daily living and work activities. Deficits may be 

associated with lateralized lesions involving predominant 

impairment on one side of the body. 
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Criterion Form 

3 E . y ' 0 C O V u. •-? 3 n c. c. 
V 

NAME: DATE OF EVAL: g- 1 

D.O.B.: l?-f 7<( XGt — D m SUB<ITIED BY: 

SEX p ETHNIC GROUP E> VIQ; HAND PRET: 7Z* 

LEVEL CF VISION (S) (VI) (LB) ̂  (B) 

ONSET & ETIOLOGY CF VIS. IMPAIR. 
— _ 

jsSSDNOARY DISABILITY ^ ^ 

ASSIGNED ASKING LEVEL. LIVIN3 TWF1 ,fc f̂. rg..i-

SPECIFIC OCCUPATION TITLE, 

IsRIEr CISCaiPTION 

TEST CHECKLIST 
P/A I. VAIS-R 

_j/f II. CIB ' . ^ [ V . HSSJT 

^ 1. TEST CF AUDITCRY ANALYSIS & SOUND REPETITION 

^ 2. TEST OF IMMEDIATE DIGIT RECALL ' V. HWO 

3. TEST OF LEARNING UETTZn-NUMEER PAIRS 

4. TEST OF LANGUAGE CCHP3ZHEXSI0N & HPCRY _Sd^VI. EBC 

^ 5. VOCABULARY A-^B 

_4^ 6. THE HAPTIC CATB3CRY TEST - LEARNIN3 VII. SFAB 

j / 7. THE HAPTIC CATiDCHY TEST - MEMORY 

8. TEST CF HAFTIC MUCKY RECOGNITION _J^VIII. SOS - ̂  

9. TEST OF SPATIAL PATTERN RECALL FORM A ̂  

i/lO. SPATIAL ANALYSIS TEST IX.. 

j^::x • WAT - *-<Jg*DI>ff) LP ERXILLE^' 

£XlZaT*^o " 
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Table 9 

Mean Aae-Corrected CVES Variable Scores: Diabetic vs. 

Control 

Diabetic Group Control Group 

CVES Variable Mean 
Standard Score 

SD Mean SD 
Standard Score 

CONC 

LRNG 

VM 

NVM 

LANG 

SPA 

HSDT-RT 

HSDT-LFT 

PC 

MP 

KI 

BD 

HPI-RT 

HPI-LFT 

EBC 

SFAB 

Alaorvthm 

VIQ-CTB 

92 .93 

97.27 

102.32 

94 . 58 

102.37 

91.35 

95.30 

91.80 

102.91 

88.60 

91.37 

87 .71 

89.07 

88 .35 

96.96 

92 . 29 

Difference 

3 .39 

17 . 53 

15.96 

12 . 32 

13 .91 

11.67 

13.35 

17 . 57 

13.27 

17.65 

14 .71 

14 . 58 

13.04 

13 .84 

15.08 

14.48 

11.26 

Score 

8.95 

99. 56 

99.45 

99.57 

99.62 

99.51 

99.64 

99.44 

99.47 

99.97 

99.43 

99.25 

99.88 

99.60 

99.70 

99.36 

99.23 

Difference 

15.07 

15.17 

14.45 

15.10 

14.31 

15.09 

14.87 

14.99 

15.12 

14 .99 

15.24 

15.21 

15.37 

15.57 

15.50 

14.81 

Score 

2 . 39 5.21 
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Diabetic Group Control Group 

CVES Variable Difference Score Difference Score 

Mean SD Mean SD 

HSDT R-L . 04 . 18 .02 . 15 

HSDT L-R 3.82 6.83 5.13 7.46 

HPI R-L 3 .13 4 .95 3 . 60 5.72 

HPI L-R 2.97 4.90 3.80 5.43 

VM-NVM 9 . 49 9.69 5.36 8.33 

NVM-VM 1.84 4.22 5.40 8.17 

LANG-SPA 15.96 15.73 7 . 64 12.43 

SPA-LANG 1.49 4.23 6. 55 9.80 

Note. BD = Bimanual Dexterity; CONC = Conceptualization; 
EBC = Emotional Behavioral Checklist; KI = Kinesthetic 
Integration; HPI-LFT = Hand Preference Index, Left Hand; 
HPI-RT = Hand Preference Index, Right Hand; HPI R-L = 
Algorithm HPI Right minus Left; HPI L-R = Algorithm HPI Left 
minus Right; HSDT-LFT = Haptic Sensory Discrimination Test, 
Left Hand; HSDT-RT = Haptic Sensory Discrimination Test, 
Right Hand; HSDT R-L = Algorithm HSDT Right minus Left; 
HSDT L-R = Algorithm HSDT Left minus Right; LANG = Language; 
LANG-SPA = Algorithm Language minus Spatial; LRNG = 
Learning; MP = Muscle Power; NVM = Non-Verbal Memory; 
NVM-VM = Algorithm Non-Verbal Memory minus Verbal Memory; 
PC = Persistent Control; SFAB = Survey of Functional 
Adaptive Behavior; SPA = Spatial; SPA-LANG = Algorithm 
Spatial minus Language; VM = Verbal Memory; VM-NVM = 
Algorithm Verbal Memory minus Non-Verbal Memory; VIQ-CTB = 
Algorithm WAIS-R Verbal IQ minus CTB Total Score. 
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Table 10 

Classification Matrix: Diabetics vs. Controls 

Group Percent Correct g = .75214 g = .24786 
Control 

Diabetic 

Control 90.3409 159 17 

Diabetic 48.2759 30 28 

Total 79.9145 189 45 
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Table 11 

CVES Variables: Summary of Stepwise Analysis 

Variable Step F to Ent./ 
Remove 

df 1/2 E-level Lambda F-
value 

fi-le vel 

BD 1 30.1442 1/232 .00000 .88501 30.15 .000 

MP 2 9.7966 1/231 .00197 .84900 20. 54 .000 

PC 3 8.3434 1/230 .00424 .81928 16.91 .000 

LANG 4 5.8451 1/229 .01640 .79889 14.41 .000 

HPI R-L 5 2 . 9821 1/228 .08555 .78858 12 .23 .000 

HPI L-R 6 3.1373 1/227 .07786 .77783 10.81 .000 

Note. BD = Bimanual Dexterity; HPI R-L = Algorithm HPI 
Right minus Left; HPI L-R = Algorithm HPI Left minus Right; 
LANG = Language; MP = Muscle Power; PC = Persistent Control. 



Table 12 

Canonical Discriminant Function and Standardized 

Coefficients: Diabetic and Control Groups 
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Variable Coefficient 
Characteristics 
of Function 

BD . 540 Eigenvalue: 360 

MP .405 Canonical r: . 515 

PC -.373 Wilk's Lambda: .735 

LANG -.298 Chi-Squared: 69.48 

HPI R-L .335 Significance: < .0001 

HPI L-R .238 

Note. BD = Bimanual Dexterity; HPI R-L = Algorithm HPI 
Right minus Left; HPI L-R = Algorithm HPI Left minus Right; 
LANG = Language; MP = Muscle Power; PC = Persistent Control, 
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Table 13 

Mean Aae-Corrected CVES Variable Scores: Correctly 

Classified vs. Incorrectly Classified Diabetic Groups 

Correctly Classified Incorrectly Classified 

CVES Variable Mean SD 
Standard Score 

Mean 
Standard Score 

SD 

CONC 00
 

-v
j 

(J
l 14.27 95. 04 17.10 

LRNG 93 . 80 11.41 95. 08 14.43 

VM 102.76 10.40 99.70 12 .78 

NVM 94 . 62 12.27 92.88 15. 06 

LANG 105.69 10.70 99.67 11.22 

SPA 85.86 10. 25 93.71 13 .14 

HSDT-RT 92.73 12 . 19 97.67 20.04 

HSDT-LFT 90.64 11. 21 93.46 14.97 

PC 109.85 10. 54 94.13 22.19 

MP 76. 59 12 . 57 91. 59 14 .16 

KI 88.27 15. 00 91.30 15.32 

BD 83 . 27 12.69 93 . 08 12.85 

HPI-RT 85. 05 14 . 61 91.96 12.42 

HPI-LFT 84.29 13 .13 92.74 14.47 

EBC 96.50 14.85 98.17 15.00 

SFAB 90.24 10.93 94.61 10.24 

Alaorithm Difference Score Difference Score 

VIQ-CTB 8.5 11.11 3.50 8.57 
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Correctly Classified Incorrectly Classified 

CVES Variable Difference Score Difference Score 

Mean SD Mean SD 

HSDT R-L .05 .21 . 04 .21 

HSDT L-R 4 . 00 6.68 3.46 6.16 

HPI R-L 2 .25 3 . 63 2.44 4.14 

HPI L-R 2 . 40 4 . 11 3.22 4.67 

VM-NVM 9.57 10. 55 9.44 9.92 

NVM-VM 1.43 3.25 2.61 5.70 

LANG-SPA 25. 67 17.86 10.21 11.80 

SPA-LANG . 10 .44 2.79 6. 06 

Note. BD = Bimanual Dexterity; CONC = Conceptualization; 
EBC = Emotional Behavioral Checklist; KI = Kinesthetic 
Integration; HPI-LFT = Hand Preference Index, Left Hand; 
HPI-RT = Hand Preference Index, Right Hand; HPI R-L = 
Algorithm HPI Right minus Left; HPI L-R = Algorithm HPI Left 
minus Right; HSDT-LFT = Haptic Sensory Discrimination Test, 
Left Hand; HSDT-RT = Haptic Sensory Discrimination Test, 
Right Hand; HSDT R-L = Algorithm HSDT Right minus Left; 
HSDT L-R = Algorithm HSDT Left minus Right; LANG = Language; 
LANG-SPA = Algorithm Language minus Spatial; LRNG = 
Learning; MP = Muscle Power; NVM = Non-Verbal Memory; 
NVM-VM = Algorithm Non-Verbal Memory minus Verbal Memory; 
PC = Persistent Control; SFAB = Survey of Functional 
Adaptive Behavior; SPA = Spatial; SPA-LANG = Algorithm 
Spatial minus Language; VM = Verbal Memory; VM-NVM = 
Algorithm Verbal Memory minus Non-Verbal Memory; VIQ-CTB = 
Algorithm WAIS-R Verbal IQ minus CTB Total Score. 
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Table 14 

Diabetic Cases 

Group Percentage Correct E = .53191 
Correct 

£ = .46809 
Incorrect 

Correctly 100 
Classified 

25 0 

Incorrectly 100 
Classified 

0 22 

Total 100 25 22 
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Table 15 

Correctly vs. Incorrectly Classified Diabetic Groups: 

Summary of Stepwise Analysis 

Variable Step F'to Ent./ 
Remove 

df 1/2 p-level Lambda F-
value 

fi-le vel 

LANG-SPA 1 11.8815 1/45 .00124 .79112 11.88 . 001 

MP 2 8.5006 1/44 .00557 .66303 11.18 .000 

PC 3 11.0166 1/43 .00185 .52780 12.82 .000 

BD 4 14.9396 1/42 .00038 . 38932 16. 47 .000 

CONC 5 2.6921 1/41 .10850 .36533 14.25 .000 

HPI R-L 6 3.0464 1/40 .08860 .33948 12.97 .000 

VIQ-CTB 7 3.8291 1/39 .05756 .30913 12 .45 . 000 

EBC 8 3.7694 1/38 .05964 .28123 12 . 14 .000 

HPI L-R 9 7.7728 1/37 .00833 .23241 13 . 58 . 000 

Note. BD = Bimanual Dexterity; CONC = Conceptualization; 
EBC = Emotional Behavioral Checklist; HPI R-L = Algorithm 
HPI Right minus Left; HPI L-R = Algorithm HPI Left minus 
Right; LANG-SPA = Algorithm Language minus Spatial; MP = 
Muscle Power; PC = Persistent Control; VIQ-CTB = Algorithm 
WAIS-R Verbal IQ minus CTB Total Score. 



97 

Table 16 

Canonical Discriminant Function and Standardized 

Coefficients: Correctly vs. Incorrectly Classified Diabetic 

Cases 

Variable Coefficient 
Characteristics 
of Function 

LANG-SPA 1.217 Eigenvalue: 5.103 

MP -.856 Canonical r: .915 

PC 1.239 Wilk's Lambda: .164 

BD -1.786 Chi-Squared: 68.733 

CONC 1.215 Significance: < .0001 

HPI R-L -.808 

VIQ-CTB .795 

EBC . 627 

HPI L-R -.891 

Note. BD = Bimanual Dexterity; CONC = Conceptualization; 
EBC = Emotional Behavioral Checklist; HPI R-L = Algorithm 
HPI Right minus Left; HPI L-R = Algorithm HPI Left minus 
Right; LANG-SPA = Algorithm Language minus Spatial; MP = 
Muscle Power; PC = Persistent Control; VIQ-CTB = Algorithm 
WAIS-R Verbal IQ minus CTB Total Score. 
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