















































































































































































































































































































































101

resuitant groupings. Such a scenario would have the added advantage of validating the
groupings obtained from the combined data set using the Delphi method.

The APRCM attempts to foster a focus on predicted patient resource needs. For its full
potential to be realized, accurate, practical, reproducible conditions across clinics are required.
This calls for the development of a standard patient record protocol, i.e. uniform data collection
and maintenance procedures at low vision clinics. It is envisaged that where such procedures
incorporate the tracking of all aspects of the patient care delivery process, all relevant resource
and biographical variables would be captured across clinics, thus facilitating research projects
in this area and the making of appropriate management decisions.

It is also recommended that when sufficient research resources are available,
extensions of APRCM should be done using actual new patients in larger clinic samples
coupled with the collection of data on large numbers of patients at each clinic. This would not
only eliminate both the usage of surrogates for new patients and the problems attendant to
small sample sizes mentioned earlier, but also ensure that APRCM is applied in practical
conditions. Such undertakings would have the added advantage of enhancing the external
validity of the findings. Current efforts at some of the clinics to computerize their patient data
bases are developments that will help immensely in future research of this kind.

With advances in both types and features of various learning systems, such systems
should be explored in the future. For example, as more knowledge is gained with neural
networks, the resulting techniques should become a more viable alternative for application in
iso-resource groupings. One case in point is if neural networks can become more

computationally efficient.
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For purposes of replicating or extending this research, it is recommended that an
evaluation/testing “assistant” akin to those in Michie [1994] be incorporated and used at the
prediction phase. It is envisaged that such an “assistant” would be a computer program
running in one operating system (rather than in a multiplicity of systems - MS Windows,
UNIX, etc.) to select a learning system, apply it to data from a given study site, get results, and
record or output the results. The “assistant™ should be capable of iterating such a process until
all study sites are covered.

Another immediate avenue for further research is the extension of the APRCM
methodology into other resource-intensive ambulatory clinical settings such as specialty

diagnosis (MRI), sports medicine, etc.

6.6  Conclusions

In closing, this research has shown that APRCM can be a viable tool in predicting the
expected patient resource demands in the specialty setting of low vision. Although potential
for refinements exist, the methodology is an improvement over current practices at most
clinics where patients are block-booked and scheduled for similar sets of clinic resources.
APRCM is grounded in the recognition that different categories of patients impose different
demands on the clinic’s facilities/staff. The method is presented in this thesis in a manner that
permits easy implementation at the clinic level. Its application delivers to the clinic
management a useful tool in the utilization of scarce resources. It fosters an intimate
knowledge of not only the characteristics of patients served by the clinic, but also the

population base from which these patients are drawn. Using it in conjunction with other
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management planning techniques should help in the optimal usage of constrained clinic

resource facilities and aid in dealing with the world-wide need for better resource decisions.
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Dear Dr. ........... ,

In our telephone discussion of ....... , 199.., I mentioned that [ am a Ph.D. student in the
Department of Management Sciences at the University of Waterloo. I am conducting research
under the supervision of Dr. David Dilts on the a priori prediction of health care resource
utilization of low vision patients in scheduled secondary/tertiary settings. This research study has
been undertaken as part of a University of Waterloo Centre for Sight Enhancement initiative -
the preliminary part of which was published in Optometry & Vision Science Vol. 71(7):422-436,
and the methodology in Medical Decision Making Vol. 15(4), Oct-Dec 1995.

As you are aware, the health care sector has over the recent past been called upon to
operate in an environment of increasingly constrained resources - escalating costs on the one
hand and government cutbacks on the other. One of the main policy recommendations of the
World Bank in 1993 was a call for most countries to scale down public spending for
speciality/tertiary care facilities. Planning for and delivering quality care under such conditions
is indeed a far more challenging task than ever before. A tool that facilitates the advance
determination of potential resources to be demanded by patients would assist in the making of
informed decisions at the planning stage. This study, which involves analysis of secondary data
from a number of low vision clinics/centres in North America and Africa, is aimed at developing
a methodology for generating such a tool.

We would appreciate the participation of your Clinic/Centre in this study. Your
participation will entail:

a. about an hour's set-up time to familiarize the investigator with your service delivery process;
b. provide the investigator with a working table/desk (for about five working days); and

c. ‘supply’ the patient records, or point the investigator to where the records can be accessed. It
would be ideal if such information were computerized, but it is not necessary.

We understand the private and confidential nature of the data involved, hence all
information provided by your clinic will be treated in the strictest of confidence. We are
interested in the resource utilization patterns of patients in the entire group of clinics surveyed,
thus, such unique identifiers as individual patient’s name, health-card/file number, etc, are not
necessary for the purposes of this study. Further, your clinic/centre will not be identified by
name in the report except as an acknowledgement. Upon completion of the study, a copy of the
findings shall be made available to you.

This study has been reviewed and approved for ethics through the office of Human
Research at the University of Waterloo. However, if you have any ethical/confidentiality
questions or concerns vis-a-vis your Centre's participation in the study, please contact that office
at (519)885-1211 Ext 6005. For other questions concerning this study, please contact Professor
D. Dilts at (519)888-4838.

Please let us know when we can contact you to set up a time to participate in this study.

Thank you,
Joseph N. Khamalah David Dilts, Ph.D.
Ph.D. Student Associate Professor

Dept of Management Sciences Dept of Management Sciences
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Office of Human Research and Animal Care

November 29, 1995

Professor David Dilts
Department of Management Sciences
University of Waterloo

Dear Professor Dilts,
Subject: Confimation of Ethics Approval o Conduct Research with Humans

Recently you submitted an application entitled “An A Prior Resource-based Classification Methodology
Jor Specialty/Tertiary Ambulatory Patients” (OHR 7218) to the Office of Human Research for ethics
review, in accordance with the University of Waterloo’s requirement that all research involving humans
must be conducted in compliance with the Office of Human Research Guidelines for Research Involving
Human Participants. This project will be conducted by Mr. Joseph Khamalah, a Ph.D. student in
Management Sciences who is working under your supervision.

Ethics review of your application through the Office of Human Research and Animal Care is now complete
and I am pleased to advise that the project has been judged to comply with the University of Waterloo
Guidelines for Research with Human Participants and the Medical Research Council of Canada Guidelines
on Research Involving Human Subjects. It is understood from your November 16, 1995 letter that only
hospitals/health care settings which have a practice of requesting prior written consent from patients for use
of their medical data for research purposes will be included in this study.

As we have discussed, there are always ethical issues to be addressed whenever patient data will be
accessed for purposes of secondary data analyses. Thus, it is recommended that Mr. Khamalah take every
precaution to ensure that patient identities and the identities of individual health care settings/hospitals are
protected both during the conduct of this project and in any report or publication arising from this project.
Specifically, all identifying or potentially identifying information must be removed from the data at the
earliest opportunity. Further, Mr. Khamajah should be aware that he may be requested by individual
hospitals to sign a statement of confidentiality.

I trust that this letter meets your request for confirmation of ethics approval of Mr. Khamalah'’s project.
Please do not hesitate to contact me if you require further documentation from my office.

Yours sincerely,

Susan E. Sykes, Ph.D., C.Psych.
Associate Director
Office of Human Research and Animal Care

c.c. Joseph Khamalah, Department of Management Sciences

Needles Hall, Roarn 3015 Fax {519) 725-9971
@ Waterloo, Ontario
Canada N2L3G1

W University of Waterioo Tel. (519) 885-1211, ext. 6005
AN



APPENDIX C

COPY OF PRIVACY AND CONFIDENTIALITY LETTER

108



109

[, Joseph Nalukulu Khamalah, agree that:
1. data collected from the clinic/center will not be used for any other reason

or purpose except statistical analysis for research, and

2. individuals served by the clinic/center will not be identified in my research
reports, and

3. no material copied or otherwise obtained from the clinic/center will
be shared unless authorized by the clinic/center in advance.

Signed,
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Overview

This appendix describes the application of the APRCM methodology to data from Site 1.
The various activities undertaken in the process of data collection, generation of patient groups,
and the performance of several methods in assigning/classifying cases to their respective groups
are presented. Technical descriptions of the clustering and classification features are not
included, as they are presented and discussed in Chapters 2 and 3 of the thesis. Covered here
are: a description of the setting, data collection exercise, descriptive statistics of the data, various
transformations of the data, clustering results, and the performance of each of the four

classification tools in predicting each case’s iso-resource group membership.

Setting

The host clinic for this part of the study is located in the Center For Clear Vision at a
medium-sized (> SO0 bed), urban, private, non-teaching hospital. The clinic is fully funded by
the hospital.  Ophthalmologists, optometric low vision specialists, rehabilitation and
occupational therapists (also referred to as ‘technicians’) and a receptionist/secretary make up its
staff of seven. The staff handles related duties in the Center and periodically at the local
Children’s Hospital.

It is a secondary/tertiary facility that accepts patient referrals from multiple sources - the
host hospital, self-referrals, and referrals from community eye and rehabilitation practitioners in
the surrounding metropolis of more than four million inhabitants. It is open eight hours a day,
Monday through Friday, and on the average serves about fifteen patients per week. The site’s
patient base is largely geriatric, racially mixed, and predominantly female (see Table DI.1).
Distinguishing features of this site include its relatively short waiting period before patients are
seen in the clinic (frequently a fortnight or less) and an active follow-up program. To facilitate
the visual evaluation on the appointment date, the patient is typically asked to fill out a low
vision questionnaire before the appointment date. This questionnaire provides information on
the patient’s current visual aids, age of prescription, current medications, allergies, and an

indication of her/his medical and ocular history.
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An initial patient visit is scheduled to last from | to 1.5 hours and includes a visual
assessment, and orientation and mobility training using a variety of visual devices including
CCTVs, magnifiers (hand-held, pocket and stand), clear image glasses, telescopes, binoculars,
lamps, etc. These devices are routinely loaned out for short periods (usually two weeks) for the
patient’s trial and are returned to the clinic in the follow-up visit. Follow-up visits in general last

from 15 to 30 minutes.

Subjects

A systematic sample (n = 270) was drawn from the 750 patients seen in the clinic in
1994 (a period over which there was relative stability in the standard forms used at the site).
Every third file in the patient records arranged alphabetically (and tagged by year) was pulled for
inclusion in the sample.

Table DI.1 presents a summary of some descriptive statistics of interest about the
patients included in the sample. For example, although the ages of patients in the sample
ranged from 7 to 102 years, almost 60% were aged between 70 - 89 years. About 85% were
aged 50 or above whereas the below 20 years category made up 2.6% of the sample. This spread
is typical of the general low vision patient population in North America and is confirmed by the
visual diagnoses - with the majority presenting with conditions that are of adult onset in nature.
The subjects are predominantly female (66%) and white (67.8%) - reflective of local
demographics that are atypical of the nation’s distribution across those two dimensions. Finally,
the majority of the subjects (60.7%) were established (repeat) patients - a reflection of the
follow-up program mentioned earlier.

Table D1.1a: Composition of Sample across Age, Gender, Race, Patient Type &

Diagnosis.
Feature Category n %
<10 4 1.5
10-19 3 1.1
20-29 7 2.6
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30-39 9 33
Age 40 49 18 6.7
50-59 34 12.6
60 -69 27 10.0
70 -79 79 29.3
80 -89 82 304
>=90 7 2.6
Totals 270 100.0

Table D1.1b: Composition of Sample across Gender, Race, Patient Type, and Diagnosis.

Feature Category n %
Gender Male 92 34.1
Female 178 65.9

Hispanic 3 1.1
Race Black 60 22.2
White 183 67.8

Not indicated 24 8.9
Patient Type New 106 39.3
Established 164 60.7

Not indicated 6 22

Nystagmus 2 0.7

Progressive Myopia 4 1.5

Ocular Albinism 5 1.9

Cataracts 6 22

Primary Diagnosis Diabetic retinopathy 21 7.8
Glaucoma 26 9.6

Macular degeneration. 76 28.1
Aphakia 81 30.0
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Other 43 15.9
Totals 270 100.0

Data

Initial discussions with the acting clinic director and a perusal of a few of the patient files
determined that 44 biographical and resource pieces of information (14 discrete and 30
qualitative) were to be targeted for each case in the sample (see Addendum D1.A for a
description of these). The data collection instrument was developed from this description. This
instrument was a flat file with the columns representing the 44 variables and each row
representing one case (patient) in the sample. The data were entered directly from the patient
records to a spreadsheet on a lap-top computer. In total, data obtained from this site covered
36% of the patients seen at the site over the year of interest.

The data coliection activity was conducted during the week of December 3, 1995. Data
collected each day were perused in the evening for initial clean-up which entailed making sure
that all the fields of interest had been covered for the cases dealt with on that day, missing values
were noted for subsequent verification that they were indeed unavailable, and new or unfamiliar
values were identified for verification or explanation by the acting clinic director on the
following day.

At the end of the collection phase, the data were numerically coded as per the coding
scheme in Addendum D1.A. The resulting data file was preliminarily analyzed for descriptive
statistics. Variables (n = 9) containing insufficient responses were deleted (see Chapter 3 for a
discussion of this). These deleted variables included Oconsult, Consults, and all the visual
acuity variables except (for each case in the data set, the better of the acuity variables). Again, a
discussion of how missing values in the remaining variables were handled is covered in Chapter
3.

In line with the study objectives, after the generation of patient groups from the data

using cluster analysis, subsequent study tasks transform the data into suitable formats for
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analysis under each classification/assignment tool (decision trees, nearest neighbor, discriminant

analysis, and neural networks - in that order).

Cluster Analysis

Block Clustering in the BMDP statistical package (see Chapter 3 for a discussion of the

decision points with regard to cluster considerations) was used to generate four distinct clusters

(groups) from the data (see Addendum D1.B for the block output from BMDP). Table DI.2

presents the characteristics (from the modal values) of the four groups.
Table D1.2: Site 1’s Grouping Characteristics

VARIABLE/GROUP 1 2 3 4
Demographics: Pt Type Established New Established Established
Pt's Age 70-89 70-89 70-89 80-89
Gender Female Female Female Male
Marital Married Married Widowed Married
Religion Catholic Catholic Catholic Protestant
Current Visual Aids Reading Glasses None Stand Magnifiers Reading Glasses
Patient's Main Goals Read/Write, Glare Read/Write Read/Write, followup Read/Write
Services Used: V-fields | No Visual fields Visual fields No Visual fields No Visual fields
# of Letters 0 i 0 0
Service type Moderate Comprehensive Moderate Comprehensive
Dr's time n/i 60 mins 60 mins 60 mins
Vaid tried None CL Stand.Mag Training, Lamp None
Follow-up 2 weeks 2 weeks 6-12 weeks 2 weeks
Medical History HBP, Cataract HBP, Mac. Deg HBP, Stroke HBP, Stroke, Cataract
Primary Diagnosis Aphakia Macular Deg Aphakia Aphakia

The resource portion of these characteristics can be expressed by the resource demand formulae:

RU, =0V+0L+25+zC+0T+0D
RU,=1V+IL+35+60C+0T+2D
RU,=0V+0L+25+60C+1T+1D

RU,=0V+0L+35+60C+0T+0D

where RU, is the expected set of resources demanded by patient group i,

V is visual fields (O = not done, 1 = done)
L is number of reports/letters (either 0, 1, 2, 3)

S is service type (1 = Brief, 2 = moderate, 3 = comprehensive)
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C is clinician’s time (in minutes, with z signifying ‘not indicated’)

T is training (0 = not done, | = done)

D is devices used (0, 1, 2, 3, etc).

Further pre-processing of the data after the groups were obtained was called for to:

a) add in the group vanable,

b) strip from the data all the resource variables (see Addendum D1.A) and the variables
(Revisit and RevisitT) that could not be known prior to the appointment date,

c) use of the qualitative form of the reduced variables in step (b) for the decision tree analysis
phase of the assignment task, and

d) transform all the qualitative variables in step (c) into binary variables for the rest of the
assignment tools.

Steps (a) and (b) left the data set with a total of 22 variables. Step (d) expanded these to 90,

however, 14 of them lacked variability (i.e. had a standard deviation of 0) and had to be deleted

(see Addendum D1.C for a list of these).

These data were analyzed under each of the four classification methods. As discussed in
Chapters 2 through 4, the basic objective of the analysis at this point was to determine how well
each method predicts the group membership for the 270 cases using only that information about
the case that is available before the appointment date (after step b). The performance of the
different classifiers is presented in subsequent sections below. Each section identifies the
classifier, gives some explanatory comments on its general philosophy, what splitting of the
data was made, and closes with a presentation of the results obtained from that classifier.
Apparent error and estimate of the true error rate are the indicators of each classifier's

performance used.

Decision Tree - C4.5
The classification matrix in Table D1.3 presents the results obtained from C4.5 (see
Addendum D1.D for the classification rules obtained from this classifier). The decision tree’s

assignments are presented in the cell. Each cell contains two figures (the number of cases,
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and the proportion of this to the cases that belong in that group). The totals on the right are
the numbers (cases) originally placed in that group at the cluster analysis stage. The diagonal
cells contain the correct assignments. The apparent error rate is drawn from these. The
decision tree’s overall estimate of the true error rate is shown in the last row. Its predictions

on cases in Group 4 (26.9%) is relatively poorer than that in Groups | through 3.

Table D1.3: Decision Tree (C4.5) Classification Matrix of Site 1’s Cases

From\To Groupl Group2 Group3d Group4 Total
Group 1 60 10 16 0 86
0.6977 0.1163 0.1860 0.0 1.0000
Group 2 9 69 0 1 79
0.1139 0.8734 0.0 0.0127 1.0000
Group 3 10 1 67 1 79
0.1266 0.0127 0.8481 0.0127 1.0000
Group 4 12 6 1 7 26
0.4615 0.2308 0.0385 0.2692 1.0000
Total 91 86 84 9 270
0.3370 0.3185 0.3111 0.0333 1.0000
Apparent Error 0.2480
Estimated Error 0.3780

Non-parametric Discriminant Analysis

We implemented this classifier in the DISCRIM procedure of SAS. The size of the
data set at this site precluded a simple splitting of the data into two - training and testing sets.
Instead, ‘hold-back one’ cross-validation was used. In effect, this meant that 269 cases were
used to determine the classification criterion (as training data) and the remaining case was
tested on this criterion. This process was repeated until each case had been tested (assigned).
Before submitting the data for analysis, it was necessary to transform qualitative variables into
binary variables and replace the text (qualitative) values used under the decision tree with
numeric values (0’s and 1’s). This meant that a total of 77 variables were included in the data
set at this point. The results obtained are presented in the table below. The interpretation of

the table is similar to the one above, in addition, the classifier computes apparent and true
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error rates that are group specific. The priors row simply indicates the initial proportion of
that group membership vis-a-vis the whole sample set. Like the foregoing technique,
prediction on Group 4 is relatively poorer than that on the other groups, however, the tool’s

overall estimated error is more than 62%.

Table D1.4: Non-parametric D. A. Classification Matrix of Site 1’s Cases

From\To Groupl Group2 Group3 Group4 Other Total

Group 1 32 8 6 1 39 86
0.3721 0.0930 0.0698 00116 0.4535 1.0000

Group 2 9 24 20 l 25 79
0.1139 0.3038 0.2532 0.0127 0.3165 1.0000

Group 3 3 19 44 2 11 79
0.0380 0.2405 0.5570 0.0253 0.1392 1.0000

Group 4 1 5 4 1 15 26
0.0385 0.1923 0.1538 0.0385 0.5769 1.0000

Total 45 56 74 5 90 270
0.1667 0.2074 0.2741 0.0185 0.3333 1.0000
Apparent Error 0.3370
Estimated Error 0.6259

K-Nearest-Neighbor:

The 3-nearest neighbor routine in SAS’s DISCRIM procedure using the cross-
validation option was applied to the same data that were used under non-parametric
discriminant analysis. Here too, the data set was not split into a training and testing set (for
the same reasons as under the previous section) instead, the ‘hold-back-one’ approach was
used. The table below presents a summary of the results obtained. Mis-classified cases are
handled in a manner similar to that under the foregoing classifier, and the column ‘OTHER’
carries the same meaning here. Like the foregoing two techniques, performance on Group 4 is
by far the most lackluster, whereas that on Group 3 compares favorably with performance

under other techniques.
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Table D1.5: K-NN Classification Matrix of Site 1’s Cases

From\To Groupl Group2 Group3 Group4 Other Total
Group 1 46 18 16 4 2 86
0.5349 0.2093 0.1860 0.0465 0.0233 1.0000
Group 2 4 60 8 5 2 79
0.0506 0.7595 0.1013 0.0633 0.0253 1.0000
Group 3 3 6 68 0 2 79
0.0380 0.0759 0.8608 0.0 0.0253 1.0000
Group 4 1 10 3 10 2 26
0.0385 0.3846 0.1154 0.3846 0.0769 1.0000
Total 54 94 95 19 8 270
0.2000 0.3481 0.3519 0.0704 0.0296 1.0000
Apparent Error 0.3444
Estimated Error 0.3185
Neural Network

We implemented WinNN, a Microsoft Windows-based back-propagation neural network
(see Chapter 3 for a description). Before submitting the data for classification under WinNN,
the binary data set used in the previous two classifiers was modified to:

a) have the group variable represented in binary form (by four variables rather than one), thus
bringing the total number of variables to 80. Due to the small number of cases, experimentation
was also done with the same number of variables as used under the decision tree - with only the
group variable represented in binary form and equal distance scaling used in the rest of the
variables, for instance the third category on a variable represented by 0.3 and the sixth by 0.6 ;

b) use cross-validation by splitting the data set into ten equal sets of 27 cases each. 10 input and

10 test files were drawn from these. Each input pattern file contained 9 of these sets (243 cases)
and the remaining 1 was used as a test file (27 cases). Care was taken to ensure that each of
these 10 sets of 27 cases was used only once as a test file, and that no single set was used both as
an input and a test file simultaneously; and
c) have the foregoing datafiles carry the necessary flags that enabled WinNN to identify them as

input pattern and test files.
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From experimentation, the learning parameter was set at 0.5, momentum at 0.005, and
the noise factor at 0.0005.

As can be noted from the results below, this classifier turned out to be quite costly in
terms of time. The first two runs took thousands of iterations (at 16 seconds per iteration on a
Pentium 166 machine) without the performance going beyond 90% prediction accuracy on the
training cases. In order to speed up the process, in subsequent runs, we:

a) commenced the network from the saved weights of the foregoing run;

b) stopped the training when the prediction performance on training cases reached 90 % or
better. It was noticed that even in the case where more than 90% was reached after the first few
iterations, performance did not improve significantly when the net was allowed to run for more
than 1000 iterations.

The average of the errors obtained from testing the 10 trained networks on their
corresponding testing sets is taken here to be an estimate of the true error. The apparent error
rate is drawn from an average of the misclassification of the trained networks on the training
cases. No group specific estimates were drawn from the network’s predictions, hence no inter-

group and inter-technique comparisons can be made.

Table D1.6: Summary of Neural Network Predictions of Site 1’s Cases

Epochs Training Testing Testing
Run # Good patterns %  Good patterns % Error
1 12500 90 44.4 0.556
2 5670 90 70.4 0.296
3 565 90 59.3 0.407
4 47 87 63.0 0.370
5 10 90 96.3 0.037
6 16 90 88.9 0.111
7 21 90 81.5 0.185
8 22 90 85.2 0.148
9 23 90 81.5 0.185
10 3 91 96.3 0.037
Apparent Error 0.1020

Estimated Error 0.2332
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Overall Performance

A summary of the performance of all the four classification methods is presented in
the table below. It is evident, however, that the neural network outperforms the other
classification techniques in predicting group membership (hence expected resource
utilization) of the cases at this site.

Table D1.7: Summary of classifier performance in the prediction task

Classifier Apparent Error Estimate of True Error
Neural Networks - WinNN 0.1020 0.2332
K-Nearest Neighbor - SAS 0.3444 0.3185
Decision Tree - C4.5 0.2480 0.3780
Discriminant Analysis - SAS 0.3370 0.6259

Chance Criterion 0.7181 0.7181
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Addendum D1.A: Description of Study Variables
Variable Description Range
Background Data
Age Patient’s age Discrete (from 7 to 102 years)
Lastexam Last eye examination Discrete (in weeks)
Medhisl Patient’s Medical history 0 =n/a, n/i I = None (healthy) 2 = Diabetic 3 = Arthritis
4 =HBP 5 = Stroke 6 = Paraplegic 7 = Respiratory
8 = Accident/Injury 9 = Other
Medhis2 Patient’s Medical history 0 =n/a, nfi 1 = None (healthy) 2 = Diabetic 3 = Arthritis
4 =HBP 5 = Stroke 6 = Paraplegic 7 = Respiratory
8 = AccidentInjury9 = Other
OcularH1 Patient’s ocular history 0=n/a, n/i 1 = Aphakia 2=CME 3 = Cawaract
4 = Diabetic Ret. 5 = Diplopia 6 = Glaucoma 7= Prog. Myopia
8§=CVA 9 = Mac. Deg. 10=CRVO 11=Mult. Scleros
[2 = Albinism 13 = Nystagmus 14 = Optic Atrophy
15=0ptic Neuritis 16 = Ret. Pigmentosal7 = Retinopathy [8 = Other
OcularH2 Patient’s ocular history 0=n/a, nfi I = Aphakia 2=CME 3 = Cataract
4 = Diabetic Ret. 5§ = Diplopia 6 = Glaucoma 7= Prog. Myopia
8§=CVA 9 = Mac. Deg. 10 =CRVO 11=Mult. Scleros
12 = Albinism 13 = Nystagmus 14 = Optic Atrophy
15=0ptic Neuritis 16 = Ret. Pigmentosal 7 = Retinopathy 18 = Other
OcularH3 Patient’s ocular history 0 =n/a, n/i I = Aphakia 2=CME 3 = Cataract
4 = Diabetic Ret. 5 = Diplopia 6 = Glaucoma 7= Prog. Myopia
8§=CVA 9 = Mac. Deg. 10=CRVO 11=Mult. Scleros
12 = Albinism 13 = Nystagmus 14 = Optic Atrophy
15=Optic Neuritis 16 = Ret. Pigmentosal 7 = Retinopathy 18 = Other
Gender Patient’s gender 0=n/ I = Female 2 =Male
Religion Patient’s religion O=nfi i = None 2 = Catholic 3 = Protestant
4 = Methodist 5 = Baptist 6 = Episcopelian 7 = Presbyterian
8 = Jewish 9 = Other
Race Patient’s race 0=nfi 1 = Black 2 = White 3 =
Hispanic
MaritalS Patient’s marital status O0=n/i 1 = Single 2 = Married 3 = Divorced
4 = Widowed
Picateg Patient category 0=n/i = Inpatient 2 = Outpatient
Pttype Patient type 0=n/i [ = New 2 = Established
DiagnosP Primary Diagnosis 0 =n/a, nfi | = Aphakia 2=CME 3 = Cataract
4 = Diabetic Ret. 5 = Diplopia 6 = Glaucoma 7= Prog. Myopia
8§=CVA 9 = Mac. Deg. 10=CRVYO 11=Mult. Scleros
12 = Albinism {3 = Nystagmus 14 = Optic Atrophy
15=Optic Neuritis 16 = Ret. Pigmentosal 7 = Retinopathy 18 = Other
DiagnosS Secondary Diagnosis 0=n/a, nfi | = Aphakia 2=CME 3 = Cataract
4 = Diabetic Ret. 5 =Diplopia 6 = Glaucoma 7= Prog. Myopia
8=CVA 9 = Mac. Deg. 10=CRVO 1 1=Mult. Scleros
12 = Albinism 13 = Nystagmus 14 = Optic Atrophy

Gual, Visual acuity and Visual aid Data

15=0ptic Neuritis

16 = Ret. Pigmentosal 7 = Retinopathy 18 = Other

Goall Patient's first complain / O=nf 1 = Read/write 2 =Glare 3=WalchTV
objective 4 = follow-up 5 = General Vision 6 = Color test 7=ADL
8 = Driving 9 = Other
Goal2 Patient’s second complain/ 0=n/i [ = Read/write 2 =Glare 3=Watch TV
objective 4 = follow-up 5 = General Vision 6 = Color test 7=ADL
8 = Driving 9 = Other
Goal3 Patient’s third complain / 0=n/i | = Read/write 2 =Glare 3=WachTV
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Vaid!

Vaid2

RxOD
RxOS
OoD-C
0Ss-C
OD-§
0S-§
ReadRxOD
ReadRxOS

Resource Data

TriedVAL

TriedVA2

Loanl

Loan2

Servtype
Vservice
Devicel

Device2

Letters
Source
Dr-time
Dr-conuns
Consults
Oconsult

Other Data
Revisit

RevisitT

objective

Patient’s first current visual
aid
Patient’s second current
visual aid

Present Rx OD
Present Rx OS
Acuities - C
Acuities - C
Acuities - S
Acuities - S
Reading Rx OD
Reading Rx OS

First visual aid tried

Second visual aid tried

First device loaned to

patient

Second device loaned to
patient
Description  of  service
rendered

Vision services rendered
First device prescribed /
dispensed

Second device prescribed /
dispensed

Number of letters written
Source of letters

Doctor’s time on patient
Dr &Tech’s time on patient
Consultations

Office consultations

Reason for revisit

Time for the revisit

4 = follow-up $ = General Vision 6 = Color test 7=ADL

8 = Driving 9 = Other

0=nh I = Hhmags 2 =Pkt Mags 3 = Stand mags
4 = Bifocals 5 = Glasses 6 = Bi/Monocs 7 = Contacts

8 = Filters 9 = Other

0=nf 1 = Hhmags 2 =Pkt Mags 3 = Stand mags
4 = Bifocals 5 = Glasses 6 = Bi/Monocs 7 = Contacts

8 = Filters 9 = Other

Discrete

Discrete

Discrete

Discrete

Discrete

Discrete

Discrete

Discrete

0 = None, n/i | =% Eyes 2 =Cl glasses 3 = Filters

4 = Hhmags 5 = Pkt Mags 6 =Illum SMags 7 = Read glasses
8 = Training 9 = Other

0 = None, n/i 1 =% Eyes 2 =ClI glasses 3 =Filters

4 = Hhmags 5 = Pkt Mags 6 =Illum SMags 7 = Read glasses
8 = Training 9 = Other

0 = None, n/t 1 ='%4 Eyes 2 =Cl glasses 3 =Filters

4 = Hhmags 5 = Pkt Mags 6 = lilum SMags 7 = Read glasses
8 =Lamp 9 = Other

0 = None, n/i | =% Eyes 2 =Cl glasses 3 =Filters

4 = Hhmags 5 = Pkt Mags 6 =Illum SMags 7 = Read glasses
8 =Lamp 9 = Other

0=nfi I = Comprehensive 2 = Intermediate 3 = Moderate

4 = Technician only

O=n/ 1=Visualfield 2 =Color test 3=EOG 4=ERG

0 = None, n/i I =% Eyes 2 =CI glasses 3 =Filters

4 = Hhmags 5 = Pkt Mags 6 =Illum SMags 7 = Read glasses
8 =Lamp 9 = Other

0 = None, n/i 1 =% Eyes 2 =Cl glasses 3 = Filters

4 = Hhmags 5 = Pkt Mags 6 =lllum SMags 7 = Read glasses
8 = Lamp 9 = Other

Discrete

0 =n/a (for none) [ = Doctor 2 = Other

Discrete (in minutes)

Discrete (in minutes)

0=nfi

0=nfi I = Eye appliance

0 =n/i, none 1 = Review status 2 =Review device 3 = Visual Field
4 = Training 5 = Other

Discrete (in weeks)
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Addendum D1.B: Block (Cluster) Output from BMDP

Revisit Triedva2 Lastexam Vaidl
Pttype Loanl Ocularh3 Goal2
Vservice Loan2 Goall Servtype
Diagnosp Ptcateg Revisitt Drtime
Letters Oconsult Maritals Cvacuity
Sourcel Consults Age Gender
Drcouns Diagnoss Ocularh2 Religion
Ocularhl Devicel Triedval

Goal3 Device2 Medhisl

vaid?2 Race Medhis?2
BLK COUNTH+....4...oF. et ottt o+,
A 4840 1201000200000200000200122820405130112
B 596 2116112........ ... 762..0011...
C 2 24454718543......
D 180 ittt e e e e et 545011223
e N “U I S S SRS S S ST

NO. OF SINGLETONS 3930

Notes: Tracking a variable downwards to the block values will show the modal value for the
block on the given variable. Such values can be deciphered from the coding scheme in
Addendum D1.A.

Addendum D1.C: Variables Discarded due to lack of variability after
Transformation into binary variables

1. Oculah2 2. Oculah8 3. Oculahl0 4.Oculahll 5.Oculahl4 6. OQOculahl5
7. Oculahl7 8. Oculahl8 9. Vaid8 10. Diagno2 11. Diagnol4 12. Diagnol5
13. Religio6  14. Religio7
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Addendum D1.D: Classification Rules from C4.5
Rule 1
Goall = genvision
Cvacuity > 80 Rule 7
Pttype = repeat OcularH2 = other
=> class Group 4 [70.7%)] Pttype = repeat Rule 14
=> class Group 3 [56.8%] OcularH?2 = cataract
Rule 2 Goal2 = glare
OcularH2 = other Rule 8 => class Group 1 [50.0%]
MaritalS = single Goall = colort
=> class Group 4 {35.2%] => class Group 1 {85.7%] Rule 15
Goall = glare
Rule 3 Rule 9 => class Group | [50.0%]
Goall = fup MedHis! = hbp
MaritalS = single Pttype = repeat Rule 16
=> class Group 3 [88.2%] MaritalS = married Goall =driving
Lastexam <= 24 Pttype = new
Rule 4 => class Group 1 [75.9%] => class Group 2 [79.4%]
MedHis! = stroke
Lastexam <= 24 Rule 10 Rule 17
Goall = fup Goall =tv Pttype = new
=> class Group 3 [84.5%] Pttype = repeat Religion = catholic
=> class Group 1 [70.7%] => class Group 2 [78.6%]
Rule 5
MedHis| = other Rule 11 Rule 18
Goall = fup MedHis! = none Goall = genvision
=> class Group 3 [77.7%] Goall = fup Pttype = new
=> class Group! [63.0%] => class Group 2 (72.2%]
Rule 6
MaritalS = single Rule 12 Rule 19
Lastexam <= 24 MedHis! = arthritis Goall = readw
Goall = fup MaritalS = single Pttype = new

=> class Group 3 [70.0%]

=> class Group 1 [63.0%]

Rule 13

Goall =readw

Pttype = repeat

=> class Group | [51.2%]

=> class Group 2 [71.9%]
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Overview
This appendix describes the application of the APRCM methodology to data from Site 2.
It follows Appendix D.1’s outline, and covers similar issues with respect to Site 2 but with more

brevity since explanatory notes have been given in Appendix D.1.

Setting

The host clinic is located in the Vision Research and Rehabilitation Center at a large
(>1000 bed), urban, university hospital. In addition to funding from the hospital and client fees,
the clinic receives grants from a major philanthropic organization. Its staff (n > 9) is a
multidisciplinary complement of ophthalmologists, optometric low vision specialists,
rehabilitation and occupational therapists (clinical social workers). It also includes a
receptionist/secretary and two undergraduate medical students who are routinely assigned duties
within the clinic.

It is a secondary/tertiary facility that accepts patient referrals from within the host center
and hospital and from community eye and rehabilitation practitioners in the surrounding
metropolis and adjoining East coast states. A small proportion of its patients are from
international referral sources. It is open eight hours a day, Monday through Thursday. Its
patient base is largely geriatric and racially mixed (see Table D2.1). To facilitate the visual
evaluation on the appointment date, the clinic receives a detailed letter from the referring doctor
providing information on the patient’s condition, her/his medical and ocular history, current
visual aids, age of prescription, medications, etc.

The clinical social worker will typically be the patient’s first contact with the clinic’s
professional staff. In addition to eliciting the patient’s medical, ocular, family and health history,
the social worker also performs an assessment of the patient’s functional problems, goals and
objectives. This initial contact takes about 40 to 50 minutes. The patient then proceeds for a 90
to 120 minutes visual evaluation by an optometrist/ophthalmologist. Various optical, electronic
and mechanical devices or techniques are used and their impact on the patient’s visual
performance is determined. Based on this, some selection, recommendation, and prescription of

devices, techniques, or other service is made. About 50% of the patients meet with the clinical
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social worker again for follow-up work that lasts between 10 and 15 minutes. Thus, an initial

patient visit typically takes from 2 to 3 hours.

Subjects

A systematic sample (n = 310) was drawn from the 1250 patients seen in the clinic in
1994 (a period over which there was relative stability in the standard forms used at the site).
Every fourth file in the patient records arranged alphabetically and tagged by year was pulled for
inclusion in the sample.

Table D2.1 presents a summary of some descriptive statistics of interest about the
patients included in the sample. For example, although the ages of patients in the sample
ranged from 2 to 94 years, about 45% were aged 70 years or above. In fact, more than 75% were
aged 50 or above whereas the below 20 years category made up about 4% of the sample. This
spread is typical of the general low vision patient population in North America. The subjects are
split almost equally on the gender dimension (49% female and 51% male). The spread on race
was reflective of local demographics that are typical of the nation’s distribution (white 73.5%,
black 14.5%, other 0.6%, and not indicated 11.3%). Finally, the majority of the subjects

(68.7%) were new patients (with repeats comprising 31.3%).

Table D2.1: Composition of Sample across Age, Gender, Race, Patient Type & Diagnosis.

Feature Group! Group2 Group3 Group4 Group5 Total
<10 1 0 1 1 5 8 (2.6%)
10-19 1 1 1 0 1 4 (1.3%)
20-29 2 0 2 1 2 7 (2.3%)
30-39 10 3 2 6 3 24 (7.7%)
Age 4049 5 2 14 3 5 29 (9.4%)
50-59 14 3 11 5 5 38 (12.3%)
60 -69 2 17 9 14 7 59 (19.0%)
70-79 42 16 4 5 8 75 (24.2%)
80-89 20 6 9 6 20 61 (19.7%)
>=90 2 1 2 0 0 5(1.6%)
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Gender Female 32 38 27 28 27 152 (49.0%)
Male 77 11 28 13 29 158 (51%)
Not indicated 17 5 6 4 3 35(11.3%)
Race White 78 33 41 35 41 228 (73.5%)
Black 13 11 8 11 45 (14.5%)
Other 1 0 1 2(0.6%)
Patient New 79 31 46 18 39 213 (68.7%)
Type Established 30 18 9 23 17 97 (31.3%)
Albinism 0 0 1 0 3 4(1.3%)
Glaucoma 2 0 2 1 1 6 (1.9%)
Primary Visual cortex 2 0 2 l 7 (2.3%)
Visual field disorder 2 0 2 0 4 8 (2.6%)
Diagnosis
Glaucoma 6 | 3 0 I 11 (3.5%)
Diabetic retinopathy 7 I 1 0 3 12 (3.9%)
Retinitis pigmentosa 6 6 4 0 5 21 (6.8%)
Choroidal disorder 18 17 14 9 4 62 (20.0%)
Macular 54 20 20 22 25 141 (45.5%)
degeneration
Other 12 4 6 8 8 38 (12.3%)
Group Totals 109 49 55 41 56 310
Data

45 biographical and resource pieces of information (8 discrete and 37 qualitative) were

targeted for each case in the sample (see Addendum D2.A for a description of these). The data

were entered directly from the patient records to a spreadsheet on a lap-top computer. In total,

data obtained from this site covered about 25% of the patients seen at the site over the year of

interest.

The data collection activity was conducted during the week of February 4, 1996. Data

was collected by the investigator and two research assistants (medical students attached to the
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clinic). A training session was conducted to familiarize the research assistants with the
modalities of the data collection exercise. Data collected each day were perused in the evening
to ensure that there was consistency across the three data collectors, all the fields of interest had
been covered for the cases dealt with on that day, missing values were noted for subsequent
verification that they were indeed unavailable, and new or unfamiliar values were tagged for
verification or explanation by the clinic director on the following day.

At the end of the collection phase, the data were numerically coded as per the coding
scheme in Addendum D2.A. The resulting data file was preliminarily analyzed for descriptive
statistics. The variable Preva (presenting visual acuity of better eye) was created from Preod and
Preos (the lower of the two for each case was picked). The difference between Time-in and
Time-out was used to create the variable Time which replaced the former two. The discrete

variables were categorized and the resulting data set uploaded for categorical cluster analysis.

Cluster Analysis
Table D2.2 presents the characteristics of the five groups generated from the data.

Addendum D2.B gives the block count portion of the output from the clustering algorithm.

Table D2.2: Site 2’s Grouping Characteristics

VARIABLE/GRQUP 1 2 3 4 5
Demographics: Pt Type New New New Established New
PUs Age 70-89 60-79 40-59 50-69 80-89
Gender Male Female Female/Male Female Female/Male
Living Not alone Alone Not alone Not alone Not alone
Pre-visual acuity 25-80 80-400 25-80 25-200 25-1330
Current Visual Aids Bifocs, mags Bifocs, mags Bifocs, mags. r/glasses Mags. r/glasses Bifocs, r/glasses
Patient’s Main complaint Declining vision Declining vision Declining vision amd Declining vision
Services Used: Consult Level 3, 4 & Other Level 4 Level 4 Level 4 Level 3, 4 & Other
# of Letters 0 0 | 0 0
Msw No No No Yes No
Time 76-120 mins 106-120 mins 91-120 mins 136-180 mins 106-120 mins
Disposition Npr Npr flup flup Npr
Oldevs No No Yes No No
Bestva 25-80 80-200 25-80 25-200 25-1330

The resource portion of these characteristics can be expressed by the resource demand formulae:
RU =3<=C<=5)+0L+0M+(75<T<121)+1P+0D
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RU, =4C+0L+0M +(105< T <121)+1P+0D

RU; =4C+IL+OM+(90< T < 121)+2P+1D

RU,=4C+0L+IM+(135<T<181)+2P+0D

RU;=(3<=C<=5)+0L+0M+(105<T <121)+1P+0D
where RU, is the expected set of resources demanded by patient group i;

C is consultation level (1, 2, 3, 4, or 5 (other))

M 1is social worker consultation (0 = No, 1 = Yes)

T is clinician time (in minutes)

P is disposition (1 = npr, 2 = f/up)

D is optical low vision devices dispensed (0 = No, 1 = Yes).

Further pre-processing of the data after the groups were obtained was called for to:

a) add in the group variable,

b) strip from the data all the resource and other variables that can not be known prior to the
appointment date (Addendum D2.A),

c) use of the qualitative form of the reduced variables in step b) for the decision tree analysis
phase of the assignment task, and

d) wtansform the qualitative variables in step c) into binary variables for the rest of the
assignment tools.

Steps (a) and( b) left the data set with a total of 26 variables. Step (d) expanded these to 113

(for DA and K-NN) and 117 (for WinNN).

These data were analyzed under each of the four classification methods. As discussed in
the thesis report, the basic objective of the analysis at this point was to determine how well each
method predicted the group membership for the 310 cases using only that information about the
case that is available before the appointment date (after step b). The performance of the different
classifiers is presented in subsequent sections below. Each section identifies the classifier, gives

explanatory comments on its general philosophy (technical descriptions of the classifier are
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presented in the report), what splitting of the data was made, and closes with a presentation of
the results obtained from that classifier.

As discussed in Chapters 3, the performance of each classifier can be evaluated using a
number of measures namely; apparent error rate, estimate of true error, and a misclassification
cost. We elected to present the classifiers’ performance as is, without biasing them with any
arbitrary indication of misclassification costs. Thus, the apparent error rate and an estimate of

the true error rate are used here as the indicators of each classifier’s performances.

Decision Tree
C4.5’s assignments are presented in Table D2.3. The decision tree’s correct
predictions on cases in Group 4 (48.8%) is relatively poorer than those in the other groups (all

above 60.0%).

Table D2.3: Decision Tree (C4.5) Classification Matrix of Site 2’s Cases

From\To Groupl Group2 Group3 Group4 GroupS5 Total
Group 1 74 2 17 5 11 109
0.6789 0.0183 0.1559 0.0459 0.1009 1.0000
Group 2 2 31 12 3 1 49
0.0408 0.6327 0.2449 0.0612 0.0204 1.0000
Group 3 10 2 34 2 7 55
0.1818 0.0364 0.6182 0.0364 0.1273 1.0000
Group 4 4 2 14 20 | 41
0.0976 0.0488 0.3415 0.4878 0.0244 1.0000
Group 5 4 3 12 2 35 56
0.0714 0.0536 0.2143 0.0357 0.6250 1.0000
Total 94 40 89 32 55 310
0.3032 0.1290 0.2871 0.1032 0.1774 1.0000
Apparent Error 0.3740
Estimated Error 0.4420

Non-parametric Discriminant Analysis
Table D2.4 summarizes the predictions of this learning system. Unlike the previous

technique, prediction on Group 4 is remarkably better than predictions on other groups. The
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method’s overall estimated error of 77.5%, however, implies that it does not perform well as a

predictor.

Table D2.4: Non-parametric D. A. Classification Matrix of Site 2’s Cases

From\To Groupl Group2 Group3 Groupd4 Group$s Other Total
Group 1 29 0 6 1 l 72 109
0.2661 0.0 0.0550 0.0092 0.0092 0.6606 1.0000
Group 2 0 16 6 1 1 25 49
0.0 0.3265 0.1224 0.0204 0.0204 0.5102 1.0000
Group 3 6 6 2 3 | 37 55
0.1091 0.1091 0.0364 0.0545 0.0182 0.6727 1.0000
Group 4 1 1 3 17 2 17 4]
0.0244 0.0244 0.0732 0.4146 0.0488 0.4146 1.0000
Group § 1 1 1 2 6 45 56
0.0179 0.0179 0.0179 0.0357 0.1071 0.8036 1.0000
Total 37 24 18 24 11 196 310
0.1194 0.0774 0.0581 0.0774 0.0355 0.6323 1.0000
Apparent Error 0.1419
Estimated Error 0.7749

K-Nearest-Neighbor:

Table D.5 gives a summary of this method’s performance. The method predicted
membership in Groups 3 and 5 poorly (below 40.0%), about average on Group 4 (58.5%) and
very well on Groups | and 2 (86.2% and 73.5% respectively). Its overall estimated error of
0.3710 implies that it will more than double the predictive accuracy of the discriminant

analysis classifier.

Table D.5: K-NN Classification Matrix of Site 2’s Cases

From\To Groupl Group2 Group3 Groupd4 GroupS  Other Total

Group 1 94 3 6 2 3 | 109
0.8624 0.0275 0.0550 0.0183 0.0275 0.0092 1.0000

Group 2 6 36 l 4 0 2 49
0.1224 0.7347 0.0204 0.0816 0.0 0.0408 1.0000

Group 3 23 7 19 l l 4 55

04182 0.1273 0.3455 0.0182 0.0182 0.0727 1.0000
Group 4 4 5 2 24 1 5 41
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0.0976 0.1220 0.0488 0.5854 0.0244 0.1220 1.0000

Group § 23 4 2 0 22 5 56
0.4107 0.0714 0.0357 0.0 0.3929 0.0893 1.0000
Total 150 55 30 19 31 27 310
0.4839 0.1774 0.0968 0.0704 0.1000 0.0871 1.0000
Apparent Error 0.3258
Estimated Error 0.3710
Neural Network

Similar experimentation as those at Site | with the same parameters were used. As can
be noted from the results in Table D.6, this classifier turned out to be quite costly in terms of
time. The first run took thousands of iterations (at 26 seconds per iteration on a Pentium 166
machine, this worked out to be more than 26 hours) for the performance to reach about 95%
prediction accuracy on the training cases. In order to speed up the process, in subsequent runs,
we:

a) commenced the network from the saved weights of the foregoing run;

b) stopped the training when the network indicated that it had achieved 80% (or more) good
patterns on training set. It was noticed that even in the case where more than 80% was reached
after the first few iterations (run # 2), performance did not improve significantly when the net
was allowed to run for more than 1000 iterations.

The average of the errors obtained from testing the 10 trained networks on their
corresponding testing sets is taken here to be an estimate of the true error. The apparent error
rate is drawn from an average of the misclassification of the trained networks on the training
cases. No group specific estimates were drawn from the network’s predictions, hence no inter-
group and inter-technique comparisons can be made. The first and ninth runs are intriguing.
Although the network performed relatively well on the training cases (with about 95%
accuracy), it did so poorly on the testing cases (about 26% accuracy). Contrary to this, the
network posted perfect prediction on the testing cases in the ninth run even though its

performance on the training cases had not been outstanding.
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Table D2.6: Summary of Neural Network Predictions of Site 2’s Cases

Iterations Training Testing Testing

Run # Good patterns % Good patterns % Error

1 3611 94.6 25.8 0.742

2 1847 85.7 87.1 0.129

3 12 83.5 90.3 0.097

4 56 87.5 96.8 0.032

5 5 83.2 83.9 0.161

6 9 87.5 93.5 0.065

7 42 87.1 93.5 0.065

8 28 83.5 87.1 0.129

9 3 85.7 100.0 0.0

10 35 87.1 96.8 0.032
Apparent Error 0.1346
Estimated Error 0.1452

Overall Performance

A summary of the performance of all the four classification methods is presented in

the table below.

Table D2.7: Summary of classifier performance in the prediction task

Classifier

Neural Networks - WinNN
K-Nearest Neighbor - SAS
Decision Tree - C4.5
Discriminant Analysis - SAS

Chance Criterion

Apparent Error

0.1346
0.3258
0.3740
0.1419
0.7698

Estimate of True Error
0.1452
0.3710
0.4420
0.7749
0.7698
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Addendum D2.A: Description of Study Variables

Variable Description Range

Background Data

Age Patient’s age Discrete (from 2 to 94 years)

Race Patient’s race 1 = Black 2 = White 3 = Hispanic 4=n/i

MaritalS Patient’s marital status I = Single 2 = Married 3 = Divorced 4 = Widowed
S=nfi

Gender Patient’s gender | = Female 2=Male

Pitype Patient type I = New 2 = Repeat (established)

Network Pt's support network | = Family 2 = Friends 3 =Church/Com 4 =n/i

Distance Distance traveled 1 = Local 2 = In-state 3 = Qut-state 4=n/

Living Patient living alone? 1=No 2=Yes

Educ-Voc Patient’s O0=n/i I = Attomey 2 =Ondisability 3 =Eng/mech

Education/vocation 4 = Nursing 5 = Office-work 6 = Student 7 = Teaching/mgt
8 = Other 9 = Retired

Systemic Systemic condition O=n/i I = Good/healthy 2 =Heartcond’'n 3 = Arthritic
4 = Diabetic 5 = Asthma 6 = Cancer 7 = Other

Medicats Medications 0=No I =Yes 2=nh

ChiefC Patient’s chief complaint O0=nA | =Reading difs 2 =Fuzzy vision 3 = Declining vis
4 = Dis/Nr vision 5 = General Vision 6 = Glare control 7 =AMD
8 = Diab ret 9 = Other

Onset Onset of cye condition Discrete (in years)

Prefeye Preferred eye 1=0D 2=08 3 = Same 4=n/i

Ocdiagl Primary ocular diagnosis 0 = Albinism I =Amd 2 = Diabeticret. 3 = Optic atrophy
4 = Retinal defect 5 = Cataracts 6 = Glaucoma 7= Retinitis Pig.
8 = High Myopia 9 = Other

Ocdiag?2 Secondary ocular diagnosis 0 = Albinism l1=Amd 2 = Diabetic ret. 3 = Optic atrophy
4 = Retinal defect 5 = Cataracts 6 = Glaucoma 7= Retinitis Pig.
8 = High Myopia 9 = Other

Goal, Visual acuity and Visual aid Data

Ptgoall Patient’s first objective O=nf | = Reading 2 = Writing 3 = Driving
4 = TV/Spec sports § = Signs 6 = Mobility 7=ADLs
8 =Glare 9 = Other (Educational, vocational, etc)

Pegoal2 Patient’s second objective 0=n/i I = Reading 2 = Writing 3 =Driving
4 = TV/Spec sports 5 = Signs 6 = Mability 7=ADLs
8 =Glare 9 = QOther (Educational, vocational, etc)

Pigoai3 Patient’s third objective O0=nfi 1 = Reading 2 = Writing 3 = Driving
4 = TV/Spec sports 5 = Signs 6 = Mobility 7=ADLs
8 = Glare 9 = Other (Educational, vocational, etc)

Ptgoal4 Patient’s fourth objective 0=n/i [ = Reading 2 = Writing 3 = Driving
4 = TV/Spec sports 5 = Signs 6 = Mobility 7=ADLs
8 = Glare 9 = Other (Educational, vocational, etc)

PtgoalS Patient’s fifth objective O0=nl 1 = Reading 2 = Writing 3 =Driving
4 = TV/Spec sports 5 = Signs 6 = Mobility 7=ADLs
8 =Glare 9 = Other (Educational, vocational, etc)

PreVaOd Presenting vis. acuity OD Discrete

PreVaOs Presenting vis. acuity OS Discrete

BestVaOd Best visual acuity OD Discrete (with n/t = not tested)

BestVaOs Best visual acuity OS Discrete (with n/t = not tested)

Rehabl Current rehab device | 0=wn/i 1 = half eyes 2 = Bifocs/trifocs 3 = Telescopes
4 = Magnifiers 5 =Dist/Nr Rx 6 = Filters 7 = Lp/Talk bks
8=CCTV 9 = Other

Rehab2 Current rehab device 2 O0=nfi 1 = half eyes 2 = Bifocs/trifocs 3 = Telescopes
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4 = Magnifiers 5 = Dist/Nr Rx 6 = Filters 7 = Lp/Talk bks
8=CCTV 9 = Other

Rehab3 Current rehab device 3 0=nfi 1 = half eyes 2 = Bifocs/trifocs 3 = Telescopes
4 = Magnifiers 5 = Dist/Nr Rx 6 = Filters 7 = Lp/Talk bks
8§ =CCTV 9 = Other

Resource Data

Time
Individ
Consult

Examin

OLvdevs
SLvdevs
Nonops
Letters
Source
Msw

Other Data

Disposit
Retun

Time patient took in clinic
Service code
Office Consultations

Office Examinations

Optical low vision devices
Spectacle low vision devs
Non-optical low vis. devs
Number of letters/reports
Source of letters/reports
Seen by social worker

Patient’s disposition
Patient’s return date

Discrete (in minutes)

I =nfi 2 = Ind. Thrpy 30 (mc) 3 = Ind. Thrpy 50 (mc)
0=n/i 1=Level 5 2 =Level 4 3=Level 3
4 = Purchase only 5= Other

0=n/i | =Level 4 2=Level 3(100) 3=Level 3(75)
4=Level 2

0=No 1 =Yes

0=No 1 =Yes

0=No I =Yes

Discrete

O0=n/a | = Doctor 2 = Social worker

0=No | =Yes 2=n/i

1 = Follow-up 2=Rewm PRN 3=/

Discrete (in weeks)

Addendum D2.B: Block (Cluster) Output from BMDP

Race

Distance

Medics
Chiefc
Onset

Rehab3

Ptgoall

Ptgoald

Ptgoal5s
Return
BLK COUNT+....4+....+..

Individ
Examin
Slvdevs
Nonops
Ocdiagl
Ocdiag2

AR + .t

Living Pttype
Prefered Msw
Pgoal3 Preod
Age Preos
Ptgoall Gender
Disposit Systemic
Network Bestvaod
Eduvoc Bestvaos
Rehabl Marital
Consult Rehab?2
I S

Time
Olvdevs
Letters
Source

A 6142 1013901009000001900001072209221011122210

NO. OF SINGLETONS

...............

---------------

---------------

5183

e T I

..... 104.........32044344

AR
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Addendum D2.C: Classification Rules from C4.5
Rule 1: Rule 8: Rule 16:
Eduvoc = Office-w Systemic = healthy Preva=25-80
Medics = Yes => class Group 5 [48%] Gender = male
Pttype = Repeat Medics = Yes

=> class Group 4 [46.2%]

Rule 2:
Chiefc = Amd
=> class Group 4 [39.8%]

Rule 3:

Systemic = arthritis
Rehab3 = halfeyes

=> class Group 4 [31.6%]

Rule 4:

Systemic = Diabetes
Chiefc = declivis

Ptgoal2 = write

=> class Group 2 [72.6%]

Rule 5:

Living = alone

Systemic = Diabetes

=> class Group 2 [58.4%]

Rule 6:

Age=70-79

Living = alone

=> class Group 2 [43.3%]

Rule 7:

Systemic = heart
Ptgoal5= mobility

=> class Group 2 [31.6%]

Rule 9:
Preva = 400-1329
=> class Group 5 [43.5%]

Rule 10:

Age=80-89

Chiefc = readdifs

Prefered = OS

=> class Group 5 [41.8%]

Rule L I:
Systemic = asthma
=> class Group 3 [41.8%]

Rule 12:
Age=40-49
=> class Group 3 [35.2%]

Rule 13:

Systemic = heart

Prefered = OD

Pttype = new

=> class Group 3 [31.6%]

Rule 14:

Gender = Male

Systemic = heart
Prefered = OS

=> class Group 1 [77.2%]
Rule 15:

Age=70-79

Living = not alone
=> class Group 1 [69.2%]

=> class Group 1 [63.8%]

Rule 17

Distance = local
Systemic = arthritis
Prefered = OS

=> class Group 1 [54.5%]

Rule 18:

Systemic = heart

Ocdiag = other

=> class Group 1 [50.9%]
Rule 19:

Systemic = cancer
Ptgoall = read

=> class Group | [46.2%]
Rule 20:

Medics = yes

Chiefc = other
=> class Group | [41.0%]

Rule 21:
Rehab3 = Iptkbks
=> class Group | [40.2%]
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Overview
This appendix describes the application of the APRCM methodology to data from Site 3.

It follows Appendix D.2’s outline and structure.

Setting

The host center for this part of the study (hereafter referred to as Site 3) is located in an
urban, specialty ophthalmological hospital within an academic environment. The hospital is
affiliated to a major medical school and has close links with two other nearby schools. The
center was established with the help of funds from a philanthropic organization and is currently
funded by the hospital. Its staff is a multidisciplinary complement of an ophthalmologist, four
optometrists, occupational therapists, ophthalmology residents, and social workers. The staff
also includes two secretaries, an ophthalmic assistant, and trained volunteers.

It is a specialty/tertiary facility that accepts patient referrals from multiple sources. About
fifty percent of its referrals are from nongeographic ophthalmologists, 4% from the host
hospital, and 9% from practitioners not affiliated with the host hospital. Some (8%) of its
patients are from adjoining states on the East Coast and foreign (about 2%). This patient base is
predominantly geriatric, and largely female (see Table D3.1). Among the services offered at this
center are evaluation testing (to measure functional vision and assess visual needs), instruction
and training, assistive devices, counselling services, and library services (with a wide collection
of alternatives to regular printed materials). One of the distinguishing features of the center
(largely due to its very location) is its integration of eye, ear, nose, and throat rehabilitative
services for persons of all ages.

Prior to the appointment date, the patient is contacted by the staff (volunteer) who elicits
information with regard to the patient’s condition, current visual aids, age of prescription,
medical and ocular history, visual problems, and objectives. In initial visits, all patients are
booked to see all members of the center’s evaluation team in sequence for a total of two hours.
In cases where the patient becomes fatigued before the whole examination is done, the

remaining portion is rescheduled for a later date. The patient first undergoes a visual assessment
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to determine her/his visual acuities using a variety of optical and non-optical devices. S/he is
then trained by an occupational therapist to use adaptive techniques, devices and non-visual
skills to perform self-care, work and recreational activities. Therafter the patient is seen by a
social worker who assesses the social and emotional issues facing the patient. Counselling
and/or referrals to appropriate resources/agencies are offered at this point depending on the
patient’s needs. Arrangement for follow-up visits are made depending on the specific needs of
the patient. The follow-up visit is not as lengthy as the initial visit.
Subjects

A systematic sample (n = 388) was drawn from the more than 1500 patient visits that the
center handled over the fiscal year 1995. Every fourth file in the patient records arranged
alphabetically (and tagged by year) was pulled for inclusion in the sample. Table D3.1 presents
a summary of some descriptive statistics of interest about the patients included in the sample.
For example, although the ages of patients in the sample ranged from 6 to 97 years, more than
61% were aged between from 70 - 89 years. Almost 80% were aged 50 or above whereas the
below 20 years category made up a little over 6% of the sample. This spread is typical of the
general low vision patient population in North America and is confirmed by the visual diagnoses
- with the majority presenting with conditions that are of adult onset in nature. The subjects are
predominantly female (63.4%). Finally, the majority of the subjects (59.3%) were established
(repeat) patients.

Table D3.1: Composition of Sample across Age, Gender & Patient Type.

Feature Category n %

<10 2 0.5

10-19 23 59

20-29 10 2.6

30-39 20 52

Age 40 49 25 6.4
50 - 59 25 6.4

60 -69 27 7.0

70-79 112 28.9
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80 -89 125 322

>=90 19 49

Gender Male 246 634
Female 142 36.6

Patient Type New 158 40.7
Repeat 230 593
Totals 388 100.0

Data

109 biographical and resource pieces of information were to be targeted for each case in
the sample. Only 77 (7 discrete, 70 qualitative) of these, however, contained sufficient
responses for the purposes of this study (see Addendum D3.A for a description). In total, data
obtained from this site covered 25.6% of the patient visits handled by the center over the year of
interest.

The data collection activity was conducted by a team consisting of the investigator and
two research assistants over the week of March 10, 1996 and (by the research assistants) over the
week of March 17, 1996. Data collected each day over the first week were perused in the
evening for initial clean-up which entailed making sure that consistency across the data
collectors was achieved, the fields of interest had been covered for the cases dealt with on that
day, missing values were noted for subsequent verification that they were indeed unavailable,
and new or unfamiliar values were identified for subsequent verification or explanation by the
director.

At the end of the collection phase, the data were numerically coded as per the coding
scheme in Addendum D3.A. The resulting data file was preliminarily analyzed for descriptive
statistics. Variables (n=32) containing insufficient responses were deleted (see thesis report for
discussion of this). In line with the study objectives, after the generation of patient groups from
the data using cluster analysis, subsequent study tasks required the transformation of the data
into suitable formats for analysis under each classification/assignment tool (decision trees,

nearest neighbor, discriminant analysis, and neural networks respectively).
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Cluster Analysis

Block Clustering in the BMDP statistical package (see thesis report for a discussion of

the decision points with regard to cluster configuration and blocking parameters) was used to

generate four distinct clusters (groups) from tha data (see Addendum D3.B for the block output

from BMDP). In the absence of expert opinion, it is assumed here that these five constitute the

latent patient groups at this site. Table D3.2 presents the characteristics of these five groups.

Table D3.2: Site 3’s Grouping Characteristics

VARIABLE/GROUP 1 2 3 4 5
Demographics: Pt Type Repeat Repeat Repeat New Repeat
Pt's Age 80-89 70-719 80-89 70-79 80-89
Gender Female Female Female Female Male
Marital Married, Widow Widow, Married, Widow Married, Widow Single, Married
Married
Current Visual Aids Readers, Bfl, Hhms Readers, Bfl, Readers, Bfl, Hhms Readers, Bfl Readers, Bft
Hbms
Patient’s Main Goals Mobility, Reading Mobility. St- Mobility, Reading Mobility, Reading Mobil, St-sign. Leisur
Ssgns
Family support Yes Yes Not avail/approp Yes No
Services Used: Drvistyp Cons Lv, Fup Lv Cons Lv Cons Lv, Ext Fup Cons Lv, Ext Cons Lv Fup Lv, Ext Fup Lv
Orvistyp No OT No OT Lv 172 Hr OT Eval No OT
Swvistyp None None No OT Bef Initial None
Recdev None None None Gal. Lap Desk Nene

None

The resource portion of these characteristics can be expressed by the resource demand formulae:

RU, =(Ce{1,2}))+0M +0T +0D

RU, =1C+0M +0T+0D

RU, =(Ce(l4})+O0M + 0T + 0D

RU,=(Ce{l,2}+IM+ 1T +1D
RU, =(Ce{34}+0M+0T+0D

where RU, is the expected set of resources demanded by patient group i;

C is Doctor’s Visit Type (1 = Cons Lv, 2 = Ext Cons Lv, 3 = Fup Lv, 4 = Ext Fup Lv)
M is OT Visit Type (0 = None, 1 = 1/2 Hr OT eval)
T is Social Worker Visit Type (0 = None, 1 = Brief initial)

D is optical low vision devices dispensed (0 = No, | = Yes).
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b)

c)

d)

Further pre-processing of the data after the groups were obtained was called for to:
add in the group variable,
strip from the data all the resource and other variables that could not be known prior to the
appointment date,
use of the qualitative form of the reduced variables in step b for the decision tree analysis
phase of the assignment task, and
binarize all the qualitative variables in step ¢ for the rest of the assignment tools (non-
parametric discriminant and nearest neighbor analysis in SAS and neural network
assignment in WinNN ).

Steps a) and b) left the dataset with a total of 40 variables. Step d) expanded these to 73.

One lacked variability and had to be deleted.

Decision Tree

Table D3.3 presents C4.5’s classification matrix (see Addendum D3.C for the

attendant decision rules). The decision tree’s overall estimate of the true error rate is shown in

the last row. It predicts cases in Groups 2 and 4 (89% and 85% respectively) relatively better

than those in the other three groups (all below 60.0% accuracy).

Table D3.3: Decision Tree (C4.5) Classification Matrix of Site 3’s Cases

From\To Groupl Group2 Group3 Groupd4 Groups5 Total

Group 1 53 0 10 19 9 91
0.5824 0.0 0.1099 0.2088 0.0989 1.0000

Group 2 l 50 0 5 0 56
0.0179 0.8928 0.0 0.0893 0.0 1.0000

Group 3 17 2 25 24 6 74
0.2297 0.0270 0.3378  0.3243 0.0811 1.0000

Group 4 8 0 [ 79 5 93
0.0860 0.0 0.0108 0.8495 0.0538 1.0000

Group § 15 2 7 6 4 74
0.2027 0.0270 0.0946 0.0811 0.5946 1.0000

Total 94 54 43 133 64 388
0.2423 0.1392 0.1108 0.3428 0.1649 1.0000
Apparent Error 0.3530

Estimated Error 0.4080
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Non-parametric Discriminant Analysis

Table D3.4 gives a the classification matrix from this learning system. The best
predictions are seen on cases in Group 2 (55%) and the worst on Group 4 (14%). Predictions
on cases in Groups I, 3 and 5 are all below 50%. The tool’s overall estimated error of about

65% implies that it does not perform well as a predictor on these data.

Table D3.4: Non-parametric D. A. Classification Matrix of Site 3’s Cases

From\To Groupl Group2 Group3 Group4 Group$s Other Total
Group 1 29 3 5 11 9 34 91
0.3187 0.0330 0.0549 0.1209 0.0989 0.3436 1.0000
Group 2 l 31 0 5 | 18 56
0.0179 0.5536 0.0 0.0893 0.0179 0.3214 1.0000
Group 3 3 3 28 6 4 30 56
0.0405 0.0405 0.3784 0.0811 0.0541 0.4054 1.0000
Group 4 17 6 7 13 5 45 93
0.1828 0.0645 0.0753 0.1398 0.0538 0.4839 1.0000
Group 5 9 2 2 4 36 21 74
0.1216 0.0270 0.0270 0.0541 0.4865 0.2338 1.0000
Total 59 45 42 39 55 148 388
0.1521 0.1160 0.1082 0.1005 0.1418 0.3814 1.0000
Apparent Error 0.3015
Estimated Error 0.6469

K-Nearest-Neighbor:

This technique predicted membership in Groups 2 very well (80%), Group 4 rather
poorly (42.0%), above average on Groups | and 3 (53.9% and 56.8 respectively), and
surprisingly well for Group 5 (68.9%). Its overall estimated error of about 42% implies that it

is a relatively good predictive tool. These results are summarised in the classification matrix

in Table D3.5.

Table D3.5: K-NN Classification Matrix of Site 3’s Cases

From\To Groupl Group2 Group3 Groupd4d Group$5 Other Total

Group 1 49 6 13 7 13 3 91
0.5385 0.0659 0.1429 0.0769 0.1429 0.0330 1.0000
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Group 2 2 45 2 4 0 3 56
0.0357 0.8036 0.0357 0.0714 0.0 0.0536 1.0000

Group 3 5 8 42 4 8 7 74
0.0676 0.1081 0.5676 0.0541 0.1081 0.0946 1.0000

Group 4 16 9 16 39 7 6 93
0.1720 0.068 0.1720 0.4194 0.0753 0.0645 1.0000

Group § 11 4 4 2 51 2 74
0.1486 0.0541 0.0541 0.0270 0.6892 0.0270 1.0000

Total 83 72 77 56 79 21 310
0.2139 0.1856 0.1985 0.1443 0.2036 0.0541 1.0000
Apparent Error 0.3943
Estimated Error 0.4175

Neural Network
For WinNN, we:

a) had the group variable represented in binary form (by five variables rather than one), thus
bringing the total number of variables to 76. Similar experimentation with equal distance
scaling as in Site 2 were done;

b) used cross-validation by splitting the dataset into ten sets. The first through eigth sets 39
cases each, whereas the nineth and tenth had 38 cases each. From these, 10 training (input
pattern) and 10 testing files were drawn. Each input pattern file contained nine of these sets (of
either 350 or 349 cases) and the remaining | set was used as a test file (either 39 or 38 cases).
Care was taken to ensure that each of these 10 sets was used only once as a test file, and that no
single set was used both as an input and a test file simultaneously.

As can be noted from the results below, this classifier tumed out to be very costly in
terms of time. The first run took 12601 iterations (at 29 seconds per iteration on a Pentium 166
machine). In this run alone, it took more than 100 hours for prediction accuracy on the training
cases to pass the 50% mark. To speed up the process, we followed the same procedures used at
the earlier sites. Results from this technique’s performance are shown in Table D3.6.

Table D3.6: Summary of Neural Network Predictions of Site 3’s Cases

Iterations Training Testing Testing
Run # Good patterns  Good patterns % Error
%

1 12601 52 28.2 71.8
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2 176 53 10.3 89.7
3 14 51 59.0 41.0
4 21 55 51.3 48.7
5 31 53 61.5 38.5
6 17 51 56.4 43.6
7 23 52 59.0 41.0
8 12 53 48.7 51.3
9 19 51 63.2 36.8
10 33 52 57.9 42.1
Apparent Error 0.4770
Estimated Error 0.5045

Overall Performance
A summary of the performance of all the four classification methods is presented in
Table D3.7.
Table D3.7: Summary of classifier performance in the prediction task

Classifier Apparent Error  Estimated Error Chance Criterion
Decision Tree - C4.5 0.3530 0.4080 0.7931
K-Nearest Neighbor - SAS 0.3943 04175 0.7931
Neural Networks - WinNN 0.4770 0.5045 0.7931
Discriminant Analysis - SAS 0.3015 0.6469 0.7931

As shown in the table, the lowest overall estimate of true error in the prediction task are
posted by the decision tree and nearest neighbour techniques. Neural networks come in third
and discriminant analysis is a distant fourth. With the proportional chance as a benchmark, it
can be seen that using either of the decision tree or nearest neighbour almost doubles the
probability of assigning a case to the correct iso-resource group. Even the non-parametric
discriminant analysis’ lack-lusture performance yields better predictions than this bechmark.

This implies that predictive performance is better with than without using these techniques.
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Addendum D3.A: Description of Study Variables

Variable Description Range

Background Data

Age Patient’s age Discrete (from 6 10 97 years)

Gender Patient’s gender | =Female 2 = Male

MaritalS Patient’s marital status 0 = Single 1 = Married 2 = Divorced 3 = Widowed
4=nh

Occupation Patient’s occupation 0 = Student/child 1 = Retired 2 =Ondisability 3 = Unemployed
4 = Janitorforderly 5= At home 6 = Self-employed 7 = Sec'ry/teacher
8 = Other 9=nfi

Insurance Patient’s insurance carrier 0 = Medicare I = Self-pay 2 = Medicaid 3 = Baystate
4 =Blind Comm’n 5 = Other

Distance Distance travelled 1 = Local 2 = [n-state 3 = Out-state 4=nfi

Diagnosp Primary ocular diagnosis 0 = Albinism I =Amd 2 =Diabeticret. 3 = Optic atrophy
4 = Retinal defect 5 = Cataracts 6 = Glaucoma 7= Retinitis Pig.
8 = High Myopia 9 = Other

Diagnoss Secondary ocular diagnosis 0 = Albinism I = Amd 2 = Diabetic ret. 3 = Optic atrophy
4 = Retinal defect § = Cataracts 6 = Glaucoma 7= Retinitis Pig.
8 = High Myopia 9 = Other

Onset Onset of eye condition Discrete (in years)

Pitype Patient type I = New 2 = Repeat (established)

Disabil Observed limitations? [ =No 2=Yes

Lastexam Patient’s last eye exam Discrete (in weeks)

Understand Does patient understand | =No 2=Yes 3 =nfi

why s/he is visiting clinic?

Living Patient living alone? 1 = No (not alone) 2 = Yes (alone)

Working Patient currently working? =No 2=Yes 3=nfi

School Patient currently in school? [ =No 2=Yes I=nfi

Diffics Vocational/Sch difficulties? | =No 2=Yes 3=nfi

Namecond Can pt name eye condition? 0= No 1= Yes

Eyemedic Eye medications? 0=No I =Yes

Eyesurg Eye surgery? 0=No [ =Yes

HBP Does pt have HBP? 0=No 1=Yes

Diabetes Does pt have diabetes? 0=No 1 =Yes

Stroke Has pt ever had stroke? 0=No 1 = Yes

Heartdis Does pt have heart disease? 0= No 1= Yes

Orthoped Does pt have arthritis? 0=No [ =Yes

Anxiety Does pt have depression? 0=No 1 =Yes

Otherdis Does pt have other cond’s? 0=No l=Yes

Medicats Medications 0=No 1=Yes

Surghosp Surgery/hospital in past yr? 0=No 1=Yes

Prefeye Preferred eye 1=0D 2=08 3 =Same 4=n/i

Goal, Visual acuity and Visual aid Data

Assessl Assessment of skills 1 0=n/i 1 = Mobility 2 = Tv/movice/Spec 3 = Street signs
4 = Writing 5 = Reading newsp 6 = Read Ip T =Readmenu/lab
8=ADLs 9 = Driving (hobbies, etc)

Assess2 Assessment of skills [ 0=n/i 1 = Mobility 2 = Tv/movie/Spec 3 = Street signs
4 = Writing 5 = Reading newsp 6 = Read Ip 7 =Readmenu/lab
8=ADLs 9 = Driving (hobbies, etc)

Assess3 Assessment of skills 1 O=n/i 1 = Mobility 2 = Tv/movie/Spec 3 = Street signs
4 = Writing 5 = Reading newsp 6 = Read Ip 7 =Readmenuw/lab
8 =ADLs 9 = Driving (hobbies, etc)

Assessd Assessment of skills 1 0=n/i 1 = Mobility 2 = Tv/movie/Spec 3 = Street signs
4=Writing 5 =Reading newsp 6 = Read Ip 7 =Readmenu/lab
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8 =ADLs 9 = Driving (hobbies, etc)

PreVaOd Presenting vis. acuity OD Discrete

PreVaOs Presenting vis. acuity OS Discrete

Evaldevl Evaluation device 1 0 = None | = Hhmags 2 = [Hum h/pkt mgs3 = Half eyes
4 =lllumSmags 5 =Stand mags 6 = Telescopes 7 = Non-opticals
8 = Deferred 9 = Filters

Evaldev2 Evaluation device 2 0 = None I = Hhmags 2 = lllum h/pkt mgs3 = Half eyes
4=lllumSmags 5=Stand mags 6 = Telescopes 7 = Non-opticals
8 = Deferred 9 = Filters

Vacuity! Best visual acuity OD Discrete (with n/t = not tested)

Yacuity2 Best visual acuity OS Discrete (with n/t = not tested)

Devicel Current LV device 1 0 = None I = Hhmags 2=Stand mags 3=Cl
4 = Telescopes 5 = Bifocals 6 = Filters 7 = Half eyes
8=DistNrRx 9 =Other (lamp, cctv, talking bks, ctc)

Device2 Current LV device 2 0 = None I = Hhmags 2=Stand mags 3=CI
4 = Telescopes 5 = Bifocals 6 = Filters 7 = Half eyes
8 = Dist/Nr Rx 9 = Other (lamp, cctv, talking bks, etc)

Device3 Current LV device 3 0 = None | = Hhmags 2=Stand mags 3=CI
4 = Telescopes 5 = Bifocals 6 = Filters 7 = Half eycs
8 = Dist/Nr Rx 9 = Other (lamp, cctv, talking bks, etc)

Resource Data

Drvistyp Doctor visit type 0=Cons LV {=ExtConsLV 2=ComplLV 3=ExtCompLV
4=FauplLV S=ExtF-upLV 6=IntF-upLV 7= Visual fields
B =n/i

Otvistyp O.T. visit type 0=NoOT I = 1/4hr OT Eval 2= 1/2hr OT Eval 3 = 3/4hr OTEval
4=1hrOTEval 5=1/4hrOTTx 6=1/2hrOTTx 7=3/4hrOT Tx
8= lhr OT Tx 9 = Other (1.25 hr OT Eval or Tx)

Ssctype Soc.service consult’'n type 0 =None I = Brief Initial 2 = Sud Initial 3 = Brief F-up

Letters Number of letters/reports Discrete

Other Data

Nextvis Patient’s retumn date Discrete (in weeks)

Prognost Short term prognosis 0 =n/i 1 = Good 2 = Fair 3 =Poor

Prognolt Long term prognosis 0 =n/i I = Good 2 = Improving 3 = Guarded

Planref Pla refraction 0=No l=Yes

Planivd Plan low vision devices 0=No I =Yes

Recomot Recommend’ns - OT 0=No 1=Yes

Recomtr Recommend’ns - Training 0=No I =Yes

Recomss Recommend’ns-Soc.service 0= No 1=Yes

Recomvr Recommend’s-Vis. Rehab 0=No I =Yes

Mcb MCB support? 0=No I=Yes

Othercs Other community support? 0= No [ =Yes

MOwW Meals on Wheels support? 0= No I=Yes

Hmaker Homemaker comm'ty - 7 0=No 1=Yes

Transp Transport comm’ty support 0 =No I=Yes

Familys Family support 0=No 1 =Yes 2 = Not available/appropriate

Objsp Spot functional objective 0=No I =Yes

Objtx Text functional objective 0=No 1=Yes

Objadl ADL functional objective 0=No 1 =Yes

Objcom Com’n functional objective 0 =No 1=Yes

Objhom Homemaking funct'l obj. 0=No 1 =Yes

Objlei Leisure funct’] objective 0=No 1=Yes

Objdrv Driving funct’l objective 0=No 1 =Yes

Objmob Mobility funct’l objective 0 =No I = Yes
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Objsed Sedentary view funct’lobj. 0=No I =Yes

Dispdevl Device | dispensed 0 = None | = Hhmags 2 = {llum H/Pkt mgs3 = Half eyes
4 =[llum Smags 5 = Stand mags 6 = Telescopes 7 = Non-opticals
8 = Filters 9=CCTV

Dispdevl Device 2 dispensed 0 = None | = Hhmags 2 = [llum H/Pkt mgs3 = Half eyes
4=IllumSmags S=Stuandmags 6 = Telescopes 7 = Non-opticals
8 = Filters 9=CCTV

Dispdevl Device 3 dispensed 0= None i = Hhmags 2 = [llum H/Pkt mgs3 = Half eyes
4 =1Illum Smags 5 = Stand mags 6 = Telescopes 7 = Non-opticals
8 = Filters 9=CCTV

Recdevl Recommended device | 0 = None I=Blk feltpen  2=BoldIpaper 3= Bookstand
4 = Clipboard 5=GNL 6 = lap desk 7 = Typoscope
8 = Write-guide 9 = Other

Recdev2 Recommended device 2 0 =None I=Blkfeltpen 2=Bold!lpaper 3 =Bookstand
4 = Clipboard 5=GNL 6 = lap desk 7 = Typoscope
8 = Write-guide 9 = Other

Recdev3 Recommended device 3 0= None l=Blk feltpen  2=Boldlpaper 3 = Bookstand
4 = Clipboard 5=GNL 6 = lap desk 7 = Typoscope
8 = Write-guide 9 = Other

Addendum D3.B: Block (Cluster) OQutput from BMDP
Distance RecDev2 Assessd Prevaod
Diagnosp Letters Hbp Prevaos
Diagnoss Otvistyp Orthoped Recomss
Diabetes Pttype Maritals Familys
Stroke Recomtr Assess?2 Recomot
Anxiety Ssctype Devices2 Heartdis
Planlvd Dispdevl Gender Devicesl
Recomos RecDevl Drvistyp Prognost
Recomvr Age Assessl Prognolt
Dispdev2 Assess3 Eyesurg Planrefr
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Appendix D.3
Addendum D3.C: Classification Rules from C4.5
Rule I: Halfeye, Distnrrx}
Hmaker = No => class Group!l [60.3%]
Pitype = New Rule 7:
HBP = Yes QOccupati = Student

Insuranc in {Medicare, Medicaid }

PrDiagno in {Macular, Cataract, Retpigm}

Assess2 in { Tvmovie, Stsigns, Writing, Readlp,Adl}
Assess4 in { Writing, Reading, Readlp, Adl, Driving]
=> class Group2 [90.6%]

Rule 2:

Pttype = Repeat

Stroke = No

Assess| in {Mobility, Stsigns)

Assess3 in {Writing, Reading}
Orthoped = Yes

Devicesl in {Bifocal, Halfeye, Distnrrx}
=> class Group2 [89.1%]

Rule 3:

Pitype = Repeat

Assess| in {Mobility, Reading}
Heartdis = Yes

Orthoped = Yes

=> class Group2 [84.3%]

Rule 4:

Putype = Repeat
HBP = Yes
Heartdis = Yes

Devices2in { Hhmag, Telescop, Filier, Halfeye, Distnrrx )

=-> class Group2 [73.0%]

Rule 5:

Distance = Qutstate
Devices3 = Distnrrx

=> class Group2 [63.0%]

Rule 6:

Maritals in {Married, Widowed }
Pttype = Repeat

Eyesurg = Yes

Diabetes = No

Heartdis = No

Mecdicats = Yes
Devices2 in (None, Standmag, Telescop. Filters,

=> class Group!l (52.4%]

Rule 8:

Pitype = Repeat

HBP = No

Heartdis = Yes

=> class Groupl [40.5%]

Rule 9:

HBP = Yes

Medicats = No

=-> class Group3 [61.2%]

Rule 10:

Pttype = Repeat

Diabetes = Yes

=> class Group3 [34.8%]

Rule 11:

Gender = Female

Pttype = Repeat

Occupati in {Retired, Disabled, Unemploy, Athome,
Qther}

Eyesurg = Yes

Heartdis = No

=> class Group3 [34.6%]

Rule 12:

Pttype = Repeat

HBP =No

Diabetes = No

Heartdis = No

Hmaker = No

Devices2 in {None, Standmag, Telescop, Bifocal,
Filters, Halfeye, Distnrrx}

=> class Group5 [44.2%]

Rule 13:
Puype = New
=> class Group4 [50.1%]



Appendix D4 150

Overview
This appendix describes the application of the APRCM methodology to data from Site 4.

It follows Appendix D.3’s outline and structure.

Setting

The host clinic is located at one of the two campuses of a 500-bed non-teaching hospital
system serving a midwestern metropolitan region of 350 000 inhabitants. The clinic is an
accredited regional referral center for the visual rehabilitation of individuals who have suffered
from a permanent reduction in their vision. It is funded by the host hospital.

The clinic is a specialty/tertiary facility that accepts patient referrals from multiple
sources. About 60 % of its referrals are from ophthalmologists and optometrists within the
region, 20% are seif-referrals (including those referred by family or friends), 15% from
physicians and other agencies, and about 5% from screenings. The bulk of its patient base is
from the states adjoining this metropolis. This patient base is predominantly geriatric, and
largely female (see Table D4.1). The clinic offers diagnostic, consultative, rehabilitative,
educational and referral services for visually impaired persons of all ages. It also offers free
public screenings to determine the appropriateness of a complete iow vision consultation. This
generates most of the self-referrals mentioned earlier. The clinic is staffed by an
optometrist/director, educationist/social workers, secretary and other support staff.

Prior to the appointment date, the patient is sent an information package from the clinic.
This is typically followed by an interview to elicit information with regard to the patient’s
condition, current visual aids, age of prescription, medical and visual history, visual problems
and objectives, and biographical information. The patient is booked to see the
optometrist/director and educationist. The time spent by the patient (in the clinic), the devices
prescribed, tests done and referrals made are tracked by way of a number of forms used in the
clinic. A variety of optical and non-optical devices are used in the consultation/examination to
determine the patient’'s visual acuities.  Counselling and/or referrals to appropriate

resources/agencies are made depending on the patient’s needs. Follow-up visits are arranged
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depending on the specific needs of the patient. The follow-up visit takes the same format as the

initial visit but is not as lengthy.

Subjects
A systematic sample (n = 204) was drawn from the 700 patient visits that the clinic

handled over the fiscal year 1994. Every third file in the patient records arranged alphabetically
(and tagged by year) was pulled for inclusion in the sample. Table D4.1 presents a summary of
some descriptive statistics of interest about the patients included in the sample. For example,
although the ages of patients in the sample ranged from 4 to 99 years, more than 67.5% were
aged between 70 - 89 years. More than 80% were aged 50 years or above whereas the below 20
years categories made up 3% of the sample. The predominance of geriatic patients is typical of
the general low vision patient population in North America. The subjects are predominantly

female (63.7%), the majority (59.8%) are new patients, and not living alone (60.3%).

Table D4.1: Composition of Sample across Age, Gender, Pt Type, Living Situation.

Feature Category n %

<10 2 1.0

10-19 4 2.0

20-29 3 1.5

30-39 10 49

Age 40 -49 6 29
50-59 5 25

60 -69 26 12.7

70-79 71 34.8

80 -89 67 32.8

>=90 10 49

Gender Female 130 63.7
Male 74 363
Patient Type Repeat 82 40.2
New 122 59.8

Unknown 11 54

w/parents 8 39

Living Situation w/children 16 7.8
w/sibling 4 2.0
w/spouse 95 46.6
Alone 70 34.3

Totals 204 100.0
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Data

89 biographical and resource pieces of information were targeted for each case in the
sample (see Addendum D4.A for a description of all the variables). Data obtained from this site
covered a little over 29% of the patient visits handled by the clinic over the year of interest.

The data collection activity was completed over the week of April 21, 1996. Data
collected each day were perused in the evening for initial clean-up which entailed making sure
that the fields of interest had been covered for the cases dealt with on that day, missing values
were noted for subsequent verification that they were indeed unavailable, and new or unfamiliar
values were identified for subsequent verification or explanation by the clinic director.

At the end of the collection phase, the data were numerically coded as per the coding
scheme in Addendum D4.A. The resulting data file was preliminarily analyzed for descriptive
statistics. Variables (n = 9) containing insufficient responses were deleted (see Addendum
D4.B). In line with the study objectives, after the generation of patient groups from the data
using cluster analysis, subsequent study tasks required the transformation of the data into
suitable formats for analysis under each classification/assignment tool (decision trees, nearest

neighbor, discriminant analysis, and neural networks respectively).
Cluster Analysis
Block Clustering generated five distinct clusters (groups) from tha data (see Addendum

D4.B for the block output). Table D4.2 presents the characteristics of these five groups.

Table D4.2: Site 4’s Grouping Characteristics

VARIABLE/GROUP 1 2 3 4 S5
Demographics: PtType New/Repeat New Repeat New New/Repeat
Pt's Age Varied 80-89 70-89 70-89 70-99
4-94)
Gender Female Female Male Female Male
Marital Married Widow Married Married Widowed
Presenting Visual Acuity 26 - 80 81-200 26 - 400 81 -400 26 - NLP
Gen. Health Good Good/ HBP/ Good/ Varied (n/1)
Diabetic Diabetic/ Diabelic
Other
Medications None None/Yes Yes None/Yes Varied (n/i)
Patient’s Main Goal Evaluation/ Reading Follow-up Evaluation/ Folloup/
Screening Screening Evalualion/
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Screening

Living Environment W/spouse Alone Wi/spouse W/spouse Alone

Services Used: Dr-Time Varied 25-60 min <25 min Varied Varied

(<15-40) (40-60)

Edu-Time None Varied None Varied (0-30) None

Tot-Time < 40 mins Varied < 30 min 30-60 min 20 - 50 min
(<15-90)
Letters/Reports 1 2 1 2 1

The resource portion of these characteristics can be expressed by the resource demand
formulae:
RU, =(15<=C<=40)+OM +(15<=T <=40)+ 1D
RU, =(25<=C<=60)+(0<=M <=30)+(15<=T<=90)+2D
RU,=(25<=C)+0M+(30<=T)+1D
RU,=(40<=C<=60)+(0<=M<=30)+(30<=T<=60)+2D
RU;=(15<=C<=40)+0M + (20 <=T <=50)+ 1D
where RU. is the expected set of resources demanded by patient group i;
C is Doctor’s Time (in minutes)
M is Educationist’s Time (in minutes)
T is Total Time (in minutes)

D is Letters/reports (0,1,2, etc).
Decision Tree

C4.5’s classification matrix is presented in Table D4.3 (see Addendum D4.C for

decision rules from this classifier).

Table D4.3: Decision Tree (C4.5) Classification Matrix of Site 4’s Cases

From\To Group 1 | Group2 | Group3 | Group4 | Group 5 Total

Group 1 23 1 2 14 0 40
0.5750 0.0250 0.0500 0.3500 0.0 1.0000

Group 2 0 32 1 16 0 49
0.0 0.6531 0.0204 0.3265 0.0 1.0000

Group 3 | 0 41 5 0 47
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0.0213 0.0 0.8723 0.1064 0.0 1.0000

Group 4 0 1 2 48 0 51
0.0 0.0196 0.0392 0.9412 0.0 1.0000

Group § 0 3 l 7 6 17
0.0 0.1765 0.0588 0.4118 0.3529 1.0000

Total 24 37 47 90 6 204
0.1176 0.1814 0.2304 0.4412 0.0294 1.0000
Apparent Error 0.2647
Estimated Error 0.3310

This classifier predicts cases in Groups 3 and 4 (87% and 94% respectively) relatively better

than those in Groups 1, 2 and 5 (57.5%, 65.3% and 35.3% respectively).

Non-parametric Discriminant Analysis

None of the predictions are above 39% in accuracy with this technique. As indicated
by the sum of the cells under the column ‘OTHER’, this technique will not be able to place
more than 46 of every 100 cases it tests into any of the five groups initially identified in the
data. The tool has an overall estimated error of slightly over 72% - implying that it does not

perform well as a predictor.

Table D4.4: Non-parametric D. A. Classification Matrix of Site 4’s Cases

From\To Groupl Group2 Group3 Groupd4 Group$5 Other Total

Group 1 11 5 3 2 0 19 40
0.2750 0.1250 0.0750 0.0500 0.0 0.4750 1.0000

Group 2 9 19 4 0 0 17 49
0.1837 0.3878 0.0851 0.0 0.0 0.3469 1.0000

Group 3 8 4 14 1 0 20 47
0.1702 0.0851 0.2979 0.0213 0.0 0.4255 1.0000

Group 4 3 7 3 8 0 30 51
0.0588 0.1373 0.0588 0.1569 0.0 0.5882 1.0000

Group 5 1 l 1 0 5 9 17
0.0588 0.0588 0.0588 0.0 0.2941 0.5294 1.0000

Total 32 36 25 11 5 95 204
0.1569 0.1765 0.1225 0.0539 0.0245 0.4657 1.0000
Apparent Error 0.2843

Estimated Error 0.7206
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K-Nearest-Neighbor:

The 3-nearest neighbor routine in SAS’s DISCRIM procedure generated the results
presented in Table D4.5. 3-nn predicted membership in Groups 1 and 2 very well (80% and
81.6% respectively), Group 3 above average (61.7%), and poorly on the Groups 4 and 5
(below 44%). Its overall estimated error of about 36.3% implies that it is a relatively good

predictive tool.

Table D4.5: K-NN Classification Matrix of Site 4’s Cases

From\To | Group 1| Group2 | Group3 | Group4 | GroupS | Other Total
Group 1 32 2 S 0 0 1 40
0.8000 0.0500 0.1250 0.0 0.0 0.0250 1.0000
Group 2 5 40 1 1 1 1 49
0.1020 0.8163 0.0204 0.0204 0.0204 0.0204 1.0000
Group 3 14 l 29 1 l I 47
0.2979 0.0213 0.6170 0.0213 0.0213 0.0213 1.0000
Group 4 8 16 2 22 0 3 51
0.1569 0.3137 0.0392 0.4314 0.0 0.0588 1.0000
Group 5 0 2 4 3 7 1 17
0.0 0.1176 0.2353 0.1765 0.4118 0.0588 1.0000
Total 59 61 41 27 9 7 204
0.2892 0.2990 0.2010 0.1324 0.0441 0.0343 1.0000
Apparent Error 0.3137
Estimated Error 0.3627

Neural Network

Similar data formatting and experimentation with the same parameters as in Site 3 were

done. WinNN performance is summarised in Table D4.6

Table D4.6: Summary of Neural Network Predictions of Site 4’s Cases

Iterations Training Testing Testing
Run # Good patterns %  Good patterns % Error
1 6746 83 61.9 38.1
2 5855 81 57.1 42.7
3 34 82 90.5 9.5
4 3 81 95.2 4.8
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5 5 83 80.0 20.0
6 32 80 95.0 5.0
7 23 80 90.0 10.0
8 9 80 85.0 15.0
9 11 80 60.0 40.0
10 10 84 90.0 10.0
Apparent Error 0.1860
Estimated Error 0.1951

Overall Performance

A summary of the performance of all the four classification methods is presented in
Table D4.7. The proportional chance criterion for groups at this site was calculated to be
0.2187, that is, an expected error rate of 0.7813. This, together with the classifiers’ performance,
is shown in the table.

Table D4.7: Summary of classifier performance in the prediction task

Classifier Apparent Error Estimate of True Error
Neural Networks - WinNN 0.1860 0.1951
Decision Tree - C4.5 0.2647 0.3310
K-Nearest Neighbor - SAS 0.3137 0.3627
Discriminant Analysis - SAS 0.2843 0.7206
Chance Criterion 0.7813 0.7813

As shown in the table, the best (lowest) overall estimate of true error in the prediction
task is posted by the neural network followed by the decision tree and nearest neighbour. With
the proportional chance as a benchmark, it can be seen that using either of these three more than
doubles the probability of assigning a case to the correct iso-resource group. The non-parametric
discriminant analysis’ performance is rather lack-lusture - although it yields slightly better
predictions than the benchmark. In general, this implies that predictive performance is better

with than without these techniques.
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Addendum D4.A: Description of Study Variables
Variable Description Range
Background Data
Age Patient’s age Discrete (from 4 t0 99 years)
Gender Patient’s gender 1 = Female 2 =Male
MariualS Patient’s marital status O=n/t [ = Single 2 = Married 3 = Divorced
4 = Widowed
Putype Patient type 1 = Repeat 2 =New
Living PU’s living situation 0=n/i | = Parents 2 = Children 3 = Sibling
4 = Spouse 5=Alone
Insurance Patient’s insurance carrier O=n/i I = DOCS-IL 2=BCBS 3 = Medicare
4 = Medicare/BCBS 5 = Other
Ref-by Referred By O=n/i I =Recall/F-up 2= Self/Family/Fr 3 = MD/OD
4 = Department of Rehabilitation Services (DORS)
ChiefC Patient’s Chief complaint | = Evaluation/Screening 2 =Driving/Eval 3 =F-up
4 = Reading 5 = Other
Disability Patient’s general health (or O=n/i | = Arthritic 2 = HBP/heart ail 3 = Diabetic
other non-visual disabilities) 4 = Hearing imp't 5 = Respiratory 6 = Good 7 = Other
Rec-surg Recent surgery? O=n/i | =No 2=Yes
Medicats Medications 0=rn/i I =No 2=Yes
Emp-ret Employed/retired O=nf 1 =No 2 = Employed 3 = Retired
Occupatn Patient’s occupation O=nf 1 = Swdent/child 2= At home 3 = Sec'ry/office
4 = Farmer 5 = Technical worker 6 = Sup'denvmgr
7 = Other
DiagnosP Primary Visual diagnosis 0=n/i | = Histoplasmosis 2 = Diabeticret. 3 =Amd
4 = Ret. dystrophy 5 = Glaucoma 6 = Cataracts 7 = Optic atrophy
8 = Aphakia 9 = Other
DiagnosS Secondary Visual diagnosis O=nfi 1 = Histoplasmosis 2 = Diabeticret. 3 =Amd
4 = Ret. dystrophy 5 = Glaucoma 6 = Cataracts 7 = Optic atrophy
8 = Aphakia 9 = Other
Onset Onset of eye condition Discrete (in years)
Lastexam Patient’s [ast eye exam Discrete (in months)
Eyesurg When was eye surgery done? Discrete (in years, w/ 0 = No)
Lasertx When was laser Tx done? Discrete (in years, w/ 0 = No)
Eye-med Eye medications? 0=No I=Yes
Eye-pain Eye pain/discomfort? 0=No I=Yes
Fluctuat Fluctuations in vision? 0=No 1 =Yes
Prev-lve Previous low vision exam? 0=No I =Yes
Pref-eye Preferred eye O=nfi 1=0D 2=08 3 = Ou (same)
Glasses Does Patient wear glasses? O0=nfi 1 =No 2=Yes
Gla-help Do the glasses help? O=nfi 1 =No 2=Yes
Sunlight Sunlight bothersome - Glare? O =n/i 1 =No 2=Yes
Pref-lig Preferred lighting 0=n/i | = No specific one3 = Bright 3 = Direct-task sp
4 = Tinted
Prob-nig Problems with night vision? 0=nfi 1 =No 2=Yes
Read-pt Does patient read print? 0=n/i I =No 2=Yes
Print-sz What print size? 0 = None I = Regular 3 =Large
What-rd1 What materials does patient 0 =n/i | = Books/bible 2 = Newsprint 3 = Vocational
want to read better? 4 = Checks/bills 5 = Menu/mail 6 = Writing, etc 7 = Dials/recipes
8 = Phonebk/phone 9 = Other (music, hobbies, etc)
What-rd2 What materials does patient 0=n/i | = Books/bible 2 = Newsprint 3 = Vocational
want to read better? 4 = Checks/bills 5 = Menu/mail 6 = Writing, etc 7 = Dials/recipes
8 = Phonebk/phone 9 = Other (music, hobbies, etc)
What-rd3 What materials does patient 0=n/i | = Books/bible 2 = Newsprint 3 = Vocational
want to read better? 4 = Checks/bills 5 = Menw/mail 6 = Writing, etc 7 = Dials/recipes
8 = Phonebk/phone 9 = Other (music, hobbies., etc)
Othdif] Other dificult visual tasks? O0=n/i 1 = Depth percep'n 2 =TV viewing 3 = Driving
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4 = Street signs 5 =Recog. faces 6 = Hobbies 7 = Vocational
8=ADLs 9 = Other

Othdif2 Other dificult visual tasks? 0=n/i 1 = Depth percep’'n 2 = TV viewing 3 =Driving
4 = Street signs 5 =Recog. faces 6 = Hobbies 7 = Vocational
8 =ADLs 9 = Other

Othdif3 Other dificult visual tasks? O=nii { = Depth percep’n 2 = TV viewing 3 = Driving
4 = Street signs 5 =Recog. faces 6 = Hobbies 7 = Vocational
8=ADLs 9 = Other

Diff-sid Difficulties seeing side objs? O=n/i I =No 2=Yes

Turn-hd Tum head to see better? 0=nfi 1 =No 2=Yes

Drive Does patint drive? 0=n/i 1 =No 2=Yes

Public-t Does pt use public transport? 0 =n/i 1 =No 2=Yes

In-outdr Does pt walk in- out-doors? 0=nf I =No 2=Yes

Cane Does patient use white cane? 0 =n/i I =No 2=Yes

Goals, Visual acuity and visual aid data

Goalsl Patient’s first goal 0=n/i | = ADL/ind.living 2 = Driving 3=GenEval'n
4 = Glare control 5 = Nearpoint vis. 6= Distance vis. 7 = Read/write
8 = Hobbies 9 = Other

Goals2 Patient's second goal 0=n/ 1 = ADL/ind living 2 = Driving 3=GenEval'n
4 = Glare control 5 = Nearpoint vis. 6 = Distance vis. 7 = Read/write
8 = Hobbies 9 = Other

Goals3 Patient’s third goal 0=nfi | = ADL/ind.living 2 = Driving 3=GenEval'n
4 = Glare control 5 = Nearpoint vis. 6= Distance vis. 7 = Read/write
8 = Hobbies 9 = Other

Pre-va-Od Presenting visual acuity OD Discrete

Pre-va-Os Presenting visual acuity OS Discrete

C-va-Od Corrected visual acuity OD Discrete

C-va-Os Corrected visual acuity OS Discrete

Dev-used Used lv devices? 0=No I=Yes

What-dev Current LV device | O=n/i 1 = None 2 = Readers 3=CCTV
4 = Hhmags S=Stand mags 6= Binocs/monocs 7 = Non-opticals
8 = Other

What-dev2 Current LV device 2 O0=nfi | = None 2 =Readers 3=CCTV
4 = Hhmags 5=_Stand mags 6 = Binocs/monocs 7 = Non-opticals
8 = Other

What-dev3 Current LV device 3 0=n/i I = None 2 = Readers 3=CCTV
4 = Hhmags S=Stand mags 6 = Binocs/monocs 7 = Non-opticals
8 = Other

Resource Data

Dev-loanl First device loaned O0=n/i | = Hhmags 2=Swandmags 3 = Read/spects
4=CCTV 5 = Non-opticals 6 = Other

Dev-loan2 Second device loaned 0=n/i | = Hhmags 2=Stand mags 3 = Read/spects
4=CCTV 5 =Non-opticals 6 = Other

Dev-loan3 Third device loaned 0=n/i | = Hhmags 2=Stand mags 3 = Rcad/spects
4=CCTV 5 = Non-opticals 6 = Other

Letters Number of letters/reports Discrete

Dirtime Time seen by physician Discrete (in minutes)

Edutime Time seen by social worker Discrete (in minutes)

Tottime Total time taken by pt Discrete (in minutes)

Letters Number of letters/reports Discrete

Other Data

Revisitt Patient’s return appointment Discrete (in weeks)

Devl-rec Recommended device | 0 =n/i ! = Hhmags 2 = Stand mags 3 = Read/spects




Appendix D4 159
4=CCTV 5 =Non-opticals 6 = Other

Dev2-rec Recommended device 2 0=n/i 1 = Hhmags 2 = Stand mags 3 =Read/spects
4=CCTV 5 =Non-opticals 6 = Other

Dev3-rec Recommended device 3 0=nfi [ = Hhmags 2 = Stand mags 3 = Read/spects
4=CCTV 5 = Non-opticals 6 = Other

Newpresc New prescription? 0=n/i I =No 2=Yes

Devices Devices? 0=n/i I =No 2=Yes

Readl First reading device 0 = None 1 = Hhmags 2 = Stand mags 3 = Read/spects
4 = Telemiscrope §=CCTV 6 = Other

Read2 Second reading device 0= None { = Hhmags 2 = Stand mags 3 = Read/spects
4 = Telemiscrope 5=CCTV 6 = Other

Read3 Third reading device 0 = None | = Hhmags 2 = Stand mags 3 = Read/spects
4 =Telemiscrope 5=CCTV 6 = Other

Distancel First distance device 0= None 1 =Monoculars 2 = Binoculars 3 = Hand held
4 = Spectacle mounted 5 = Driving bioptics6 = Other

Distance2 Second distance device 0= None I =Monoculars 2 = Binoculars 3 = Hand held
4 = Spectacle mounted 5 = Driving bioptics6 = Other

Distance3 Third distance device 0= None I = Monoculars 2 = Binoculars 3 = Hand held
4 = Spectacle mounted 5 = Driving bioptics6 = Other

Filters Absorbptive Filters 0=No 2=NoIRS

Lightngl Lighting | 0=n/ 1 = Positioning 2 = Bulbsize 3 = Other

Lightng2 Lighting 2 0=n/i 1 =Positioning 2 = Bulbsize 3 = Other

Writing| Writing device | 0=ni | =Bold I paper 2 = Felt tip markers 3 = Check-guide
4 = Signature guide5 = Other

Writing2 Writing device 2 0=n/i I =Bold l paper 2 = Felt tip markers 3 = Check-guide
4 = Signature guide5 = Other

Activit] Activity 1 ptis involved in 0=n/i I =ADLs 2 = Walking 3 = Boardgames
4 =Outdoor acts 5 = Church/com’y 6 = Garden/farm 7 = Sacial acts
8 = Hobbies (sew.etc) 9 = None

Activit2 Activity 2 ptis involved in 0=n/i I = ADLs 2 = Walking 3 = Boardgames
4 =Qutdoor acts 5 =Church/com'y 6 = Garden/farm 7 = Social acts
8 = Hobbies (sew etc) 9 = None

ActlMiss Activity | pt misses most 0=nh 1 = Driving 2=ADLs 3 = Hobbies
4 = Vocational 5 = Sports 6 = Read/writing 7 = Social acts
8 = Other

Act2Miss Activity 2 pt misses most O=n/fi ! = Driving 2=ADLs 3 = Hobbies
4 = Vocational 5 = Sports 6 = Read/writing 7 = Social acts
8 = Other

Accessor! Accessory | O=nfi 1 = Hi-marks 2 = Phone dial 3 = LP books
4 = Lap board 5 = Able table 6 = Talking clocks/watches
7 =Jumbo cards 8 =Ind. living tips 9 = Other

Accessor2 Accessorry 2 O=nA 1 = Hi-marks 2 = Phone dial 3 = LP books
4 = Lap board 5 = Able tabie 6 = Talking clocks/watches
7=Jumbo cards 8 =Ind. living tips 9 = Other

Refferr] First referral 0=nf 1 = Talking bks 2 = Directory ass't 3 = DORS/ICB
4 = Ind. living Eval 5 = Drivers licence 6 = Legally Blind Statements
7 = Other

Refferr2 Second referral 0=n/i I =Talking bks 2 = Directory ass't 3 = DORS/ICB
4 = Ind. living Eval 5 = Drivers licence 6 = Legally Blind Statements
7 = Other

Pi-respo Patient’s response 0=nfi I = Motivated 2 = Indifferent 3 = Qther

Followup Follow-up 0 =n/i ] = Office 2 = Phone
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Addendum D4.B: Variables discarded due to insufficient responses

Date Present Grade Distance |
Distance2 Distance3 Filters
Lighting1 Lighting2 Pt-response

Addendum D4.C: Block (Cluster) Output from BMDP

Eyesurg Followup Lastexa Dev2rec

Whatldev Icd9l GHealth Ptrespo
What2dev IcdS2 Medicatn Insuranc
What3dev Eyemed Recsurg TotTime
Glare Pvaos Printsz DirTime
Readprt Chiefcom Age Goals?2
Goalsl Cvaos Cvaod Firstvis
Goals3 Letters EduTime Gender
Devloan2 Marital Devloanl Refby
Devloan3 Living Devlrec Pvaod
BLE COUNTH. ...+ ..o etue eteeeete oot i i it it o+,
A 3976 0411027000030133212426112720000042501034
B 374 .. e 432451....839112136......
C 286 i e e 622......... 31270113
D 293 e 2414224............. 477
E 159 . et e 453000184.............
+ + .+ S T R T

NO. OF SINGLETONS 2987
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Addendum D4.D: C4.5 Classification Rules
Rule I: Rule 7:
Pt-type = New Pt-type = Repeat
Living in {Parents, Sibling, Spouse, Alone} Lastexa <= 1.5 mont.is
PrevaOS > 200 G-Health = Good
DiagnosS in {Histoplas, Diab Ret, Amd, ==> Group 1 [73.1%]
Cataract, Other}
==> Group 2 [91.2%] Rule 8:
Lasertx > 1 yr
Rule 2: PrevaOS <= 100
Pt-type = New Whatldev = None
Lasertx =<2 yrs ==> Group 1 [70.7%]
PrevaOS > 200

MaritalS in {Single, Married }

ChiefC =Reading

Whatldev in {None, Hhmags, Smags}
==> Group 4 [88.2%]

Rule 3:

Lasertx > 8 yrs

MaritalS in {Single, Married }
ChiefC in {Eval/Screen, Driving}
==> Group 4 [87.1%]

Rule 4:

Lastexa > 0.75 months
PrevaOS > 600

Living in {Children, Alone)
==> Group 5 [70.7%]

Rule §:

Pt-type = Repeat
Gender = Male
PrevaOS > 200
Lastexa > 24 months
==> Group 5 [50.0%]

Rule 6:

Eyesurg <=0.21 yrs

DiagnosP in {RetDystrophy, Aphakia, Other}
==> Group 1 [89.1%]

Rule 9:
Pt-type = New
PrevaOD > 50
PrevaOS > 200
Living in {Chldren, Alone}
What2dev in {None, Readers, Hhmags,
Smags,
Nonoptics }
DiagnosP in {Histoplas, Diab Ret, Amd,
Glaucoma, Cataract, Optic atrophy}
==> Group 2 [73.9%]

Rule 10:
ChiefC in {Driving, F-up}
Ghealth in {HBP, Diabetic, Respirator,
Other}
What2dev = None
==> Group 3 [86.1%]

Rule 11:
Pttype = Repeat
What2devin Readers, CCTV, Hhmss,
Bimonoc
==> Group 3 [84.1%]

Rule 12:

Pt-type = Repeat
Gender = Male

==> Group 3 [69.5%]
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Overview
This appendix describes the application of the APRCM methodology to data from Site 5.

It follows Appendix D.4’s outline and structure.

Setting

The host center is situated in a small surburb of a large metropolis (>2 million
inhabitants) in an Eastern state. It is located in, and funded by, a non-hospital institution that
provides both out-patient and in-resident visual rehabilitation services (personal adjustment to
blindness training). It is a specialty/tertiary facility that accepts patient referrals from several
sources namely; referrals from the host institution, self-referrals, physician-referrals, and state
agency referrals. The center’s patient base is geographically drawn from three states - the state it
1s located in and the two adjoining ones. This patient base is exclusively adult (18 years and
above - predominantly geriatric) and largely composed of female (see Table D5.1). The center
offers clinical evaluations, functional assessments and training services using a variety of optical
and non-optical devices. It is headed by a Low Vision Coordinator who reports to the host
institution’s Director of Rehabilitation. Its staff also includes an optometrist, a rehabilitation
evaluator and a secretary.

Prior to the appointment date, the patient or referring person/agency is contacted by the
center’s staff to elicit required basic information about the patient. Typically, such contacts will
either be an on-phone interview by the Coordinator or an information packet from the center is
sent to the patient for filling and subsequent return. The required information is with respect to
the patient’s condition, current visual aids, age of prescription, medical and visual history and
medications, visual problems and objectives, and general biographical information. Upon
receipt of the requisite information, the patient is booked and scheduled for an initial visit which
consists of a functional assessment by the rehabilitation evaluator, an initial clinical session with
the optometrist and a training session. Invariably, such initial visits are all scheduled for a 2.5
hour block of time. The time spent by the patient (at the center), the devices prescribed, tests
done and services rendered are tracked by way of a number of forms used in the clinic. A

follow-up visit (depending on the patient’s needs) is made a week or two after the initial visit.
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Such follow-up visits take the general form of the initial visit but are much shorter (1 hour of
scheduled time). Depending on the patient’s needs, a third and even fourth visit may be
required.
Subjects

All the non-residential patient visits (n = 204) that the clinic handled over the fiscal year
1995 were included in the data set. Table D5.1 presents a summary of some descriptive
statistics of interest about the patients covered at this site. Although their ages ranged from 18
to 97 years, only 14.7% were aged below 40 years. About 65% were aged 50 years or above.
Such a large proportion of geriatric patients is typical of the general low vision patient
population in North America. The subjects are predominantly females (62.3%), almost equally
split on type of visit (49.0% new and 51% repeats), and an atypical proportion (8.3%) lives
alone. The majority (75.5%) is drawn from within the state and the rest from the two

neighboring states.

Table D5.1: Composition of Sample across Age, Gender, Pt-Type, Distance & Living

Situation.

Feature n %
<20 16 18

20-29 6 2.9

30-39 8 39
Age 40 - 49 22 10.3
50-59 14 6.9

60 - 69 20 98
70 -79 60 29.4

80 -89 50 24.5

>=90 8 39
Gender Female 127 62.3
Male 77 37.7
Patient Repeat 104 51.0
Type New 100 49.0
Distance Instate 154 75.5
Qutstate 50 24.5

Unknown 88 43.1

w/parents 17 8.3
Living wispouse 59 289
Situation w/children 11 5.4
w/sibling I 0.5
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w/companion 2 1.0
Alone 17 8.3
w/friend 9 44
Totals 204 100.0

Data

48 biographical and resource pieces of information were targeted for each case covered
(see Addendum DS5.A for a description of all the variables). Although data obtained from this
site covers 78.2% of total patient visits (n = 261) handled by the center over the year of interest,
these data are actually a census of all the out-patient cases dealt by the center.

The data collection activity was completed over the week of March 18, 1996. Data
collected each day were perused in the evening for initial clean-up which entailed making sure
that the fields of interest had been covered for the cases dealt with on that day, missing values
were noted for subsequent verification that they were indeed unavailable, and new or unfamiliar
values were identified for subsequent verification or explanation by the center’s coordinator.

At the end of the collection phase, the data were numerically coded as per the coding
scheme in Addendum D5.A. The resulting data file was preliminarily analyzed for descriptive
statistics. For clustering purposes, 8 variables (Training, Came-w, Eye-Surg, Evall, Eval2,
Eval3, Eval4 and EvalS) were deleted due to one or more of the following: lack of sufficient
responses, lack of variability, or the information contained in the variable was covered in another

variable.
Cluster Analysis
Five patient groups were generated from the data (see Addendum D5.C for the block

output). Table D5.2 highlights the distinguishing features of these groups.

Table D5.2: Site 5’s Grouping Characteristics.

VARIABLE/GROUP 1 2 3 4 5
PtType Repeat New Mixed Mixed Mixed
Pt's Age 70-79 70-89 70-89 Mixed Below 50
Gender Females Females Females Mixed (more males) | Mixed (more females)
Mantal-S Married Married Widowed Married Singles
Better eye Vis-acuity 81-400 26-200 26-1330 26-400 26-80
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Other Disabilities Yes Yes Yes No Yes
Medications Yes Yes Mixed No Yes
Current visual aids | Hhm/Glasses | Hhm/Glasses | Hhm/Glasses Hhm/Glasses Glasses
Patient’s main goals Mobility, Mobility, Mobility, Mobility, Adl, Mobility,
Read/write, Read/write, Read/write, Read/write, Recog Read/write
Recog faces Recog faces Recog faces faces
Living Environment W/spouse Alone W/spouse W/spouse Alone
ResourceUse: Direct 1.0-1.49 25-299 2.5-299 2.0-249 2.5-299
Indirectl <05 0.5-0.99 0.01 - 0.99 0.01 -0.99 0.01 - 0.99
Indirect2 <0.5 <05 0.5-099 0.5-0.99 0.5-0.99
Total-Time 45-749 3.0-599 6.0-7.49 1.5-599 7.7-100
Special Diag Service None Comp-Refrac Mixed Comp-Refrac Mixed
Letters/Reports l Mixed (Qor 1) 0 I 1
Devices dispensed | Spects, Mags, | Spects, Mags, Nonopts Mags Mixed
Nonopts Nonopts

The resource portion of these characteristics can be expressed by the resource demand formulae:
RU =(1<=C<15)+(M<05)+(T<05)+45<=P<75)+0S+IL+1D
RU,=(25<=C<3)+(05<=M<)+(T<05)+(B<=P<6)+25+(Le{0,1}+1D
RU,=(Q25<=C<3)+(M<1)+(05<=T<1)+(6<=P<75)+25+0L+1D
RU,=Q2Q<=C<25)+M<)+(05<=T<)+(I.5<=P<6)+IS+IL+1D
RU;,=(25<=C<3)+M<D)+(05<=T<)+(T<=P<=10)+2S+1L+1D

where RU, is the expected set of resources demanded by patient group i;

C is Direct Time (Ranging from 0 to 2.99)

M is Indirect Clinical Time (Ranging from O to 0.99)

T is Indirect Non-clinical Time (Ranging from O to 0.99)

P is Total Time (Ranging from 0 to 10.0)

S is Special diagnostic Services (0 = None, 1 = Comp-Refraction, 3 = Mixed)
L is Letters/Reports (0, 1, 2, 3, etc)

D is Devices dispensed (0 = No, 1 = Yes).

Stripping resource and other after-the-fact variables left the data set with a total of 23

variables. Transforming categorical variables into binary variables increased these to 53.

Decision Tree
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The decision tree’s classification matrix is shown in Table D3.3 (see Addendum D5.C
for the decision). The classifier predicts cases in Groups |, 2 and 5 extremely well (with an
error of 5% or less). It performs relatively worse on Groups 3 and 4, but, in both cases, its
predictive accuracy is above 79%. All these combine to give it an overall apparent error of

less than 10% and an estimated true error of less than double this figure.

Table D5.3: Decision Tree (C4.5) Classification Matrix of Site 5’s Cases

From\To Groupl Group2 Group3 Group4 Group$5 Total

Group 1 36 0 | 0 0 37
0.9730 0.0 0.0270 0.0 0.0 1.0000

Group 2 2 43 0 0 0 45
0.0444 0.9556 0.0 0.0 0.0 1.0000

Group 3 | 7 31 0 0 39
0.0256 0.1795 0.7949 0.0 0.0 1.0000

Group 4 6 0 0 38 0 44
0.1364 0.0 0.0 0.8636 0.0 1.0000

Group § 2 ¢ 0 0 37 39
0.0513 0.0 0.0 0.0 0.9487 1.0000

Total 47 50 32 38 37 204
0.2304 0.2450 0.1569 0.1863 0.1814 1.0000
Apparent Error 0.0930
Estimated Error 0.1760

Non-parametric Discriminant Analysis

The results obtained with this technique are presented in the Table D5.4. This
technique’s performance was quite disparate across the five groups. The best predictive
accuracy was obtained in Groups 3 and 5 (89.7% and 84.6% respectively). Group 1 was
above average (at 67.6%) whereas Groups 2 and 4 posted mediocre predictions (both below
32%). For every 100 cases tested, the technique will not be able to assign about 16 of them to
any one of the five groups identified in the data. All these combine to give it an overall

estimated true error rate of over 42%.



Appendix D5 167

Table D5.4: Non-parametric D. A. Classification Matrix of Site 5’s Cases

From\To Groupl Group2 Group3 Group4 GroupS$ Other Total

Group 1 25 7 4 0 0 1 37
0.6757 0.1892 0.1081 0.0 0.0 0.0270 1.0000

Group 2 12 10 9 3 1 10 45
0.2667 0.2222 0.2000 0.0667 0.0222 0.2222 1.0000

Group 3 l l 35 1 0 ! 39
0.0256 0.0256 0.8974 0.0256 0.0 0.0256 1.0000

Group 4 4 2 8 14 0 16 39
0.0909 0.0255 0.1818 0.3182 0.0 0.3636 1.0000

Group 5 l 1 0 0 33 4 39
0.0256 0.0256 0.0 0.0 0.8462 0.1026 1.0000

Total 43 21 56 18 34 32 204
0.2108 0.1029 0.2745 0.0882 0.1667 0.1569 1.0000
Apparent Error 0.2745
Estimated Error 0.4265

K-Nearest-Neighbor:

This technique predicted membership in Group 5 extremely well (with a little less than
95% accuracy), very well on Group 3 (about 85% accuracy), and above average on the other
groups (all 60% or above) - see classification matrix in Table D5.5. These combine to give it
an overall estimated true error rate of 22.55%. For every 100 cases it tests, the technique will
not be able to assign 1.5 cases to any of the existing 5 groups.

Table D5.5: K-NN Classification Matrix of Site 5’s Cases

From\To Groupl Group2 Group3 Group4 Group5  Other Total

Group 1 27 I 5 2 0 2 37
0.7297 0.0270 0.1351 0.0541 0.0 0.0541 1.0000

Group 2 8 27 6 4 0 0 45
0.1778 0.6000 0.1333 0.0889 0.0 0.0 1.0000

Group 3 0 4 33 2 0 0 39
0.0 0.1026 0.8462 0.0513 0.0 0.0 1.0000

Group 4 1 3 5 34 0 | 44
0.0227 0.0682 0.1136 0.7727 0.0 0.0227 1.0000

Group § 1 0 0 1 37 0 39
0.0256 0.0 0.0 0.0256 0.9487 0.0 1.0000

Total 37 35 49 43 37 3 204

0.1814 0.1716 0.2402 0.2108 0.1814 0.0147 1.0000
Apparent Error 0.2353
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rEstimated Error 0.2255 j
Neural Network

10 training (input pattern) and 10 testing files were drawn drawn from the data using the

same procedures and parameters as in the earlier sites. Each input pattern file contained nine of

these sets (of either 183 or 184 cases) and the remaining 1 set was used as a test file (either 21 or

20 cases). Table D5.6 shows that this classifier was quite costly in terms of time. The first run

alone took 9726 iterations without performance going beyond the low 80’s. Combined, the 10

runs took 24984 iterations (at 3 seconds per iteration on a Pentium 166 machine, this works out

to at least 20.82 hours - exluding the set-up time between runs). Similar procedures as in earlier

sites were used to speed up the training phase.

Table DS.6: Summary of Neural Network Predictions of Site 5’s Cases

Iterations
Run #
1 9726
2 8038
3 6919
4 106
5 30
6 8
7 53
8 12
9 40
10 52
Apparent Error
Estimated Error

Training
Good patterns %

80
90
92
90
90
90
91
90
90
90

Testing
Good patterns %

61.9
42.9
66.7
85.7
90.0
95.0
75.0
95.0
100.0
80.0

Testing
Error
38.1
57.1
33.3
14.3
10.0
5.0
25.0
5.0
0.0
20.0
0.1070
0.2078

Overall Performance

A summary of the performance of all the four classification methods is presented in

Table D5.7.
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Table D5.7: Summary of classifier performance in the prediction task at Site §

Classifier Apparent Error | Estimated Error Chance Criterion
Decision Tree - C4.5 0.0930 0.1760 0.7988
Neural Networks - WinNN 0.1070 0.2078 0.7988
K-Nearest Neighbor - SAS 0.2353 0.2255 0.7988
Discriminant Analysis - SAS 0.2745 0.4265 0.7988

As shown in the table, the best (lowest) overall estimate of true error in the prediction

task is posted by the the decision tree closely followed by the neural network and then nearest

neighbor. With the proportional chance as a benchmark, it can be seen that using either of these

three will more than triple the probability of assigning a case to the correct iso-resource group.

Specifically, the decision tree will correctly place all but 18 out of every 100 cases handled at

this site. On the other hand, going only by a knowledge of the sizes of the groups, one would

correctly place 20 out of every 100 cases handled. Even the non-parametric discriminant

analysis whose performance is rather lack-lusture, yields better predictions than such a

benchmark. In general, this implies that predictive performance is enhanced with than without

these techniques.
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Addendum D5.A: Description of Study Variables
Variable Description Range
Background Data
Age Patient’s age Discrete (from 18 to 97 years)
Gender Patient's gender 0 = Female 1 = Male
MaritalS Patient’s marital status O=n/i 1 = Single 2 = Married 3 = Divorced
4 = Widowed
Pitype Patient type 0 = New 1 = Repeat
Ref-by Patient Referred By 0 = Self/Family/Fr 1 = OBVSI 2=EBVS 3=PaBSVIl
4 = In-house
Distance-T Distance travelled 1 = In-state 2 = Out-state
DiagnosP Primary Visual diagnosis 0=Amd 1 = Diab. Ret. 2 = Catamcts 3 = Acc/Injury
4 = Glaucoma 5 = Nystagmus 6 = Optic atrophy 7 = Deg. Myopia
8 = Ret. Pigment’'n 9 = Other
DiagnosS Secondary Visual diagnosis 0=Amd I = Diab. Ret. 2 = Cataracts 3 = Acc/Injury
4 = Glaucoma 5 = Nystagmus 6 = Optic atrophy 7 = Deg. Myopia
8 = Ret. Pigment'n 9 = Other
Eyesurg When was eye surgery done? Discrete (in months)
Eye-med Eye medications? 0=No 1=Yes
Disability Other medical condition (or 0=No 1=Yes
disability)?
Medicats General medications? 0=No I =Yes
Came-w Came with (accompanied by) 0=n/i I = Parent(s) 3 = Spouse 3 = Child(ren)
4 = Sibling 5 = Companion 6 = Selffalone 7 = Friend
Living Present living situation O=n/i 1 = w/parents 2 = wispouse 3 = w/child(ren)
4 = w/sibling 5 = w/icompanion 6 = Alone 7 = wlfriend
Goals, Visual acuity and visual aid data
Chiefcl Patient’s first complain 0O=n/i 1 = Read/write 2 = Mobility 3 = Educ’V/vocatl
objective 4 = Glare control 5 = ADLs 6 = Driving 7 = Hobbies
8 =Recog faces 9 = Other
Chiefc2 Patient’s second complaint/ 0=n/i 1 = Read/write 2 = Mobility 3 = Educ'l/vocatl
objective 4 = Glare control 5 = ADLs 6 = Driving 7 = Habbies
8 = Recog faces 9 = Other
Chiefc3 Patient’s third complainty 0=nfi | = Read/write 2 = Mobility 3 = Educ’l/vocatl
objective 4 =Glare control 5=ADLs 6 = Driving 7 = Hobbies
8 =Recog faces 9 = Other
Chiefcd Patient's fourth complaint O=n/i 1 = Read/write 2 = Mobility 3 = Educ’l/vocatl
objective 4 = Glare control 5 =ADLs 6 = Driving 7 = Hobbies
8 =Recog faces 9 = Qther
Dva-Od Presenting visual acuity OD Discrete (converted w/ numerator = 20)
D-va-Os Presenting visual acuity OS Discrete (converted w/ numerator = 20)
Lvaidl Current LV device 1 0=nfi 1 = None 2 = Readers 3=CCTV
4 = Hhmags S=Stand mags 6= Binocs/monocs 7 = Non-opticals
8 = Other
Lvaid2 Current LV device 2 O=nA 1 =None 2 = Readers 3=CCTV
4 = Hhmags 5=Stand mags 6= Binocs/monocs 7 = Non-opticals
8 = Other
Lvaid3 Current LV device 3 0=n/i I = None 2 = Readers 3=CCrV
4 = Hhmags 5=Stand mags 6 = Binocs/monacs 7 = Non-opticals
8 = Other
Resource Data
Office-s Office service type 0 = None | = Expanded focus2 = Low complex 3 = Mod complex

4 = Complex cons 5 = Intermed cons 6 = Comprehensive
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Spec-ds Special diagnostic services 0=No I = Complex Refraction
Assessts Assessments 0=No I = Functional 2=CCTV
Training Training in 0=No 1 = Vision
Ophthal Ophthalmic services rendered 0=No I = Hhmag 2 = Spectacle-mounted magnifier
3 = Telescope 4 = Other
Feetype Fee Type 0 = Clinical/diagnostic 1 = Functional/Training
2 = Materials 3=C/DFT 4=CDM 5=C/D.FITM
6=FTM 7 =None
F-type Functional visit type 0 = None, /a | = Brief 2 = Comprehensive 3 = CCTV Assess
Loani First device loaned 0 = None 1 = Spectacles 2=HHm/Smags 3 = Telescopes
4 = Non-opticals
Loan2 Second device loaned 0 = None 1 = Spectacles 2=HHm/Smags 3 = Telescopes
4 = Non-opticals
Loan3 Third device loaned 0 = None I = Spectacles 2=HHm/Smags 3 = Telescopes
4 = Non-opticals
Letters Number of letters/reports Discrete
Direct Direct time by physician Discrete (in minutes)
and/or Coordinator
Indirl Indirect time by physician Discrete (in minutes)
and/or Coordinator
Indir2 Indirect time by secretary Discrete (in minutes)
and/or support staff
Tottime Total time taken on patientt Discrete (in minutes)
Letters Number of letters/reports Discrete
Other Data
Evall Evaluation/Assessment areas 0 = None I =ADLs 2=CCTV 3 = Reading
4 = Lighting 5 =Handwriting 6 = Filters 7 = Mobility
8 = Other
Eval2 Evaluatior/Assessment areas 0 = None 1 =ADLs 2=CCTV 3 = Reading
4 = Lighting 5 = Handwriting 6 = Filters 7 = Mobility
8 = Other
Eval3 Evaluation/Assessment areas 0 = None [ =ADLs 2=CCTV 3 = Reading
4 = Lighting S =Handwriting 6 = Filters 7 = Mobility
8 = Other
Eval4 Evaluation/Assessment areas 0 = None 1 =ADLs 2=CCTV 3 = Reading
4 = Lighting 5 = Handwriting 6 = Filters 7 = Mobility
8 = Other
Evals Evaluation/Assessment areas 0 = None I =ADLs 2=CCTV 3 = Reading
4 = Lighting 5 =Handwriting 6 = Filters 7 = Mobility
8 = Other
Rec-spec Received spectacles? 0=No I =Yes
Rec-smag Received magnifier? 0=No l=Yes
Rec-dist Received telescope? 0=No I =Yes
Rec-nonop Received non-optical device? 0=No I=Yes
Dispens Dispensed devices/aid? 0=No I =Yes
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Addendum DS5.B: Block Cluster Output from BMDP
Indir2 lvaid2 Diagnop OthMc
Loanl lvaid3 Recdist Medicats
Loan?2 Visit Age Recnonop
Loan3 Indirl Marital TotalT
Diagnos SpecDs Chiefc2 lvaidl
Ophthal Assessm FeeType Dvaos
EyeMed FType Gender Recspec
Chiefcl Living Direct Dvaod
Chiefc3 Distanc Dispens Rechsmag
Chiefcd Refer OfficS Reports
BLK COUNT +....4....+..cotocectiii bt do i+,
A 4205 1000900100001100000000727306041114321411
B 378 ... e ... 021112. .. i it e e et
C 236 et e e e e 841........ 5250500
D 308 .o e e 0115100003230...
E 218 ... 2111611130...... 0.
L AP U S, IR SO R TP R

NO. OF SINGLETONS 2736
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Addendum D5.C: C4.5 Classification Rules
Rule I:
Medicats = No Rule 5:
Refer in {Private, Pbsvi} Dvaod <= 1200
Disabil = No Refer = Obvsi Rule 10:
Chiefc2 in {No, Readwrit, Chiefcl in {Readwrit, Visit=Repeat
Schvoc, Adl, Recogf} Mobility, Refer = Obvsi
Lvaidl in {Hhmag, Glasses} Schvoc, Other} Dvaod > 1200
Lvaid3 in {None, Hhmag, => class Group5 [96.3%] => class Groupl [70.7%]
Ismag}
=> class Group4 [91.7%] Rule 6: Rule 11:
Age>79 Visit = Repeat
Rule 2: Diagnop in {Macdeg, Diabret} = Medicats = Yes
Visit = New Chiefcl in {Readwrit, Glare, Refer in {Private, Ebvs, Pbsvi,
Refer in {Private, Ebvs, Pbsvi, Other} Guild}
Guild} Chiefc2 = Readwrit Diagnos = Other

Chiefcl = Other
=> class Group4 [89.9%]

Rule 3:

Visit = Repeat

Eyesurg > 4

Refer in {Private, Ebvs, Pbsvi,
Guild }

Diagnos in {Cataract,
Glaucoma, Opticatr}

Lvaid2 in {None, Hhmag,
Glasses, hpmag, Smag,
Ismag, Nonopts}

=-> class Group4 [79.4%]

Rule 4:

Visit = Repeat

Lvaidl in {Smag, Ismag}
=> class Group4 [70.7%]

Lvaid! in {Hhmag, Glasses}
=> class Group3 [93.0%]

Rule 7:

Dvaos > 300
Marital = Widowed

Diagnop in {Macdeg, Opticatr,
Retpigm}
Disabil = Yes

=> class Group3 [82.2%]

Rule 8:
Visit = Repeat
Refer in {Private, Ebvs, Pbsvi,
Guild}
Lvaid2 in {Filters, Telescop}
=> class Group3 [75.8%]

Rule 9:

Eyesurg > 2

Eyesurg <=3

=> class Group3 [50.0%]

Lvaid2 in {None, Hhmag,
Glasses, Ihpmag, Smag,
Ismag, Nonopts}

=> class Groupl [67.4%]

Rule 12:

Visit = New

Refer in {Private, Ebvs, Pbsvi,
Guild}

Chiefcl in

Mobility,
Glare, Hobby, Recogf}
=> class Group2 [58.4%]

{Readwrit,
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Overview
This appendix describes the application of the APRCM methodology to data from Site 6.

It follows Appendix DS’s outline and structure.

Setting

This site is the outreach services department (OSD) of a school for visually impaired
children located in a small mid-westermn town (< 10000 inhabitants). The school is the state’s
primary repository of expertise in education of blind or visually impaired children. However,
the target children who need such specialized services receive their education in local education
agencies. In an effort to bring the services to the target children, the school conducts field based
low vision clinics in different education agencies throughout the state in the spring and fall terms
of the school year. These clinics are funded by a grant from the state’s Department of Education
and the Lions Clubs, hence, they are provided free of charge to the clients. In essence therefore,
the site’s patient base is geographically dispersed all over the state. It is exclusively young (from
birth to age 21 years).

Services offered under these low vision clinics include special eye examinations and
follow-up services to determine if assistive devices will help a partially sighted child to read
print and see other visual materials better. In support of this, a loaner program covering a variety
of these devices has been instituted. Also offered are orientation and mobility instruction and
itinerant teaching (direct instruction of students to meet their educational needs). The OSD is
headed by a Director who reports to the school’s superintendent. It has specialized faculty
members in charge of infant and preschool consultancy, clinics coordination, instructional
materials, itinerant teaching, orientation and mobility instruction, and a low vision specialist
(optometrist). Support staff include a secretary and two copy typists.

Referrals to an OSD clinic emanates from several different sources namely;
parents/guardians, early intervention service providers, health or social services agency,
physician, and teachers. Prior to the appointment date, the parent/guardian (and where
applicable, teacher) is required to complete a pre-examination report form which provides

background information about the child’s visual history, current visual functioning, general
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medical and physical condition/history, and evaluation goals. Upon receipt of this information,
the child is booked and scheduled to be seen at one of the clinics. Depending on the needs of the
child, the appointment may last from one half hour to two hours. Follow-up visits are invariably

much shorter than initial visits.

Subjects

The sample at this site contained all the patient visits covered over the year 1995 (n =
[24) and 50% of the patient visits covered in the year 1994 (every second patient file from a
total of 158 patient visits in 1994 was taken for inclusion in the sample). Table D6.1 presents a
summary of descriptive statistics of interest about the patients covered at this site. Their ages
ranged from 0.2 to 19.8 years. About 13.3% were aged 3 years and below and 16.7% aged above
15 years with the rest almost uniformly spread over the categories in-between. They are
predominantly males (61.1%), almost equally split on type of visit (50.2% new, 49.8% repeats),
and a slight majority (58.6%) have an additional (non-visual) disability. The majority (70.0%)
sought information with respect to the determination of their current visual abilities (i.e.

reevaluation, current visual acuity, or general assessment).

Table D6.1: Composition of Sample across Age, Gender, Pt-Type, Disability & Info-

Sought.

Feature Category n %
=< 3.0l 27 13.3
3.01-6.00 38 18.7
Age 6.01 -9.00 44 21.7
9.01-12.00 32 5.8
12.01 - 15.00 28 13.8
>15.00 34 16.7
Gender Female 127 62.3
Male 77 37.7
Patient Type Repeat 79 389
New 124 61.1
Additional Disability No 84 414
Yes 119 58.6
n/i 25 12.3
Reevaluation 38 18.7
Information Sought Current VA 74 36.5




Appendix D6 176

Gen. Assess’t 30 14.8
Available devs 18 8.9
Drivers license 6 3.0
Any & all info 12 59
Totals 203 100.0

Data

Initial discussions with the site’s Director and a perusal of some of the patient files
identified 109 biographical and resource pieces of information that were to be targeted for each
case covered. A data collection instrument (a flat file with the columns representing the variables
and each row representing one case) was developed and used to capture these data. Some of the
data (64 variables) was available in electronic form and the rest in the physical student files.
After all the data had been collected, it was determined that only 54 variables contained
sufficient responses to meet the requirements of this study (see Addendum D6.A for a
description of these variables). The data obtained from this site covers 72% (n = 203) of the
client visits handled by the site in their outreach program over the years 1994 and 1995.

The data collection activity was completed over the week of June 24, 1996. Data
collected each day were perused in the evening for initial clean-up which entailed making sure
that the fields of interest had been covered for the cases dealt with on that day, missing values
were noted for subsequent verification that they were indeed unavailable, and new or unfamiliar
values were identified for subsequent verification or explanation by the center’s coordinator.

At the end of the collection phase, the data were numerically coded as per the coding
scheme in Addendum D6.A. The resulting data file was preliminarily analyzed for descriptive
statistics. For clustering purposes, only 54 of the original 109 variables had sufficient responses.

These were retained and the rest discarded.

Cluster Analysis
Table D6.2 presents the distinguishing features of the groups generated at this site,

whereas Addendum D6.C contains the block output.

Table D6.2: Site 6’s Grouping Characteristics.
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VARIABLE Group 1 Group 2 Group 3 Group 4 Group §
PtType New New Mixed Repeat Repeat
Pt's Age 3-12 Below 9 Above 3 Varied (most>9) | Varied (Above 3)
Gender Males Males Males Females Mixed
Achieve’t-Level < Gr-level < Gr-level At Gr level Mixed (< & At) Varied
Visual Acuity 81-200 n/i 26-80 81-400 >1330
Disabilities Yes Yes Yes No Yes
Medications No Yes No No No
Pt’s main goals Assess-FV, Assess-FV, Assess-FV, Assess-FV, Assess-FV,
Recommend devs | Recommend devs, | Recommend devs | Recommend devs | Recommend devs
Parental info
ResourceUse:
ServiceMode nfi n/i ni Educ-Cons n/i
Rec-O&M No No No No Yes
Recall IS yr 1-1.5yr 1-2 yr 1-2 yr 1.5 yr

The resource portion of these characteristics can be expressed by the resource demand formulae:
RU, =1C+0M +1.5T

RU,=1C+0M +(1<=T<=15)

RU,=1C+O0M +(1<=T <=2)

RU,=2C+0M+(1<=T<=2)

RU, =1C+IM + 15T

where RU, is the expected set of resources demanded by patient group i;

C is Service Mode (1 = n/i, 2 = Education-Consultation)
M is Recommended Orientation & Mobility (0 = No, 1 = Yes)

T is Recall Time (in years)

43 variables were left in the data set after non-biographical variables were stripped.

These expanded to 70 when categorical variables were transformed into binary variables. The

same approach for cross-validation as in previous sites was used.

Decision Tree

The classification matrix in Table D6.3 presents C4.5’s results (see Addendum D6.C

contains the decision rules developed from this classifier). This classifier predicts cases in

Groups 1, 2 and 3 quite well (with an error of 20% or less). It performs relatively worse on
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Groups 4 (error of 36.2%) and 5 (error of 23.8%) but, in both cases, its predictive accuracy is
above 60%. It treats Group 1 as the default group (lumping here all cases that it can not
assign to the other groups) - hence half of all cases it assigns to this group are misclassified
ones. All these combine to give this method an overall apparent error of less than 21.2% and
an estimated true error rate of 29.6%.

Table D6.3: Decision Tree (C4.5) Classification Matrix of Site 6’s Cases

From\To Groupl Group2 Group3 Groupd4 GroupS$ Total

Group 1 24 0 0 6 0 30
0.8000 0.0 0.0 0.2000 0.0 1.0000

Group 2 6 44 0 0 0 50
0.1200 0.8800 0.0 0.0 0.0 1.0000

Group 3 5 0 46 4 0 55
0.0909 0.0 0.8364 0.0727 0.0 1.0000

Group 4 11 1 0 30 5 47
0.2340 0.0213 0.0 0.6383 0.1064 1.0000

Group § 2 2 0 1 16 21
0.0952 0.0952 0.0 0.0477 0.7619 1.0000

Total 48 47 46 41 21 203
0.2365 0.2315 0.2266 0.2020 0.1034 1.0000
Apparent Error 0.2120
Estimated Error 0.2960

Non-parametric Discriminant Analysis

This technique’s performance across the groups was, in general, quite poor. The best
predictive accuracy was obtained in Group 3 (16.4%). It could correctly predict 3.3% in’
Group 1, 6.0% in Group 2, 2.1% in Group 3 and 0% in Group 5. For every 100 cases it tests
at this site, this technique will be unable to assign upwards of 87 cases in any of the five
predetermined groups. All these combine to give it an estimated error rate of 93.1%.

Table D6.4: Non-parametric D. A. Classification Matrix of Site 6’s Cases

From\To | Group1 | Group 2| Group3 | Group4 | Group 5 Other Total
Group 1 1 0 2 2 0 25 30
0.0333 0.0 0.667 0.667 0.0 0.8333 1.0000
Group 2 0 3 0 0 0 47 50
0.0 0.0600 0.0 0.0 0.0 0.9400 1.0000
Group 3 4 0 9 1 0 41 55
0.0727 0.0 0.1636 0.0182 0.0 0.7455 1.0000
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Group 4 l 0 l 1 0 44 47
0.0213 0.0 0.0213 0.0213 0.0 0.9362 1.0000

Group 5 0 0 0 0 0 21 21
0.0 0.0 0.0 0.0 0.0 1.0000 1.0000

Total 6 3 12 4 0 178 203
0.0296 0.0148 0.0591 0.0197 0.0 0.8768 1.0000
Apparent Error 0.0542
Estimated Error 0.9310

K-Nearest-Neighbor:

This technique predicted membership in Group 2 extremely well (with 94% accuracy)
and rather poorly in Group 5 (33.3%). Performance on the other three groups was in-between
these extremes - 50%, 61.8% and 59.6% for Groups 1, 3 and 4 respectively. The method is
unable to place about 1.5% of the cases it tests into any of the five existing groups. These
combine to give it an overall estimated true error rate of 35.5%.

Table D6.5: K-NN Classification Matrix of Site 6’s Cases

From\To | Groupl| Group2 | Group3 | Group4 | Group$ Other Total
Group 1 15 0 13 2 0 0 30
0.5000 0.0 0.4333 0.0667 0.0 0.0 1.0000
Group 2 1 47 2 0 0 0 50
0.0200 0.9400 0.0400 0.0 0.0 0.0 1.0000
Group 3 17 0 34 4 0 0 55
0.3091 0.0 0.6182 0.0727 0.0 0.0 1.0000
Group 4 5 0 12 28 0 2 47
0.1064 0.0 0.2553 0.5957 0.0 0.0426 1.0000
Group § 3 0 3 7 7 l 21
0.1429 0.0 0.1429 0.3333 0.3333 0.0476 1.0000
Total 41 47 64 41 7 3 203
0.2020 0.2315 0.3153 0.2020 0.0345 0.0148 1.0000
Apparent Error 0.2365
Estimated Error 0.3547
Neural Network

Similar procedures, data formatting and parameters as in the earlier sites were used.
Table D6.6 presents a summary results from the neural network.
Table D6.6: Summary of Neural Network Predictions of Site 6’s Cases
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Iterations Training Testing Testing
Run # Good patterns %  Good patterns % Error
1 9812 86 57.1 429
2 5579 86 429 57.1
3 195 85 85.7 14.3
4 91 85 85.0 15.0
5 74 85 75.0 25.0
6 14 85 80.0 20.0
7 10 85 90.0 10.0
8 12 86 90.0 10.0
9 37 85 80.0 20.0
10 18 85 90.0 10.0
Apparent Error 0.1470
Estimated Error 0.2243

Overall Performance

A summary of the performance of all the four classification methods is presented in

Table D6.7.

Table D6.7: Summary of classifier performance in the prediction task at Site 6

Classifier Apparent Error Estimate of True Error
Neural Networks - WinNN 0.1470 0.2243
Decision Tree - C4.5 0.2120 0.2960
K-Nearest Neighbor - SAS 0.2365 0.3547
Discriminant Analysis - SAS 0.0542 0.9310
Chance Criterion 0.7798 0.7798

As shown in the table, the best (lowest) overall estimate of true error in the prediction

task is posted by the the neural network, followed by the decision tree and then the nearest

neighbor classifier. With the proportional chance as a benchmark, it can be seen that using

either of these three will more than double the probability of assigning a case to the correct iso-

resource group. Specifically, the neural network will correctly assign 77.6%, the decision tree

70.4% and the nearest neighbor 64.5% of all cases tested at this site. On the other hand, going

only by a knowledge of the sizes of the groups, one would correctly classify only 22 out of every

100 cases handled. The non-parametric discriminant analysis (which would correctly assign
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only 7% of the cases), would not be a technique of choice at this site since it would yield a
performance that is worse than the chance criterion benchmark. In sum, these results

demonstrate that predictive performance is enhanced by the usage of the first three techniques.
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Addendum D6.A: Description of Study Variables
Variable Description Range
Background Data
Age Patient’s age Discrete (from 0.2 to 19.8 years)
Gender Patient’s gender 0 = Female 1 =Male
Pttype Patient type 0 = New 1 =Repeat
DiagnosP Primary Visual diagnosis 0=n/ 1 = Nystagmus 2 = Optic atrophy 3 =R.0.P
4 = Cataracts 5 = Detached retina6 = Celebral palsy 7 = cortical imp't
8 = Albinism 9 = Other
DiagnosS Secondary Visual diagnosis 0=nfi I = Nystagmus 2 =Optic atrophy 3 =R.o.P
4 = Cataracts § = Detached retina6 = Celebral palsy 7 = cortical imp't
8 = Albinism 9 = Other
Onset Onset of eye condition? Discrete (in years)
Med-treat Medical treatment at onset? 0=No 1 =Yes
Betterey Preferred (better) eye 0 = Same (OU) 1=0D 2=08 3=nfi
Changevs Has vision changed recently? 0 =None I = Worse 2 = Better
Guardian Patient’s guardian I = Mother 2 = Father 3=Both
Medicats General medications? 0=No 1 =Yes
Physical Physical condition 1 = Good 2 = Poor 3 = Unstable
Hearloss Hearing loss? 0=No 1=Yes
Leardis Leaming disability? 0=No 1=Yes
Balpmove Balance, posture, mobility 0=No 1=Yes
probs?
Disabil Additional disabilities? 0=No l = Yes
Travsch Independently travel in school 0 =No 1 = Yes
building?
Schplayg Independently travel on 0=No 1 =Yes
school playground?
Crossstr Independently cross streets? 0=No 1 =Yes
Usepubtr Use public transport 0=No 1 =Yes
Omserv Received O & M services? 0=No 1=Yes
Prefvis Preference in use of vision? 0=No 1=Yes
Achielev Achievement [evel 0=n/i 1 = Below aver/age 2 = Average 3 = At grade levl
4 = Preschool/ECSE
Grade Grade of patient O0=nfi I = Pre-sch/ECSE 2 = Home interv’'n 3 = Special class
4=Grade 1 -4 5=Crade5-8 6=Crade 9 - 12
Goals, Visual acuity and visual aid data
Infoseek Information sought O=nfi I =Re-eval’n 2 =Current VA 3 =Gen. assess't
4 = Avail’ale devs 5 = Drivers licence 6 = Any and all information possible
Addlreps Additional reports requested? 0=No I =Yes
Evaigll Patient’s  first  evaluation O=nfi I =Updateinfo 2= Assessflvis 3 =Recom’ddev
objective 4=Learn’g adpt’n S =Parental info 6= New Rx 7 = Other
Evalgl2 Patient’s second evaluation 0=n/i I =Updateinfo 2= Assessf'lvis 3 =Recom’'ddev
objective 4 =Learn’g adpt’n 5 =Parental info 6 =New Rx 7 = Other
Evalgl3 Patient’s  third evaluation O=n/i l =Updateinfo 2= Assess 'l vis 3 = Recom’d dev
objective 4 =Learn’g adpt’'n 5 =Parental info 6=New Rx 7 = Other
Pva-Od Presenting visual acuity OD Discrete (converted w/ numerator = 20)
P-va-Os Presenting visual acuity OS Discrete (converted w/ numerator = 20)
Pva-OU Presenting visual acuity OU Discrete (converted w/ numerator = 20)
Cva-OD Carrected visual acuity OD Discrete (converted w/ numerator = 20)
Cva-0S Corrected visual acuity OS Discrete (converted w/ numerator = 20)
Usedevs Currently use visul devices? 0=No I =Yes
Devicel Current LV device 1 0= None I = Glasses 2 = Magnifiers 3=CCTV
4 = Binoc/monocs 5 = Bifocals 6 = Other
Device2 Current LV device 2 0 = None 1 = Glasses 2 = Magnifiers 3=CCTV
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4 = Binoc/monocs 5 = Bifocals 6 = Other

TV Watch TV? 0=No [ =Yes

Seebett Lighting conditions preferred 0 = Unsure 1 = Bright 2 = Overcast 3 = No difference

Glare Glare problems? 0=No I =Yes

Readprt Read printed material 0=No 1 =Yes 2 = Unsure, nfi

Readiprt Read large printed material? 0=No I =Yes 2 = Unsure, nfi

Braille Use braille? 0=No ! =Yes 2 = Unsure, n/i

Talkbks Use talk books? 0=No [ =Yes 2 = Unsure, n/i

Resource Data

Service-m Service mode O=n/i 1 = Educ’l consult 2 = O & M evaluation

Omeval O & M evaluation 0=No I =Yes

Loanl First device loaned 0 = None 1 = Half eyes 2 = Magnifiers 3 = Telescopes
4 = Filters

Loan2 Second device loaned 0 = None | = Half eyes 2 = Magnifiers 3 = Telescopes
4 =Filters

Other Data

Recall Patient to be recalled (revisit)  Discrete (in years)

Reclvdev Recommended low visiondev 0= None | = Telescape 2 =Half eyes 3 = Magnifiers
4=LittleRoom 5=0&M 6 = Other

Descrdev Description of dev. purchased 0= None I = Half eyes 2 = Magnifiers 3 = Other

RecOM Recommended for O & M? 0=No I =Yes

Recdirs Recom'd for direct service 0=No I =Yes

Largeprt large print (other services) 0=No I =Yes

Aphregis APH registered? 0=No I =Yes

Regdeafd Registered Deaf/Blind? 0=No 1 =Yes
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Addendum D6.B: Block Cluster Output from BMDP

Diagnosl Talkbks Regdeafdb Pvaod Aphregis SchPlayg
Diagnos2 Usepubtr Loanl Pvaos Age Seebeter
Physical OMservs Loan2 Cvaos Learndis Readlprt
Hearloss PrefVis RecOM Balpmove Disabil Usedevs
Besteye EvalGl2 Omeval Gender Devicel
Changevs EvalGl3 Medicatn Pttype Crossstr
vV Reclvdev Medtreat Guardian Achielev
Glare DescrDev ReadPrnt Infoseek Grade
DeviceZ2 RecDirS Cvaod Addreps EvalGll
Braille LargePrt Pvaou ServiceM TravSch

BLK COUNTH....%. ettt ee b ot ie it i it oo+,
A 5826 901000110000010000000000001123333010121005110001211211

B 585 L. e 1008.8881............... 00000

C 622 . e i i e 2222........ 9001135311...

D . 33333101310117.......ciun

E 164 .. i i e 1100055555, ... ittt
NO. OF SINGLETONS 3213
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Addendum D6.C: C4.5 Classification Rules
Rule 1:
Age<=11.6 Rule 6:
Pttype = New Age<=2.6
Medtreat = Yes Diagnosl in {Nystagmu, Opticatr, Rop,
Pvaod > 80 Cataract, Cortical, Other}
Pvaos <= 320 Infoseek in {Reeval, CurrAids, GenAsses,
=> class Group! [88.2%] Availdev}
=> class Group2 [93.9%]
Rule 2: Rule 7:
SchPlyg = Yes Physical in {Poor, Unstable}
ReadPmt = Yes Readlprt = No
Pvaod <=90 => class Group2 [88.2%]

=> class Group3 [95.6%]

Rule 3:

Usedevs = Yes

Crossst = Yes

Pvaos <= 80

=> class Group3 [93.6%]

Rule 4:

Gender = Male

Disabil = No

Guardian = Mother
Readlprt = Yes

=> class Group3 [83.3%]

Rule 5:

Pttype = New

Medtreat = No

TravSch = Yes

Readlprt = Yes

=> class Group3 [82.0%]

Rule 8:
Diagnos! in {Nystagmu, Opticatr, Detachr,
Celebral, Cortical, Other}
TravSch = No
Readlprt = No
Devicel = No
=> class Group2 [86.7%]

Rule 9:

Age>2.6

Pvaou > 400

=> class GroupS [61.7%]

Rule 10:
Devicel = Cctv
=> class Group5 [37.3%]

Rule 11:
Pttype = Repeat
TravSch = Yes
Pvaod > 90
=> class Group4 [51.4%]
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Overview
This appendix describes the application of the APRCM methodology to data from Site 7.
It follows Appendix D.6’s outline and structure.

Setting

The host center is housed in the Eye Unit of a small (< 250 bed) hospital located on the
outskirts of a large (> 2.5 million) metropolis in Sub-Saharan Africa. The clinic is funded by a
European, non-governmental philanthropic organization. It was set up in 1994 to address the
educational needs of pre-school and school-going patients, but being the only secondary/tertiary
low vision facility in Eastern and Central Africa, it, by default, also serves adult and geriatric
clients. In essence therefore, its patient base is geographically dispersed all over the region, but
predominantly young (between | and 25 years). Since the target children who need the center’s
specialized services are either located, or receive their education in diverse schools all over the
country, the center conducts field based low vision clinics in different schools for the blind
throughout the country. In addition, it runs such clinics and organizes training sessions in the
neighbouring countries. The clinics and the prescribed assistive devices, are provided free of
charge to pre-school and school-going clients.

Services offered by the center include visual evaluations and follow-up services to
determine a) if the client is indeed low-visioned, and b) if assistive devices will help improve the
client’s visual functioning. Towards this end, the center has instituted a loaner program
covering a variety of optical and non-optical devices. Also offered are training and counselling
services. The center is headed by a low vision therapist who reports to the Eye Unit’s director.
In addition, its staff includes a low vision advisor/educator, and two trainee therapists. Support
staff include a secretary and a typist/cleaner. It liases closesly with the rest of the Eye Unit
especially for clinical/ophthalmologic support/input.

Referrals to the center emanate from several different sources namely; in-house referrals
from the Eye Unit/host hospital, physicians from other medical facilities in the region, parents,

and teachers. The center uses a variety of forms to collect background and service information
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about the child’s visual history, current visual functioning, general medical and physical
condition/history. The client is booked and scheduled to be seen (in-clinic or outreach) after the
requisite background information has been received. The initial appointment lasts for about 2.5
hours, but this may vary depending on the needs of the client. The client is scheduled to be seen
first by the trainee therapist, then the low vision therapist and finally by the low vision advisor.
Follow-up visits may not involve all three categories of the staff and are generally shorter in

duration.

Subjects

The sample at this site contained all the patient visits covered over the years 1994 to
1996 within the center and in field based clinics at three of the eight schools for the blind
covered in the center’s outreach program (n = 848). Table D7.1 presents a summary of
descriptive statistics of interest about the patients covered at this site. Their ages ranged from |
to 78 years, with the majority (85.3%) falling between ages 3 and 25. Only 1.2% were aged 55
years and above. They are predominantly male (60.8%), almost equally split on type of visit
(51.9% new, 48.1% repeats), and a small proportion (7.1%) have an additional (non-visual)
disability. Similarly, 9.1% are not low-visioned at all (Category 5).

Table S6-1: Composition of Sample on Age, Gender, Pt-Type, Disability & Category.

Feature Category n Yo
=< 3 29 3.4
3.01-6.00 111 13.1
6.01 -9.00 167 19.7
Age 9.01-12.00 147 17.3
12.01 - 15.00 153 18.0
15.01 - 18.00 87 10.3
18.01 - 25.00 59 7.0
25.01 -35.00 41 4.8
35.01-45.00 28 33
45.01 -55.00 16 1.9
>55.00 11 13
Gender Female 332 39.2
Male 516 60.8

Patient Repeat 408 48.1




Appendix D7 188

Type New 440 519
Additional No 788 929
impairment Yes 60 7.1

n/i 131 154
1 1 0.1

Category 2 156 18.4
3 204 24.1

4 279 329
S 77 9.1

Totals 848 100.0

Data

52 biographical and resource variables were collected on each case covered. A data
collection instrument (a flat file with the columns representing the variables and each row
representing one case) was developed from these and 24 hard-copies of it printed. None of the
information of interest was available in electronic form, hence all the data were obtained
manually from the clinic’s patient files. Three research assistants were involved in the collection
of the data. Before the data collection activity commenced, a training session was conducted to
familiarise the assistants with the usage of the collection instrument, where to get the required
information, its interpretation, and what to do when unfamiliar fields of information were
encountered.

After all the data had been collected, it was determined that only 32 variables contained
sufficient responses to meet the requirements of this study (see Addendum D7.A for a
description of these variables). The data collection activity was completed over November and
part of December, 1996. Daily quality control activities were done to ensure consistency across
the data collectors. In addition, data collected each day were perused in the evening for initial
clean-up which entailed making sure that the fields of interest had been covered for the cases
dealt with on that day, missing values were noted for verification on the subsequent day that they
were indeed unavailable, and new or unfamiliar values were identified for follow-up with the
clinic’s coordinator.

At the end of the data collection exercise, the data were converted into electronic form

and numerically coded as per the coding scheme in Addendum D7.A. The resulting data file
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was preliminarily analyzed for descriptive statistics. For clustering purposes, 20 of the original

52 variables had to be discarded due to insufficient responses.

Cluster Analysis

Block Clustering generated five disiinctive clusters (groups) from the data (see

Addendum D7.B for the block output). In the absence of expert opinion, it is assumed here that

these five constitute the latent patient groups at this site. Table D7.2 presents the distinguishing

features of these groups.

Table D7.2: Site 7’s Grouping Characteristics.

VARIABLE Group 1 Group 2 Group 3 Group 4 Group 5
PtType New Repeat Repeat Mixed New
Pt's Age 3-25 9-15 3-12 3-15 Varied (all ages)
Gender Males Females Males Females Males
Class | Lower primary | Upper primary | Lower primary Mixed Not in school, n/i
School Mixed Schs f.t. Blind Regular, Niep Niep. St. Oda St. Oda, Not in Sch
Visual Category 3,4 2,3,4 3,4 4,5 2,3
Wear Glasses No No Yes Yes No
Reading ability Good Not yet, Good Good Not yet, Good, Braille
At Grade
ResourceUse:
Seen-By Th, Th-Tr, Th, Th-Tr Th, Th-Tr, Th- Th, Th-Tr, Th, Th-Tr
Th-Tr-Ad Ad, Th-Tr-Ad Th-Ad
Event Lva Fup, Getdev Lva,Fup,Getdev Lva Lva,Fup,Getdev
Clinic/Outreach Mixed Qutreach Mixed In-clinic In-clinic

The resource portion of these characteristics can be expressed by the resource demand formulae:
RU, =(Ce{1,4,6})+ IM +3T
RU, =(Ce{l,4))+4M +2T
RU, =(Ce{1,4506})+4M + 3T

RU,=(Ce{l4S})+IM+IT
RU, =(Ce{l4})+4M+IT

where RU, is the expected set of resources demanded by patient group i;

C is Seen-by (1 =Th, 2 =Tr, 3 = Ad, 4 = Th&Tr, 5 = Th&Ad, 6 =Th,Tr&AD)
M is Event (1 = Lva, 2 = Fup, 3 = Get Device, 4 = Mixed)
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T is Type of service (1 =clinic, 2 = Qutreach, 3 = Mixed)

When resource and other after-the-fact variables were stripped from the data set, 21
biographical variables were left. Transforming categorical variables into binary variables
increased the number to 53 (for the nearest neighbor and non-parametric discriminant classifiers)

and 57 (for the neural network).

Decision Tree
The classification matrix in Table D7.3 presents the results obtained from C4.5 (see

Addendum D7.C for the attendant decision rules). The classifier predicts cases in Groups |,
2, 3 and 5 quite well (with an error between 14% and 21%). It performs relatively worse on
Groups 4 (error of 49.3%). It treats Group | as the default group (lumping here all cases that
it can not assign to the other groups) - hence more than one quarter of all cases it assigns to
this group are misclassified ones. In spite of this, it predicts cases in Group | better than those
in any other group. Overall, this method’s apparent error of 22.6% and estimated true error
rate of 26.5% make it the technique of choice at this site.
Table D7.3: Decision Tree (C4.5) Classification Matrix of Site 7°s Cases

From\To Groupl Group2 Group3 Group4 GroupS$ Total

Group 1 196 16 1 5 Il 229
0.8559 0.0699 0.0044 0.0218 0.0480 1.0000

Group 2 22 132 0 3 10 167
0.1317 0.7904 0.0 0.0180 0.0599 1.0000

Group 3 5 3 95 S 4 112
0.0446 0.0268 0.8482 0.0446 0.0358 1.0000

Group 4 21 25 1 70 21 138
0.1522 0.1812 0.0072 0.5072 0.1522 1.0000

Group § 22 5 3 9 163 202
0.1089 0.0248 0.0149 0.0446 0.8069 1.0000

Total 266 181 100 92 209 848
0.3137 0.2134 0.1179 0.1085 0.2465 1.0000
Apparent Error 0.2260
Estimated Error 0.2650
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Non-parametric Discriminant Analysis

Results obtained with this technique are presented in Table D7.4. The technique has
quite a disparate performance across the five groups. It predicts cases in Group 5 very well
(87.1%), relatively worse in Group 1 (50.2%), and rather poorly in Groups 2, 3 and 4 (all with
less than 35%).

technique unable to place them in any of the pre-existing schemes.

Surprisingly, only in less than 5% of the cases tested at this site was the
This suggests some
overlap in the initial groupings - with some cases falling into more than one group. Overall,
this technique had an estimated error rate of 50.9%.

Table D7.4: Non-parametric D. A. Classification Matrix of Site 7°s Cases

From\To | Group1l | Group 2 | Group3 | Group4 | Group S Other Total

Group 1 115 7 5 0 87 15 229
0.5022 0.0306 0.0218 0.0 0.3799 0.0655 1.0000

Group 2 38 50 2 9 59 9 167
0.2275 0.2994 0.0120 0.0539 0.3533 0.0539 1.0000

Group 3 35 3 39 4 24 7 112
0.3125 0.0268 0.3482 0.0357 0.2143 0.0625 1.0000

Group 4 16 10 S 36 64 7 138
0.1159 0.0725 0.0362 0.2609 0.4638 0.0507 1.0000

Group § 14 | 6 1 176 4 202
0.0693 0.0050 0.0297 0.0050 0.8713 0.0198 1.0000

Total 218 71 57 50 410 42 848
0.2571 0.0837 0.0672 0.0590 0.4835 0.0495 1.0000
Apparent Error 0.4764
Estimated Error 0.5094

K-Nearest-Neighbor:

The 3-nearest neighbor results are presented in Table D7.5. The technique predicted
membership in Groups 1, 2, 3, and 5 fairly well (with 60.0% or better accuracy). Predictive
accuracy in Group 4 was relatively worse (at 53.6%). This method is unable to place about
1.7% of the cases it tests into any of the five existing groups. All these combine to give it an
overall estimated true error rate of 35%.

Table D7.5: K-NN Classification Matrix of Site 7’s Cases
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From\To | Groupl{ Group2 | Group3 | Group4 | Group5 | Other Total

Group 1 158 25 7 12 25 2 229
0.6900 0.1092 0.0306 0.0524 0.1092 0.0087 1.0000

Group 2 35 101 2 15 12 2 167
0.2096 0.6048 0.0120 0.0898 0.0719 0.0120 1.0000

Group 3 21 7 74 3 6 1 112
0.1875 0.0625 0.6607 0.0268 0.0536 0.0089 1.0000

Group 4 15 22 7 74 16 4 138
0.1087 0.1594 0.0507 0.5362 0.1159 0.0290 1.0000

Group 5 22 12 8 11 144 5 202
0.1089 0.0594 0.0396 0.0545 0.7129 0.0248 1.0000

Total 251 167 98 115 203 14 203
0.2960 0.1969 0.1156 0.1356 0.2394 0.0165 1.0000
Apparent Error 0.2866
Estimated Error 0.3502

Neural Network

Similar procedures with regard to data formatting, experimentation and parameters as in
earlier sites were followed. As can be noted from the results below, this classifier is costly in
terms of time. Each iteration took 80.13 seconds (real time) on a Pentium 166 machine.
Regardless of the number of iterations, it was noticed that performance (good patterns) never
went beyond 27% in any run. In keeping with the approach used at previous sites:
a) except for the first run, the training of the network was commenced from the saved weights of
the foregoing run;
b) training was stopped when the network indicated that no improvement in performance was
forthcoming. It was noticed that even in the case where 26% or 27% was reached after the first
few iterations (for instance runs # 1, 2 and 3), performance did not improve when the network
was trained with extra iterations.

The average of the errors obtained from testing the 10 trained networks on their
corresponding testing sets is taken here to be an estimate of the true error. The apparent error
rate is drawn from an average of the misclassification of the trained networks on the training

cases. No group specific estimates were drawn from the network’s predictions, hence no inter-
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group comparisons can be made. Results from this technique’s performance are shown in Table

D7.6. The relatively poor overall performance is puzzling.

Table D7.6: Summary of Neural Network Predictions of Site 7’s Cases

1 177
2 75
3 42
4 4
5 4
6 5
7 4
8 8
9 4
10 12
Apparent Error
Estimated Error

Run# Iterations Training % Good Patterns

27
27
27
26
27
27
26
26
27
27

24.7
25.9
259
30.6
259
224
34.1
28.2
9.7

26.2

Testing % Good Patterns Testing Error

753
74.1
74.1
69.4
74.1
71.6
65.9
71.8
90.3
73.8
0.7330
0.7464

Overall Performance

A summary of the performance of all the four classification methods is presented in

Table D7.7.

Table D7.7: Summary of classifier performance in the prediction task at Site 7

Classifier Apparent Error Estimate of True Error
Decision Tree - C4.5 0.2260 0.2650
K-Nearest Neighbor - SAS 0.2866 0.3502
Discriminant Analysis - SAS 0.4764 0.5094
Neural Networks - WinNN 0.7330 0.7464
Chance Criterion 0.7876 0.7876

As shown in the table, the best (lowest) overall estimate of true error in the prediction

task is posted by the decision tree, followed by the nearest neighbor and then the non-

parametric discriminant analysis classifiers. The neural network was ranked a distant fourth.

With the proportional chance as a benchmark, it can be seen that using the first two will more

than double the probability of assigning a case to the correct iso-resource group (the decision
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tree will almost triple it). Specifically, the decision tree will correctly assign 73.5% and the
nearest-neighbor 65.9% of all cases tested at this site. On the other hand, going only by a
knowledge of the sizes of the groups, one would comectly classify 21.2 of all cases tested. Both
the non-parametric discriminant analysis and the neural network, despite posting poorer
performances than the first two, will nonetheless perform better than the chance criterion
benchmark. In sum, going only by these results, it can be demonstrated that predictive
performance is enhanced by the usage of either of these four techniques - with the decision tree

being the tool of choice at this site.



Appendix D7 195
Addendum D7.A: Description of Study Variables

Variable Description Range

Background Data

Age Patient’s age Discrete (from 1 to 78 years)

Gender Patient’s gender 0 = Female 1 = Male

Putype Patient type 0 = New I = Repeat

Pt-categ Patient category 0=In(Kikuyu) 1 = Qutreach (schools for the blind)

Class Patient’s grade at school 0 = None, n/fa I = Presch/nursery 2=Grade 1 -4  3=Grade 5 -8
4=Form1-4 5 = College/university

School Patient’s school 0 = None, n/a I = NIEP 2 =Regular 3=St.Oda
4 = St. Francis 5 = Kibos

DiagnosP Primary Visual diagnosis O=nh [ = Albinism 2 = Retinitis Pig'sa 3 = Macular deg.
4 = Optic atrophy 5 = Cataracts 6 = Nystagmus 7 = Aphakia
8 = High Myopia 9 = Other

DiagnosS Secondary Visual diagnosis 0=nfi | = Albinism 2 = Retinitis Pig’sa 3 = Macular deg.
4 = Optic atrophy 5 = Cataracts 6 = Nystagmus 7 = Aphakia
8 = High Myopia 9 = Other

Onset Onset of eye condition? Discrete (in years)

Treated Medical treatment at onset? 0=No 1 =Yes

Disabil Additional disabilities? 0=No 1=Yes

Condfam Similar condition in family? 0=No I =Yes

Birthod Patient’s birthorder Discrete

Siblings Patient’s siblings Discrete

Goals, Visual acuity and visual aid data

Interest] Patient’s primary interest 0=nfi I = Music/singing 2 = Reading 3 = Writing
4 = ADL-cooking 5 = Driving 6 = Sports 7 = Socializing
8 = Farmwork 9 = Other

Interest2 Patient’s primary interest 0=n/i 1 = Music/singing 2 = Reading 3 = Writing
4 = ADL-cooking 5= Drving 6 = Sports 7 = Socializing
8 = Farmwork 9 = Other

[nterest3 Patient’s primary interest 0=nfi I = Music/singing 2 = Reading 3 = Writing
4 = ADL-cooking S = Driving 6 = Sports 7 = Socializing
8 = Farmwork 9 = Other

Category Patient’s visual category 1 =Category | 2 = Category 2 3 = Category 3 4 = Category 4
5 =Category §

Wearglas Patient wears glasses? 0=No I =Yes

Readabil Patient’s reading ability 0= No, none [=Can'treadyet 2=Prob’s w/it 3 =Good/at grade
4 = Fluently 5 = Braille

Writeabl Patient’s writing ability 0 = No, none Ll =Can’twrite yet 2=Prob’s w/it 3 =Good/at grade
4 = Fluently 5 =Braille

Needs Patient needs 0=nA 1 =LV device 2 = Training 3 =Vis. stimul’'n
4 =NIEP 5 =Read/writing 6 = Educ adapt’'ns 7 = New Rx
8 = Other

Prefeye Patient’s preferred eye 0 =None 2=RE (OD) 3 =LE (0S) 4 = BE (OU)

Vaf-re Presenting visual acuity OD Discrete (converied w/ numerator = 20)

Vaf-le Presenting visual acuity OS Discrete (converted w/ numerator = 20)

Vfa-bin Presenting visual acuity binoc  Discrete (converted w/ numerator = 20)

Resource Data

Event Visit description O=ni I =LVassess't 2 =Follow-up 3 = Get device
4 = Vis. stimul’'n 5 =Refract’'n/V.fld 6 = letter/report 7 = intro to prt
8 = Training 9 = Other

Loandev Loned device 0= No I =Yes
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Seenby Patient seen by O=nfi 1=Therapist 2 = Advisor 3 =Trainee
4 =TWTrS = Th/Ad 6 =Tr/Ad 7=TWAd/Tr
Other Data
Revisitt Patient to be recalled (return} Discrete (in months)
Devprescr Device prescribed 0=No I =Yes
Lvdn Received low vision device? 0=No I =Yes
Addendum D7.B: Block Cluster Qutput from BMDP
Diagnos Letters Gender Birthord
NextVis Diagnop Seenby Siblings
Lvdn VAfre WearGl
Needs vafle School
Loandev ReadAbil VAfbin
Devpresc WriteAbl Inout
Disabil Age Event
Condfam Class Pttype
Interesl Category Onset
Interes2 Prefeye Treated
BLK COUNT +....+....4+. ...+ ...+, ...%....+...
A 14284 01000000000933332240110080101000
B 1041 .. ... ... ... .. 333204.33131....
C 694 ... e e 1230216113
D 719 ... ... .. 54200....05112.......
E 792 e .. 8800102.............
oottt R TP D

NO. OF SINGLETONS 9536
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Addendum D7.C: C4.5 Classification Rules
Rule 1: Treated = Yes
Pttype = Repeat => class Group3 [87.9%]
Treated = Yes
WearGl = Yes Rule 6:
School in {None, Regular} Birthord <=2

Diagnop in {Albinism, Retpigme,
Stargart,
Opticatr,
Highmyop,Other}
=> class Group3 [95.2%]

Nystagmu,

Rule 2:

School = Regular

Onset > 3

WearGl = Yes

Class in {Pre-schl, Class1-4}
=> class Group3 [93.0%]

Rule 3:
Birthord <=3
Diagnop in { Albinism, Opticatr,
Nystagmu, Aphakia, Other}
Class in {Pre-schl, Class1-4, Class5-8,
Forml-4}
WearGl = Yes
Treated = Yes
=> class Group3 [92.2%]

Rule 4:
Pttype = Repeat
Treated = Yes
WearGl = No
Class = Form14
=> class Group3 [89.1%]

Rule 5:
Gender = Male
WearGl = Yes
Pttype = Repeat
Readabil in {Problems, Good, Fluently,
Braille}

Diagnop in {Stargart, Opticatr, Nystagmu}
WriteAbl in { Problems, Good}

Pttype = Repeat
=> class Group3 [85.7%]

Rule 7:

Gender = Male

Treated = Yes

Age<=10

School in {Regular, St-oda, St-franc,
Kibos}

Pttype = Repeat

Diagnop in { Albinism, Stargart, Opticatr,
Other}

=> class Group3 [84.3%]

Rule 8:
Class in {None, Form1-4}
School = Regular
Prefeye in {Re, Le}
=> class Group3 [79.7%]

Rule 9:
WearGl = Yes
Interstl = Writing

=> class Group3 [63.0%]

Rule 10:
Inout =In
WearGl = No
WriteAbl in {Cannot, Problems, Good )
Pttype = New

=> class Groupl [77.8%]

Rule 11:
Class = Class14
WearGl = No
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Readabil in {Cannot, Problems, Good,
Fluently, Braille}
Pttype = New
=> class Groupl [73.1%]
Rule 12:
Gender = Male
School in {None, Niep, St-oda, St-franc,
Kibos}
Readabil = Good
WriteAbl in {Cannot, Problems, Good,
Braille}
=> class Groupl [69.8%]

Rule 13:
Age> 13
Gender = Male
Readabil = No

=> class Group5 [83.0%]

Rule 14:
School in {Niep, St-oda}
Diagnop in {Cataract, Other}
WearGl = No
WriteAbl = Braille
Pttype = New

=> class Group5 [72.0%]

Rule 15:
Class in {None, Varsity}
WriteAbl in {No, Cannot, Problems,
Fluently}
=> class Group5 [71.3%]

Rule 16:
Age>48
Pttype = Repeat
Treated = No

=> class GroupS [61.0%]

Rule 17:
Class = Pre-schl
School in {Niep, Regular, St-franc}
Readabil = No
Pttype = New
=> class Group5 [59.4%]

Rule 18:
Inout = Out
Gender = Female
Readabil = Braille
Pttype = Repeat
=> class Group2 [85.7%]

Rule 19:
Inout = Out
Age> 10
WearGl = No
Class in {Pre-schl, Class1-4, Class5-8}
Pttype = Repeat
=> class Group2 [83.6%]

Rule 20:

Treated = No

School in {Regular, St-oda, St-franc,
Kibos}

Readabil in {Cannot, Problems, Good,
Fluently, Braille}

Class in {Pre-schl, Class1-4, Class5-8}

Pttype = Repeat

WriteAbl in {Cannot, Problems, Good,
Braille}

=> class Group2 [69.4%]

Rule 21:
Gender = Female
Onset <=1
Disabil = Yes

=> class Group2 [63.0%]

Rule 22:
Gender = Female
Class = Class5-8

=> class Group2 [57.0%]

Rule 23:
Age<=45
Gender = Female
School in {Niep, Kibos}
Pttype = Repeat

=> class Group2 [56.6%]
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Rule 24:
Diagnop = Aphakia
WearGl = No
=> class Group2 [44.5%]

Rule 25:
Inout = Out
Age<=11
Readabil = Fluently
=> class Group4 [70.7%]

Rule 26:
Class = Class1-4
WearGl = Yes
Readabil = No

=> class Group4 [64.8%]

Rule 27:
Diagnop = Cataract
WriteAbl = No
Treated = No

=> class Group4 [62.6%]

Rule 28:
Gender = Female
School in {Niep, St-oda, St-franc,
Kibos}
WearGl = Yes
Readabil in {Cannot, Problems, Good,
Fluently, Braille}
=> class Group4 [55.6%]

Rule 29:
School = Niep
Readabil = No

=> class Group4 [47.2%]
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To combine data from the seven sites, a listing of the variables used for clustering at
each site was made. This list was sorted into three categories: Biographical (i.e. background,

goals, visual acuity, visual aid), Resource, and Other (see subsequent pages of this appendix).

1. An administrative decision was made to retain only those variables present at the majority
of the sites (i.e. >=4). These are highlighted in bold.

2. The variables Goals (Goals 1 - 5) and Current Visual Aids (CurVdel - 3) different
‘scaling’ was used at sites. For uniformity, the scale used at the University of Waterloo’s
LVC was adopted.

3. For Occupation, every patient aged I8 or less and unmarried was categorized under
Student/child.

4. For Marital-Status, every Student/child was categorized under Single.

5. With expert assistance from an Epidemiologist, the 140+ different diagnoses were reduced

to 17 and represented in two variables.



VARIABLES AT SITES 1.7

[smE Site 1 | Site 2
IV_a_muu Values Values
BACKGROUND B ’ T :
Age _Discrata (in years) |*. * * * N * * : Discrete (In years) * - A .
{Gender ~ 'Female Male [+ "+ | . . . . . Female  Male .- ‘ .. i AN
MaritslSt W1 7 'Single  [Married ~ |Divorced |Widowed |* : ‘ : * ™ Single  Married Divowod \mm .
Pi-type 1] New Repeat {* . . . N . . M New Repent - .
Diagnos-P ) Aphakia _[Cataracts [Diab. Ret, |Glaucoma Pr.MyopiaMac.Deg. [Albinism [NysiagmulOther —_Ret. PigmiQptic atro Cataracts Diab, Rot. leco P'wahmg, og: - Al
Diagnos-S _Aphakia_|C Diab. Ret. |GlsucomalPr.M Mac.Deg. |Albinism [Nystagmu[Gther _ Ret. Pigru Optic atrd Cataracts Diab, Ret. Gtgucom Pr.wopl- mm‘
Distance-T __* 5 : g : : : : : : o Local . In-state Qut: sate 1 e
Onset . . 0 . . . . . . . mlﬁn‘. «n mn) L] i } L L .!_
Treated? 0 . O - . . 0 0 v v » L . " R ] ,» -‘, , ’
Disabllity _ (cen bolnformd from medicel history) _ [* . . . . . v Goodfaest Heart coni Arthritle munuc Mhmp -C8
Modication 0 ) 0 . . . . . M No y“ . p '_ oy
Ey”‘ﬂ"ﬂl’y . re . . . . . . . . . . . . ‘. < . ) + fyf
Race ni Black White Hisp . . B . B . 0 Black White . Hlapanlc M
Pr-categ o in-patient_{Outpatient|® ; : ¢ . v : M ln~pallont Qytpauem ¢ o
Last ‘Discrete {in weeks) |° N * ° . * N ’ * .
Religion i ‘None Catholic [P Mathodist |B Episcope'n Presbyte’n|Jewish __{Other M None calhouc P:omtant Mothodm Bapmc
MedHist1-2  .n ‘Healthy _[Diabelic |Arthritic |HBP Stioke __[Paraplegic|Respiralorf Acc/Infury |Other M Hoallhy Diabatlc Al'lhmb HBP
OcularHis1-2 _{captured in diagnosis?) * . * . ‘ ‘ . *
Network * . ’ . B . * . ‘ . (7] Famliy Fclonda Churmlcommun\y
CBmO'W‘m\ 0 ‘e . . . 0 . . . . . ‘ ) .
I.i_vng@gne] . . . . . . O . . . No Ye' - " : . f ' ﬂ '. :
Occupation ;* ’ . ’ . ’ ’ : ‘ . M Amomoy Qn umqu Enymwh ﬂurp.!pg
y/RBliroc® : - 0 : : 3 ; 0 : .
1 0 . . . . . . . . . . L NI '!' v;;’ . ‘e
Understand  :* 3 . g . : : N < 3 R ‘ S
Working : : : : . : : N . . {oan be Inferred from coyupation) -
|Schoot : B0 - : - . : . : : (canbolnlmod from owupalim o YesNo),
Dlﬂl(VOdOdl._l)_" L' - - * . . . . .
NameCondn * % 0 0 : 3 : T : D . , . o
Eye Madicats * 10 . . . . . . . . . . o . o
HBP T . . . o 0} . . . . . . B ] o
Diabetes 0 T . O v . O v . ‘ . . . .
S"oke . . . . . . . . . . L] . [} L]
Hean diseasa ° Te . . . . O . . . * .. LR B )
Oﬂhopﬁﬂdlc K . . . . . 3 1] . . * <!‘ A. . —.' i
Anxialy . . . 0 . . . . . . . . Y K .
SUMOSMGI . . 0 3 . . . 0 . . . . : Q',.f 4 -
Releried-By * 0 0 . g 0 0 . . 0 . . N e
lLl_SBfo v K 0 - N 0] . . . . . . ', . [ v ]
Ew-n . ‘7- ] ) ) . . . . . . - . . ] ) n g
FluctuationVis . 0 0 . 0 . . v . 0 . . . . ) K] . ,." ’
{Previous LVE * 0 0 . . ) 0 . ) ) . [} » . . . K X ..
smllmlﬂfa'. . . - . . . . . . . L] L] . L N [} i . ..“
Plﬁ'BlI‘QdUﬂ’\\ e 0 . . . . . . . D . . L] . o. . ..
PlODNiQ'\lVi! ) . 0 . Iy 0y . . 0] . 3 ) * » [ . ']
Guardian 0 3 . . 0 . . . 0 . . . . . . .. .
P"ysk', m’- . . . . 3 . - . - - L L] . * L] .
Hemng loss .* Te . 3 v . ) . 0 . . . . L} . . LN ¢ N
L@_‘;m disab * . . . * . . . . . . . . L] . . L] LR '
BBIDMOVB . . . 0y * . « 0} . . . » . . . . ) -‘ .. : » :q .
WalchTV . 3 . 0 . . . . 0 . . . L3 L] . . . [} } .n.-:A . .
Sooben . . [y . [ . - . - . - . . . * . S e . q .
Glaraplobs . . . . 0 . . . . . » . . . . . . . (L I
Braille v . . . . . v B ﬂ:_ 0 . . . ’ . ] . . [
lTBll(bOOk! . . . . . . . . . . . . L] . . . . [ LI
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SITE Site 1 Site 2 - . R
Varlables Values Valuss : R s
Travsch . . . . . 0 . . . [} . . g . ] * e

SC“P‘&” "'. e . e . . . . . . . . . . - . .

CIDS_SST! - :c . . . . . . . . . . " » . . .

Usepubir .. '. . I . . . . . . . . . v [ [ »

Omserv " . . - . . . . . . . . - . .. . e,

Ad'llova‘lhvﬂl . . . . . . . . . . . L) . . . 1] ) -

‘Gfm . . . . . . 0 . . 0 . ] . . L] L] LN

School . it 0 . . 0 . . . . . . . . . ] .

cmdiﬂpﬂmim . . . 0 . - . . . . . . * . L] . » .

Birthorder . . » . . 0 . . . . . . . . ., ‘ [} .

Slblings » I . . . 0 . . . . . . . N Lol K : § ,"

GOALS, vumo ’ o o

Chie g : . . : : : G : nit Reddidits Fuzzy Vis. Declg Vi Dis/Nr yis Geq Vll'Qﬂ,

Goa 151-5) nn 'Raad/Writ{Glare Con|TV. hi{Follow-up|Gen Visiof Color test| ADL Driving [Other oAt Rudlnq wmlnq Dmlno 'I’VISM- gns

UseLvaid 0 . 0 O 0 n 3 . . . . )

CurVde1-3 "Hhmags [Pkt Mags |Stand Mag Blfocals |Glasses [BU Cont Filters _[Other  nA Half ayes Bifocsftri! T.lomkl Wﬂqr’ PWIN!’ Rx Flk ;

Pres-VA-Od _ Di {converted to 8 numerator of 20) |* . . ‘ . . Discrete (converted {0 & numarator of 20) 2

Pres-VA-Os Dlmm convomd 10 a numerstor of 20) |* ’ * . . . Dlmm (mm-d !o [} uwmmor of M) t . )

Pres-VA-OU I [ . ° ‘ : ‘ ‘ : ’ *

Vla bin . i l- L 0 3 . 0 0 0 . . . K [} “ N ',‘

Corr-VA-Od _ Discrate (converted to a numerator of 20) |* ‘ ’ . . . Discrete (converted 10 & numerator of 20, wl M = Noi T M) .,

Corr-VA-Os__ Discrete (convertedto a nu of20) [* . , . ’ . Discrete (convlmd 10 numerptor ol 29, woR=Net W i

Preferred IE g . . ' d . : ni D o8 . um.' b .

WoarGlassas | I 0 0 0 0 0 0 0 0 . . . . . R 1. e

GlassesHe!p_‘; Te D . . : v 0 RN Y . . . . . -‘x" Y e

RaadPrint e Bl . 0 . ) 0y By . . . . . . . "“v ..

ReadLprt 0 . O D) . v . . . . . . . ] e i e

Printsize read * . M * N N * ‘ * * ’ . ' * 4 ‘e

WhB\'lbﬂd - . : . . . . . . . . ] L] . . , Bl .

O"W‘I'D"vjsrﬂ" . . . . . . v . . L] ] L] . Q N .

ActivityM d* 0 v 0 . . v 0 . . . . . . v, A'I.»

|Prelervision * 0 . . 3 3 . . D) . ,_,___-‘ . . . . e

Infosought . . . . . . . . . 0 . . . . ) B q

Addireports . g . . v . o . . v . [} ’ . ] e

ReadAbil . g . . . ) o . . v . . . . N .

‘w"leAb“ . ‘v . . . * . . . . . * " L] * .. (.“'

[Neads . i- . . . . . . . . . [ ' [ : . “. .

‘CHIQQOWV‘SUE" :. . . . . . » 0 . 3 . . . [ X . o,.‘

RESOURCE DATA | S !

Dr-lime ‘Discrete-minutes * M * N N * N ‘ M * ¢ * ' L B

Edu'"me Dism.mhm“ . . . . . . . . . L] . . .« L I LN

Indirect ! e . 0 . 0 . . 0y v Y . . v . . . .,

'nd"m . "l . . . . * . . . . L] [ ] . L] L] .

TolalTime _ (can be obtained lvom the above two) . . . ¢ . . Discrete-minutes . M ! .- 4

Lettera/report: Discrete ¢ . . . M . . N Discrete * 4 ¢ * . ¢ .

Source 'n/a, n/i "Doctor Other . . 0 0 g . . . . . . . . ’ ! ’_?"_ . )
Loaned 1-:3 M Hall eyes |Ci gia: Filters Hhmags [Pkt mags [HumSmagRead glasilLamp Other * . ¢ ¢ . . ¢ ¢ ]
SenType i Comprehelinlermedia{Mod Tech only |* . . ¢ . i Level5 Level4 Lovel3 PurchasecOther  * e
DevsPrescribet /i ‘Half eyss |Ciglasses|Filters _ JHhmags |Pkimags [lllumSmag|Read glasgtamp Other . g . 4 ¢ ¢ ¢ LI 1
RecomDEVS * . o > . . . - 0 . . . . L . * LI L !
Dmm"a » . . . ) 0 . . 0 . [ . . . . . . .. .
Vservice ni :Color test |EOG ERG * . ° . . . ’ * . ' M * . M Y
VAIdTried nii Hall eyes [CI g Fillars Hhmags |Pki mags (llumSmag|Read glasqTraining [Other . . ’ . . . . * ‘e
Individ-code v . . 0 . 0} . ) > 3 ot mmmmmwo . . L] L} ]
Exam-office _* ° . . . . ' . . - nfi Level4  Lovel 3-10nLevel 3-75 Level 2  * . * . 4
IOLVGGVS - . . - - . . . . . No ves L] . . . * . 'v

€0z
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Site 2

Values

No

Yes

Soclal worker

.

.
.

Yes

Doctor
No

na
.

Follow-up Retum Pm oAl
L] .

K
w

n
™

.

.

Other

Site 1

Values

SITE

Variables

SLVdavs

_Eye appliance

M

OTvistttypy

Source-latter
Qconsuh
[Socias worker

.

IR

Spec-diagnosti *

s .

Review sia/Review de{Visual field T

Training in
Ophthalmic ser*
{Feslype
Func-type
Service-m
|0&MEvaln
|EventVisDesc *
Seen By :
OTHER DATA:

isit-Time Discrate-wka

|Revisit-why o/i
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1Hesponse

m
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3p

Tuin-head

Prognos-L.T
Planref
Planivd
RecomOT
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ObjSP
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ObiCOM
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Drive
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*
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e

ReadingDevt-:
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SITE

She 3

Site 4

Variables

Values

Vaiues

BACKGROUNI
Age
Gender
Marital-St
Ptiype
Dlagnoo-P Other

Distance-T |
Onset
Trealed?

|Olagnos-§  Other

 Discrete (ln yun)
Female

SInglo
Repeat

"o
" New

, Rel. Pigme Oplic atro Cataracts
. aol Pigmu Optic atro Cataracts

Local
ommgl ¢

_{Married

in-state

Divorced

Diab. Ret.
Diab, Ret,

Out-mle

Widowed

Glaucoma
Glaucoma

- e e "

Pr.Myopla
Pr.Myopla

Mac.Deg.
Mac.Deg.

Albinism
Albinism

Retinal de
Retinal de

Other
Other

Female

N

1]
.
1Disabliity ‘
|Medication  *
Eye-surgery _ *
Race ¢

.

Religion
MedHist1-2

‘Other’ .
Other

Yes

OcularHis1-2_*
|Natwork “'
Came-with °

] ] ¢l o] =] *| *] S| | =

ol o] o 5| =1 | *{ | &1 *

o] o *] o] *| o] | &t *] *

T ) o] =| *| *] | *] =

o] 1 ot o1 & «1 o o] =] ®
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Male
M Single
New Repeat
L
()

Discrete (In years)
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o No
Discrete (in years)

Discrete (in months)

. o

-

.
)

-

ivmg(ulone)

Occy,

|Employ/Ratirec®
{tnsurance i*
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T No
pation Oﬂm

jUnderstand e Ve

Yes
‘ol

Studentcl Retired

On disabll Unempioy

0

Janitor/ort

t home

Selt-emp'c

Other

: Medicare |Sell-pay

Medicald

Blind Com

Other

< No Yes

No

No

Yes

No

Yes

Ditts(Voc/edu) *
|[NameCond'n _*

Eye Medicals *
lHBP
Diabetes
Stioke
Heart disease
Orhopeadic
Anxiety :
Surghospital
Relarred-By
LaserTX —
Eye pain
FlucluationVis *
|Previous LVE *

{SunlighVGlare .

{PreferredLight .*
ProbNightVis  *
{Guardian *
Physical cond'r*
|Hearing loss ¢
Learning disab *
Bal|

WalchTV

a o o 6 e s s e w'e

..‘M
- iNo
. No

<iNg

.. I'No

No
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Yes

Yes

Yes

‘No Yes

Yes

-No Yeas

No Yes

Yes

=<
N
e

e s e e m g s e e
: g
2
r-

No

gg-aqoongon..-ggg-

1 el o] 5] 1 o] | =] ] ] ¢] =] | =] *| *] | *

| o] of o] o] of @

Dlmele (in years)
Yes

No
No

Yas
Yes
No

No

ot el o] o] o] o] 5] =] %] ] o] ] 5| =] o] &] #| =} o} o] 7« ] *1 *] *] *] L | *] *» *
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VARIABLES AT SITES V-7
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VARIABLES AT SITES 1-7
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[SmE She 5 —SHeG
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