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 Read this first! 
 

 

This manual describes the OPHTHIMUS Vision Test System, Version 3. Users upgrading from an earlier version 

are urged to read Chapters 22 and 23 to obtain maximum benefit from the improvements introduced in Version 3. 

Then turn to the installation procedure, which is described in Chapter 2. 

 

 For first-time users who have a pre-installed OPHTHIMUS System, it remains to arrange for optimum 

testing conditions, and to configure the test display (Chapter 2). Don't be afraid to play around with the various 

tests and functions. Nothing can be damaged as long as the DOS commands DELETE, ERASE, FDISK and 

FORMAT are avoided. Keep this manual handy for reference whenever information over and above that 

provided by the software is desired. 

 

 To make a standard installation of the OPHTHIMUS System in a new computer, follow the instructions 

in Chapter 2 for setting-up the second display unit, the push-button, and the license key, before commencing 

software installation.  

 

 Non-standard installations are possible but not recommended. Be sure to scrutinize default directory 

organization in Chapter 22 before making the final decision. 

 

 Any additions and updates to this manual are described in a READ.ME file on the installation diskette. 

A printed copy can be produced during automatic installation. To get another copy, put the installation diskette in 

a diskette drive (e. g., A), and type  

 
 COPY A:READ.ME PRN<Enter> 
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HighTech Vision 6 



Ophthimus System 7 

 

1. Introduction 
 

The OPHTHIMUS system provides a comprehensive set of tools for the clinical assessment of vision, all of 

which are realized in one and the same personal computer (PC) graphics set-up. This manual describes all 

currently available tests and provides a background for the interpretation of their results. 

 

 Computer graphics offers important advantages in vision testing. The display is portable and noiseless, 

and it is practically free from mechanical wear and tear. It can also be arranged to examine patients confined to 

wheelchairs or beds. Additionally, computer graphics allows the generation of tests that would be difficult or 

impossible to implement in traditional opto-mechanical devices. The advanced OPHTHIMUS visual field test - 

the Ring Test - is a good example, with its attention-getting display and numerous feedback features. Advanced 

adaptive computer strategies complement the novel displays to produce physiologically sound, state-of-the-art 

examinations in minimum time, without the need for a skilled operator. In fact, in spite of their advanced natures, 

all programs are largely self-explanatory and very simple to execute both for the examiner and for the tested 

subject. The software is carefully safeguarded against operator errors. Communication with the computer is in 

plain English: there are no obscure codes to learn.  

 

 This manual is divided into several chapters. Chapter 2 deals with Equipment and Set-up. Each test or 

test battery is assigned a separate chapter. Additional technical details for power users are given in Chapters 21 

and 22. Chapter 23 details differences between versions. 

 

 The OPHTHIMUS system was devised, programmed, and validated by Lars Frisén, M.D., Ph.D., 

Department of Clinical Neuroscience, Division of Ophthalmology, University of Göteborg, Sweden, who also 

wrote the manuals. 

 

Note 

 

HighTech Vision is committed to the excellence of the OPHTHIMUS System. Therefore, user comments are 

most welcome. All suggestions for improvements will be given serious attention. Addresses are given on the title 

page. 

 

Terminology 

 

Test diskettes refers to the "floppy disks" containing the software. Computer screen refers to the ordinary 

computer display whereas test display refers to a separate video monitor. In this manual, all computer commands 

are given in UPPER-CASE letters. The commands can equally well be entered with lower-case letters. Some 

commands need to be completed by pressing the Enter key (the one marked with a broken arrow, to the right of 

the letter keys): <Enter> means press the Enter key. A prompt is the text at the cursor (the blinking underline 

character) on the computer screen.  



HighTech Vision 8 

  

 All measurements are given in metric units. Linear measurements can be converted to the imperial 

system by noting that 1 millimeter (mm) equals 0.0394", and 1 meter (m) equals 3' 3.3". The luminance unit 

candela per square meter (cd/m
2
) can be converted to foot-Lambert by dividing by 3.43.  
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2. Equipment and set-up  

 
Outline of contents: 

 

2.1.   Equipment 

2.1.1. The response button 

2.1.2. The license key 

2.2.   On test display models 

2.3.   Arranging for testing 

2.3.1.  Visual fields 

2.3.2.  Visual acuity  

2.4.   Installing the OPHTHIMUS System 

2.4.1.  Computer preparations 

2.4.2.  The installation procedure 

2.4.3.  AUTOEXEC.BAT changes 

2.4.4. Undoing an installing 

2.5.   Calibration and configuration 

2.5.1.  The Ring Test Family 

2.5.2.  Other OPHTHIMUS tests 

2.6.   Equipment care  

2.7.   Malfunction            

 

2.1. Equipment 

 
The OPHTHIMUS System can be used in any exactly IBM-compatible Personal Computer (PC) fitted with a 

hard disk and the MS-DOS operating system
1
. There is no need for a high-performance model. 640 Kbytes 

memory suffices. Limitations apply to the type of computer display screen, and its driver electronics. These are 

detailed in Chapter 21 (Computer, Monitor, and Printer Specifications), which also provides additional technical 

information pertaining to computer and printer models. 

 

 The basic computer set-up must be complemented with a second display unit, driven by its own display 

card. There are several options and limitations. These are detailed in Chapter 21. 

 

 Printouts require a printer exactly compatible with the IBM Proprinter or the Hewlett-Packard LaserJet 

II.  

                                                           
 
   1  The OPHTHIMUS System is devised for use on a stand-alone PC. While networking the system may be possible, HighTech 

Vision does not offer network support, except for some viewing functions for Ring Test records (see Chapter 5.9). Note that 

critical timing functions, e. g., the exposure time for test targets in the Ring Test, may be disturbed when these tests are run under 

network conditions. 
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 A pointing device like a mouse or a trackball is practical. It (and its driver) must be exactly compatible 

with the Microsoft specifications.  

 

 In addition to the computer, the second display unit, and the printer, the following is needed for most 

OPHTHIMUS tests: 
 

 1.  This manual 
  

 2. An adjustable test display stand, with a table-top clamp (a wall-mounting bracket is optional) 
 

 3.  A specially calibrated luminance meter
2
 

 

 4. A set of correcting lenses, a lens holder, and a bracket for mounting on the test display 
 

 5.  A response button with cable and connector 
  

 6. Installation diskette(s) containing the OPHTHIMUS software. 
 

 7. A license key 
 

 8.  Spare diskettes for backups 
 

 9.  A pliable millimeter ruler plus a tape ruler  
 

 10.  A sturdy table 
 

 11.  An armchair of adjustable height 
 

 12. A patch to cover the eye not being tested  
 

 The computer and its peripherals can be used freely for non-OPHTHIMUS applications, e. g., 

word-processing and games. See Chapter 21.3 for various options. 

 

2.1.1. The response button 
 

Several OPHTHIMUS tests utilize patient's responses over the push-button. The latter must be connected to the 

parallel printer port (LPT1 if more than one) in the back of the computer by means of the connector (a "null 

modem"). Put this device into place, fasten it with the attached screws, and connect the response button cable.  

                                                           

    
2
  The luminance meter is meant for reading the luminance of the test display only. It may produce incorrect readings in other 

settings. The unit of measurement is candela  per square meter (cd/m2). The "lux" label appearing on some meters should be 

disregarded. 
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2.1.2. The license key 

 
Running an OPHTHIMUS program requires an appropriately coded license key. This device fits into the parallel 

printer port (LPT1 if more than one), in between the response cable connector and the printer cable. Attempts to 

run OPHTHIMUS programs without the proper key in place result in the message "License control failed" on the 

system display. The key provided with each set-up matches the tests actually purchased. Purchase of any 

additional test(s) requires replacement of the license key, to comply with the new range of tests. Additional 

software installation is not required: all currently available software is transferred to the computer during the 

installation procedure. 

 

 The setting of the license key will be shown during the installation procedure. It can also be checked by 

running the LICENSE software on the installation diskette. Put the OPHTHIMUS installation diskette (No. 1 if 

more than one) in the diskette drive (e. g., A), and type 

 
 A:LICENSE<Enter> 

 

All licensed software will then be listed on the computer screen. 

 

2.2. On test display models 
 

The OPHTHIMUS tests put several special demands on the test display. These are met by the NEC MultiSync 

3FG, 4FG, 3V, XV15 and A500 video monitors. The older NEC models II and 3D are also supported. The 

OPHTHIMUS tests will not run properly with any other type of test display. The NEC 2A model is not 

recommended because of its smaller display area.  

 

 The OPHTHIMUS System needs to be individually configured to each test display. The configuration 

software, which is automatically activated during installation of the system, is adapted to the display models 

listed above. The various models differ not only in external appearance but also with regard to the numbers and 

functions of control knobs and buttons, and their names. The configuration software provides the required 

information for each model. 

 

2.3. Arranging for testing 
 

The physical location of the test display merits careful consideration because of the different demands on test 

distances posed by different tests. The visual field test requires a distance of 0.150 meters whereas the acuity tests 

require at least 5.0 meters. Because the visual field test also poses additional demands, it is best to attend to these 

needs first. All other tests can then be run from the same position, as will be described below.  
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2.3.1. Visual fields 
 

Choose a secluded area for visual field testing as external stimuli provide powerful distractions. For the same 

reason, the computer screen should not be placed so that the subject under test can see it. Every effort should be 

made to ensure physical comfort during testing. The test area should be completely dark to ensure constant 

contrast conditions and freedom from reflexes from the test display surface. It is practical to arrange faint 

illumination over the keyboard, but this must be carefully shielded from the test display. One solution is to put a 

low-wattage, upward-pointing spotlight behind the test display. Note that constant contrast conditions are 

required for good reproducibility. Dark adaptation is not necessary because of the photopic display luminance 

level.  
 

 Because of the short duration of the visual field test, and the useful information that can be obtained 

simply by observing the subject during testing, it is advantageous to run the field test in the same space where the 

clinical examination is carried out. Moving to another room costs time.  
  

 The adjustable test display carrier should serve most needs. It requires a sturdy table for secure 

mounting. A wall-mounting bracket is available as an accessory. Fasten the tabletop clamp or the wall-mounting 

bracket securely and attach the carrier arm. Join the tray with the carrier arm, slide the test display's footplate into 

the tray, and lock the footplate into place. Adjust the bolt on the carrier's main pillar to balance out the test 

display exactly, using the hex wrench. Push the correction lens arm holder into place on the display's front panel. 
 

 When comfortably leaning back in a chair, a vast majority of subjects will sit still enough to allow 

testing without a headrest. Select a sturdy yet comfortable armchair without excessive seat width. Adjustable 

height is practical because of the limited range of monitor carrier adjustment. Once the subject has found a 

comfortable seating position, he or she can adjust the test display carrier to the correct position, using the lens 

holder as a guide (Figure 2.1). The lens should be placed as close as possible to the eye under test, without 

touching the eyelashes. For maximum field of view, the lens rim should lightly touch the lateral aspect of the 

subject's nose.  
 

 Because of the short distance used for the visual field test the subject must use a full near correction (+ 

6.0 diopters). This correction is incorporated in all the correcting lenses. The digits on the lens tab refer to 

refraction at distance. Hence, the mandatory 6 diopters (D) near addition does not show up in the marking, and 

the proper lens is selected from knowledge of distance refraction. In the case of astigmatism, select the nearest 

spherical equivalent
3
. Do not use lenses of smaller diameter than 45 mm because of the risk of vignetting. Do not 

use the subject's personal spectacles.  

                                                           

    3 The spherical equivalent is calculated as the spherical ametropia minus one half of the cylindrical ametropia, expressed as a 

minus cylinder. For example, the spherical equivalent of - 4 D sphere combined with - 2 D cylinder is - 5 D, and that of + 4 D 

sphere combined with - 2 D cylinder is  + 3 D. If an exact match with the supplied correction lenses cannot be obtained, it is 

better to use under-correction than over-correction. For example, if refraction at distance is + 1.5 D, it is better to use a + 1 D 

correcting lens than + 2 D. 
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 The convexity of the lens must point towards the test monitor. Faulty orientation of the lens will raise 

peripheral thresholds. Make sure that the front surface of the test display is perpendicular to the subject's line of 

sight. 

 

 Note that the test display's portability and the freedom of physical location makes it possible to test 

patients confined to wheelchairs or beds.  

 

 Also, note that the computer screen and the test display should not be placed too close to each other: this 

may cause a jittery or distorted image on one or both displays. If this occurs, simply increase the distance 

between the two. 

 

 

 

 
 

Figure 2.1. Suggested arrangement for visual field testing. Note relaxed seating position, with the trunk's center 

of gravity behind the hip joints. Arms should rest in the lap. Legs should not be crossed. 
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2.3.2. Visual acuity 
 

The acuity tests (HOTV and Y-VA) allow assessment of visual acuity down to the 1.2 (20/17) level at 5.0 m 

distance between the subject and the test display. Shorter distances are not recommended. Measuring acuity 

better than the 1.2 level requires a larger distance. This is often best managed with the aid of a front surface 

mirror. The programs adapt to any desired test distance, with or without a mirror. 

 

 The most convenient arrangement involves minimum movement of the subject and the test display when 

changing test tasks (Figure 2.2).  

 

 
 

Figure 2.2. Suggested positioning of equipment, as seen from above. (A) shows subject's position for visual field 

and other close-up tests. (B) shows position for acuity testing, using a mirror. (C) shows examiner's position for 

evaluating optokinetic nystagmus. 
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2.4. Installing the OPHTHIMUS System 

 
2.4.1. Computer preparations 
 

The following description assumes that the computer already is set up with the DOS operative system, including 

the proper AUTOEXEC.BAT and CONFIG.SYS files. Otherwise, consult the computer and DOS manuals for 

the best procedure, or ask for help by someone familiar with the procedure. Be sure to obtain diskette copies of 

system files and store the diskette in a safe place remote from the computer.  

 

 It is also assumed that the computer is provided with a second display unit and a pointing device (if so 

desired). The printer must be powered-on and put on-line, and both the license key and the push-button connector 

must be mounted as described above (2.1). 

 

2.4.2. The installation procedure 
 

The following description applies to first-time installations. Users upgrading from earlier software versions 

should read Chapter 22 first, to see what changes have been made to directory names and organization. 

 

 Start the computer as usual. Set the DOS prompt > to the root directory of the hard disk where the 

OPHTHIMUS System is to be installed (usually, C:>). Put the original OPHTHIMUS diskette (or No. 1 if more 

than one) in a diskette drive (e. g., A). Leave any other diskette drives open. Type  

 
 TYPE A:HELP<Enter> 

 

to see a brief text informing on the standard procedure. If this procedure appears to create conflict with existing 

directory organization, consider the alternatives of changing existing directory names, and doing a manual, 

non-standard installation (see Chapter 22 for details). Otherwise, type 

 
 A:INSTALL<Enter> 

 

to start the automatic installation procedure. The procedure is carefully documented in the software, showing 

each step on the computer screen. There are several questions that need to be answered during the installation. In 

each instance, consider the given alternatives carefully before responding. If a response is noted to be in error, 

terminate installation by following the instructions on the computer screen and start again from the beginning. 

 

 The OPHTHIMUS System can be used also in computers lacking a hard disk. This is not recommended 

because operation will be slow and awkward. Users contemplating this solution are urged to separate the system 

components on to several diskettes, using the directory structure described in Chapter 22 as a guideline. The 

original OPHTHIMUS diskettes should never be used in daily work.  
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2.4.3. AUTOEXEC.BAT changes 
 

The original AUTOEXEC.BAT system file will be modified by the INSTALL software to suit the OPHTHIMUS 

System. The original is saved under the name AUTOEXEC.RPL. The changes include inactivation of 

DOSSHELL and addition of the OMENU command. The latter initializes the test display's driver card in the 

correct way, and sets up the OPHTHIMUS Main Menu. Another addition is made if a laser printer is to be used, 

namely SET OLSR=1.  

 

2.4.4. Undoing an installation 
 

The original OPHTHIMUS diskette (or diskette No. 1 if more than one) contains software for un-installing the 

OPHTHIMUS system. It deletes all OPHTHIMUS files, except for any stored record counters and test results, 

and restores the original AUTOEXEC.BAT file. To undo a standard installation, type 

 
 A:UNDO<Enter> 

 

2.5. Calibration and configuration 
 

There are two steps during installation that may present some difficulty for first-time OPHTHIMUS users. One 

concerns luminance calibration of the test display, and the other concerns its geometrical configuration. In this 

connection, it is important to note that cathode-ray tubes may be somewhat unstable during warm-up. It is 

prudent to allow at least 15 minutes of warm-up time before commencing calibration and configuration. In 

daily work, it is advantageous to power-off the test display only when several days of inactivity are anticipated. 

On the other hand, the computer and its screen, and the printer, do not need warm-up, so these devices can be 

turned on and off at will. 

 

 Luminance calibration, i. e., the setting of brightness and contrast levels, is required to ensure proper 

and reproducible operation, just as in ordinary perimeters. This may require some time when first setting up the 

OPHTHIMUS System but once this has been done, the mandatory daily check should take less than a minute. 

The procedure is briefly described during installation, and in more detail below (2.5.1). There is only one crucial 

aspect to calibration, and that is to stick exactly to the description. Any departure from the correct order of 

events is likely to cause frustration and much loss of time. 

 

 Geometrical configuration is a one-time procedure aiming to correct for the idiosyncrasies of individual 

cathode-ray tubes. Involving a number of distance measurements on the screen, it is quite time-consuming, but 

not really difficult. The software prompts the procedure step by step. The measurements should be obtained with 

the help of a pliable millimeter ruler. Align the ruler carefully with all lines to be measured, and press it firmly 

against the screen surface. The thick glass of the test display causes powerful parallax on oblique viewing, so be 

sure to take all readings at right angles to the test display surface.  
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 The configuration parameters are stored in the file FLD3.CFG in the HTV\ANC subdirectory. All 

OPHTHIMUS programs requiring these parameters will retrieve the information on start-up. If FLD3.CFG is not 

available, a corresponding error message is given. The CONFIGURE program must then be run again. This is 

also the case if the test display is serviced or exchanged. It is not necessary to repeat the full installation 

procedure, however. Instead, exit the OPHTHIMUS Main Menu, and type 

 
 CONFIGURE<Enter> 

 

to start the configuration procedure. 

 

 All in all, count on spending 1/2 to 1 hour on the installation and calibration procedure. Afterwards, 

store the original installation diskette in a safe place remote from the computer. It will be needed in the event of a 

computer crash. 

 

 Printouts from OPHTHIMUS programs can automatically be topped with a one-line header that 

identifies the set-up. A header can be entered at the end of the INSTALL program, at the header prompt. The 

header file is called OMUS.LBL. It is put in the HTV\ANC directory. If the header file needs to be changed at 

some later date, exit the OPHTHIMUS Main Menu, and type 

 
 COPY CON \HTV\ANC\OMUS.LBL<Enter> 

 

and type a new one-line header. Maximum length is 80 characters, including spaces and punctuation marks. 

When done, press the key marked F6, and then press Enter. The header can be changed any number of times. If 

no header is wanted type  

 
 ERASE \HTV\ANC\OMUS.LBL<Enter> 

 

2.5.1. The Ring Test family 
 

Finding the correct brightness and contrast settings may require some time for the novice. However, once the 

procedure is mastered, the mandatory daily check should take no more than a minute.  

 

 Inability to find correct brightness and contrast settings is most commonly due to deviations from the 

adjustment procedure outlined below. Very rarely, the explanation is that the test display is out of specification. 

Any required adjustments should be covered by the manufacturer's warranty.  

 

 The test display should be turned on at least 15 minutes before calibration to ensure stability of 

performance. In the meantime, locate a pliable and transparent millimeter ruler, and the OPHTHIMUS  
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luminance meter. Snap the meter's cover open and check that its display is working and that there is no low 

battery warning
4
. Put the range selector in the 10x position. Push the sensor through the opening in the flat sensor 

arm.  

 

 Identify the test display's controls for image size, centration, contrast and brightness. ”Half-moon” and 

”sun” signs commonly identify the latter two. 

 

 Next, select the Ring Test from the OPHTHIMUS Main Menu, and select Calibration from the Ring 

Test menu. The test display should now show a black cross against a light background, with a black square 

outline superposed on the cross. Verify that the cross is exactly centered on the display screen, using the ruler. 

Otherwise, use the image centering controls as necessary. Then check that the cross members are exactly 100 

millimeters (mm) long. If necessary, adjust length and height using the image size controls. 

 

 Fix the luminance meter in position against the test display by pushing the free end of the carrying arm 

into the arm holder on the test display's panel. The sensor should now be centered within the square outline on 

the test display. 

 

 Press the keyboard space bar or a mouse button repeatedly to see how the luminance within the central 

square can be cycled between three levels. The one that is darker than the surround will here be called L1, 

whereas L2 is equal to the surround, and L3 is brighter. The luminance levels should be adjusted in the order 

outlined below. Note that the brightness and contrast controls are quite sensitive, so small movements are 

required to obtain the desired effects.  

 

 2.5.1.1. Select the intermediate luminance level (L2) by pressing the keyboard space bar or a mouse 

button. Read the L2 luminance from the meter display. It should equal 20 cd/m
2
. If not, adjust the 

BRIGHTNESS control as necessary. Then change to the L3 level. The luminance meter should now 

read 25 cd/m
2
. Make note of the actual value, and press the space bar once to obtain L1. Read the result, 

and subtract L1 from L3. The difference should equal 10. If this is the case, calibration is finished. Then 

press keys Q to exit calibration, remove the luminance meter, and close its cover. Closing the cover is 

necessary to conserve battery power. 

 

 2.5.1.2. If the L3-L1 difference is larger than 10, decrease CONTRAST slightly. Conversely, if the 

L3-L1 difference is less than 10, increase CONTRAST slightly. Return to 2.5.1.1. 

 

 This cycle may have to be repeated several times until the correct values are obtained. The tolerance is 1 

cd/m
2
. 

                                                           

    4 The battery can be reached by removing the front panel screw and carefully prying off the front panel. Be careful not to touch 

any circuit card components. An alkaline, instrument-type battery is recommended. 
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 It is possible to use other contrast and brightness levels than those recommended above. However, it is 

necessary that the L2 luminance remains exactly midway between L1 and L3. Otherwise, the nature of the test 

task is changed from resolution to something that may be more difficult to define. Note that non-standard 

conditions will prevent comparison with results obtained by other users.  

 

2.5.2. Other OPHTHIMUS tests 
 

The Probe, CentRing, FixRing, Glare, Y-VA, and Astchart tests use exactly the same luminance calibration 

procedure as the Ring Test. Hence, separate calibration is not necessary: calibration of one is good for all.  

 

 However, the Y-VA contrast sensitivity test, and also the HOTV acuity test, need to be calibrated for 

test distance. The required calibration displays are brought up automatically when these tests are started the very 

first time. The calibration procedure is described step by step on the computer screen. In contrast to the daily 

luminance calibrations, there is no need to check calibration for distance. However, if test distance is changed, 

re-calibration is necessary. This can be done by selecting Change Test Distance from the Y-VA and HOTV test 

menus. 

 

 There are no specific luminance and contrast conventions for the other tests in OPHTHIMUS  

Version 3. 

 

2.6. Equipment care  
 

The surfaces of the computer screen and the test display may require occasional cleansing with a piece of cloth 

lightly moistened with dilute household detergent. Make sure that fluid does not spill inside the monitors: this 

may cause an electrical short. The correcting lenses can be cleaned in the same way. 

 

 Be careful when handling and storing diskettes. The computer cannot read a smudged or bent diskette 

and it cannot be restored. Do not use a ballpoint pen to mark any labels on the envelope as this may deform the 

diskette. Avoid exposing diskettes to high temperatures.  

 

2.7. Malfunction 

 

A hang-up in program execution or an abnormal display on one or both monitors is usually a sign of malfunction. 

Rare occurrences of such events are probably due to external factors like transient power failures. No special 

action is required: simply re-start the computer again. Frequent failures of this type may be due to overloading of 

the computer's power supply (this tends to happen if there are many extra electronic cards attached), or if the 

mains supply is unstable. Overloading is rectified by upgrading the computer's internal power supply. The power 

distributor should correct external power failures. Alternatively, consider acquiring a so-called uninterruptible 

power supply from a computer dealer.  
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 Note that apparent hang-ups will occur with inappropriate answers to any questions posed by the test 

programs. Be sure to respond according to the prompts: all other responses are disregarded. Questions can be 

answered equally well with lower-case or upper-case letters.  

 

 The Ring family of tests contains a PAUSE function that may be initiated by a printer in off-line status. 

Put the printer on-line to proceed. 

 

 Malfunction may also be due to hardware faults and program errors. See the computer manual for 

information on tracing hardware faults. Program errors are exceedingly unlikely.  
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 3. The OPHTHIMUS Main Menu 
 

The main menu (Figure 3.1) is brought up automatically after starting the computer (unless a non-standard 

installation has been performed). It lists all presently available OPHTHIMUS programs. However, actual access 

to specific programs depends on the settings of the license key: Only programs listed in the license key can be 

used (Chapter 2.1.2). Selection of a non-licensed program produces a "License control failed" message.  

 

  
 

Figure 3.1. The main menu. 

 

 Start any desired program by moving the highlighted bar to the program name, using the keyboard up 

and down cursor keys, and press the Enter key. Alternatively, a mouse or other pointing device can be used. 

Selection is then confirmed by clicking one of the device buttons. After program completion, control is returned 

to the menu. 

 

 To leave the menu for the DOS command line, move the light bar to "Leave the OPHTHIMUS System" 

and press Enter (or click a button). This is necessary to run non-OPHTHIMUS programs. The computer's screen 

output is then automatically routed to the test display, to allow full access to high-resolution color output. See 

Chapter 21 for technical details. 
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 To return to the OPHTHIMUS System, type  

 
 \HTV\OMENU<Enter> 

 

 Users preferring to run the OPHTHIMUS System from the DOS command line can do so - use of the 

menu is not mandatory. NONOMUS.EXE can be used to set the system to non-OPHTHIMUS mode. However, 

note that the test display must be properly initialized when switching back to the OPHTHIMUS System. 

OMUS.EXE performs the required initialization. Failure of proper initialization may produce weird displays on 

one or both monitors.   

 

Required files 

 

The following files must be present in the HTV directory: 

 

OMENU.EXE 

TMENU.EXE 

OMUS.EXE 

NONOMUS.EXE 
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The Ring Visual Field Test is a new type of field test, which uses a multi-phase test strategy and a 

computer-controlled test display. Computer graphics allows several improvements over conventional modes of 

testing, e.g., the use of so-called vanishing targets, and a number of demonstration and feedback features. The 

test is expressly devised for maximally efficient visual field screening without the drudgery of conventional tests. 

Fully quantitative results for 50 loci are obtained in minimum time: the average duration is 5 minutes per eye. 

This is 25 - 50% of the time needed for a conventional automatic perimeter. The short duration has been obtained 

through very careful design, without the limitations of presumed normal threshold levels or other shortcuts. The 

result display is intuitively understandable even for the layman. The records (including any desired comments) 

are automatically stored, and can be called up for review at any time. Printed records can also be obtained. In 

spite of its advanced nature, the test is very simple to manage for both the examiner and the tested subject. No 

prior knowledge of field testing is required to run the test. 

 

4.1. Outline of the Ring Visual Field Test 
 

The software is subdivided into several consecutive sections. Some of these terminate with a question about 

options for continuation while others merge imperceptibly under program control. Some of the sections can be 

disabled, if so desired. These are marked with an asterisk (*) in the sequential outline:  

 

 - Main selection menu   

 

 * Calibration of test display   

 

 * Brief instructions   

 

 *  Demonstration of blind spot test   

 

 * Automatic blind spot search  

 

 * Demonstration of test targets  

 

 * Demonstration of field test  

 

 - Phase 1: screening for very extensive field defects (if positive, the corresponding areas will   

  not be subjected to further testing)   

 

 - Phase 2: finding threshold level in center of remaining quadrants   

 

 - Phase 3: finding thresholds in 4 or 5 additional points in each quadrant. Start values are  

 based on center results, adjusted for eccentricity    

 

 - Interpolation of best start values for remaining locations   
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 * Mid-test rest interval   

 

 - Phase 4: finding thresholds in remaining locations 

 

 - Phase 5: Retests 

 

 - Graphical and numerical display of results 

 

 * Entry of patient data and any comments, writing to disk 

 

 * Printing results  

 

The test can be stopped for rest at will. Likewise, it can be terminated at any time, with preservation of partial 

results. This is a truly useful feature whenever just a quick check is required, or when patient endurance is 

wanting. The test strategy ensures that the collected information is spread optimally over the visual field even if 

the test is aborted before completion. Printout of results can be postponed, and done singly or batch-wise 

 

4.2. Design considerations 
 

Charting the full visual field in minute detail in one sitting is practically impossible. In most subjects, attention 

begins to waver after some 5 to 10 minutes. Therefore, any visual field test should be limited to a similar 

duration. Obtaining maximum information within this small space of time requires careful consideration of the 

minimum number of locations to test, attention to the nature of the discrimination task, introduction of adaptive 

threshold strategies, adaptation to the subject's current reaction time, and both positive and negative feedback.  

 

4.2.1. Nature and location of targets  

 
The minimum number of locations depends on the extent of the field area to be tested and the size of the test 

targets. It is generally agreed that the area can be restricted to the central field (within 25 - 30 degrees of 

eccentricity), when screening for visual field defects. Even with this restriction, it is obvious that a large number 

of locations need to be tested when using stimuli of the sizes that are customary in ordinary perimetry (much less 

than 1 degree of angle). The number of test locations may be reduced by using much larger targets than those 

used in ordinary perimeters. The so-called high-pass spatial frequency filtered targets used in the present 

technique not only meet this need, but they have several additional advantages. The background is as follows.  

 

 Any visual target can be described in terms of its spatial frequency content. This is most clearly seen in 

so-called sinusoidal gratings, or targets built up of regularly alternating light and dark bands with a sinusoidal 

luminance profile: the number of light/dark cycles per degree of visual angle defines the spatial  

frequency. Other types of targets, e.g., letter optotypes, can be viewed as composites of gratings. Therefore, test 

letters contain a spectrum of spatial frequencies.  

 

 It has been shown that removal of low spatial frequencies, or high-pass spatial frequency filtering, 

affects perception in a most peculiar way: it narrows the gap between detection and resolution thresholds. This 
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has important advantages in the perimetric situation: first, the perception task is made much easier, and second, 

the result can be interpreted in terms of numbers of functional neural channels. The ease of deciding whether or 

not a given target is seen allows a uniquely rapid bracketing of the threshold level, at the same time as the 

measurement probes more complex visual functions (resolution, integration over area) than the simple differential 

light sensitivity test used in ordinary perimetry.  

 

 The targets used here are rings with a light core and dark inner and outer borders. The background is 

intermediate in luminance. The width of the ring is 1/5th of the diameter. The stimulus value is altered by 

changing the angular size, in accordance with ordinary resolution tests. If a given target cannot be resolved, it 

cannot be seen at all because the ring constituents then imperceptibly blend into the background. Targets of this 

type have been called "vanishing optotypes", in analogy with the vanishing digits used in some color vision tests. 

 

 High-pass filtered targets are difficult to generate in ordinary field testing equipment but they are ideally 

suited for video displays. These also have the advantage of allowing the generation of very extensive targets. This 

is useful for quickly identifying extensive field defects where detailed probing can be deferred.  

 

4.2.2. Test target sizes 

 
There are 14 different sizes of targets in the Ring Test. The scale factor between neighboring sizes is 

approximately 1 decibel (dB, 0.1 log10 units, or about 1.26). The smallest ring is designated No. 0. The software 

automatically scales the rings for constant angular dimensions irrespective of their actual location on the display 

screen, i.e., the software corrects for screen curvature and thickness. This correction can easily be seen by an 

observer standing to the side of the monitor, as a deviation from circular shape for peripheral targets. The 

correction is not applied during the demonstration phase or when displaying the results, however. 

 

 Target diameters range between approximately 0.8 and 20 degrees of angle. The sizes are written to 

each test record and they are displayed whenever the View function is used (see Chapter 5 on viewing and 

printing Ring Test results). The widths of the targets' bright cores are also given, in minutes of arc (') subtended 

at the eye
5
. These values can be converted to conventional decimal acuity designations by simple inversion. The 

denominator for the Snellen equivalent is obtained by dividing 20 by the decimal value. For example, 100' core 

width corresponds to 0.01 decimal acuity, and 20/(20/0.01) = 20/2000 Snellen acuity. However, note that 

ordinary acuity tests use higher background luminances and contrasts, resulting in lower thresholds.

                                                           
    5 Core width is one-half of ring width. Core width is comparable to stroke width for ordinary optotypes. 
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 The start of the decibel scale (0 dB) is arbitrarily set to a ring width of 10' (core width 5'). Perhaps 

paradoxically, there is no target subtending exactly this visual angle; this is due to the compromise that has to be 

struck between test distance and the finite number of picture elements on the test display screen. Larger targets 

show a closer (but not exact) correspondence between size numbers and decibels. To obtain the decibel value of 

a given test target, look up its MAR value, using the View function (Chapter 5). For example, assume that target 

No. 5 has a MAR value of 16'. Its decibel value relative to the 5' reference target equals 10xlog10(16/5), or 5.05.  

 

 Stimulus strength is determined not only by angular size but also by the contrast level. This is defined as  

 

(maximum L - minimum L)/(maximum L + minimum L),  

 

where L is luminance. With the recommended settings (Chapter 2.5.1), the ring cores have a luminance of 25 

cd/m
2
 whereas the borders have a luminance of 15 cd/m

2
. This results in a within-target contrast level of 0.25. 

Decreasing the contrast level raises resolution thresholds, and vice versa. Too much contrast makes it impossible 

to obtain thresholds because the finite number of picture elements puts a lower limit on target sizes.  

 

4.2.3. Distribution of test locations 
 

The full test comprises 50 locations within the central visual field (Figure 4.1). The pattern capitalizes on the 

increase in receptive field diameters which occurs with increasing eccentricity in the visual field. This minimizes 

the number of locations which need to be tested. Further, the pattern has been geared for maximum efficiency in 

detecting nerve fiber bundle lesions as encountered in glaucoma and many other disorders. Note the absence of 

target locations inside 5 degrees of angle (Figure 4.1): this is intentional and reflects the fact that other techniques 

(notably ophthalmoscopy, visual acuity tests, and the CentRing test) are more efficient for diagnosing small 

macular and paramacular lesions. 

 

 Also, there are no stimuli in the immediate vicinity of the blind spot. This is to avoid physiological 

angioscotomata and to encompass variability in blind spot location. Actual measurement of the size of the blind 

spot is not done as it is now known that this has little, if any, diagnostic interest.  

 

The test locations are allocated to three groups, which are tested in sequence. This ensures a fairly uniform 

distribution of information even if the test is terminated before completion. Locations are tested in random order 

within each group in order to distribute learning and fatigue effects evenly. Targets are shown for 165 

milliseconds, which is just below the reaction time for changing fixation. Longer exposures do not produce lower 

thresholds. 
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Figure 4.1. Location of test points for a right eye Ring Visual Field Test, using an orthogonal map. 
 

4.3. Test and threshold strategies  
 

The Ring Test progresses in five different phases. First, a very large target (diameter 20 degrees) is presented in 

each of the four quadrants. If the subject fails to see one or more of these, a second chance is given. If this also 

fails, the corresponding quadrant is deleted from further testing (except for its central-most location). The test 

then enters Phase 2, where actual threshold values are determined in the center of each remaining quadrant. The 

threshold strategy uses steps of unequal size to find the threshold in minimum time. In Phase 3, these results are 

transferred to 4 or 5 strategically spaced locations in each quadrant, with appropriate corrections for distance 

from the point of fixation. These start values may be modified on the fly, if early incoming results indicate that 

this might be useful. This ensures that the start value for any given location is maximally close to the expected 

final threshold. Phase 3 also uses a bracketing strategy with unequal steps, but the largest step factor is smaller 

than that of Phase 2 (maximum 2 vs. 3 dB). Both Phases 2 and 3 switch to 1-dB steps as soon as the threshold has 

been crossed once.  
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 After completion of Phases 1 - 3, which usually requires less than 3 minutes, the most likely threshold 

values for the locations to be tested in Phase 4 are estimated, and program execution stops to allow rest. Phase 4 

uses 1-dB steps only. It is usually finished in less than 3 minutes.  

 

 Phase 5 is assigned to retests. There are three options: (A) 6 fixed locations, (B) automatic selection of 

suspicious locations, and (C) manual editing of the automatic selection. The retest modes are described in detail 

below (4.10). Retesting may add another minute to the test time. The retest results are used to illuminate 

reproducibility.  

 

 All thresholds are defined by a single reversal of response for 1-dB steps among the last three 

presentations. Repeated bracketing is not necessary because of the easy discrimination task. Further, the 

frequency of false negative and false positive responses is minimized by the short duration of the test and the 

many feedback features.  

 

4.4. Fixation control  
 

Stable fixation is encouraged by providing a dynamic fixation mark, which clearly indicates when a target can be 

expected. The dynamic change has several additional advantages: it counteracts the annoying afterimage that 

occurs with ordinary static fixations marks, it prevents the Troxler fade-from-view effect, and it encourages 

synchronization of blinks with target-free intervals. Stable fixation is further promoted by the occasional 

replacement of the fixation mark with a Look here (or custom-made) message.  

 

 Actual control of fixation stability is obtained by occasionally projecting a high-contrast target of about 

1-degree diameter in the blind spot area. A response to this target causes negative feedback: the fixation mark is 

briefly replaced by the text Error (or a custom-made message), and annoying beeps are sounded. The response to 

the preceding target is deleted and the interval between the following fixation checks is temporarily decreased. 

The test keeps track of the number of blind spot presentations as well as the number of responses.  

 

 If the subject responds to 6 fixation checks, there seems to be little point in continuing fixation 

monitoring. Instead, fixation control is then discontinued. It is replaced by an increased number of Look here 

messages. 

 

 Determination of the blind spot location is done prior to actual field testing in a quick automatic routine. 

This initially uses 2-degree steps, then 1-degree ones. Two missed presentations in sequence call up a target close 

by the fixation point. This is to counteract any tendency to break fixation. Identification of the blind spot usually 

requires less than half a minute. It can be omitted, if so desired, although this is not recommended. 
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4.5. Feedback and control devices 
 

A correct response causes the brief appearance of a black square at the previous location of the test target. This 

provides positive feedback to the subject and allows him or her to check the coincidence of perceived and actual 

locations. Failure of coincidence obviously indicates a faulty response, which should be corrected as described 

under the next heading.  

 

 Negative feedback (an Error message on the test screen, and annoying beeps) is provided whenever the 

subject responds to the blind spot target or if a response is given when no target has been shown. 

 

 Whenever a sequence of non-seen presentations occurs, the risk of fixation losses and blind responses 

increases. This is counteracted by presenting a large and easily seen "catch" target whenever four regular 

presentations elicit no response. Catch targets are repeated up to four times, in different locations (excepting any 

disabled quadrants). If no response is obtained, the subject's attention must be wavering, so the test pauses. 

 

 The size of a catch target is set to 2 to 4 dB above the local sensitivity level, the larger increments being 

used for elevated threshold levels. The limited range of available target sizes forces discontinuation of catch 

targets in areas where local thresholds exceed 8 dB. Catch targets do not appear in Phases 1 and 2, where 

sensitivity as yet is unknown.  

  

 Any tendency to respond rhythmically, irrespective of the occurrence of stimuli ("metronome 

responses"), is counteracted by varying the presentation intervals slightly, and by breaking the rhythm once in 

every ten presentations (whenever the Look here message is displayed, or a blind spot, blank, or catch target is 

shown).   

 

 Another feedback device is the continuous adaptation to current reaction time. All these features serve 

to keep the subject attentive and to minimize the frequency of false positive and false negative responses.  

 

4.6. Customizing text messages 
 

The Look here, Pause, and Error subject messages, and the Ophthimus focusing aid shown on start-up, can be 

altered at will and can be given in any language supported by the computer. They are contained in a file named 

OMUS.MSG in the HTV\ANC subdirectory. To see the default contents of this file, leave the OPHTHIMUS 

Main Menu, and go to the directory mentioned by typing 

 
 CD \HTV\ANC<Enter> 

 

and then 

 
 TYPE OMUS.MSG<Enter> 
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The following text should appear on the computer screen 

 

 Look 

 here 

 Pause 

 Error 

 Ophthimus 

 

To change the messages, e. g., into Swedish, type the following: 

 
 COPY CON OMUS.MSG<Enter> 

 Titta<Enter> 

 här<Enter> 

 Paus<Enter> 

 Fel! 

 Fokus<F6><Enter> 

 

where <F6> means press the function key labeled F6. To correct any errors, or to make other changes, repeat the 

heading exactly as given above, terminate each line with Enter, and press F6 and Enter. 

 

 If so-called non-printable characters are to be used, e. g., , OMUS.MSG must be produced with an 

editor or word processor accepting such characters, and the output must be in ASCII format. 

 

 All messages should be extremely terse so as to allow reading without refixation. The maximum allowed 

length is 10 characters per line, including spaces and punctuation marks. 

 

 Note that the fixation reminder is split on the first two lines while the others are one-line messages. This 

layout must be retained. The only option is to use a one-line fixation reminder. This is achieved be leaving the 

second line blank, i. e, press Enter only. 

 

4.7. Monitoring testing  
 

Once Phase 1 has begun, the program runs under patient control, and does not need monitoring. It is still 

recommended that the examiner be present to give psychological support: many subjects hate to be left alone in a 

dark room. Also, an encouraging word now and then adds to the subject's motivation.  

 

 The computer screen reflects the progression of the test by indicating the current phase number, 

intermediate or final results for each tested point, elapsed time, the number of presentations made, and the 

number of unfinished test locations. Catch, blank, and blind spot/fixation control targets are also indicated, as are 

interruptions for rest. A running total of errors is displayed: this is defined as the sum of premature, blank, and 

blind spot responses, plus not seen catch targets, and the number of pause requests.  
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 The actual location of a catch target is shown in the upper left area of the computer screen in the format 

"Catch Qx", where x is a number from 1 to 4. Qx represents the quadrants in the following order: upper and 

lower temporal, and lower and upper nasal. 

 

 For each test location, the ring size last presented is given numerically, followed by a minus sign if it 

was not seen, a plus sign if it was seen, or an asterisk (*) if it represents the final threshold. > 12 indicates that the 

largest target was not seen, while a small square indicates that the point in question was disabled from testing in 

Phase 1. In Phase 5, retested loci are identified by blinking characters on the computer screen, and the retest 

results are written just below the first results.  

 

 All examiner options are presented on the bottom lines of the screen (see Figure 4.2 for an example).  

 

 
 

Figure 4.2. Appearance of computer screen early in Phase 4. Normal subject. Presentation is blank as shown by 

text message below Phase Number (upper left). 

 

4.8. Display of results  
 

At the end of the test, or at any earlier interrupt, the results are plotted on the test display in natural scale, i.e., the 

ring size representing the threshold level is displayed in each fully tested location (see Figure 4.3 for an 

example). A crossed-out ring filling a quadrant means that the quadrant was deleted from testing in Phase 1 while 

a filled circle identifies a location where the largest target of the ordinary series (12 dB) was not seen. The 

reference meridians (with tick marks for each 5 degrees of eccentricity and elevation) are also drawn, and the 

position of the blind spot target is indicated by an open square (unless blind spot testing was disabled). 
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 Simultaneously, the computer screen shows simple statistics (Figures 4.4 - 5), and time and date. The 

subject's name and any comment may be entered into the record at this time. The results are automatically stored 

in the computer's external memory under an automatically incremented record number. Results can be called up 

for review at any time. A paper copy can also be obtained, either immediately, or at any later time (see Chapter 5 

on viewing and printing Ring Test results).  

 

4.9. Limitations of the test  
 

While the Ring Visual Field Test represents the state of the art in visual field screening, it is important to realize 

that it can not present equally fine detail as a full perimetric examination. It shares with other forms of field 

testing the inability to inform on function in areas that are not tested. The use of targets with large visual angles 

naturally works against detection of  very small, circumscribed defects. However, most or all small defects are 

associated with more extensive depressions, and these are generally clearly identified. Resolution is limited also 

in terms of defect depth: this is inherent in the use of targets varying in size. This may actually be held 

advantageous: measuring level of function within very deep defects costs much time.  

 

 The compromises reflected in the test design are believed to be the best possible at this time.  

 

 
 

Figure 4.3. Appearance of test display at end of test. Note higher thresholds (larger rings) in upper right 

(temporal) quadrant. 
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Figure 4.4. Appearance of computer screen near the end of Phase 5. Retested points are marked with arrows in 

this printout: on the computer screen they blink instead.  

 
Figure 4.5. Appearance of computer screen when test is finished. Acuity, correction, and name have been 

entered by operator.  
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4.10. Starting the Ring Visual Field Test 
 

On start-up, the selection bar of the OPHTHIMUS Main Menu always points to the Ring Test, so all that is 

required to reach the Ring Test Menu is to press Enter, or to click a mouse button. If the OPHTHIMUS menu is 

disabled, the Ring Test has to be started from the DOS command line. This is done by typing 

 
 RING<Enter> 

 

 The Ring Test Menu presents a number of selections to be made by the examiner (Figure 4.6). Most are 

self-explanatory. A few notes may be in order for Test Sequence and Retest Mode, however. 

 
Figure 4.6. The Ring Test Menu, showing what selections need to be made prior to start. 

 

 The full test sequence begins with a demonstration of the blind spot test. Then follows the actual search 

for the blind spot location, a static demonstration of ring target sizes, and a dynamic training session for 

acquainting the subject with the actual test and its feedback routines (see 4.1 for a complete outline). It is often 

convenient to skip one or more of these steps, e. g., when testing experienced subjects, or subjects who are 

known to have deep temporal visual field defects that prevent them from seeing the blind spot test target. 

Whenever possible, it is strongly recommended that the blind spot test be included in the test sequence. This 

is because blind spot checking is the only way to obtain information on stability of fixation. Further notes on the 

blind spot test and the training sessions will be given below (4.12.1). 

 

 Retests are used to obtain an indication of response reproducibility. They are done at the end of the Ring 

Test, in Phase 5 (see 4.1 for an outline of the test phases). There are three different options under the  

Retest Mode menu. Selection has to be done prior to starting the Ring Test. The selection cannot be changed 

later. 
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4.10.1. Fixed retest mode 
 

Most automatic perimeters retest a set of fixed test locations. This can also be done in the Ring Test, by selecting 

Fixed locations under the Retest Mode menu. One and the same set of 6 locations will then be retested (Figures 

4.4-5). 

 

4.10.2. Auto retest mode 
 

The fixed mode differs from that used by manual perimetrists, who usually want to retest locations where results 

deviate from the perimetrist's expectations. This can also be done in the Ring Test, by picking Auto selection 

under the Retest Mode Menu. Results are then checked for internal consistency at the end of Phase 4. Up to 10 

locations may be singled out for retesting, the criterion being an abnormally large deviation from the normal rise 

of thresholds with increasing eccentricity. 

 

 Selection of fixed or auto retest modes requires no further action from the examiner. 

 

4.10.3. Manual retest mode 
 

This third option is primarily meant for experienced perimetrists and is described in detail under Advanced 

Options (4.15). 

 

4.11. How to respond during testing  
 

The subject naturally should use the response button but it is also possible to enter a response by pressing the 

keyboard space bar or one of the mouse buttons (the mouse cursor must then reside in a blank area on the 

computer screen). Responses should be concise. A proper response is acknowledged by a brief beep, and, except 

during the blind spot test, the brief appearance of a black square in the previous target location. Responses are 

disregarded if given outside the allowed response interval (this is defined as the current reaction time plus 0.3 

seconds: timing starts when the target appears). All improper responses produce a brief Error message on the 

screen, three brief beeps, and incrementation of the error counter.  

 

 Note that the tempo of the test is based on the current reaction time. If the tempo is perceived to be too 

high, it is easily decreased by delaying responses somewhat, i.e., calming down a bit.  

 

 Pressing the response button for more than 1 second is taken as a request for a pause. The test is then 

halted and brings up the Pause message on the test display. A brief press starts the test again. Note that a request 

for a pause may be interpreted as an improper response (initiating the error routine) if the request is made in 

connection with the appearance of the next target. Just keep the button depressed to force the pause routine. Also, 

note that the examiner can request a pause by pressing key P (for pause), e.g., if he notes that further explanations 

are necessary. Holding down the space bar for more than 1 s has the same effect. 
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 A pause request leads to deletion of the last response. This feature can be used to actively delete an 

erroneous response. If the pause is longer than 5 seconds, it is assumed that the subject is tired, and that the last 

few responses may have been unreliable. Therefore, an additional two responses are deleted after this interval. 

The number of deletions are counted. The test can be interrupted as often as desired. The number of pauses is 

counted. The clock that keeps track of testing time stops during these breaks. There is no response deletion in the 

automatic mid-test rest period, of course.  

 

 The operator can also correct errors by initiating a pause. Alternatively, press the Del key to the right on 

the keyboard. This removes the last response but does not invoke the pause routine.  

 

4.12. Demonstrating test features 
   

There are two program sections for demonstrating test tasks to the subject: one applies to the blind spot test, and 

the other shows the main test task without recording responses.  
 

4.12.1. The blind spot test 
 

The blind spot test starts with a demonstration phase where a high-contrast target is shown in random locations in 

the neighborhood of the blind spot.  
 

 Instruct the subject to watch the fixation mark all the time and to press the response button the next time 

he or she sees the target. The first press aborts the demonstration phase and starts the search for the blind spot. If 

the search accidentally is started prematurely, or the subject responds erroneously, the routine can be terminated 

by holding down keyboard key A (for abort). There is no need to memorize this instruction: like all instructions, 

it appears on the computer screen. Once the search routine has been aborted, another prompt appears, presenting 

the option of repeating or excluding the blind spot search. 
 

 When completed normally, the blind spot search terminates with the test target displayed on the test 

display. This presents an opportunity to demonstrate the blind spot to the subject, if so desired. Meanwhile, the 

computer screen asks for acceptance or rejection of the result. Rejection leads to the repeat/exclude prompt 

described in the preceding paragraph. Acceptance leads to the option of including/excluding demonstration of the 

main test. 
 

 Difficulties in finding the blind spot are nearly exclusively due to faulty fixation. Noting that the 

OPHTHIMUS System deliberately dispenses with a headrest, it may be tempting to put the blame on involuntary 

head movements on the subject's side. Tolerance to head movements is considerable, however. This can easily be 

demonstrated by placing the examiner in the subject's position, and running the test. Once the blind spot has been 

found, the effect of deliberate, large-scale head movements can be tried. It will easily be found that the blind spot 

target will remain invisible over a very large range of movements, as long as fixation is stable. Actually, 

chances are better that the non-tested eye may see the blind spot target! This is because prismatic effects in the 

correcting lens may divert a target image into the non-tested eye if there is a gap between the eye patch and 

the nose. So, always make sure that the patch fits snugly, particularly on the nasal side. 
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4.12.2. Demonstrating the main test task 
 

The main test task is demonstrated after completion of the blind spot search, if so desired. There is first a static 

display of the full target series to acquaint the subject with size variation. This is followed by a dynamic display. 

Here, test targets of various sizes are shown in random locations in synchrony with the dynamic changes of the 

fixation mark. Note that there is a large proportion of blank presentations. This is to show the subject that he or 

she will not always be seeing a target whenever the fixation mark changes. This is the proper time to explain how 

a correct response calls up the feedback routine, what happens when incorrect responses are given, and how to 

correct an erroneous response or request a pause. The demonstration phase is aborted by pressing key T (for 

test): this leads into Phase 1 of the actual field test.  

 

 Subjects with extensive visual field depressions may be unable to see many or all of the medium-sized 

ring targets shown in the demonstration phase. If this seems to be the case, switch to Test Phase 1 (by pressing 

key T), where larger targets will be shown. When training is judged complete, restart the test by pressing key R 

(for restart). 

 

4.13. Suggested subject instructions 
 

Instructions like the following have proved to be useful. The subject is assumed to be seated properly and to be 

prepared for a full right eye test.  

 

"We will now test your visual field, or your side vision. After the test is finished, you can see for yourself what 

your visual field looks like."  

 

Start demonstration of the blind spot test. 

 

"The test starts by finding the blind spot that everyone has in the visual field. Look at the center cross all the 

time. Now and then you will see a small dark spot to the right on the screen. The next time you see the spot, press 

the button. Be sure to look at the cross all the time." 

 

After completing the blind spot test: 

 

"If you look to the right, you can see the dark spot. It disappears when you look at the cross again. This is 

perfectly normal." 

 

Bring up the static ring demonstration display. 

 

"The rest of the test does not use spots but rings. Look around on the screen to see that there are many different 

sizes of rings. Only one ring will be shown at a time during the test, for a very brief moment, somewhere on the 

screen. If you see a ring, press the button. If you don't see a ring, don't do anything. There will appear a ring 

sooner or later. Be sure to look at the cross all the time." 
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Bring up the dynamic demonstration display, and let the patient make a number of responses. 

 

"The dark square that appears when you press the button is your confirmation that the computer has accepted 

your response. It also makes it possible to check that the response was correct. If you notice that you have made 

an error, just keep the button down to make the machine stop. The error is then corrected automatically. The 

machine will always stop if you hold down the button. You are free to stop whenever you want." 

 

Make sure that the subject can initiate a pause and that he or she can start again. 

 

"Now and then there appears a sign saying Look here. This is not a criticism but just a reminder about how 

important it is to look at the cross all the time. If you don't, the machine will beep at you, and it shows an Error 

sign." 

 

Make a false response by pressing the keyboard space bar at the same time as the fixation mark starts to change, 

to show the error routine.  

 

When instruction and training are judged to be satisfactory, enter Test Phase 1. 

 

"We will go on like this for about 5 minutes. Remember that you can stop for rest any time you want. There is an 

automatic rest coming up after half the test has been completed. If you feel that the test is running too fast, don't 

be so quick to press the button. The machine adapts to you, and you are in command all the time. Are you 

comfortable like that?" 

 

Check carefully that the subject really sits comfortably and is leaning back in the chair, otherwise he or she will 

not sit still enough. The trunk's center of gravity must be posterior to the hip joints. Arms should be held in the 

lap, and legs should not be crossed. Check that the correction lens is centered correctly. 

 

"The test is very easy in the beginning but then it becomes a bit more difficult. Sometimes you may have to wait 

for a while before you see a ring. This is perfectly normal. Be patient, and don't ever look away from the center 

cross. Now press the button to start the test." 

 

4.14. Selecting among test options 
 

All options are given in reversed text on the computer screen, on one of the two bottom lines, together with all 

allowed responses. Press briefly one of the indicated keys: other keys elicit no action. In contrast to the procedure 

at the system (DOS) level, there is no need to press the Enter key to terminate an instruction when the program is 

running. This is taken care of by the program itself in order to reduce the number of keystrokes. So, don't use the 

Enter key while running the Ring Test. 
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 For most options, selections can also be entered by means of a mouse or other pointing device. A 

properly installed device (see 2.4.1) causes the appearance of a small filled square in the lower right corner of the 

computer screen. The square works as a pointer under mouse control. Simply point the square to the selected 

option and click one of the mouse buttons. For instance, if there is a Y/N selection on the computer screen, and Y 

is wanted, move the square so that it covers the Y, and click one of the mouse buttons. 

 

 The Enter key can replace the Y key whenever Y/N options apply. 

 

 Most options are self-explanatory. Those that may require a comment are listed here, in the order in 

which they appear during testing. 

 

 REPEAT (R) OR EXCLUDE (E) BLIND SPOT TEST ?   

 

E replaces the periodic blind spot/fixation control with a larger number of Look here messages. 

 

 Subjects with advanced temporal visual field defects may be unable to see the blind spot test target in 

the demonstration phase. If this is the case, the operator should respond once over the keyboard, and then hold 

down key A (for abort). The blind spot feature can then be deselected as described above (4.12.1). Deselection 

should also be done, of course, if the program for one reason or another is unable to find the blind spot. The blind 

spot check cannot be deselected later, except by aborting the test and starting up again from the beginning.  

 

 QUITTING THE TEST can be done at any time by pressing key Q. This brings up the option of 

recording PARTIAL RESULTS. Respond Y to see a plot of results in those locations where testing has been 

completed, and plain statistics (Figures 4.3 and 4.5). Respond N to delete all results and return to the start menu.  

 

4.15. Test termination 
 

At the end of the Ring test, results are plotted graphically on the test display, and some simple statistics are 

shown on the computer screen (Figure 4.5). It is now possible to fill in ACUITY, CORRECTION, NAME, and 

COMMENTS at the corresponding prompts. Enter up to 10 characters for the former two, and 30 for the third. 

The name entry should begin with the last two digits from the subject's year of birth. For example, if 

subject John Doe was born in 1932, enter 32 John Doe. This allows automatic calculation of age at examination 

by the analytical programs. Whatever follows any two leading digits is disregarded in the age calculation.  
 

 After the COMMENTS prompt there is space for up to three lines of any text. There is much to speak 

for a terse diagnostic term as the very first entry, not the least because of the organization of the Ring Test 

database (see Chapter 7). Terminate each line of comments by pressing Enter. Just press Enter if no comments 

are desired. If no record is desired, type Q (for quit) at the acuity prompt. 
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 When all manual entries are completed, the prompt "ALL ENTRIES CORRECT ? (Y/N)" appears. 

Press N to enable editing. Then press the TAB key a few times to see how the cursor can be moved between the 

various entries. When the cursor is at an entry that is to be changed, just type the correct data. Terminate by 

pressing the Enter key. Any text remaining on the line is then erased. When done editing, press the ESC key. Any 

errors detected at later stages can be corrected by means of Redit, the Ring Test Editor (4.17.4) 

 

 When all prompts concerning patient data have been answered and checked, a record number is 

automatically assigned and the record is written to disk. A printout can be obtained by responding accordingly to 

the prompt. When examining both eyes of one and the same subject, it is often practical to postpone printing until 

the second eye has been tested, and then use the batch print function (see Viewing and Printing Ring Visual 

Fields; Chapter 5).  

 

 REPEAT SAME EYE (R), 2ND EYE (2), NEW SUBJECT (N) OR QUIT (Q) ? is the last prompt. The 

R, 2, and N alternatives will all cause a return to an appropriate starting point in the Ring Test. R and 2 save 

pertinent patient data to eliminate repeated typing at the end of the new test while N starts with a clean slate. 

 

4.16. Advanced options 
 

4.16.1. Passing subject data on start-up 
 

Users wishing to integrate the OPHTHIMUS System with existing patient administration software may find it 

useful to pass subject data to the Ring Test on start-up. This can be done by launching the Ring Test from the 

DOS command line, and passing subject data as a second parameter. For maximum convenience the parameter 

string should begin with the last two digits of the subject's year of birth, as described above (4.15). Maximum 

string length is 31 characters. 

 

 When using this feature together with the regular Ring Test, it is necessary to pass 0 (zero) as a first 

parameter, e. g., 

 
 RING 0 32_JOHN_DOE 

 

The first parameter is reserved for alternate test location lists (4.16.3). 

 

4.16.2. Manual selection of retest locations 

 
The retest option, Manual Selection, activates Auto selection, but stops the Ring Test prior to execution to allow 

reviewing and editing. Hence, the test stops upon completion of Test Phase 4. The Pause sign is presented on the 

test monitor. The computer screen shows the automatic selection of retest locations (blinking characters), 

together with brief instructions for editing.  
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 The automatic selections can be changed by moving the screen cursor to locations to be changed, using 

the keyboard cursor keys, or a pointing device like a mouse. Position the cursor over the threshold number (in 

case of two-digit numbers, the cursor must be put over the left digit), and press the Enter key (or click a mouse 

button). If the location was automatically selected for retest (as shown by a blinking digit), it is now deselected 

(as shown by the loss of blinking), and the sum of points to be retested (shown in the upper left corner of the 

computer screen) is decremented. On the other hand, if the location underlying the cursor was not automatically 

selected for retesting, it is now selected (and blinking), and the sum is incremented. A given location can be 

selected and deselected any number of times, as long as the total number of points to be retested does not exceed 

10. When done, press the ESC key, alert the test subject, and launch Test Phase 5. 

 

4.16.3. Changing locations of test points 
 

 The default list of Ring Test location coordinates is contained in the file HTV\ANC\FLD.STD. This list 

can be replaced by one or more lists provided by the user. Important restrictions apply to the allocation of test 

locations. Making a new list that preserves the efficiency of the carefully tuned algorithms responsible for the 

swift execution of the regular Ring Test is no easy task. Furthermore, note that all but the most minor changes in 

test locations will invalidate use of the normal Ring Test database on which the analytical software depends 

(Chapter 5). 

 

 Detailed instructions for changing test locations are contained in the file \HTV\ANC\READ.FLD.  

 

 To launch the Ring Test with a user-supplied coordinate list, it is necessary to leave the OPHTHIMUS 

Main Menu for the DOS command line. Type 

 
 RING FILENAME 

 

where FILENAME is the name of the coordinate list. The name must follow DOS filename rules, and the file 

must reside in the \HTV\ANC directory. 

 

4.17. About records and directories 
 

When all manual entries to the record are completed and approved, the record is automatically written to a 

subdirectory on the disk. The record is given the name NUMBER.FLD, where NUMBER is a series of digits 

giving the number of tests made from the first one. Hence the one-hundred-twenty-third record is named 

123.FLD. 

 

 The following two paragraphs describe the way that records are organized on the hard disk. Users 

working via the OPHTHIMUS Main Menu can safely skip these fairly technical paragraphs and go to heading 

4.17.2. Additional information on standard directory organization is given in Chapter 22. 
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4.17.1. Directory organization 
 

Ring record subdirectories are named in a special way in order to facilitate record retrieval and to keep the 

number of records per subdirectory at a manageable level (100 units). Subdirectory names are actually numbers 

that reflect the subdirectory contents. The first created subdirectory is named 0, and contains all records 

numbered 1 to 99. The second subdirectory is named 100, and contains all records between numbers 100 and 

199. The names of successive subdirectories are always incremented by 100. Hence, record 1001.FLD is placed 

in subdirectory 1000, and record 12345.FLD is placed in subdirectory 12300. 

 

 In order to prevent a large number of subdirectories from cluttering up the contents of the main 

OPHTHIMUS directory (HTV), HTV is provided with the subdirectory RR (for Ring Records), and record 

subdirectories are made to branch out from RR. Hence, the complete "path" from the root directory to record No. 

123 is \HTV\RR\100\123.FLD.  

 

4.17.2. The record counter 
 

As already mentioned, records are numbered in sequence, starting with No. 1 for the very first one. The number 

of the latest record is stored in the file FLD.NO in the \HTV\ANC subdirectory. If this file is damaged or absent, 

the next record will be given No. 0. If this occurs, record 0.FLD should be renamed to the latest correct record 

number, plus one, and FLD.NO should be reset to the same number. The procedure is as follows. First find out 

what record number should be applied to 0.FLD. This can be done by looking at the latest correctly numbered 

record. Assume that this is 123, so that record 0 should be renamed 124. Then go to the DOS command line and 

type  

 
 COPY \HTV\RR\0\0.FLD \HTV\RR\100\124.FLD 

 
 DEL \HTV\RR\0\0.FLD 

 

 It is also necessary to reset the record counter to prevent overwriting existing records. To set the counter 

to 124, type  

 
 COPY CON \HTV\ANC\FLD.NO 

 124<F6> 

 

where <F6> means press the key marked F6. Press Enter after each line of entry. 

 

 Note that it may be practical to select a first record number larger than 1, e. g., if more than one 

OPHTHIMUS Systems is in use in one and the same clinic.  

  

 The largest possible record number is 99 999 999. Here, rollover takes place. Hence, the following 

records will begin a new numbering sequence, starting with 0. 
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4.17.3. Finding a record 
 

Always make a note of the record number in the patient's file for future reference. If the record number for some 

reason is lost, it can be found in the following way. Whenever a new record is produced, part of that record is 

automatically added to a database file called FLD.BSE. This database file is primarily meant for the database 

manager Fields. Both FLD.BSE and Fields are described in detail in Chapter 7. FLD.BSE can also be read by 

most word-processing software, by importing FLD.BSE as an ASCII file. Then, use the word processor's search 

function to find the subject's name. The record number is placed just in front of the subject's name in FLD.BSE. 

Multiple searches are required if the subject has been examined more than once. 

 

 

4.17.4. Editing records 
 

The manual entries added after the completion of the Ring Test can be edited at any time. The easiest way is to 

select the VIEW function in the OPHTHIMUS Main Menu, where one of the options is to edit a record (Chapter 

5). Another way is to use the FIELDS database manager (Chapter 7). A third way is to call the editor from the 

DOS command line, using the command  

 
 REDIT 123 

 

where 123 represents the number of the record to be edited. The name of the editor is selected so as not to create 

conflict with the DOS editor EDIT. 

 

4.17.5. Backing-up records 
 

It is prudent to make safety copies of Ring Test records at regular intervals so as to avoid loss of records if a 

computer crash occurs. The best procedure is to make a backup at the end of each working day, before shutting 

down the computer. The easiest way is to select BACKUP from the OPHTHIMUS Main Menu, and to follow the 

instructions given on the computer screen. Backup copies all records produced since the last backup was done to 

diskette(s), retaining the numbered subdirectory feature. The latter is needed for maximally convenient use of the 

View and Overview functions (Chapter 5). 

  

 BACKUP depends on DOS XCOPY, which must be made available with a PATH command in 

AUTOEXEC.BAT. See the DOS manual about details in these regards. 
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 Be sure to store backup diskettes in a safe place, remote from the computer. 

 

4.17.6. Record format 
 

 For users wishing to do their own statistical analysis of the raw data contained in .FLD records, it is 

useful to know that records are stored in binary format, using a so-called C language structure. Its format is 

described in the READ.FLD file in the \HTV\ANC subdirectory. 

 

4.18. Test malfunction 
 

A hang-up in program execution, or an abnormal display on one or both monitors, evidences malfunction. This 

may be due to power failure, hardware faults, or program faults. See Chapter 2.7 about power failures.  

 

 Be sure to differentiate a hang-up from the stops caused by not responding to questions about options 

(always watch the bottom line of the computer screen). 

 

 There are no known faults in the test program but there are some built-in traps for "bugs". If a trap is 

activated, the test is terminated, the computer beeps, and an error message appears on the computer screen. To 

trace an error, it is necessary to obtain a printout of the state of affairs. This is done simply by responding 

appropriately at the error prompt. Several lists of numbers are then written to the computer screen and echoed to 

the printer. The program terminates by displaying the results obtained before the appearance of the error. The test 

can then be restarted if desired: it is highly unlikely that the same error will show up again. The printed 

error-tracing lists should be sent to HighTech Vision together with a description of any abnormalities observed 

prior to the test interrupt. The results of the error analysis will be provided as soon as possible and a corrected 

version of the software will be supplied if necessary.  

 

 Other types of malfunction are usually due to computer faults. See the computer manual for advice on 

identification of the fault and the appropriate remedy.  

 

4.19. Required files 
 

The following files must be present in the HTV directory: 

 

RING.EXE 

CONFIGUR.EXE 

REDIT.EXE 

BX.EXE 

ADDFLD.EXE 

OMUS.EXE 

OMENU.EXE 

TMENU.EXE 
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Additional required files, in directory \HTV\ANC\ 

 

FLD3.CFG 

FLD.NO 

TEXT1 

TEXT2 

FLD.STD 

OMUS.LBL 

OMUS.MSG 

 

Further, the license key must be attached to the printer port, the printer must be on and on-line, and the graphics 

card must have been activated by OMUS.EXE (this is done automatically by the OPHTHIMUS Main Menu).  

 

4.20. Suggested literature 
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 5. Viewing and printing Ring Test results 
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5.3.4.     Batch printing 
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5.8.4.     Mean Retest Change  
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5.8.9.     Neural Capacity 
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5.10.  Required files 

5.11.  Suggested literature 
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5.1. Software options 
 

There are two versions of the viewing and printing software, with and without built-in statistical analyses. Which 

version is to be active is decided during the automatic installation procedure, from the setting of the license key. 

Updating from simple to advanced versions can be done at any time. The following steps are required. First, obtain 

from the OPHTHIMUS distributor a license key allowing access to the analytical software, and replace the old one 

(Chapter 2.1.2). Second, put the installation diskette (No. 1 if more than one) in the appropriate diskette drive (e. g., 

A). Third, go to the DOS command line, and type 

 
 A:ANALYSIS 

 

to enable the analytical software. The non-analytical version will then be disabled. 

 Simple and advanced programs have the same names and are launched in the same way (see further 

below). The following description applies to both sets. Users of the non-analytical set can skip the description of 

the various statistical analyses.  

 

5.2. Introduction to visual field analysis 
 

Every effort has been made to simplify the tasks of both subjects and examiners in the OPHTHIMUS System. 

This is true also for the analysis of the Ring Test results. However, full utilization of the system's diagnostic 

potential necessitates some effort from the user's side, precisely as in ordinary perimetry. This is due to the 

complexity of the task. Major problems of evaluation concern individual peculiarities, e.g., variation within and 

between subjects, and imperfect performance. Other difficult aspects relate to the statistical nature of thresholds, 

the complex shapes of normal threshold surfaces, and the immense variety of visual field defects.  

 

 There are basically two approaches to visual field analysis. One is subjective and depends presumably 

essentially on visual pattern recognition. The other main avenue is objective and relies on statistical and 

numerical logic. It is perhaps most useful for monitoring results in sequential examinations. It may also aid new 

users to acquire frames of reference. The two approaches are certainly not mutually exclusive but should be used 

jointly. The OPHTHIMUS System exploits both avenues, producing various graphic plots and also 

many-facetted numerical analyses. Hence, the system offers the best possible grounds for correct and efficient 

evaluation of results. What needs to be added from the outside is knowledge of the patient's mental set at the 

examination, and the full clinical picture. There is no way for the system to recognize a tense or ill-informed 

subject, for instance. However, there is ample space for notes in each record. It is highly recommended that any 

observations the examiner may make in these regards be spelled out in the record. An absence of notes should be 

a reliable indication that all went well and that no difficulties were encountered.  

 

 Some of the numerical analyses take the subject's age into account. Age is calculated automatically from 

the record if the Name Prompt at the end of the Ring Test is begun with the last two digits from the subject's year 

of birth (Chapter 4.15). For example, if the subject was born in 1932, start the name entry with digits 32 to allow 

automatic calculation of age. Whatever follows any two leading digits is disregarded in this  
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calculation. If age cannot be read from the name entry there will be a prompt for year of birth (four digits). If no 

age correction is desired, just press the Enter key.  Age will then be set to 40 years. 

 

5.3. Viewing and printing results 
 

The View function can be activated in three different ways. One uses the Fields database manager (Chapter 7), 

another the OPHTHIMUS Main Menu, and the third the DOS command line. This chapter concentrates on the 

latter two. 

 

 Select VIEW from the OPHTHIMUS Main Menu. The following options will then be displayed on the 

computer screen: 

 

   Show latest record (No. 123) 

   Show an other record 

   Print a series of records 

   Edit records 

   Help 

   Quit 

 

 Move the light bar to the desired option using the cursor keys or the mouse, and confirm the selection by 

pressing Enter or clicking a mouse key. The options are largely self-explanatory, at least if default record 

directory names are used. If this is the case, the correct 'path' to each record is generated automatically from the 

record number (Chapter 4.17.1). If the desired record cannot be found on the default path on the hard disk, an 

error message will be shown together with detailed instructions for entering non-default path descriptors. If the 

reason for failure to find a given record is that the record has been moved from the hard disk to a diskette, and the 

diskette uses default directory names (this is always the case if the transfer has been done using the 

OPHTHIMUS Backup function), it suffices to provide the diskette drive identification letter (A or B) at the 

prompt; the full path needs not be provided in this case. 

 

 Whenever non-default directory organizations are used, it may be more convenient to launch the 

viewing/printing function from the DOS command line. The path to the desired record, and its number, can be 

passed as an argument, e. g., 

 
  VIEW A:\SPECIAL\123L 

 

This will retrieve record 123 from directory SPECIAL on the diskette in drive A. Note the letter L appended to 

the record number: this stands for literal (i. e, a non-default path). Note the backslashes separating the various 

components of the path and the lack of empty spaces: DOS is very finicky about these details. Command-line 

launches show the desired record directly, skipping the View menu. 

 

 See Chapter 4.17.4 for a description of the Edit function. 
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5.3.1. Ring plots 
 

View presents all the data from the original examination plus the results of the built-in analyses. Printouts are 

produced on demand. First, a graphic plot is produced on the test display, with the acuity result inset in the center 

of the plot. This is because acuity is the best measure of central vision. A reference target scale is provided to the 

left and a laterality symbol (R or L) is inserted above (Figures 5.1 - 2).  

 

 The exact appearance of the plot depends on what printer the system is set for. The plot is exactly to 

scale when a laser printer is set. For other printers, the plot is somewhat elongated vertically
6
. This is to 

compensate for differences in display and printer resolutions. The target rings are represented by their cores in 

print. Actual target width is twice as large. 

 

 The graphic plot also includes some key statistics. These will be explained below. 

 

5.3.2. Difference plots 
 

The regular ring plot can be exchanged for a graphic difference plot that shows how the result relates to a normal 

visual field. This may simplify recognition of abnormal results and may facilitate identification of the type of any 

defects. The difference option applies only to the analytical programs. 

 

 In the difference plot, each location with a normal threshold is identified by a small square. Locations 

with higher than normal thresholds are identified by rings, where the ring size shows the deviation (in decibels) 

from normal. For example, a ring size 2 indicates that the threshold value obtained in this location is 2 dB above 

the norm.  

 

 The difference plot builds on a height-wise shift of the threshold surface, where the 12 lowest thresholds 

are made to coincide with the normal, age-adjusted average. The shift factor  is shown in the top left part of the 

plot. It can be adjusted one unit at a time, by pressing the + or - key, as indicated on the computer screen. 

Difference plots are easily recognized from the letter D inset above (Figure 5.3). 

 

 The difference option is activated by pressing key D at the prompt. For users preferring to work at the 

command level, it is also possible to call View with a trailing D, e. g.,  

 
 VIEW 123 D 

 

                                                           

    
6
  When photographs of the test display output are desired, users of dot-matrix printers should set the system to laser printer 

mode to obtain circular rings. Go to DOS and type SET OLSR=1 Then return to the menu. To reset the system to dot-matrix 

mode, type SET OLSR= 
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Figure 5.1. Example of graphic plot with reference scale to the left and laterality indicator on top. Fixation 

stability (F) and reproducibility (R) are indicated symbolically inside the largest reference target. Inset, visual 

acuity and mean quadrant scores and their standard deviations. The temporal hemifield shows a fairly normal 

increase of thresholds levels with increasing eccentricity. The open square indicates the location of the blind 

spot target. There is a deep depression of the nasal hemifield. The subject was unable to see the large screening 

target in the lower nasal quadrant (crossed-out ring) and two 12 dB targets in the upper nasal quadrant (filled 

circles).  The other eye showed similar, homonymous changes (not shown). Case of homonymous visual field 

defects due to a brain hemorrhage (in the right parietal lobe).  
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Figure 5.2. Example of graphic plot. This is an abnormal result, with a flat temporal threshold surface (most 

rings have the same size) and a very deep depression nasally. Case of drusen of the optic nerve head.  
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Figure 5.3. Regular and difference plots from one and the same Ring Test record. Note how clearly a shallow 

upper arcuate scotoma emerges in the difference plot. The shift factor  is inset in the upper left corner of 

diagram, above the mean quadrant score for the upper nasal quadrant. 
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5.3.3. Numerical data 
 

The non-analytical version of View produces one page of information on the computer screen, closely similar to 

the display produced at the end of the Ring Test. If a printout is requested, the graphic plot will be merged with 

this page on a single paper sheet. 

 

 The analytical View version presents 3 pages of information on the computer screen. Page 1 contains 

subject data, a probability plot highlighting statistically significant deviations from normal results, and a verbal 

summary of statistical and quality control indices (Figure 5.4A; see also further below). A printout can be 

requested. It will comprise one sheet with the graphic plot on top and computer screen page 1 below. 

 

 Screen page 2 presents detailed statistics (Figure 5.4B; see also further below). The retest mode 

(Chapter 4.10.1) is indicated. If a non-standard test location list (Chapter 4.16.3) was used, its name will be 

shown. If a printout is requested, the computer screen will be reproduced on top of a new sheet, and screen page 

3 will automatically be printed below.  

 

 Screen page 3 contains a list of target sizes and four numerical mini plots (figure 5.4C). Clockwise from 

upper left the mini plots comprise 

 

- thresholds in decibels, rounded to the nearest integers.  

 

- differences between observed and average normal results, corrected for age, and rounded to the nearest integers. 

A positive number means that a target larger than average normal was required, and vice versa.  

 

- retest changes. For each retested location, the first result is subtracted from the retest result. A positive number 

means that a larger target was required on retest, and vice versa. Any locations where the 12-dB target was not 

seen are identified by a solid square. 

 

- number of target presentations made at each test location. 

 

 

The target list to the left on screen page 3 gives the width of each target's bright core, in minutes of arc subtended 

at the eye.  
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Figure 5.4A. Printout from View's computer screen pages 1 - 3 (A - C). Same subject as in Figure 5.2. Details 

are explained in text sections 5.5 - 5.8. 

 

 
 

 

Figure 5.4B.  
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Figure 5.4C. 

 

5.3.4. Batch printing 
 

Printing is a somewhat time-consuming process that may be practical to postpone to a suitable occasion. For 

some types of printers, it is also a somewhat noisy procedure. View presents a "multiprint" option in the opening 

menu. This allows unattended printing of batches of records in the View format, provided that they reside on one 

and the same disk and that their numbers form an unbroken sequence. The procedure for setting up batch printing 

is self-explanatory if default directory organization is used. There is also a prompt for the option of one- or 

two-page printouts, as described for the analytical version of View above. The one-page format (comprising the 

graphic ring plot and computer screen page 1) often suffices in clinical work.  

 

 Batch printing can also be done from the DOS command line. To print records 123 - 125, type 

 
 VIEW 123 125  

 

Add a trailing D as a last argument if difference plots are desired.  

 

 Assuming a non-standard directory organization, the proper form of the command is 

 
 VIEW A:\SPECIAL\123L 125 D 

 

Note the trailing L (for literal) in the first argument. The trailing D activates the difference plot. 

 

 Printing can be interrupted by pressing the Q key. The printer may need some time to respond, 

depending on the size of its internal buffer. 
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5.4. Viewing multiple records simultaneously 
 

Evaluation of a set of records is aided by the Overview program, which is contained in the analytical software 

package. Overview plots up to six ring graphs (not necessarily from the same subject) and summarizes key 

statistics. Like View, Overview can be activated in three different ways. The most convenient one uses the Fields 

database manager (Chapter 7). This chapter concentrates on use of the OPHTHIMUS Main Menu and the DOS 

command line.  

 

 Select OVERVIEW from the OPHTHIMUS Main Menu. The program presents brief instructions on the 

computer screen, and prompts for up to six records, one by one. Simply type the desired record numbers at the 

prompt, trailed by the letter D if a difference plot is desired. If a non-standard directory organization is used it is 

necessary to provide the full paths (see 5.3). A warning will be given if eye laterality is changed between records 

but the program does not stop. It is sometimes advantageous to plot right and left eye results together. 

 

 A reduced-size graphic plot is produced for each record on the test display (Figure 5.5A). Select the 

print or continue option when all records have been retrieved. Both options produce a summary, where key 

statistics are plotted on the test display, and other statistics are presented on the computer screen. The print 

option first prints the ring plots on one page and then the summary on another (Figure 5.5B). 

 

 The key indices can be plotted either as a function of time between tests, or evenly spaced. The latter 

option must be used if the record dates are out of order. This option also prevents a cluttered display if several 

records have been obtained in one month or less. The time scale option spans a minimum of one month. 

 

 Overview also accepts input from the DOS command line, making it possible to bypass all prompts. Up 

to six record paths and numbers can be given on the command line, e.g.,  

 
 OVERVIEW 123 A:\STORE\456L B:\FIELDS\789L ... D 

 

Note the spaces between the various entries and the letter L appended to non-standard paths. The dots represent 

up to three additional entries. The trailing D option activates difference plots. 

 

 The introductory text and change of laterality warning are suppressed when using the command line 

option. 

 



HighTech Vision 58 

 

 
 

 

Figure 5.5A. Example of an Overview printout, showing reduced-scale ring plots with acuity, record number, 

and date of examination inset.  
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Figure 5.5B. Overview trend diagrams (clockwise from upper left global deviation, local deviation, fixation and 

reproducibility ratings, and neural capacity) against time in months since the first examination. Other key data 

are printed below. Case of resolving retrobulbar demyelinating optic neuropathy ("optic neuritis").  
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5.5. Quality control 
 

Before attending to details of the graphic and analytic outputs of View and Overview, it is proper to assess the 

quality of the results. Poor quality examinations should not be analyzed but should be repeated instead. 

 

 It deserves to be emphasized that perimetry is a quite unnatural and demanding test. Attending to 

peripheral vision is an unaccustomed task for most subjects and so is suppression of the fundamental reflex of 

"calling the fovea to the spot". Perfect performance cannot be expected under such unfamiliar circumstances. The 

quality control indices have to be judged both sensibly and carefully. Nobody is perfect.  

 

Quality of performance can be evaluated from a number of indicators: 

 

- elapsed time (normally 5.5 minutes for a full test). Longer durations may be due to unusually long reaction     

times, large numbers of illegal responses, and/or changes in criterion level. 

 

- total number of presentations (normally about 180 - 200) 

 

- number of blind spot targets seen (ideally 0) 

 

- number of responses to blanks (ideally 0) 

 

- number of catch targets missed (ideally 0) 

 

- number of deleted responses (ideally 0) 

 

- number of pauses (normally 1) 

 

 View prints a verbal evaluation of quality on computer screen page 1, under the headings Fixation and 

Reproducibility, and gives numerical details on page 2. Summary indicators are also given in the graphic plot, 

inside the 10-dB reference target. Here F represents fixation, and R reproducibility. The grades used are +, ±, and 

-, corresponding to good, questionable, and poor. Fixation is rated good if there are < 2 responses to the blind 

spot target, and poor if there are > 5. Reproducibility is rated good if there are < 2 responses to blanks, < 2 

missed catch targets, and retest variation is within normal limits. It is rated poor if there are > 4 responses to 

blanks, > 4 missed catch targets, and retest variation is larger than 3 standard deviations. A questionable rating is 

given if results are intermediary between these limits. 

 

 The criteria used in the verbal summary may appear fairly severe but a substantial majority of subjects 

will get a "good" rating when enough attention is paid to the subject's comfort and comprehension of the test task. 
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5.6. Visual evaluation 
 

While the format of graphic result display in Ring perimetry is unusual, experience shows that it soon becomes 

intuitively accessible to interpretation. Actually, it is not rare to hear lay persons offer quite accurate analyses of 

their own, even on first sight. Recognizing a break in the normally monotonous increase in threshold levels with 

increasing eccentricity is the first step, and designating such breaks as scotomata, depressions, and contractions is 

the second
7
. Assessment of the depth of any defects soon comes natural, as does analysis of gradients of 

transitional areas. Hence, pattern recognition techniques used in classical perimetry can be transferred directly 

and utilized for clinical evaluation of normality vs. abnormality, progression vs. regression, and for topical and 

differential diagnosis. Representative plots from various stages of various disorders are exemplified and 

commented on in Chapter 6, Examples of Ring Test Results. 

 

 In case of difficulty in evaluating the regular ring plot, it may pay to use the difference plot option 

(Figure 5.3.). Here, most normal records will show only small squares and no rings. However, because of normal 

variability, small numbers of scattered rings of size 1 or 2 may occur. Clusters of such rings as well as one or 

more rings of size 3 or larger are likely to be abnormal. The spatial distribution of rings defines the type of the 

field defect. 

 

 In addition to the graphic ring display, the analytical version of View produces a “probability map”. 

This map shows the statistical probability that the result deviates from age-adjusted normal, location by location. 

The “point-wise” approach fails to recognize relationships between neighboring locations. Consequently, 

low-degree defects that involve neighboring locations may escape identification. The map’s most important role 

may be to aid pattern recognition for the novice. Examples are given in Figure 5.4A and in Chapter 6. 

 

 Overview provides another aid to clinical evaluation by showing up to six records simultaneously. 

Overview also plots any change with time of key statistical indices (Figure 5.4; the indices are explained below). 

 

 Clinical aspects of visual field evaluation are treated at length in standard perimetry texts so there seems 

to be little need to dwell on this topic here. However, it deserves to be mentioned that many visual field defects 

stand out more clearly in Ring perimetry than in ordinary perimetry. It should also be pointed out that the graphic 

Ring display seems to have a closer link to vision of daily life than do ordinary perimetric displays. This may 

come particularly useful in situations where a subject must understand his or her limitations, for example when he 

or she fails to meet licensing demands for driving an automobile. Ordinary perimetric maps often fail to 

illuminate the problem for the layman. A Ring plot often intuitively highlights the difficulty.  

                                                           
    7  A scotoma is a circumscribed visual field area with elevated thresholds, completely surrounded by lower thresholds. A 

contraction is an absolute field defect that involves the borders of the visual field, reducing its size. A depression is best defined 

by exclusion: what is neither a scotoma, nor a contraction, is a depression. 
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5.7. Simple statistics 
 

5.7.1. Calculation of decibel scores  
 

The finite size of the test display puts an upper limit on the maximum size of ring targets. This creates a problem 

when assigning scores to not-seen maximum size targets (No. 14 in Ring Test Phase 1 and No. 12 in the other 

phases). The following solution has been selected. If a Phase 1, size 14 screening target was missed, all test 

locations in that quadrant are given the score 15 dB. For the other test phases, where maximum size equals No. 

12, scoring depends on the number of locations in each quadrant where target No. 12 was not seen. If this is less 

than one half of all locations in a quadrant, a score of 13 dB is assigned, otherwise 14 dB. This mode of 

calculation provides a smooth transition in scores whenever a subject gains or loses function in the ceiling range 

of target sizes.  

 

 The normal overall Mean Score is about 4.0 dB, without adjustment for age. Standard deviation for 

normals is approximately 0.9 dB. Hence, mean scores larger than 5.8 dB are likely to be abnormal. Mean scores 

are also computed separately for each quadrant (Figure 4.3B). The lower temporal quadrant normally scores 

lowest, and the lower nasal highest.  

 

 The mean score (MS) is given on the bottom line of View's graphic plot. The non-analytical version also 

gives the standard deviation calculated over all test locations. The standard deviation indicates the subject's 

variation around the mean score. It normally averages 1.6 ± 0.3 dB. A score standard deviation below 1.0 

indicates an unusually flat field while a value exceeding 2.2 points to excessive variations across the threshold 

surface. 

 

5.7.2. Ordered deviation plot 
 

This diagram, which is contained in the analytical version of View, shows point-wise deviations from normal, 

age-adjusted mean values, sorted according to size (Figure 5.4B). The smallest deviations from average normal 

(which often are negative) are given to the left in the diagram, and the largest to the right. Normal eyes give plots 

that cling fairly symmetrically to the reference line (0 dB deviation), with most observations below the 95% 

upper limit (dotted curve). Abnormal eyes produce upward slanting curves, with a larger slant the larger the 

abnormality. The ordered deviation plot facilitates recognition of changes between successive examinations. It is 

modified from the so-called Bebie or cumulative defect curve. 

 

5.8. Advanced analyses 
 
Numerical analysis of visual fields is fairly complicated. The foreign terminology and the statistical concepts 

easily intimidate the newcomer. The need for several different approaches for different aspects of evaluation does 

not simplify learning. It is probably a good idea to scan the following text a few times before digging into detail. 

The need for detailed knowledge should perhaps not be overrated. Some insight into the objectives and 

limitations comes a long way in aiding evaluation of individual test results. 
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 The Ring system calculates nine different indices in addition to the plain summary statistics described 

above. Four of the indices are unique to resolution perimetry. All the indices are tabulated on View's computer 

screen page 2 (Figure 5.4B) and the most important ones are reproduced in the graphic plot. These are also 

presented on Overview's summary page (Figure 5.5B). 

 

 Only brief verbal descriptions of the indices are given here. The reader is referred to the original reports 

(listed below) for full details.  

 

 Some of the test statistics used by the Ring system correspond closely to those used in conventional 

computerized perimeters. However, because of the many technical differences, results cannot be compared 

numerically. Other indices have no counterpart in conventional perimetry. 

 

 View indicates normal results for most test statistics in the form of an average ± 2 standard deviations. 

For a few indices, 5 and 95% limits are given instead. All reference values are read from a file called FLD3.REF, 

placed in the \HTV\ANC subdirectory. FLD3.REF will be updated periodically, so the reference values given in 

this manual are only approximate. As per April 1994, the database behind FLD3.REF comprises 30 normal 

subjects per decade of age, from the second to the eighth decade. 

 

 All reference values refer to naive subjects and first-eye examinations. Although training effects are 

quite small in Ring perimetry, somewhat stricter demands can be put upon experienced subjects. 

 

 Results falling outside normally distributed limits are flagged with one, two, or three asterisks (*), to 

indicate that they are likely to be abnormal. "Likely" is a crucial qualification because a small proportion of 

normal subjects actually does belong outside the given limits. The further outside the limits a given result falls, 

the more asterisks will be printed, and the more likely the result is to be truly abnormal. One asterisk indicates 

that less than 5% of normal subjects are likely to show such a result. For two and three asterisks the 

corresponding percentages are 1 and 0.1, respectively. For indices that are not normally distributed, a small 

square signals a value outside the reference limits; no further subdivisions are made. 

 

 "Normal" limits have an important weakness in that results falling inside the limits very well may be 

abnormal. This is because the limits are obtained from a group of subjects. Group limits are always wider than 

individual limits since the group members show individual differences. For example, assume that somebody 

measures the length of the nose in a group of adults and finds that it averages 50 ± 10 millimeters (mm). Noses 

ranging between approximately 30 and 70 mm in length then could be regarded as normal. However, each single 

individual would have a much narrower view of what is normal for him or her. Hence, if somebody's nose usually 

measures, say, 35 mm and it expands to 65 mm, that individual would hardly accept any argument saying that this 

is normal. 

 

 The key to detection of abnormality when measuring values stay inside group limits lies in comparison 

with previous measurements. Hence, in repeat examinations, it is sound to look for any changes in the index 

values, even in the absence of flags. A monotonous change in one or the other direction is likely to be meaningful 

even if the numerical values stay inside normal limits.  
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 For retested points, only the retest result is used in most calculations. Both retest and original results are 

used only for the retest statistics. 

 

5.8.1. Global Deviation (GD) 
 

This is a measure of the general height of the "Hill of Vision", or the threshold surface, in relation to average 

normal. This statistic is not very sensitive to localized aberrations (small scotomata and depressions). It is 

calculated point for point as the observed threshold minus the normal average. This value will be called  (delta) 

in the following. It is positive if the observed threshold is higher than normal, negative if lower
8
. The  values for 

all test locations are averaged to obtain Global Deviation. 

 

 The average normal Global Deviation is 0 dB, by definition. Subjects with lower thresholds than 

average normal will produce a negative Global Deviation, and vice versa. Standard deviation for normals is about 

0.7 dB.  

 

 Global Deviation is also known as "Mean Defect" or "Mean Deviation" in other perimeters.  

 

5.8.2. Local Deviation (LD) 
 

This is a measure of the depths and extents of any localized aberrations, relative to the normal contour of the 

threshold surface. Local Deviation is not sensitive to uniform depressions. It does not take any clustering into 

account. It is calculated from the standard deviation of the  values defined above. Local deviation has a small 

value if the  values are closely similar across the visual field. However, if some  values differ from the others, 

Local Deviation increases, and the more so the greater the dissimilarity. 

 

 The average normal Local Deviation is not zero but about 0.7 dB, because of the occurrence of normal 

variants of shape of the threshold surface. Standard deviation for normals approximates 0.1 dB.  

 

 Local Deviation is also known as "Pattern Standard Deviation". "Loss Variance" is a closely related 

statistic. 

 

5.8.3. Combined Deviation  
 

This index is calculated as the sum of Global and Local Deviations, and shares the mean of the latter and the 

standard deviation of the former (0.7 dB ± 0.7). 

                                                           
    8  A plus sign can be read as "larger rings", and vise versa. 
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5.8.4. Mean Retest Change  
 

This reflects the magnitude of time-dependent effects like training, fatigue, and criterion changes, on the test 

score level. It is calculated from retest results minus original results.  

 

 Intuitively, the Mean Retest Change should equal zero. However, real life subjects rarely perform like 

robots. Further, limits are different for the different retest modes. The fixed retest mode, which always retests the 

same locations, normally averages 0 dB ± 0.45. The automatic mode, which selects suspicious-looking locations 

for retesting, by its nature has quite different normal limits, ranging over -2.1 to +0.2 dB. Hence, the average 

subject obtains somewhat lower thresholds on automatic retests, at least in a first-time examination. A repeat 

examination tends to a smaller retest change, and most subjects are quite stable thereafter. Hence, learning effects 

are quite small and short-lived in Ring perimetry, in contrast to ordinary perimetry. 

 

 Normal limits for the third retest mode, automatic selection with editing, will depend on the mode of 

editing, but are presumably close to those of the automatic mode. 

 

5.8.5. Retest Standard Deviation  
 

This is a measure of reproducibility. It is defined as the standard deviation of retest results minus original results. 

This index reflects how much the subject varies in performance during the test.  

 

 Again, the mode of retesting influences on reference limits. For the fixed mode, limits are about 0.9 dB 

± 0.4, and for the automatic mode 0.3 - 2.1 dB. 

 

 For the fixed retest mode, Retest Standard Deviation is similar to indices of "Short-Term Fluctuation" 

used in other perimeters. The automatic mode has no counterpart. 

 

 

5.8.6. Relative Criterion Level (C) 

 
This is a new type of statistic. It cannot be determined in ordinary perimetry. The index attempts to estimate the 

individual subject's criterion level, i.e., his or her (subconscious) judgment of what defines a meaningful stimulus. 

Subjects seem to differ considerably in this regard, some requiring only a weak percept to respond, whereas 

others need to be quite certain before committing themselves. An analogy may be drawn with dancing. Every 

dancer knows that dancing partners differ in responsiveness to the leader's cues, some seeming to require no more 

than the touch of a feather whereas others need considerable force. The former can be said to have a low criterion 

and the latter a high one. 

 

 Criterion differences presumably explain a considerable proportion of normal variability in perimetry, 

so knowledge of criterion level should aid evaluation of results. The criterion level is particularly useful for 

differentiating nonspecific uniform depressions from the pathological counterparts. 
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 The theory behind the computations is fairly complicated. It may suffice here to mention that it goes 

back to von Helmholtz's classical dictum on the limits of visual acuity. 

 

 Relative Criterion Level is expressed in relation to average normal subjects, where it ranges over 0.85 to 

1.22. It is debatable whether very high or very low criterion levels can be labeled abnormal. Hence, flags are not 

used for this index. Unfortunately, criterion cannot be calculated in the presence of some types of visual field 

abnormalities. 

 

 

5.8.7. Relative Dispersion 
 

This index depends on a mathematical tool named Fractal Analysis to recognize the presence of minor deviations 

from normal of the shape of the "Hill of Vision". The theory behind the computations is complicated and will not 

be presented here. Normal limits are 1.0 – 1.13. Values exceeding the normal limit indicate abnormal 

relationships between thresholds. This affords a possibility to identify shape abnormalities missed by the Local 

and Combined Deviation indices, which do not take spatial relationships into account. The relationship between 

the Relative Dispersion value and the depth and extent of a field defect is complicated. Therefore, the index 

should be used in a dichotomous fashion only, to distinguish abnormals from normals. Using the Relative 

Dispersion index to gauge the severity of any abnormality is not recommended. 

 

 

5.8.8. Blur Index 

 
By their nature, resolution tests are influenced by optical faults like ametropia and lens opacities. The effects of 

blur are inversely related to the native threshold levels. This means that results are more severely affected in 

low-threshold areas than in areas containing higher thresholds. The Blur Index depends on this relationship to 

assess the presence of blur and to estimate its magnitude. Again, the calculations are fairly complicated and will 

not be described here. The Blur Index normally averages –0.3’ and has a standard deviation of 3.3. Values 

exceeding the normal limit indicate the possible presence of blur effects. However, similar results may 

occasionally be produced by non-optical disorders. Therefore, it is necessary to check the eye’s optical media for 

blur, e. g., by ophthalmoscopy, before interpreting the result. 

 

 The Blur Index calculations can be applied in reverse, to estimate vision “behind blur”. Some critical 

assumptions must be made. First, blur must be uniformly distributed across the pupillary aperture. Second, at 

least one-quarter of the test locations must be unaffected by any neuro-retinal disease.  During the calculations, 

reference must be made to average normal performance, so the final results may over-estimate blur effects for 

some individuals and under-estimate effects for others. Any bias should stay constant between serial 

examinations of one and the same individual, however. These limitations need to be carefully considered before 

applying the de-blurring function, and the results should be judged cautiously. The value of the procedure is 

currently not clear: it is included on an experimental basis only.  It is activated from View’s Page 1 by selecting 

“B” at the prompt. Further instructions will then be presented on the computer screen. 

 

 

5.8.9. Neural Capacity (NC) 
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Neural Capacity is another statistic unique to resolution perimetry. It depends on the proportional relationship 

that applies between resolution thresholds on the one hand, and the spatial separation of retinal output units (the 

retinal ganglion cells) on the other. Disorders affecting the retinal ganglion cells or their extensions to the visual 

cortex (the retino-cortical neural channels) cause an increased separation between remaining, functional ganglion 

cells. This raises the resolution threshold in the corresponding visual field area.  

 

 Clearly, many disorders causing visual field defects do not affect the retino-cortical neural channels 

directly. However, it is still possible to express the severity of the damage, independent of the actual mechanism, 

as the functionally equivalent damage to ganglion cells. Hence, the functional channels statistic offers a 

versatile index of state of the visual system. 

 

 Neural Capacity is expressed as a percentage of average normal. Hence, the normal average equals 

100%. Standard deviation is approximately 18%. Subjects performing better than average normal will obtain 

estimates that "paradoxically" exceed 100%. The paradox pales upon comparison with another, more familiar 

index of performance, viz., the intelligence quotient. Again, normal average by definition equals 100, and many 

normals perform better than average. 

 

 The actual calculation of Neural Capacity is very simple: the index is based on the sum over all tested 

locations, of inverted resolution thresholds. The inversion is motivated by the desire to obtain an index of 

numbers of neural channels. Resolution thresholds reflect channel separation, and the inverted values represent 

numbers of channels per unit length. Individual sums are not normally distributed, so before relating the sum to 

the normal average, a normalizing transform is performed. 

 

 It may be argued that it might be more natural to calculate neural channels over area. Actually, such a 

procedure was used in Version 1 of the Ring Visual Field Test. However, calculations over area raise variability 

considerably, without actually adding useful information. Hence, from Version 2 on, calculations are done over 

distance only. 

 

 Major advantages of calculating Neural Capacity include improved staging of disease and improved 

estimates of safety margins. The statistic also imparts some respect for threshold elevations: decibel numbers are 

not very informative by themselves. It can be shown that a uniform 1-dB elevation of test scores corresponds to a 

20% reduction in neural capacity, 2 dB to 36%, and 3 dB to 50%. Note that estimates of this type cannot be 

obtained in ordinary perimetry. 

 

 

 

5.9.Viewing Ring records on a single display 
 

As described above, the View and Overview programs utilize the OPHTHIMUS System's dual displays for 

maximally efficient result output. For users who need to review results in other settings, e. g., in a computer  

network, program versions running on ordinary, single-display PCs are available. These versions are named 

Netview and Netover. Netview is available in both analytical and non-analytical versions, and Netover in 
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analytical version only. Both programs require an IBM-compatible PC supporting VGA graphic modes, and a 

properly set license key.  

 

 The user interfaces are closely similar to those of View and Overview, so a complete description does 

not seem necessary. Four differences need mention, however. First, there is no provision for launching these 

programs from the OPHTHIMUS Main Menu. Instead, they must be called from the DOS command line (5.3-4), 

or more conveniently, from the Fields database manager, which also can run on a single-display PC (Chapter 7). 

Second, the record counter FLD.NO, which is used to indicate the number of the latest record produced, cannot 

be updated automatically outside the OPHTHIMUS System. It must either be copied from the test set-up, or 

updated manually (4.17.2), or disregarded. Third, neither Netview nor Netover support printouts. Fourth, 

de-blurring (5.8.8) is not supported. 

 

 It is generally best to install Netview and Netover in a separate directory on the single-display PC's hard 

disk, e. g., C:\HTV. Start the PC as usual. Put the OPHTHIMUS installation diskette (No.1 if more than one) in 

the proper diskette drive, e. g., A. Type the following commands, and press Enter after each: 

 

 CD \ 

 MD HTV 

 CD HTV 

 A:NET 

 

If any user-made coordinate lists are used in the OPHTHIMUS System, these need to be copied from the 

HTV\ANC directory to a directory with the same name on the single-display PC, using an intermediary diskette. 

Use the DOS COPY command. 

 

 Netview and Netover can also be run from a diskette, if so desired. Put these files in the diskette's root 

directory, and the ancillary files in a subdirectory named ANC. 

 

 Netview and Netover automatically generate default path names from the record numbers. Non-standard 

paths can also be used, of course (see 5.3). 

 

 HighTech Vision does not offer network support for other OPHTHIMUS components. 

 

 

5.10. Required files 
 

The following files must be present in the HTV directory: 

 

VIEW.EXE 

OVERVIEW.EXE 

REDIT.EXE 

 

 

Additional required files, in directory \HTV\ANC\ 
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FLD3.REF 

FLD.NO 

TEXTV1 

TEXTV2 

FLD.STD 

OMUS.LBL 

 

Further, the license key must be attached to the printer port, the printer must be on and on-line, and the graphics 

card must have been activated by OMUS.EXE (this is done automatically by the OPHTHIMUS Main Menu).  

 

Programs for use in single-display PCs are 

 

NETVIEW.EXE 

NETOVER.EXE 

REDIT.EXE 

 

These can be placed in any desired directory, say, HTV. The following files must be copied to a subdirectory 

named HTV\ANC 

 

FLD3.REF 

FLD.NO 

TEXTV1 

TEXTV2 

FLD.STD 

 

Further, the license key must be attached to the printer port. Activation of the graphic card is performed by 

Netview and Netover themselves. Printing is not supported.  
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 6. Examples of Ring Test results 
 

Several cases will be presented in the following to illustrate the principles of interpretation of Ring Test records. 

The first is a normal case whereas the others represent various common disorders of different severity. It is 

suggested that the reader first tries to assess the individual results on his or her own, before reading the author's 

interpretation. These are collected at the end of this chapter.  
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Figure 6.1. 
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Figure 6.1, continued. 
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Figure 6.2.  
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Figure 6.2, continued. 
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Figure 6.3.  
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Figure 6.3, continued. 
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Figure 6.4.  
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Figure 6.4, continued. 
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Figure 6.5. 
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Figure 6.5, continued. 
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Figure 6.6.  
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Figure 6.6, continued. 
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Figure 6.7. 



Ophthimus System 85 

 

 

 
 

 

Figure 6.7, continued. 
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Figure 6.7, continued.  
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Figure 6.7, continued. 
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Figure 6.8.  
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Figure 6.8, continued. 
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Figure 6.8, continued.  
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Figure 6.8, continued. 
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Interpretations 

 
Figure 6.1. Right eye Ring Test from a 45-year-old subject. Fixation and reproducibility were good as indicated 

by no responses to the blind spot target, a single false response, and retest changes well within normal limits. 

Ring plot shows that thresholds rise fairly uniformly with increasing eccentricity. There are no significant 

deviations in the probability plot. All indices are within normal limits. 

 

From all points of view, this looks like a normal result. 

 

Figure 6.2. Left eye Ring Test done on a 65 years old subject with stable fixation and good reproducibility. 

Thresholds are higher than in the previous record (Figure 6.1), particularly in the central field, resulting in a 

higher Mean Score (MS).  No local deviations are highlighted in the probability plot. This is a smoothly tapering 

central-field depression, which could have been shown more strikingly by using the difference plot option (cf. 

Figures 5.3. A, B). The numerical difference table shown on the last page of the printout confirms the impression 

of a central-field depression, with larger differences from average normal close by the center. Interestingly, none 

of the statistical indices were able to recognize the depression. Result is compatible with a high criterion level, or 

optical faults (Blur Index is at upper limit of normal), or both.  The subnormal acuity favors the optical 

alternative. Full clinical picture must be taken into account. 

 

Case of moderate cataract.  

 

Figure 6.3. Right eye Ring Test from a 25 years old subject, with exemplary quality indicators. Test time was 

longer than average normal, which is often the case with extreme central-field abnormality (note particularly 

large rings just temporal to fixation). Virtually all locations are abnormal as shown by a nearly black probability 

plot, an ordered deviation plot outside normal bounds, and highly significant deviations of statistical indices. 

Criterion level cannot be estimated with this type of field abnormality. The elevated Blur Index points to the need 

of examining the eye’s optical media. 

 

Case of severe, acute retrobulbar demyelinating optic neuropathy ("optic neuritis"), with clear media. 

 

Figure 6.4. Left eye Ring Test from a 65 years old subject with questionable reproducibility (excessive retest 

standard deviation). Threshold levels rise more rapidly than normal with increasing eccentricity, indicating a 

steeply sloping threshold surface, particularly nasally. Yet, temporal field is flatter than normal. Ordered 

deviation plot shows widespread abnormality, and so does probability plot. Global deviation index is also solidly 

abnormal whereas Local Deviation and Relative Dispersion indices are inside normal bounds. Result might be 

attributable to an extremely high relative criterion level (1.56) but ultimate diagnosis should await analysis of 

fellow eye result (Figure 6.5) and take full clinical picture into account. 
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Figure 6.5. Right eye Ring Test result from same subject as in Figure 6.4. Again, reproducibility is borderline, 

due to excessive retest changes, but this time there can be no question about abnormality. Inability to see 14-dB 

target in the lower temporal quadrant, and most 12-dB targets in the lower nasal quadrant, motivates a label like 

severe lower altitudinal depression, but there is scattered abnormality also above. 

 

Case of glaucoma, with severe damage (71% of normal neural capacity has been lost). Other eye (Figure 6.4) 

also had high intraocular pressure and a damaged optic disk. 

 

Figure 6.6. Left eye Ring Test from a 23 years old subject. Fixation and reproducibility were good. 14-dB 

screening target was not seen in the lower nasal quadrant (crossed-out ring) and the lower temporal field shows a 

few large rings in the pattern of an arcuate scotoma. The remaining field is fairly flat, without the normal increase 

of threshold levels with increasing eccentricity. The major abnormality is a cleanly delimited lower arcuate 

scotoma (cf. more fuzzy border in preceding case). Damage corresponds to loss of one-half of normal neural 

capacity. Relative criterion level cannot be estimated with this type of field abnormality. 

 

Case of retinal artery occlusion close by the optic disk.  

 

Figure 6.7. Right and left eye Ring Tests from a 61 years old subject. Fixation was quite unstable in the eye first 

examined (right) but good in the other eye. There was a single blank response, and retest changes were within 

normal limits, so reproducibility was rated good. 

 

The right nasal hemifield shows a normal ring pattern whereas the temporal hemifield is fairly flat (indicating that 

the central-most thresholds are raised). While this fairly subtle temporal field depression is discernible to the eye, 

and also reflected by the probability plot, all indices are normal. A single location falls outside normal bounds for 

the ordered deviation plot. 

 

The left eye ring plot shows a more pronounced temporal field depression, with correspondingly lower neural 

capacity. Note that global and local deviation indices still stay within normal limits.  

 

Case of pituitary adenoma, with low-degree compression of the optic chiasm, with left preponderance. The right 

eye was normal in kinetic perimetry. There was modest improvement after surgery. 

 

Figure 6.8. Right and left eye Ring Tests from a 55 years old subject. Fixation was stable in the eye first 

examined (right) but quite poor in the other eye where acuity also was poor. There were a few false responses in 

each eye. Retest changes were in the normal range.  

 

On the right there is a severe depression in the upper nasal quadrant. 12-dB rings were not seen in two locations 

(filled circles). The remaining field seems fairly normal. On the left there is a suggestion of a lower arcuate 

scotoma in the nasal hemifield. The major abnormality is in the temporal hemifield, which is very irregular, 

particularly above. Above the not-seen 12-dB target there is a size 4 ring that clearly does not fit into the pattern. 

This is additional evidence of poor fixation and discourages a diagnosis of possible low-degree arcuate scotoma. 

Results of statistical analysis are not surprisingly abnormal, but it is still possible to calculate relative criterion 

level, which comes out identical in both eyes.  
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Case of left homonymous visual field depression, more pronounced above, with some incongruence, due to a 

right anterior temporal lobe brain hemorrhage. Poor acuity on the left was due to strabismic amblyopia.  
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 7. Fields - the Ring Test database manager 
 

Outline of contents: 

 

7.1. Introduction 

7.2. Accessing functions 

7.3. Starting Fields the first time: the ADD function 

7.4. Starting Fields the next time 

7.5. The BROWSE function 

7.5.1.  SELECT for action: copy, edit, view, and overview 

7.6. The FIND function 

7.7. The BUFFER function 

7.8. The FILE function: alternative databases 

7.9. Required files 

 

 

7.1. Introduction 

 

Fields is a miniature database manager that helps keep track of Ring Test records. It works with excerpts of 

records. Each excerpt contains the record's FLD number, name field, laterality, date, and part of the first line of 

comments. The database can be browsed at will. Selected excerpts can be copied to a holding buffer for later 

action, e. g., sorting or printing. The database can be searched for any desired information, e. g., names or dates. 

Both excerpts and original records can be edited and records can be viewed and printed without leaving Fields.  

 

 The various functions will be described in detail in the following. Don't be afraid to try the functions. 

The only one that requires some care is the EDIT ORIGINAL function: no other function can alter the original 

records.  

 

 Fields is not enabled in the basic OPHTHIMUS System package. It can be enabled at any time, by 

upgrading the license key. The database itself, FLD.BSE, already exists. It is automatically updated whenever a 

new record is produced (Chapter 4.17.3). More than one database can be used (7.8). 

 

 Fields can be run also outside the OPHTHIMUS System, on a single-display PC provided with the 

appropriate license key. The required files are listed in section 7.9. In this situation, it is convenient to use also 

single-display versions of View and Overview (Chapter 5.9). 

 

 

7.2. Accessing functions 
 

The various main functions (HELP, ADD, FILE, BROWSE, FIND, BUFFER, and QUIT) are listed on the top 

line of the computer screen. Select a function by moving the highlighted block over the function name,  
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using the right and left cursor keys on the keyboard, and press the Enter key. Alternatively, use a mouse or other 

pointing device, and click the left button. Any options available for the selected main function will then be listed 

on the second line of the computer screen. Select again by moving the highlighted block. A third line of options 

and/or instructions then appears. An erroneous selection can be negated by pressing the ESC key or clicking the 

right mouse button. This will effect a retrace one step higher in the function hierarchy. Press the ESC key (or the 

right mouse button) repeatedly to return from a subfunction to the main function menu. 

 

 Whenever a series of record excerpts is displayed on the computer screen, any one record can be 

selected for special action by pressing the up or down cursor keys on the keyboard or by pointing to one of the 

arrow symbols on the menu by means of the mouse cursor. A horizontal bar will then be highlighted on the 

screen. Move the highlighted bar over the record of interest, using the cursor keys or the mouse, and follow the 

instructions on the screen to produce the desired action. Press the ESC key or the right mouse button to return to 

the next higher function menu. 

 

 

7.3. Starting Fields the first time: the ADD function 
 

Select FIELDS from the OPHTHIMUS Main Menu. The main menu line appears on top of the computer screen. 

If no records have been produced, the ADD function will be highlighted and the messages  

 
  File FLD.BSE contains no records 

 

  Select ADD to read in RING records 

 

appear below. For first-time users of the OPHTHIMUS System, nothing can be done until some Ring test records 

have been produced. The Ring Visual Field Test (Version 3) will automatically build the FLD.BSE database. 

 

 The ADD function has three objectives. One is to allow users upgrading from Versions 1 or 2, who have 

not used Fields previously, to produce a FLD.BSE database from existing records. If a FLD.BSE database 

containing Version 1 or 2 records already exists, it can be used as is, after moving it to the HTV directory. 

 

 A second application of ADD is to update an incomplete FLD.BSE backup file in case of damage to the 

original file. 

 

 The third objective of the ADD function is to produce special-purpose databases (see further section 

7.8). Skip the rest of this section if none of these conditions applies.  

 

 The procedure to build a database is as follows. Select ADD. The following prompt appears: 

 
 Give FULL path to records (e. g., B:\STORE) or press Enter to return to menu 
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 Type the full path to the disk(ette) directory where the records with the lowest FLD numbers are stored. 

The default path C:\HTV\RR\0 will be assumed
9
. The computer responds somewhat like:  

 
 C:\HTV\RR\0 contains the following sequence of RING records: 

 

  1    2    3    4    5    6    7    8    9    10 

 11   12   ..   ..   .. 99 

 

 99 records 

 

 Add all the above records? (Y/N/ESC)  

 

Press the ESC key if no addition of records is desired. Press Y to read all records listed on the computer screen 

into the database. The N option should not be used on the first excerpt pass; use of this option will be described 

below. 

 

 Up to 200 records on the indicated path can be excerpted into FLD.BSE in a single pass. The number of 

records read and the contents of the last record read will be shown on the screen. 

 

 If additional records are stored in additional directories, select ADD again, and read the remaining 

records as described above until all stored records have been excerpted by Fields.  

 

 It is practical to add records in the order of their FLD numbers. If an undesired sequence happens to be 

produced, or if the same records happen to be added more than once, exit Fields by selecting QUIT on the main 

menu. Go to the DOS command line, type  

 
 DELETE FLD.BSE<Enter>  

 

 and start anew. 

 

 If each path contains maximum 200 records, go to the next heading. The remainder of this section 

describes how to handle paths with more than 200 records.  

 

 If the number of records on the indicated path exceeds 200, the reading procedure is terminated with the 

following message on the computer screen  

 
 Reading capacity exhausted with record XYZ 

 
 Note the last record number and select ADD again to read in  

 remaining records  

                                                           

    
9
  Users of previous versions of the OPHTHIMUS System are urged to switch to the Version 3 directory organization to 

obtain maximally convenient operation. See Chapter 22 for details. 
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 Write down the FLD number of the last record read. Press the ESC key twice to return to the top menu. 

Select the ADD function, enter the same path, and respond N to the prompt 

 
 Add all the above records? (Y/N/ESC)  

 

A new prompt appears: 

 
 Give number of first record to add  

 

Respond by entering the FLD number of the last successfully read record (e.g., 200) plus 1, i. e., 201. There is 

also a prompt for the last FLD number to read: 

 
 Give number of last record to add  

 

Simply enter the number of the last record shown on the screen, or the last record contained in the current 

directory. If this record is more than 200 positions deeper into the directory than the first, the 'capacity exhausted' 

message will be produced again, so additional ADD cycles may be required before all records on this path are 

read into the database.  

 

 

7.4. Starting Fields the next time 
 

When a database exists, there is a message like 

 
 There are 123 records in the FLD.BSE file; last record is 

 

 123  101112 John Doe          R    01-01-90 Glaucoma + cat 

 

below the main menu on the computer screen. 

 

 The different entries correspond from left to right to the record's FLD number, its name field, a right eye 

examination, the date of examination (US format), and part of the first line of comments. The latter is truncated at 

the 28th character. The small comment space motivates careful consideration of the order of entry in the 

comment field when new records are produced. The same is true when editing records (see further below). There 

is much to speak for a diagnostic term as the very first entry. 

 

All the various main functions (FILE, BROWSE, BUFFER, FIND, and QUIT) are now accessible for 

exploration.  
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7.5. The BROWSE function 

 
Selection of BROWSE produces two subheadings. One reads 

 

 BROWSE: PgUp * PgDn * Home * End *** SELECT for action  

 

and the other (for example) 

 
 Page 1 of 7; 123 records 

 

 Press the PgUp and PgDn keyboard keys to page through the database. Press the END key to see the 

latest records contained in the database, HOME to see the first records. Alternatively, point with the mouse to 

any one of these terms on the computer screen, and click the left mouse button. 

 

 

7.5.1. SELECT for action: copy, edit, view, and overview 
 

Press the  or  key to produce a highlighted bar extending across the screen. The bar can be moved vertically by 

means of the same keys to select a record for special action. Alternatively, point the mouse cursor to the SELECT 

term on the computer screen, and click the left mouse button.  

The available actions are given on line 2 of the computer screen: 

 
COPY to buffer: +/Page/Block * EDIT: E * VIEW: V * OVERVIEW: W, end with <Enter> 

 

 The COPY function copies one or more record excerpts to a holding buffer for some later action (see 

further section 7.7). There are three options. Press the + key to copy the highlighted record only (it is most 

convenient to use the + key of the numeric keypad, to the right on the keyboard). Press key P (for page) to copy 

all records on the current page on the computer screen, and key B (for Block) to copy the current block of 

records. A block consists of 200 consecutive records = 10 screen pages. Hence, pages 1 - 10 form one block, 

pages 11 - 20 another, and so on. 

 

 The EDIT function is enabled by pressing the E key. The record will be displayed on the computer 

screen together with a small menu of changeable entries: 

 
 1. Record No. 2. Name  

 3. Date  4. Comments  

 

 Enter number of entry to change, <ESC> to cancel, <S> to save  

 

 Each entry can be altered any number of times. If saving is selected (by pressing key S), the option of 

editing the original record is presented. In contrast to its excerpt, the full record can be edited also in the acuity 

and correction fields.  
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 Select VIEW to see the highlighted record. Selection is done by pressing key V, or Enter, or clicking the 

left mouse button. The record's FLD number is then transferred to the View program, which will use both the 

computer screen and the test display to produce its usual output. If the default directory organization is used, the 

correct path will be generated automatically. If a non-standard organization is used, a path prompt will be shown 

and the path has to be typed. 

 

 Printouts can be obtained by responding accordingly to the standard View prompts. When finished 

viewing or printing the record, press ESC or Q or click the right mouse button to return to the previous location 

in the database. 

 

 It is also possible to view and print several records, using the Overview program included in the 

analytical package. Move the highlighted bar to each record to be included and press keyboard key W to mark 

the record for Overview. If less than six records (the maximum capacity of Overview) are selected, press Enter 

after the last selection to signal end of entry. If the default directory organization is used, the correct paths will be 

generated automatically. If a non-standard organization is used, path prompts will be shown and all paths have to 

be filled in. Printouts can be obtained by responding accordingly to the standard Overview prompts. When 

finished viewing or printing the records, press ESC or Q or click the right mouse button to return to the previous 

location in the database. 

 

 When using Overview, it is advantageous to select records in order of examination dates. If the records 

are out of date order in the database, copy them to the buffer and sort on date (7.7). 

 

 

7.6. The FIND function 

 
When selected, the FIND function produces the subheading 

 
 FIND:  Record No.  ID No.  Name/Text   Date   Comment  

 

and a highlighted block for selecting the desired subfunction. Record No. is the ordinary FLD number, ID No. is 

any numbers-only entry in the name field, Name/Text is any type of entry in the name field, Date is the date of 

examination, and Comment is any information contained in the first 28 positions of the first comments line. The 

reason for including subfunctions here is that selective searches are much quicker than non-selective ones. Select 

the desired subfunction by means of the highlighted block, using the left and right cursor keys, and press Enter. 

Alternatively, use the mouse to move the highlighted block, and click the left mouse button. A third line appears 

on the computer screen: 

 
 Enter search target 

 

Fill in the sought record number, name, date (mm-dd-yy format), or comment data, and press Enter. There are 

two possible results: 
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1.  Page 1 of X;  XYZ records 

 

 XYZ matching records where found.  

 

 Up to 20 matches are listed on the computer screen.  

 

 The main menu BROWSE function is now automatically activated, allowing paging through the 

matching records and marking records for copying to the buffer, editing or viewing, as already described above 

(7.5).  

 

2.  Search for XYZ failed 
 Press ESC to return 

 

 The FIND function is quite simple-minded and can find only record excerpts that exactly match the 

search profile. For example, a search for 'John Doe' cannot find 'J. Doe' or 'Doe, John' but both will be found with 

a search for 'Doe'. If there is uncertainty about spelling, search for a common nucleus. For example, the name 

'Carlson' is often spelled with a K instead of a C, and with a double rather than a single s. All alternatives will be 

found by searching for 'arls', the common nucleus. Terse profiles clearly are advantageous.  

 

 FIND is not case sensitive. 

 

 FIND stores the excerpts of all matching records on disk, in a file named FOUND. This file can also be 

read by any word-processor capable of importing ASCII files, and it can be printed by using the DOS PRINT 

command. 

 

 

7.7. The BUFFER function 
 

The buffer serves temporary storage of copies of selected record excerpts and allows various operations on its 

contents, e. g., sorting and printing.  

 

 The buffer is initially empty. To perform the various buffer subfunctions, selected record excerpts must 

first be copied to the buffer. The procedure was described above, under the BROWSE main function (7.5). 

 

 Activation of the main menu BUFFER function produces the subheading 

 
 Browse   Sort   Print buffer text   Flush buffer   Save buffer 

 

 

on the second line of the computer screen. Select the desired function by moving the highlighted block. Browse, 

Print buffer text, and Flush buffer subfunctions seem to require little in the way of explanation. Save buffer will 

be described in Section 7.8, in connection with alternative databases. 
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 The sort subfunction may require some explanation. Sorting can be based on any field in the records, as 

shown by the subfunction line on the computer screen: 

 
 SORT BY:  Record number   ID Number   Name/Text   Date   Comments     

  

 The sort will alphabetical for the Name/Text and Comments fields, numerical for the others, and 

ascending. Sorting can be done any number of times. Note that the sort is performed on the buffer contents only 

and does not affect the main database. There is no provision in Fields for sorting the latter.  

 

 Up to 400 records can be copied to the buffer. The buffer is destroyed when quitting Fields. 

 

 

7.8. The FILE function: alternative databases 

 
The record excerpts are normally stored in a database file named FLD.BSE, which is updated whenever a new 

Ring Test record is produced. Fields automatically loads FLD.BSE on start-up. Fields can also load 

special-purpose extracts of FLD.BSE. For example, it may be useful to review in isolation all cases with a 

diagnosis of, say, glaucoma. Provided that a diagnosis (or at least a few letters of the diagnosis) consistently is 

contained within the first third of the first comments line in the record, the FIND function can be used to collect 

and display these cases. As already mentioned, FIND writes the result of the search process to a file named 

FOUND. This file can be saved to serve as a special-purpose database: all that is required is to give it a new 

name, e. g., GLAUCOMA.BSE. The procedure is as follows. Go to the DOS command line (i. e, quit Fields and 

quit the OPHTHIMUS Main Menu), and type 

 
  RENAME FOUND GLAUCOMA.BSE<Enter> 

 

 It is advantageous to give the file the extension .BSE, to ensure inclusion in backups (Chapter 4.17.5). 

The first part of the file name must follow DOS rules (i. e., maximum length eight legal characters).  

 

 To review special-purpose .BSE files, select the FILE function from the main menu. Supply the full 

name of the desired file at the prompt. Fields will then replace FLD.BSE with the desired file. Alternatively, if 

Fields is called from the DOS command line, the name of the desired file can be passed as an argument, e. g.,  

 
  FIELDS GLAUCOMA.BSE<Enter> 

 

 An alternative way to produce a special-purpose database is to copy record excerpts into the buffer, and 

to save the buffer to a file (7.7). This has the advantage of allowing sorting of records but capacity is limited to 

400 units.  

 

 The selective ADD function can also be used to build special-purpose databases. 

 

 

7.9.  Required files 
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The following files must be present in the HTV hard disk directory: 

 

FIELDS.EXE 

REDIT.EXE 

 

and TEXTFS in the \HTV\ANC subdirectory. 

 

Further, the license key must be attached to the printer port. 

 

 If viewing and printing functions are to be used, View and Overview (or the single-display versions 

Netview and Netover), and their ancillary files, must be present (Chapter 5.10). Furthermore, the graphics card 

must have been activated by OMUS.EXE (this is done automatically by the OPHTHIMUS Main Menu).  
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8. Probe - test non-central visual field area in detail 
 

Outline of contents: 

8.1. Introduction 

8.2. Running the test 

8.3. Printing and evaluating results 

8.4. Required files 

 

 

 

8.1. Introduction 
 

Probe is a variant of the Ring Visual Field Test intended for detailed examination of restricted visual field areas. 

The test area encompasses 25 test locations, positioned in a square array with a 4 mesh size. The array can be 

positioned in any one of 21 partially overlapping positions on the test display. Probe may be useful to fill in 

additional detail after completing an ordinary Ring Test. However, the test is not recommended for use in the 

very center of the field in subjects with near normal vision. Like the Ring test, Probe cannot produce targets that 

are small enough to accurately assess normal or near normal function in the very central field. Another reason for 

dispensing with foveal threshold measurements is the risk of interaction between test targets and the fixation 

mark. Hence, if the fixation mark falls inside the target array, no test will be made at this location.  

 
 

8.2. Running the test 
 

The test strategy is closely similar to that of the Ring Test. The smaller number of test locations reduces average 

test time to less than 4 minutes. 
 

 The user interface is also closely similar to that of the Ring Test. Hence, a user familiar with the latter 

test should not encounter any problems. The only major difference apart from the test locations is the absence of 

retests (Phase 5 in the Ring Test). See Chapter 4 for full details on the Ring test. 
 

 In Probe, the "Qx" in "Catch Qx" refers to test pattern quadrants rather than visual field quadrants. This 

is because the test pattern does not always involve all field quadrants. 

 

 

8.3. Printing and evaluating results 
 

Results must be printed immediately after the test is finished if a permanent record is desired: results cannot be 

stored on disk. Hence, respond accordingly to the prompt at the end of the test. A printout comprises a graphic 

ring plot on top and numerical threshold values together with other data below. An example of a printout is 

shown in Figure 8.1.  

 



HighTech Vision 106 

 Normal limits are not provided in the Probe printout but results have to be evaluated against the Ring 

Test framework. The decibel values correspond to those used in the Ring test.  
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Figure 8.1A. Example of a Probe test result in a subject with a circumscribed scotoma close by the fixation 

point. The open square shows the position of  the blind spot/fixation control target. The layout of the lower half 

of the printout is similar to that of the Ring Test. Numbers in parentheses above the top left test location 

designate its position in the field. Test locations are spaced 4 both horizontally and vertically. 
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Figure 8.1B. Original Ring Test result. Case of shallow, lower arcuate scotoma, cause unknown. 

 

 

8.4. Required files 
 

The following file must be present in the HTV directory: 

 

PROBE.EXE 

 

Additional required files, in directory \HTV\ANC\ 

 

FLD3.CFG 

TEXT1 

TEXTP 

OMUS.LBL 

OMUS.MSG 

 

Further, the license key must be attached to the printer port, the printer must be on and on-line, and the graphics 

card must have been activated by OMUS.EXE (this is done automatically by the OPHTHIMUS Main Menu).  



Ophthimus System 109 

 

 9. CentRing - test central visual field area in detail 
 

Outline of contents: 

 

9.1. Introduction 

9.2. Arranging for testing 

9.3. About CentRing records 

9.4. Viewing and printing CentRing results 

9.5. Required files 

9.6. Suggested literature 

 

 

9.1. Introduction 

 
CentRing is an adaptation of the Ring Visual Field Test intended for testing the very central visual field. The 

field inside 5 is not accessible to the regular Ring Test because of test display limitations. CentRing circumvents 

these limitations by using a larger test distance. At the recommended distance, 0.5 meters, the test pattern covers 

a 6 radius, and fills the gap left by the Ring Test. It is envisaged that CentRing will prove useful in the work-up 

of all types of central visual field abnormalities, including previously elusive conditions like anti-malaria drug 

toxicity. 

 

 CentRing uses 33 test locations in a fixed, symmetrical pattern (Figure 9.1). The test strategy is closely 

similar to that of the Ring Test. The smaller number of test locations reduces average test time to about 4 

minutes. 

 

 In addition to the high-pass spatial frequency filtered "vanishing" test targets, there are three additional 

new features of central field testing incorporated in CentRing. First, there is an adjustable fixation mark, which 

can be adapted to the subject's visual capacity. Second, test distance is adjustable. This opens the possibility to 

"zoom" the test pattern over the central retina, allowing coverage to be stretched from the very foveola (at a long 

testing distance) to the macular and perimacular areas (at shorter distances). Third, CentRing offers the 

possibility of binocular testing, which is useful for evaluating binocular summation and inhibition. 

 

 A unique advantage of the adjustable test distance is the possibility to prove (or disprove) so-called 

“hysterical” or “functional” visual loss. This non-organic condition is characterized by failure to obey laws of 

geometrical optics. A classical example is the patient with hysterical visual field contraction. Tested at a close 

distance with a so-called tangent screen, the field remnant will occupy a certain area, say, a 0.5 meter diameter 

circle. If test distance is tripled, geometrical optics predicts that the circle diameter also should increase by the 

factor 3. If it fails to do so, this is proof that there is a “hysterical” or "functional" component in the visual loss. 

In this situation, CentRing offers the possibility of exact, numerical comparison of results obtained at different 

distances. 
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 The user interface is closely similar to that of the Ring Visual Field Test, so a user familiar with the 

latter should encounter few difficulties. The following description assumes familiarity with the Ring Test and 

concentrates on the differences.  

 

 

 

 
 

Figure 9.1. Distribution of CentRing test locations. Normal subject tested at 0.5 m distance.  

 

 

9.2. Arranging for testing 
 

 Position the subject comfortably so that he or she can sit still for the duration of the test, at the desired 

distance from the test display. Check the distance with a measuring tape. Small adjustments are best made by 

moving the test display while larger adjustments have to be made by moving the subject's chair. Make sure that 

the front surface of the test display is perpendicular to the subject's line of sight. 
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 The OPHTHIMUS System's correcting lenses cannot be used. Instead, use the subject's own correction 

if it is appropriate for the selected distance, or use lenses from an ordinary trial lens set. Add +2 diopters to the 

distance correction for 0.5 m test distance, and +1 for 1 m. Cover the eye that is not being tested. 

 

 Demonstrate the various features of the fixation cross. Point to the cross members and explain how they 

easily can be extrapolated over the central gap to indicate the precise locus of fixation. Adjust the width and 

contrast of the cross members as necessary. Width is changed step-wise up or down by pressing the + and - keys 

on the keyboard. Contrast can be toggled between high and low settings by pressing key C. Be sure to select the 

smallest visible width and contrast so as to minimize interaction between the fixation cross and the test targets. 

The double cross members and the central gap serve the same purpose. 

 

 There is no provision for checking fixation by means of a blind spot target. This is because the blind 

spot usually will fall outside the test display.  

 

 When the smallest useable fixation mark has been found, the dynamic phase of the demonstration can be 

entered by pressing the keyboard space bar (or one of the mouse buttons, if a mouse is installed). Note that the 

fixation cross disappears during the presentation of test targets. This is to minimize interaction effects and also 

the Troxler fade-from-view phenomenon.  

 

 Demonstrate what happens when an incorrect response is given and how to request a pause. Break for 

test by pressing key T when the subject understands the test procedure. From this point on, the test is closely 

similar to the Ring Test.  

 

 The result display is also closely similar to that of the Ring Test, except for the distribution of the test 

locations and two additional prompts on the computer screen. One of the latter concerns the eye laterality (right, 

left, or both), the other the test distance.  

 

 Once test distance has been entered, ticks will be plotted for each angular degree on the main meridians. 

Target sizes are not adjusted to test distance, however. This means that the sizes shown are incorrect as to angles 

subtended, but the targets' center positions and relative sizes are correct. Correct angular sizes will be listed if a 

printout is requested, or when using the CentView program (see further below) (Figure 9.2). 
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Figure 9.2. CentView printout from the same subject as in Figure 9.1. Note the decibel scale on the third line 

from the top and the description of the fixation mark below the acuity and correction entries. Inset, acuity (top 

left) and laterality (top right). 
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Figure 9.2, continued. 

 

 

9.3. About CentRing records 
 

Once all prompts have been answered, the record is stored under an automatically incremented number. To 

distinguish CentRing from Ring records, the former have the extension .CTR, the latter .FLD. Similarly, the 

record counter is named CTR.NO instead of FLD.NO. The records are stored in automatically generated 

subdirectories, which branch out from the subdirectory \HTV\CR. The principle is the same as that used for the 

Ring Test records (Chapter 4.17.1). Hence, records 1 - 99 are placed in the subdirectory \HTV\CR\0, Nos. 100 - 

199 in \HTV\CR\100, and so on. 

 

 CentRing records can be edited by selecting the Edit function from CentView's opening menu. The 

editor (CEDIT) can also be called from the DOS command line, passing the record number as an argument,  

e. g., CEDIT 123. The editor works exactly like the Ring Test Editor, REDIT (Chapter 4.17.4). 

 

 

9.4. Viewing and printing CentRing results 
 

Results can be printed immediately after the test is finished by responding accordingly to the prompt at the end of 

the test. It is also possible to postpone printing to a later time, by using the CentView program. This is called in 

the same way as View is called for Ring Test records, i.e., directly from the OPHTHIMUS Main Menu. Users 

preferring the DOS command line approach should type  

 
 CENTVIEW NUMBER<Enter> 

 

where NUMBER is the record number. CentView automatically generates the standard path from the record 

number. The rules for non-standard paths are the same as for Ring's View (Chapter 5.3). 
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 CentView printouts contain all the data from the examination in a format similar to that of Ring's View 

(non-analytical version) (Figure 9.2). Hence, a graphic ring plot is produced on top of page 1, and test conditions 

and various simple statistics are recorded below. Page 2 shows threshold target numbers and retest results.  

 

 Batch printing (serial printing of several records) is supported, in the same way as for View (see Chapter 

5.3.4 for details). 

 

 Because of the freely selectable test distance, normal limits are not provided in the CentView printout. 

The average test score is calculated after correction for the test distance. This means that the decibel values 

correspond to those used in the Ring Visual Field Test.  

 

 Clinical evaluation of the results follows the same principles as those defined for the Ring test (Chapters 

5 and 6). Hence, the lowest threshold should occur in the center of the display and thresholds should rise 

monotonously and symmetrically with increasing eccentricity. Figure 9.2 exemplifies a normal result and Figure 

9.3 an abnormal one. 

 

 Severely damaged visual fields may produce cluttered plots, due to extensive overlapping of targets. In 

such situations, CentView´s zone plot feature may simplify evaluation. The zone plot isolates test locations 

according to eccentricity. Press key Z repeatedly to see the mode of operation. 

 

 

9.5. Required files 
 

The following files must be present in the HTV directory: 

 

CENTRING.EXE 

CENTVIEW.EXE 

CEDIT.EXE 

 

Additional required files, in directory \HTV\ANC\ 

 

FLD3.CFG 

CTR.NO 

TEXT1 

TEXTC 

OMUS.LBL 

OMUS.MSG 

 

Further, the license key must be attached to the printer port, the printer must be on and on-line, and the graphics 

card must have been activated by OMUS.EXE (this is done automatically by the OPHTHIMUS Main Menu).  
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Figure 9.3. Example of an abnormal CentRing result. Case of "resolved" optic neuritis. 
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Figure 9.3, continued. 

 

 

9.6. Suggested literature 
 

 

Barosco F, Brusini P, Di Giorgio G, Chizzolini M: High-pass resolution perimetry in the early detection of 

macular alterations in patients taking hydroxichloroquind. In: Perimetry Update 1996/97, M Wall, A Heijl, eds.  

Kugler, Amsterdam 1997, pp 435 - 439 

 

Frisén L, Lindblom B: Binocular summation in humans: evidence for a hierarchic model. J Physiol, 402: 773 - 

782, 1988. 

 

Martin-Boglind L: Influence of amblyopia on high-pass resolution perimetry. Ophthalmologica 203: 99 - 104, 

1991. 



Ophthimus System 117 

 

 10. FixRing - visual field test with complete fixation control 

 
Outline of contents: 

 

10.1. Introduction 

10.2. Running the test 

10.3. About FixRing records 

10.4. Viewing and printing FixRing results 

10.5. Required files 

 

10.1. Introduction 
 

FixRing is a variant of the Ring Visual Field Test devised for examination of subjects with fixation difficulties. 

The strategy involves simultaneous flashing of (1) a distinctive symbol (drawn from a set at random) in the test 

display's center, and (2) a regular ring target in some other location. The subject is kept quite active: he or she has 

to trigger presentations, identify the fixation symbols, and point to the locations of ring targets. These tasks are 

generally perceived to be quite amusing, which ensures a high proportion of successful presentations. Visual and 

auditory feedbacks enhance motivation additionally. 

 

 There are three sets of central fixation targets. A symbolic set (man, fish, tree, &c) is meant for 

non-reading subjects. Another set uses the HOTV letters, and the third the full alphabet. If the latter set is 

selected, the subject has to name the letter displayed. For the other two, the subject has the option of pointing to a 

panel of symbols on the test display. 

 

 Whenever the central symbol has been correctly identified, the subject also has to point to the location 

of any seen ring target. The examiner records the subject's responses on the keyboard or by means of a mouse or 

other pointing device.  

 

 Except for the manual triggering and scoring routines, the test is closely similar to the regular Ring 

Visual Field Test. The number of test locations is reduced to 16 (Figure 10.1), to comply with the fairly slow 

pace of the test and the limited endurance of most subjects with fixation difficulties. The threshold strategy is the 

same as that of the Ring test. Like all the Ring family tests, FixRing can be aborted at any time, and partial results 

can be printed. This is a truly useful feature for subjects who fatigue quickly, or in cases when only a rudimentary 

check-up is desired. The test strategy ensures that the collected information is spread optimally over the visual 

field even if the test is aborted before completion. 

 

 The same pattern is used for right and left eyes. There is no blind spot test. 

 

 The user interface is very similar to that of the Ring Visual Field Test, so an examiner acquainted with 

the latter should encounter few difficulties. The following description assumes familiarity with the RING test and 

concentrates on the differences. 
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Figure 10.1. Distribution of FixRing test locations. Filled circles designate locations that are used also in the 

Ring Visual Field Test. The same pattern is used for both right and left eyes.  

 

 

10.2. Running the test 
 

Attach the lens holder to the test display and select the proper correcting lens, precisely as in the Ring test. Cover 

the non-tested eye. Position the subject comfortably, and swing the test display into place, making sure that its 

front surface is perpendicular to the subject's line of sight. It is not necessary that the subject sits perfectly still 

during the examination but positioning must be correct whenever a presentation is launched. 

 

 Select FixRing from the OPHTHIMUS Main Menu, or call the program from the DOS command line. 

FixRing's menu presents a choice of fixation symbols. There are three alternatives. The pictorial one is  
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meant for non-reading subjects. The HOTV set is for subjects who can manage these letters, and the last set is for 

subjects who know the full alphabet. Select the one that seems most suitable for the test subject. 

 

 The demonstration phase is split into three parts. The first introduces the subject to the triggering and 

fixation tasks. Each presentation is triggered by the subject, by means of the push-button. The examiner can also 

launch a presentation, by pressing the space bar, or clicking a mouse button if a mouse is attached (the mouse 

pointer must reside in a blank part of the computer screen).  

 

 A distinctive two-tone beep signals that the computer is ready to be triggered. The subject now should 

look into the central black square on the test display, hit the push-button, and watch for the fixation symbol. The 

presentation lasts for 165 milliseconds only, to frustrate refixation. Then, if the pictorial or HOTV set is selected, 

the full range of symbols will be shown on the test display. The subject should point to or name the symbol that 

appeared in the fixation square. If the alphabet set is used, the subject has to name the letter. 

 

 The fixation symbol is also shown in the center of the computer screen, together with the prompt: 

 
 Subject should now identify CENTRAL target. Correct? (+/-) 

 

 Score the response by means of the + or - keys furthest to the right on the keyboard. Alternatively, if a 

pointing device is attached, point to the plus or minus signs on the computer screen, and click a button. A merry 

ditty is sounded on a positive score, and a sad beep on a negative one, unless the full alphabet symbol set has 

been selected. Sound can be toggled on and off by pressing the S key, as shown on the bottom line of the 

computer screen. 

 

 When the subject is thoroughly familiar with the fixation routine, enter the second phase of the 

demonstration by pressing key C (for circles). The test display will then show a series of high-pass filtered ring 

targets, to acquaint the subject with size variability. The rings mimic 'happy faces' if either one of the two simpler 

symbol sets have been selected. Some subjects prefer a 'flying saucer' designation. 

 

 Press the space bar to start the dynamic third demonstration phase. This is the same as the dynamic 

display described above, with the sometime addition of a ring target. Accordingly, the subject's task now includes 

three steps: 

 

 - Wait for the prompting beep, watch the central fixation square, and launch a presentation when 

ready. 

 

 - Identify the fixation symbol. 

 

 - Point to, or describe verbally, the location of any ring target. 
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The examiner's task is expanded similarly, by the need to respond to a sequence of prompts: 

 
 Subject should now identify CENTRAL target. Correct? (+/-) 

 

 Subject should now identify  RING   target. Correct? (+/-) 

 

 Are both entries correct? (+/-) 

 

The last two prompts are skipped automatically if the fixation symbol is incorrectly reported.  

 

 There is a generous proportion of blank presentations. This is to acquaint the subject with the fact that 

rings not always will be seen. Not seen blanks must be scored as correct responses, and vice versa. Blanks 

are signaled on the computer screen, in the upper left corner. 

 

 When deciding whether a ring target has been reported correctly, allow a generous margin of error. 5 cm 

(2") is suggested.  

 

 When the subject masters the procedure, enter Test Phase 1 by pressing key T (for Test). From this 

point on, the test strategy is the same as that of the regular Ring Visual Field Test, with its five phases. The final 

result display is also closely similar to that of the Ring test.  

 

 

10.3. About FixRing records 

 
Once all prompts have been answered, the record is stored under an automatically incremented number. To 

distinguish FixRing from Ring records, the former have the extension .FIX, the latter .FLD. Similarly, the record 

counter is named FIX.NO instead of FLD.NO. The records are stored in automatically generated subdirectories, 

which branch out from the subdirectory \HTV\FR. The principle is the same as that used for the Ring Test 

records (Chapter 4.17.1). Hence, records 1 - 99 are placed in the subdirectory \HTV\FR\0, Nos. 100 - 199 in 

\HTV\FR\100, and so on.  

 

 

10.4. Viewing and printing FixRing results 
 

Results can be printed immediately after the test is finished by responding accordingly to the prompt at the end of 

the test. It is also possible to postpone printing to a later time, by using the FixView program. This is called 

directly from FixRing´s menu. Users preferring the DOS command line approach should type 

 
   FIXVIEW NUMBER<Enter> 

 

where NUMBER is the record number. FixView automatically generates the standard path from the record 

number. The rules for non-standard paths are the same as for Ring´s View (Chapter 5.3).  
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 FixView printouts contain all the data from the examination in a format similar to that of Ring´s View 

(non-analytical version). Hence, a graphic plot is produced on the top of the page, and test conditions and various 

simple statistics are recorded below. Examples of printouts are shown in Figures 10.2 and 10.3.  

 

 Normal limits are not provided in the FixRing printout. Results have to be evaluated against the Ring 

Test framework (Chapters 5 and 6). The decibel values correspond to those used in the Ring test.  

 

 An important difference between Ring and FixRing result evaluation concerns fixation losses. These are, 

of course, highly undesirable in Ring perimetry, and need to be taken into account when evaluating the total 

result, but they do not matter at all in the FixRing test. This is because FixRing target responses are scored only 

when preceded by a correct fixation response, as described above. Hence, even large numbers of FixRing fixation 

losses do not prevent confident evaluation of results. The reason for including this statistic is that it provides an 

indication of the subject's concentration and learning ability. 

 

 

10.5. Required files 
 

The following files must be present in the HTV directory: 

 

FIXRING.EXE 

FIXVIEW.EXE 

 

Additional required files, in directory \HTV\ANC\ 

 

FLD3.CFG 

FIX.NO 

TEXT1 

TEXTF 

OMUS.LBL 

 

Further, the license key must be attached to the printer port, the printer must be on and on-line, and the graphics 

card must have been activated by OMUS.EXE (this is done automatically by the OPHTHIMUS Main Menu).  
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Figure 10.2. Example of a FixRing printout obtained from a 6-year-old normal subject. Right eye test. Selected 

fixation symbol set is given below to the right. Reliability indicators are given under Controls heading. Note that 

fixation losses do not influence on results, as described in text. 
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Figure 10.3. Example of a FixRing printout obtained from a 9-year-old girl with a suprasellar tumor that caused 

hydrocephalus and bilateral papilledema. The examination had to be aborted after 3 minutes (2 minutes 

effective test time) due to the patient's poor condition, but clearly there is neither a major temporal field defect 

as expected with chiasmal involvement, nor major nasal field defects indicative of optic nerve damage from 

long-standing papilledema. Right eye test; left eye result was similar (not shown). 
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11. OPHTHIMUS Astigmatism Test Chart 
 

This new type of test chart was designed to aid subjective refracting procedures by bringing out any incompletely 

corrected astigmatism with maximum clarity. This is achieved by aligning detection and recognition thresholds, 

by so-called high-pass spatial frequency filtering, as originally described by Friedenwald
10

.  

 

 Like conventional targets, the present targets will be blurred by ametropia, but unlike conventional 

targets, blurring here leads to an apparent reduction in target length. This is because poorly imaged target 

components will merge imperceptibly with the background. The greater the ametropia, the greater the reduction. 

If ametropia is cylindrical, targets with different orientations will be differently affected. The effect is so 

pronounced that three strategically oriented targets suffice in clinical work.  

 

Running the test 

 
Select ASTCHART from the OPHTHIMUS Main Menu. If launching from the DOS command line is preferred, 

type ASTCHART and press Enter. The test chart is then brought up on the test display. The computer screen will 

then present brief instructions.  

 

 Suggested test distance is 3 - 6 meters. If an illuminated surround is preferred, the front surface of the 

test display should be shielded from direct light.  

 

 The test task is simply to decide if all three target spokes have one and the same length. If this is the 

case, there is no discernible astigmatism. The subject should not be instructed to look at specific points on the 

chart but just let his or her gaze roam until a decision can be made. 

 

 If the spokes are seen to be unequal in length, the subject should identify the shortest one. The angle of 

the required minus cylinder is identical to, or close by, that of the shortest spoke. Correction is easily fine-tuned 

by superposing a cylinder lens and adjusting axis direction and power until all spokes are seen to be equal in 

length. 

 

 Astigmatism with a horizontal axis constitutes a special case in that the two side spokes then will appear 

to be foreshortened, and to exactly the same degree. 

 

 Any astigmatism is made maximally conspicuous by adding a +0.5 diopter fogging lens to the subject's 

distance refraction. Conversely, under-correction tends to make visualization of astigmatism more difficult. 

                                                           

    
10

  Friedenwald JS: A new astigmatic chart. Am J Ophthalmol 7: 8 - 15, 1924. 
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Required files 

 
The following files must be present in the HTV\MIX subdirectory: 

 

ASTCHART.EXE 

AST.DAT.  

 

The license key must be attached to the printer port. 
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 12. HOTV visual acuity test  
 

This test presents a single row of HOTV letters against a light background. Letter brightness is adjustable. The 

targets are shown in random combinations. The scale factor is 1 dB (decibel = 0.1 log10 unit, or about 1.26). The 

smallest optotype is arbitrarily given size number 1. The letters shown on the test display are also presented on 

the computer screen to facilitate checking the subject's responses. If the test is configured for use with a mirror, 

letter order is reversed on the computer screen to allow reading from left to right.  

 

 See Chapter 2.3.2 for suggestions on efficient test display arrangements and luminance levels.  

 

 HOTV's opening menu allows selection among standard conditions (i. e., high contrast), contrast 

adjustment and measurement, and changing test distance. The first test prompt is 

 
 Size 5. Next 1 - 14, +, -, =, or Q ? 

 

Press the + key once to increase the size one step in the next display, and the - key to decrease size one step. It is 

most convenient to use the + and - keys furthest to the right on the keyboard. The = key changes the order of the 

test letters but keeps size constant; the space bar has the same effect. If the desired change involves several steps, 

enter digits (e. g., 1, 6, 14) to obtain the desired size. Use either the number keys in the top row or those in the 

numeric keypad to the right. The program automatically generates an <Enter> to minimize the number of 

required keystrokes. So, don't press Enter to terminate selection of letter size. 

 

 The computer responds by blanking the test display, bringing up the next row of letters, and printing the 

status line with the new size designation. If a size smaller than 1 or larger than 14 is requested, an error message 

will appear and a warning beep is sounded. 

 

 Press key Q to quit. This brings up the prompt: 

 
 Enter size (1-14) best corresponding to the subject's acuity  

 

Simply enter the size that best describes the subject's acuity level. The computer responds by calculating the 

acuity level in decimal and Snellen formats and in minutes of arc. 

 

 Calculation of the acuity level naturally requires knowledge of test parameters. The required information 

is requested when the test is first used. Test distance can be left open, which is practical if distance frequently is 

changed, e.g., in the low vision clinic. If this option is selected, a prompt for distance will be given at the end of 

each test. 

 

 The test parameters are stored in the file VA.CFG and are retrieved from that file whenever the test is 

started again. The stored parameters can be changed at any time by selecting Change Test Distance on the 

opening menu. 
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 Letter brightness can be adjusted via the Select Contrast option on the opening menu. Brightness can be 

set between 0 (black) and 62 units (bright white). The background is 63 units. Using the CONTRAST control on 

the test display for further adjustment is not recommended because such a change forces recalibration the next 

time any member of the Ring family of tests is to be used. Select Measure Luminances from the menu if actual 

measurements are required. Use the OPHTHIMUS System luminance meter for the measurements. 

 

 

Required files 
 

The following files must be present in the HTV\MIX subdirectory: 

 

HOTV.EXE 

VA.CFG 

 

The license key must be attached to the printer port. The graphics card must have been activated by OMUS.EXE 

(this is done automatically by the OPHTHIMUS Main Menu).  
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 13. Y-VA Contrast Sensitivity Test 
 

This extremely fast contrast sensitivity test uses an Y-shaped “vanishing” optotype of adjustable size and 

contrast. The test target is intentionally asymmetrical, with prongs of different lengths and widths. This makes for 

a very simple test task, namely, counting the number of visible prongs. Two or three presentations of different 

target sizes usually suffice to determine acuity to the nearest 0.1 log10 (decibel) unit, even at the lowest contrast 

setting. The brief examination time is obtained by high-pass spatial frequency filtering and a rational selection of 

target dimensions.  

 

 High-pass filtered acuity targets were introduced in 1978 by Howland, Ginsburg, and Campbell, with 

the aim to simplify acuity testing. Because targets fashioned in this way have closely similar detection and 

recognition thresholds, it was envisaged that it should suffice to count how many rows of optotypes that the 

subject could see on the acuity chart: actual spelling out of letters should be unnecessary. 

 

 Unfortunately, experience indicates that vanishing targets are not very practical in central vision testing. 

This is due to the pronounced drop in resolving power outside the fovea. If an eye movement shifts a 

near-threshold target's image out of the fovea, it may be quite difficult to find the target again. This means that 

the test result in part will depend on the subject's diligence (or luck) in searching for the target. One solution to 

this problem is to use a target containing “critical details” of different dimensions. In the case of Y-VA these are 

prongs of different sizes. Hence, if the subject can see the largest prong, which always is located close to the 

center of the screen, he or she immediately knows where to look for the other two. Localization is further 

facilitated by a black dot placed in the target's center. 

 

 Measurements of contrast sensitivity reflect visual performance over a range of contrast levels. This has 

recently attracted much interest. Most investigators have used sine-wave gratings, determining the minimum 

contrast required to detect given spatial frequencies. The inverse of the contrast threshold defines the contrast 

sensitivity. Contrast sensitivity curves describe the relationship between target dimensions (e.g., spatial 

frequency), and contrast sensitivity. Both are generally plotted on logarithmic scales, to produce a curve roughly 

like an inverted letter U. 

 

 Early contrast sensitivity tests were time-consuming and required complicated instrumentation. A 

different approach was introduced by Regan and Neima in 1983, namely, sets of acuity charts of different 

contrast. The test task was to find the acuity level for each given contrast level. Results were reported to correlate 

well with those obtained with sine-wave gratings. 

 

 Unfortunately, near-threshold low-contrast targets are equally difficult to work with as are high-pass 

targets, and for the same reasons, so examinations of contrast sensitivity tend to become long-drawn and 

exhausting. Again, a Y-shaped target with different size prongs offers easier examinations. 

 

 Y-VA offers three different contrast levels, ranging from 10 to 90%, with the Ring Visual Field Test 

level in between. These levels suffice to estimate the right-hand slope of the contrast sensitivity curve. 

Background luminance is fixed at 20 cd/m
2
. 
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Set-up 
 

Like all vision tests, Y-VA should be used under constant contrast conditions. This is most easily arranged in a 

completely dark room. If an illuminated surround is preferred, the front surface of the test display should be 

shielded from direct light.  
 

 Select Y-VA from the OPHTHIMUS Main Menu to see the various options. Contrast calibration is done 

in the same way as for the Ring family of tests (Chapter 2.5.1), and test distance is set in the same way as in the 

HOTV test (Chapter 12). A test distance of  3 to 4 meters is recommended. 

 
 

Demonstrating and running the test 
 

The first target shown is of maximum size and contrast. Explain that the following targets will appear in the same 

position on the display but they may have different contrasts and sizes. Some targets will be shown upside-down. 

The test task is to count the number of visible prongs (0 - 3). However, the subject should look quite carefully 

before responding. 
 

 Enter the desired contrast level (labeled 1 - 3 in order of increasing contrast) to start the actual test. A 

test target is then shown on the test display. At the prompt, enter the number of prongs seen by the subject. In 

case the subject is uncertain, be sure to always select the smallest alternative as the response. Once the response 

has been entered, another target is brought up, together with a new prompt. Continue answering the prompts until 

an acuity estimate is obtained. In most cases, two or three presentations suffice, explaining the extreme rapidity 

of the test.  
 

 The final result is shown in the lower part of the computer screen, in various formats. Simultaneously, 

the result is entered in the diagram at the top of the screen. The procedure described in this paragraph can be 

repeated any number of times. Quit the test by pressing key Q. 
 

 Results can be printed by responding accordingly at the prompt. The printed page will be ejected from 

the printer when quitting the test. Examples of results are shown in Figure 13.1. 
 

 The Y-VA test is quite sensitive to incompletely corrected spherical and cylindrical ametropia. It is 

recommended that any ametropia be fully corrected prior to testing, using, for example, the OPHTHIMUS 

HOTV and ASTCHART tests. 
 

 

Evaluating results 
 

Acuity for low-contrast targets is normally lower than that for high-contrast targets, i. e., larger targets are needed 

to obtain thresholds at low contrasts. Therefore, testing also at low contrast levels offers better insight into the 

functional capacity of the visual system. Further, different disorders may preferentially affect various parts of the 

contrast range. For example, ametropia generally causes the Y-VA contrast sensitivity curve to be shifted to the 

left, without much change in curve slope. Conversely, many non-optical disorders, including  
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diabetic retinopathy, glaucoma, multiple sclerosis, and Parkinson's disease, have been reported to preferentially 

affect acuity for low-contrast targets, more or less completely sparing high-contrast acuity (Figure 13.1). 

 

 

 
 

 

Figure 13.1. Examples of Y-VA results from (A) a normal subject with adequate ametropia correction; (B) the 

same subject fogged with + 0.5 diopter sphere; and (C), a subject with active, medium-degree, demyelinating 

optic neuropathy ("optic neuritis"). Note parallel displacement of curve with fogging (A, B), and 

disproportionate displacement of low-contrast sensitivity in optic neuropathy (C). 

 

 Normal limits are not provided because the individual user's test conditions cannot be foreseen. Normal 

limits are quickly obtained locally because of the quick test procedure. 

 

 Note that the high-contrast targets provide lower acuity estimates than regular acuity tests. This is 

because of the relatively low background luminance, 20 cd/m
2
. 
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Required files 
 

The following files must be present in the HTV\MIX subdirectory: 

 

Y-VA.EXE 

Y-VA.CFG 

 

The license key must be attached to the printer port. The graphics card must have been activated by OMUS.EXE 

(this is done automatically by the OPHTHIMUS Main Menu).  

 

 

Suggested literature 
 

American Academy of Ophthalmology Committee on Ophthalmic Procedures Assessment: Contrast sensitivity 

and glare testing in the evaluation of anterior segment disease. Ophthalmology 97: 1233 -1237, 1990. 

 

Frisén L: Vanishing optotypes. New type of acuity test letters. Arch Ophthalmol 104: 1194-1198, 1986. 

 

Howland B, Ginsburg A, Campbell F: High-pass spatial frequency letters as clinical optotypes. Vision Res 18: 

1063 - 1066, 1978.  

 

Martin L: A new computerized method for glare and contrast  sensitivity measurements in cataract patients. J Cat 

Refract Surgery, in press. 

 

Nadler MP, Miller D, Nadler DJ (eds): Glare and contrast sensitivity for clinicians. Springer-Verlag, New York 

1990, pp 150. 

 

Regan D, Neima D: Low-contrast letter charts as a test of visual function. Ophthalmology 90: 1192 - 1200, 1983. 

 

Regan D, Neima D: Low-contrast letter charts in early diabetic retinopathy, ocular hypertension, glaucoma, and 

Parkinson's disease. Brit J Ophthalmol 68: 885 - 889, 1984.  
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 14. AMSLER dysmetropia test 

 
This version of the classical Amsler test features choices of grid sizes and contrasts and a flashing display that 

counteracts the Troxler fade-from-view effect. Variable contrast may enhance the diagnostic yield. 

 

 Select AMSLER from the OPHTHIMUS Main Menu. There are two options. One concerns standard 

conditions, the other adjustable parameters. Grid brightness can be varied between 0 (black) and 63 (white) 

arbitrary units. Background brightness is 32 units. There is one prompt for desired grid brightness, and another 

for desired grid size (1 - 5). Available grid sizes are shown on the test display. Select a coarse grid for testing 

severe dysmetropia, and vise versa. Default settings are 0 for grid brightness and 3 for check size.  

 

 A test distance of 1 meter is recommended. 

 

 

Required file 
 

AMSLER.EXE  must be present in the HTV\MIX subdirectory: 

 

The license key must be attached to the printer port. The graphics card must have been activated by OMUS.EXE 

(this is done automatically by the OPHTHIMUS main menu). 

 

 

Suggested literature  
 

Amsler M: Earliest symptoms of diseases of the macula. Br J Ophthalmol 37: 521 - 537, 1963.  

 

Wall M, Sadun AA: Threshold Amsler grid testing. Cross-polarizing lenses enhance yield. Arch Ophthalmol 104: 

520 - 523, 1986.  
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 15. OPHTHIMUS Glare Test 
 

This test assesses sensitivity to glare as the effect of a high-luminance glare source on the contrast threshold for a 

Landolt's C target. The test task is simply to find the lowest contrast setting at which the C's gap can be correctly 

localized. Normally, the contrast threshold is only marginally affected by the addition of the glare source. 

Markedly different results for the two test conditions indicate abnormal glare sensitivity. This is usually 

attributable to optical faults of the eye. 

 

 

Setting up and running the test 
 

Like all vision tests, Glare should be used under constant contrast conditions. This is most easily arranged in a 

completely dark room. If an illuminated surround is preferred, the front surface of the test display should be 

shielded from direct light. Suggested test distance is 1 meter.  

 

 Select GLARE from the OPHTHIMUS Main Menu to see the various options. Contrast calibration is 

done in the same way as for the Ring family of tests (Chapter 2.5.1) and luminance measurements in the same 

way as for the HOTV test (Chapter 12).   

 

 Glare first presents a high-contrast demonstration target on the test display. Explain that the following 

targets will appear in the same position on the display but will be much dimmer. The test task is to indicate the 

direction of the C's gap.  

 

 Start by finding the minimum luminance required to discern the direction of the gap in the C. Luminance 

can be adjusted step-wise by pressing the + and - keypad keys, or the right and left mouse buttons, if a mouse is 

attached. Once the threshold has been found, press key G (for glare) to add the ring-shaped glare source, and 

repeat the procedure. The glare source can be toggled on and off by repeatedly pressing key G. Each toggling 

selects a new orientation of the C's gap. The orientation is shown by an arrow on the computer screen. 

 

 Although the various luminance steps are nominally equal, it is recommended that actual luminances be 

measured by means of the luminance meter if exact levels are desired. A display suitable for measurements can 

be obtained after finishing the test, as indicated by the prompt on the computer screen. In clinical work, exact 

measurements are rarely necessary. 

 

 

Evaluating results 
 

Normal limits are not provided because the individual user's test conditions cannot be foreseen. Examination of a 

small number of normal subjects will quickly indicate approximate normal limits. 
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Required file 
 

GLARE.EXE must be present in the HTV\MIX subdirectory. 

 

The license key must be attached to the printer port. The graphics card must have been activated by OMUS.EXE 

(this is done automatically by the OPHTHIMUS Main Menu).  

 

 

Suggested literature  
 

American Academy of Ophthalmology Committee on Ophthalmic Procedures Assessment: Contrast sensitivity 

and glare testing in the evaluation of anterior segment disease. Ophthalmology 97: 1233 -1237, 1990. 

 

Martin L: A new computerized method for glare and contrast sensitivity measurements in cataract patients. J Cat 

Refract  Surgery, in press. 

 

Nadler MP, Miller D, Nadler DJ (eds): Glare and contrast sensitivity for clinicians. Springer-Verlag, New York 

1990, pp 150. 



Ophthimus System 135 

  

 16. MIGRAINE Display 
 

This is meant as an aid in diagnosing (or negating) migraine as the cause of episodic visual disturbances. These 

problems usually have to be diagnosed from the patient's own observations. In the case of complex phenomena, 

like a classical migraine aura with its slowly expanding homonymous scotoma, preceded by scintillating 

fortification lines, it may be difficult for the layman to provide a diagnostic description. This quick sketch may 

help patients to recognize (or deny) features which are important for diagnosing classical migraine.  

 

This is a pure demonstration display, with set parameters.  

 

Required file 
 

MIGRAINE.EXE must be present in the HTV\MIX subdirectory. 

 

The license key must be attached to the printer port. 

 

Suggested literature  
 

Richards W: The fortification illusions of migraine. Sci Am, May 1971, 88 - 96.  

 

Hupp SL, Kline LB, Corbett JJ: Visual disturbances of migraine. Surv Ophthalmol 33: 221 - 236, 1989. 
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 17. Optokinetic Stimulator 
 

This software generates smoothly moving horizontal or vertical stripes on the test display, for eliciting 

optokinetic nystagmus. The perfectly smooth movement, the instantaneous change of direction, and the 

wide-angle display are important advantages over conventional manual optokinetic drums or tapes.  

 

 Select OKN from the OPHTHIMUS Main Menu to see the various options. These include standard 

conditions, and adjustable contrast and speed.  

 

 Standard conditions involve maximum contrast and fixed stripe width. Direction of movement is 

selected by means of the keyboard cursor keys or by clicking the right and left mouse buttons. Some (but not all) 

computers support two speeds of pattern movement. Press the space bar to toggle between high and low speeds, 

or click the mouse center button if a three-button mouse is available. Don't use a speed setting that fails to 

produce a perfectly smooth movement. 

 

 Suggested test distance is 0.5 - 1 meters. The examiner should stand behind the test monitor when 

evaluating the subject's response (Figure 2.2). In this position it is usually more convenient to use a mouse than 

the keyboard for direction switching. 

 

 The subject should be asked to look at the test display. More detailed instructions are often detrimental, 

inducing willful back-and-forth saccades rather than the desired subconscious alternation between smooth 

following movements and saccades. However, if no eye movements are elicited, it may be worthwhile to ask the 

subject to try to count the stripes as they pass the center of the test display. The count should be silent. To prevent 

frustration, the subject should be told that any inability to count fast enough does not matter for the test. 

 

 Optokinetic nystagmus should be perfectly symmetrical for opposite horizontal directions of movement: 

any asymmetry is abnormal, and so is a dissociation between the eyes. Complete lack of optokinetic nystagmus is 

not abnormal. It is often more difficult to elicit and evaluate vertical optokinetic nystagmus. The clinically most 

useful sign to look for during vertical stimulation is convergence-retraction nystagmus. Usually best elicited by 

downward moving stripes, this form of response identifies the Sylvian aqueduct syndrome and midbrain disease, 

often long before the production of up-gaze palsy. 

 

 

Adjusting stripe width, speed, and contrast 
 

Select Variable parameters on the opening menu to obtain some control over stripe width, speed, and contrast. 

Stripe width and speed are mutually dependent, which explains the fairly limited parameter range. Contrast can 

be adjusted within wider limits. Select Check Parameters on the opening menu for additional detail. 
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Required file 
 

OKN.EXE must be present in the HTV\MIX subdirectory. 

 

The license key must be attached to the printer port. 

 

 

Suggested literature 

 
Smith JL, Cogan DG: Optokinetic nystagmus: a test for parietal lobe lesions. Am J Ophthalmol 48: 187 - 193, 

1959.  

 

Kjällman L, Frisén L: The cerebral ocular pursuit pathways. A clinicoradiological study of small-field 

optokinetic nystagmus. J Clin Neuro-Ophthalmol 6: 209-214, 1986.  
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 18. Nystagmus - aid to differential diagnosis 
 

This diagnostic aid depends on bedside observations only. While these observations are simple enough, they 

need to be carefully recorded before running the program. For each of the five cardinal directions of gaze, note 

whether there is nystagmus or not, and note its character (jerk, pendular, or rotatory) and the direction of any fast 

phase. The observations can be summarized in a small table, or two tables if nystagmus is dissociated, as in the 

following example:  

  
 The figure depicts the combination of an adduction deficit in the right eye, with abduction nystagmus in 

the left eye. The nystagmus is of the jerk type, and the direction of the rapid phase is towards the left. There is no 

nystagmus in other directions of gaze. (This is the typical picture of unilateral internuclear ophthalmoplegia.) 

 

 Select NYSTAGMUS from the OPHTHIMUS Main Menu to 

start the program. The diagnosis is approached by successive elimination of possible alternatives, as governed by 

the user's selections. Each step presents two or three alternatives. For most forms of nystagmus, a diagnosis can 

be made after about 5 steps. The program terminates with a descriptive nystagmus label, and a brief note on the 

most common causes.   

 

 Professional care has to be taken in selecting among the given alternatives. Erroneous selections will 

lead to an erroneous diagnosis. A faulty entry can be negated by pressing key Q (for quit).  

 

 Professional care also has to be taken in the evaluation of the result. The program cannot provide a 

correct diagnosis if there are two or more pathogenetic mechanisms at play. 

 

 This software can run on any single-display PC. It is adapted from Frisén L: A lazy dog for nystagmus. 

In: Neuro-Ophthalmology Now (JL Smith, ed), Fields, Rich, New York 1986.  

 

Required file 
 

NYSTAGMUS.EXE must be present in the HTV\MIX subdirectory. 

 

The license key must be attached to the printer port. 
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19. Pupil  - aid to differential diagnosis 
 

This diagnostic aid for pupil abnormalities utilizes simple bedside observations in a sequential choice system. For 

each entry, read the various options carefully before entering the selection on the keyboard. Erroneous selections 

will lead to an erroneous diagnosis. A faulty entry can be negated by pressing Q (for quit).  

 

 The following characteristics need to be observed: relative pupil size, reactions to light and 

convergence, and symmetry of eyelid position. For users who are not thoroughly familiar with the Swinging 

Flashlight Test, it may be useful to review the dynamic demonstration (option No. 4 on the opening menu), to see 

how the pupil's light reaction is affected by lesions of different severities. 

 

 Bedside observations are not always informative enough to allow a precise diagnosis. Therefore, and in 

contrast to the Nystagmus Diagnostic Aid (Chapter 18), the program generally terminates with a list of 

differential diagnoses. These lists serve as leads to possible ancillary investigations, e.g., biomicroscopic 

examinations for synechiae or vermiform movements.  

 

 NOTE: this software is not applicable in the case of congenital anterior segment malformations, after 

intraocular surgery, or when two or more lesions are combined. 

 

 This software can run on any single-display PC. The Swinging Flashlight Test requires VGA graphics. It 

is adapted from: Frisén L: Pupill-lathund. Läkartidningen 78: 575-578, 1981 (in Swedish). 

 

Required files 
 

PUPIL.EXE  

SWIFT.EXE  

SWIFTMON.EXE 

 

must be present in the HTV\MIX subdirectory. 

 

The license key must be attached to the printer port. 
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 20. Pulfrich - test of interocular delay 

 
This is a test for asymmetry of neural conduction between the eyes. Such asymmetry may cause misjudgment of 

the path of a moving object (the Pulfrich effect). Then, instead of seeing the dot swing in the plane of the test 

display, it appears to swing alternately in front of and behind the screen, reminiscent of a spot on a spinning 

wheel. The direction of rotation is clockwise with a left-sided delay, and vice versa. The effect can be mimicked 

by placing a neutral filter in front of one eye. The background pattern helps to define a reference plane. 

Suggested test distance is 1 meter. 

 

 The best approach is to first let the subject view the display with one eye only, covering the other with 

the hand. Gaze should be fixed on the moving dot. Then switch to binocular viewing, and ask if there is a change 

in appearance. If none, ask if the dot seems to change position in depth. 

 

 A positive result can be roughly quantified by decreasing the rate of movement to the point where the 

depth effect disappears. This may be useful for follow-up purposes. Alternatively, find what neutral filter density 

nulls movement in depth when placed in front of the better eye, at the standard rate (1 Hz). 

 

Required file 
 

PULFRICH.EXE must be present in the HTV\MIX subdirectory. 

 

The license key must be attached to the printer port. 

 

Suggested literature 

 
Rushton D: Use of the Pulfrich pendulum for detecting abnormal delay in the visual pathway in multiple 

sclerosis. Brain 98: 283 - 296, 1975. 

 

Sokol S: The Pulfrich stereo-illusion as an index of optic nerve dysfunction. Surv Ophthalmol 20: 432 - 434, 

1976. 
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 21. Computer, monitor, and printer specifications 
 

Outline of contents: 

 

21.1. Basic computer specifications 

21.2. Using two video display units 

21.3. Using the computer for non-OPHTHIMUS applications 

21.4. Printer support 

21.5. Pointing devices 

 

 

21.1. Basic specifications 

 
The OPHTHIMUS System is devised for a stand-alone personal computer, exactly compatible with the IBM PC 

specification, running under Microsoft DOS, version 2 or higher. The system does not run under Microsoft 

Windows, not even in a DOS window
11

. Further, the system is not devised for use in a network setting, and 

HighTech Vision does not offer network support. An important reason is that critical timing functions, e. g., 

durations of test target exposures, may fail in a network setting. However, program versions for viewing Ring 

Test results on single-display PCs are available (Chapter 5.9). The Fields database manager (Chapter 7), 

Nystagmus (Chapter 18), and Pupil (Chapter 19), can also run on single-display PCs. 

 

 The OPHTHIMUS System does not require a powerful central processing unit, because of efficient 

software coding. The system will run adequately on a first-generation, plain vanilla PC. However, if the computer 

is to be used also for other applications, there is much to speak for an Intel 386 or 486 central processing unit (or 

a compatible), running at 20 Mhz, or more. 

 

 Required size of free working memory is 512 kilobytes. 

 

 A hard disk is needed for efficient operation. A few megabytes of free space suffices if the user is 

prepared to move excess records to diskettes now and then. Reading records from diskettes is very simple but 

diskette shuffling may be time-consuming. If the computer is used for the OPHTHIMUS system only, a hard disk 

size of at least 40 Mb is suggested. 

 

 Running the system from diskettes is possible but quite time-consuming, and requires careful allocation 

of files to several diskettes (for guidance see Chapter 22 and the lists of required files in preceding chapters). 

                                                           

    11  Actually, the system may run in a DOS window under Microsoft Windows in some computers. In others, the system may 

lock up, or one or both video displays may be damaged. 
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21.2. Using two video display units 
 

For PCs without built-in graphics functions, it is usually straightforward to arrange for use of two monitors. All 

that is needed is to provide the computer with one Mono Display Adapter (MDA or Hercules-type card) driving a 

digital (TTL) monochrome text display, plus one Video Graphics Array (VGA), driving an analog color display. 

The OPHTHIMUS System uses only IBM-compatible VGA functions (640 x 480 pixels, 4 bit planes, 256 

Kbytes), which are supported by most manufacturers' economy models. Most display cards work directly in most 

computer models. This is easily checked after fitting the display cards, connecting the monitors, and starting the 

computer. Once the start-up procedure is terminated, try switching between the two displays by issuing the DOS 

commands  

 
 MODE MONO 

 MODE CO80 

 

This should result in movement of the DOS prompt between the two monitors. Otherwise, there may be switches 

to set on the graphic card(s) or in the computer, or the BIOS set-up may have to be altered. Check the 

manufacturers' documentation for details. 

 

 Use of two monitors may be problematic in PC models with a built-in (planar) VGA, because of 

deviations from exact IBM compatibility. Even IBM has failed to support two monitors in some versions, due to 

undocumented BIOS changes.  

 

 There are three possible ways to combine two display units in PCs with a built-in VGA: 
 

 1. Drive the test display with the built-in VGA, and use an MDA (or Hercules-type adapter) connected 

to a digital monochrome text monitor for the system screen. This is the simplest and most economical 

solution. 
 

 2.  Drive the computer screen with the built-in VGA, and add a VGA card to drive the test display. In 

this case the computer screen must be a VGA (analog ) monitor. It can run in text mode only. This 

combination puts the greatest demands on IBM compatibility. For example, the MODE 

display-switching commands given above may not always work. The OPHTHIMUS System may still 

work, however. Try OMUS and NONOMUS alternatingly. Both are placed in the HTV directory.  
 

 3. Disable the built-in VGA (according to the computer manufacturer's documentation), and provide the 

computer with an MDA card plus a digital monochrome monitor for the computer screen and a VGA 

card for the test display. 

 

 Again, it may be necessary to try different settings of any computer and graphic card switches, and in 

the BIOS Set-up. The OPHTHIMUS software adapts automatically to all three alternatives. 
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 If an MDA-type card is installed, watch out for possible conflict with any built-in parallel printer port(s). 

This may be evidenced by an abnormal display on one or both monitors, or a "License control failed" message on 

the computer screen. Some programs may lock up and display a "Pause" message. Finally, there may be a lack of 

printer response when trying to print. It is generally best to disable an MDA card printer port. The procedure 

should be described in the card manufacturer's documentation. Alternatively, disable the computer's printer port. 

 

 Note that so-called graphic accelerators may disturb critical timing functions in some Ophthimus 

programs. Hence, graphic accelerators are not recommended. 

 

 The test display must be a NEC MultiSync display, model 3FG, 4FG, 3V, XV15 or A500. The older 

NEC models II and 3D are also supported. The OPHTHIMUS system will not run properly with other types of 

test display. The NEC 2A model is not recommended because of its smaller display area. The front surface of the 

cathode ray tube must be matted to prevent reflections.  

 

 Note that some memory-resident programs, e.g., those that blank the screen after a set period of 

inactivity, and DOS DISPLAY.SYS, may interfere with OPHTHIMUS programs and cause abnormal displays. If 

this occurs, look for such programs in the AUTOEXEC.BAT and CONFIG.SYS files, disable their run 

commands, and reboot the computer.  

 

 

21.3. Using the computer for non-OPHTHIMUS applications 
 

In DOS terminology, the OPHTHIMUS System runs in MODE MONO. This means that the computer screen is 

strictly limited to monochrome text output. The test display is accessed by so-called bit-mapping. While this 

arrangement is well suited for the OPHTHIMUS System, it is not ideal for most non-OPHTHIMUS applications. 

Therefore, on leaving the OPHTHIMUS System from the Main Menu, the computer is automatically set to make 

the test display the active one (MODE CO80). The computer will now work as an ordinary PC with one color 

screen, and it can use most text and color modes (including Microsoft Windows). To return to the OPHTHIMUS 

System settings, it is necessary to activate the main OPHTHIMUS menu, by issuing the command 

 
  \HTV\OMENU 

 

If the non-OPHTHIMUS application has involved Microsoft Windows, it is necessary to exit Windows first.  

 

 Failure to set the system in OPHTHIMUS mode before starting an OPHTHIMUS program may produce 

abnormal displays. The easiest way to correct such a situation is to run OMENU. Alternatively, if the computer 

locks up, make a "warm" reboot, by holding down keyboard keys Ctrl and Alt, and pressing the Del key, or turn 

off the computer, and then turn it on again. 
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21.4. Printer support 
 

The OPHTHIMUS system supports the IBM Proprinter dot-matrix printer and the Hewlett-Packard (HP) 

LaserJet II printer. Alternative printers must exactly emulate either the IBM Proprinter 9-pin graphics mode or 

the HP-PCL raster graphics mode. Some printers may require switch or menu settings to obtain the correct 

emulations. 

 

To set the system for HP-PCL output, add the command 

 
 SET OLSR=1 

 

to AUTOEXEC.BAT (this is done automatically when using the OPHTHIMUS INSTALL software). Switching 

between laser and dot-matrix printer output can also be done at the keyboard. Type the command just given to set 

the system for laser printer output, and  

 
 SET OLSR= 

 

for dot-matrix output. These commands can be alternated any number of times. 

 

 NOTE: failure to initialize OLSR properly will make  printing programs produce page upon page of 

garbled text. If this happens, turn off both the printer and the computer, clear the printer paper path, restart the 

computer and the printer, SET OLSR appropriately, and start the printout again. 

 

 In case of other printing problems, see section 21.2 concerning possible printer port conflicts, and the 

printer's manual. 

 

 The printer should always be ON and ON LINE when running OPHTHIMUS programs. Otherwise, 

some programs will lock up and display a "Pause" message. This is easily rectified by turning the printer on. 

 

 

21.5. Pointing devices 
 

The OPHTHIMUS system recognizes all Microsoft Mouse compatible pointing devices, including trackballs. A 

trackball may be the best choice because it requires minimum tabletop space. When using a pointing device, the 

appropriate software driver (usually MOUSE.COM) must be copied to the boot disk(ette), and its name should 

be included in the AUTOEXEC.BAT file to obtain automatic activation. 
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 22. Subdirectory organization 

 
For maximum efficiency in a standard set-up, the OPHTHIMUS System is coded for the following directory 

organization: 

 

Root --- HTV ----      For: Ring test family 

   -  MIX     All other tests 

   -  ANC     Ancillary files 

   -  RR -- ------- 0   Ring test records 1 - 99 

   ------ 100   Ring test records 100 - 199 

   ------- 200   Ring test records 200 - 299 

   ------- ...      &c 

   -  CR -- ------- 0   CentRing test records 1 - 99 

   ------- 100   CentRing test records 100 - 199 

   ------- 200   CentRing test records 200 - 299 

   ------- ...      &c 

    - FR  --------- 0   FixRing test records 1 - 99 

   ------- 100   FixRing test records 100 - 199 

   ------- 200   FixRing test records 200 - 299 

   ------- ...      &c 

 

Files are allocated to these directories as follows: 

 

- HTV: All Ring family programs + the main menu + initialization files 

 

- HTV\ANC: all ancillary files for the Ring family of tests, including configuration data, record counters, 

 coordinate lists and text files 

 

- HTV\MIX: All other OPHTHIMUS tests 

 

- HTV\RR: branching point for all Ring Test record subdirectories. Record subdirectories are named to reflect 

 their contents: HTV\RR\0 contains Ring Test records Nos. 1 - 99, HTV\RR\100 records 100 - 199, 

 and so on. New subdirectories are automatically created as needed. 

 

- HTV\CR: branching point for all CentRing Test record subdirectories. Record subdirectories are named to 

 reflect their contents: HTV\CR\0 contains CentRing records Nos. 1 - 99, HTV\CR\100 records 100 - 

 199, and so on. New subdirectories are automatically created as needed. 

 

- HTV\FR: branching point for all FixRing test record subdirectories. Record subdirectories are named to 

 reflect their contents: HTV\FR\0 contains FixRing records Nos. 1 - 99, HTV\FR\100 records 100 - 

 199, and so on. New subdirectories are automatically created as needed.  
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 The OPHTHIMUS Main Menu is hard-coded for these directory names, and all programs reading and 

producing numbered records are hard-coded to generate the correct paths from the record numbers. This system 

guarantees the fastest possible access to all records and shelters the normal user from the operating system and its 

complex set of commands. Hence, there is no need to memorize record storage locations or to provide complete 

paths whenever a record is to be viewed. The INSTALL program contained on the original delivery diskette 

(Chapter 2.4.2) automatically sets up the standard directory organization. 
 

 Users preferring other types of directory organization can select their own arrangement, with the 

following exceptions. The ancillary files for the Ring test family must be placed in a subdirectory named ANC. 

Newly produced records will continue to be placed on the default paths described above. The OPHTHIMUS 

Main Menu has to be sacrificed, and all programs have to be launched from the DOS command line (or from a 

user-supplied menu system).  
 

 Complete lists of all files used by all OPHTHIMUS programs are given in preceding chapters, under the 

heading Required Files. 

 
 

Tips on re-organizing Version 1 and 2 directories 
 

Users updating from an earlier version of OPHTHIMUS should consider a re-organization of existing record 

directories to obtain maximum benefit from Version 3. While the latter easily can read records placed in 

non-default directory organizations, the user then must supply correct paths whenever records are to be viewed or 

printed. It is more convenient to re-organize existing records once and for all. Re-organization can 

semi-automated by the 3ORG software contained in the installation diskette’s root directory (Diskette No. 1 if 

more than one). Place the diskette in the appropriate drive, e. g., A, and type 

 
 A:3ORG<Enter> 

 

to get started. 3ORG asks for the path to the existing records and what records should be moved. It then moves 

the indicated records to their proper place in the new directory organization. If existing records are kept in more 

than one subdirectory, 3ORG has to be called separately for each subdirectory. The old subdirectory structure is 

left intact. 

 

 It is also possible to do re-organization manually. The procedure is fairly simple, if somewhat tedious. If 

the following description looks forbidding, it may be a good idea to ask for help by someone who is familiar with 

PCs. 
 

 First, make a note of the numbers of the latest Ring and CentRing records produced by the existing 

software. Second, install Version 3, using the automatic procedure (Chapter 2.4.2). This creates the standard 

subdirectory structure described above, including the first numbered record subdirectory. The third step is to 

create the correct number of record subdirectories for existing records.  
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 Assume that the latest Ring test record was No. 1234. This should go into subdirectory HTV\RR\1200, 

as indicated above. In this instance, a total of 13 numbered subdirectories are needed to accommodate all existing 

records on Version 3 standard paths.  
 

 In the following, it will be assumed that all the 1234 records are kept in one directory named RING. The 

procedure to create the required subdirectories and to move the records to the new locations is as follows 

(explanations in parentheses should not be typed): 
 

 CD \HTV\RR     (go to branching point) 

 COPY \RING\??.FLD 0  (copy records 1 - 99 to directory \HTV\RR\0) 
 

Make sure that each command is entered precisely as given above before executing the command (by pressing 

the Enter key). The question marks are markers for arbitrary characters in the corresponding locations. In the  

 

above case DOS will replace the question marks with all 1- and 2-digit FLD numbers, i. e., record numbers 1 - 

99. The records copied are listed on the computer screen, so it is easy to check that the procedure works as 

intended. Then delete records 1 - 99 from their original location, by typing 

 
 DEL \RING\??.FLD 

 

 Alternatively, instead of typing the full command, type DEL, add an extra space by pressing the 

keyboard space bar once, and press key F3 once. The following line then appears 

 
 DEL  \RING\??.FLD 0 

 

Use the backspace key to erase the subdirectory name 0, and press Enter to delete records 1 - 99. 

 

 The above procedure works with all DOS versions. Users having access to DOS version 6 or higher can 

replace the COPY  and DEL command combination with MOVE: 

 
 MOVE \RING\??.FLD \HTV\RR\0 

 

Subdirectory \HTV\RR\0 is created by the INSTALL program. Any required, additional numbered directories 

have to be created manually, by the MD (make directory) command. Hence, to continue with the current 

example, 
 

 MD 100    (make 2nd record directory) 

 COPY \RING\1??.FLD 100 (copy records 100 - 199) 

 DEL  \RING\1??.FLD  (delete old records 100 - 199) 
 

 MD 200    (make 3rd record directory) 

 COPY \RING\2??.FLD 200 (copy records 200 - 299) 

 DEL  \RING\2??.FLD  (delete old records 200 - 299) 
 

 . 

 . 

 . 
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 MD 1000   (make 11th record directory) 

 COPY \RING\10??.FLD 1000 (copy records 1000 - 1099) 

 DEL  \RING\10??.FLD  (delete old records 1000 - 1099) 

 

 MD 1100   (make 12th record directory) 

 COPY \RING\11??.FLD 1100 (copy records 1100 - 1199) 

 DEL  \RING\11??.FLD  (delete old records 1100 - 1199) 

  

 MD 1200   (make 13th record directory) 

 COPY \RING\12??.FLD 1200 (copy records 1200 - 1234) 

 DEL  \RING\12??.FLD  (delete old records 1200 - 1234) 
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Finally, move the old Ring record counter, and any existing FLD.BSE database file to the new standard locations: 

 
 COPY \RING\FLD.NO \HTV\ANC 

 DEL  \RING\FLD.NO 

 COPY \RING\FLD.BSE \HTV 

 DEL  \RING\FLD.BSE 

 

 The procedure for moving existing CentRing records is the same, except that the name of the branching 

point is CR rather than RR, and the name of the record counter is CTR.NO rather than FLD.NO. 

 

 When all existing records and record counters have been moved, the old OPHTHIMUS version can be 

deleted in its entirety. Version 2.5 users, who used the automatic INSTALL procedure, can use the UNDO 

program on the Version 2.5 installation diskette (Chapter 2.4.4). Otherwise, delete the contents of each old 

subdirectory one by one, and remove the subdirectories. For example, 

 
 DEL \RING\*.* 

 RD \RING 
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 23. Differences between OPHTHIMUS versions 
 

Outline of contents: 

 

23.1. Overview 

23.2. The Ring test family 

23.3. Other tests 

 

 

23.1. Overview 
 

With the present version 3, the OPHTHIMUS System has passed through two major revisions and several minor 

updates. The latter have primarily concerned improvements in user interfaces and in Ring Test result analysis. 

The first major revision took advantage of improvements in PC graphics hardware, while this second one 

primarily aims to facilitate usage, not the least for PC adversaries. This is achieved by extensive integration 

between the various system components and by the consistent use of menus and submenus. The introduction of a 

default directory structure effectively hides DOS and its complex set of commands from the user's view. Support 

for mice and other pointing devices has been made more extensive and record backup has also been integrated. 

Some advanced options have been added, including the possibility to change test location coordinates in the Ring 

Visual Field Test.  

 

 The basic engines of the Ring Visual Field Test and other OPHTHIMUS test have stood the test of time 

well and have remained largely unchanged through all revisions. All software remains backwards compatible.  

 

 Version 3 is compatible with the graphics hardware used by version 2, but not with that used by Version 

1. Version 1 produced closely similar but not identical test results. Visual field records produced by Version 1 

(and 2) can be read and analyzed by version 3 but the layout is different and some indices are calculated in 

different ways and have new normal limits.  

 

 

23.2. The Ring test family 
 

The following summarizes the most important changes in the Ring test family between versions 2 and 3: 

 

 Test display graphics is organized in a new way in order to reduce demands on exact IBM VGA 

compatibility. One visible effect of this change is a larger area of the background in the Ring family of tests. 

 

 The test display configuration software has been changed extensively in order to better compensate for 

individual monitor peculiarities. This is also reflected by the individual programs' calibration screens, where 

image height and width now should be adjusted to specific values. The new configuration software also allows 

adjustment of luminance in software for the rare difficult-to-calibrate test display. 

 

 The coordinates of test points in the Ring Test can be changed (although this is not recommended). 
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 Subject's text messages can be edited. 

 

 The fixation marks used in the Ring, Probe, and CentRing tests have been changed to improve visibility 

for low-vision subjects. For Ring and Probe, the new type of movement creates a depth effect, which is calculated 

to enhance attraction and to aid relaxation of accommodation. 

 

 The progression of the blind spot search is shown on the computer screen. The search procedure can be 

aborted, if so desired. 

 

 A previous problem associated with slow computers, namely the risk of ignoring responses to the large 

screening targets shown in the Ring Test's Phase 1, has been minimized. 

 

 Lack of response to large screening targets no longer leads to complete exclusion from testing of the 

corresponding quadrant: the central-most location is retained.  

 

 After completion of the Ring Test, the record is placed in a default directory organization, and the 

database FLD.BSE is automatically updated. 

 

 View's and Overview's difference plot options can now be activated from inside the programs. 

 

 Calculation of decibel scores has been changed to compensate for individual monitor peculiarities. The 

previous use of nominal decibel values has been replaced by actual values. This minimizes any discrepancies 

between different set-ups. The new way of handling missed 12 and 14 dB targets that was introduced in version 

2.5, namely setting results to 13 and 15 dB, respectively, is retained in version 3. This makes for a more 

meaningful transition in scores whenever a subject gains or loses function in severely depressed visual field 

areas. 

 

 The designation of minimum angle of resolution has also been changed, with the realization that it is the 

width of the ring targets' bright cores that is equivalent to stroke width in regular optotypes. The new values are 

exactly one half of those given previously. 

 

 The most important test statistics are included in the graphic part of the printout, for better overview.  

 

 A probability plot has been added to the analytical version of View. 

 

 New and better test statistics have replaced some older ones. 

 

 Designation of normal limits by means and standard deviations has been replaced by 95% ranges for test 

statistics that are not normally distributed. For these indices, different numbers of asterisks cannot be used to 

grade the severity of deviation from normal. Instead, a result outside the normal range is flagged by a single small 

square. 
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 View's verbal summary of reliability has been split into two parts, Fixation and Reproducibility. These 

are also shown symbolically in the graphic part of the printout, inside the largest reference circle. 

 

 The previous Multiprint software has been incorporated in View. 

 

 The Fields database manager now can handle an unlimited number of Search matches, which are stored 

on disk. Buffer capacity has been doubled to 400 record excerpts, and record excerpts can be transferred to the 

buffer singly, page-wise, or in blocks of up to 200 units.  

 

 FixRing test results are now automatically stored on disk, and can be viewed and printed using the 

FixView function. 

 

 

23.3. Other tests 
 

All tests have been provided with a uniform menu interface and a more extensive mouse support. More extensive 

changes have been made in the following tests: 

 

HOTV has been complemented with a luminance measurement display, to facilitate measurements of actual 

contrast levels. 

 

OKN, the optokinetic stimulator, has been provided with adjustable parameters. 

 

The Pupil Diagnostic Aid has been complemented with a dynamic demonstration of the Swinging Flashlight Test, 

illustrating the effects of various degrees of damage.  

 

A new test has been added, namely Pulfrich. This is a variant of the famous Pulfrich pendulum test for interocular 

delay, with adjustable parameters. 
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 24. License agreement 

 
The terms of this license agreement apply to you as the original licensee and to any subsequent licensee of this 

HighTech Vision Software.  

 

 This product is supplied subject to limitations on permitted use customary in the supply of 

microcomputer software for personal use. These limitations and the warranty are set out below and by using this 

OPHTHIMUS Software you accept them on your own behalf and on behalf of any other person to whom you 

transfer this software. If you do not accept or agree to the terms you may return this OPHTHIMUS Software, 

with proof of payment, to your authorized dealer within 10 days for a full refund of the price.  

 

 The material in this package is protected by copyright. HighTech Vision retains all rights not expressly 

granted and your right to use OPHTHIMUS Software automatically terminates upon your failure to comply with 

any provision of this License Agreement, HighTech Vision also reserves all rights to claim damages, should 

these provisions or HighTech Vision’s legal rights be disregarded. This copy of OPHTHIMUS Software is 

supplied to you on the following terms: 

 

Permitted Uses 

 

   You may: 

 

* Use OPHTHIMUS Software on any compatible computer, provided the OPHTHIMUS Software is used on 

only one computer and by one user at a time.  

 

* Install OPHTHIMUS Software on a hard disk and use it in strict accordance with the instructions in the 

documentation. 

 
Prohibited Uses 

 

   You may not, without written permission from HighTech Vision: 

 

* Make copies of the OPHTHIMUS Documentation or the OPHTHIMUS Program Diskettes, except in the 

manner described in the OPHTHIMUS Manual.  

 

* Distribute, rent, sub-license, or lease the OPHTHIMUS Software or Documentation. 

 

* Alter, modify or adapt the OPHTHIMUS Software or Documentation, including, but not limited to, translating, 

decompiling, disassembling, or create derivative works.  
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Limited Warranty  

 

 If you discover physical defects in the media on which OPHTHIMUS Software is distributed or in the 

Documentation, HighTech Vision will replace the media or Documentation at no charge to you, provided you 

return the item to be replaced, with proof of payment, to HighTech Vision, during the one year period after you 

receive the OPHTHIMUS Software.  

 

 Although, HighTech Vision has tested the OPHTHIMUS Software and reviewed the Documentation, 

HighTech Vision makes no warranty or representation, either express or implied, with respect to this software or 

documentation, its quality, performance, merchantability, or fitness for a particular purpose. As a result, this 

software and documentation are licensed  ”as is”, and you, the licensee, are assuming the entire risk as to their 

quality and performance.  

 

 In no event will HighTech Vision be liable for direct, indirect, special, incidental or consequential 

damages arising out of the use or inability to use the OPHTHIMUS Software or Documentation, even if advised 

of the possibility of such damages. In particular, HighTech Vision shall have no liability for any programs or 

data stored or used with OPHTHIMUS Software, including any costs of recovering such programs or data.  

 

 The warranty and remedies set forth are exclusive and in lieu of all others, oral or written, express or 

implied.  

 

 No OPHTHIMUS dealer, agent, or employee is authorized to make any modification or addition to this 

warranty.  

 

 This warranty does not affect the statutory rights of a consumer.      
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25. Index 
 

 

Addresses, 7 

Amsler Dysmetropia Test, 131 

Astigmatism Test Chart, 123 

AUTOEXEC.BAT, 16; 143 

 

Batch printing, 56 

Brightness, 16 

 

Calibration, 16; 17 

CentRing Visual Field Test, 108 

Contents, 3 

Contour plot, 61 

Contrast, 16 

Criterion, 66 

 

Dark adaptation, 12 

decibel, dB, 26; 62 

Difference plots, 50 

Directory organization, 144 

 

Edit 

CentRing records, 112 

Ring Test records, 44 

Equipment care, 19 

 

Fields (database manager), 96 

FixRing Visual Field Test, 116 

FixView, 119 

FLD3.CFG, 17 

FLD3.REF, 63 

Form Index, 65 

 

Geometrical configuration, 16 

Glare Test, 132 

Global Deviation (GD), 64 

Graphic accelerators, 142 

 

Hardware specifications, 140 

High-pass spatial frequency filter, 25 

HOTV Visual Acuity Test, 125 

 

 

Image faults, 13; 19; 22; 142 

Installation, 15 

undo, 16 

 

License, 11 

Agreement, 151 

key, 11 

Software, 11 

Local Deviation (LD), 64 

Luminance meter, 17 

Luminance unit, 8; 27 

 

Malfunction, 19; 45; 142 

Mean Score, 62 

Menu (OMENU.EXE), 21 

Migraine Display, 134 

MODE MONO/CO80 commands, 141; 142 

Mono Display Adapter (MDA), 141 

Mouse, 143 

 

Near correction, 12 

Network, 67; 140 

Neural Capacity (NC), 66 

Adjusted, 67 

NONOMUS.EXE, 22 

Null modem, 10 

Nystagmus Diagnosis, 137 

 

OMUS.EXE, 22 

OMUS.LBL, 17 

OMUS.MSG, 30 

Optokinetic Stimulator, 135 

Ordered deviation plot, 62 

Overview, 57 

 

Printer port conflict, 142 

Printer support, 143 

Probe Visual Field Test, 105 
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Pulfrich Test, 139 

Pupil Diagnostic Aid, 138 



Ophthimus System 157 

 

 

 

Quality control, 60 

 

READ.ME, 3 

Reference values, 63 

Response button, 10 

Retest statistics, 65 

Ring Visual Field Test, 23 

Backup, 44 

Blind spot, 37 

Catch Qx, 32 

Catch targets, 30 

Customizing messages, 30 

Deletions, 37 

Edit, 41; 44; 100 

Error sum, 31 

Feedback, 30 

Fixation control, 29 

Limitations, 33 

Luminances, 27 

Options, 39 

Outline, 24 

Pause, 36 

Phases, 29 

Record counter (FLD.NO), 43 

Records (.FLD), 42 

Retest modes, 36; 41 

Strategies, 28 

Subdirectories, 42 

Subject instructions, 38 

Tempo, 36 

Test locations, 27; 42 

Using a mouse, 40 

 

Seating position, 12; 13 

Single-display PC, 67; 96; 137; 138; 140 

Spherical equivalent, 12 

 

Terminology, 7 

Test display 

Carrier arm, 12 

Models, 11; 142 

service, 17 

 

 

 

 

Update, 3; 48; 148 

 

Vanishing optotypes, 26; 127 

Video Graphics Array (VGA), 141 

 

Windows, 140; 142 

 

Y-VA Contrast Sensitivity Test, 127 

 

Zone plot, 113 
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