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procedures 

2.1 Order of optometry

2.1.1	Perform the first examination using the autorefractor for all participants and use simple randomization to determine the order of subsequent examinations between the binocular wavefront optometer and phoropter. Maintain a 10 min interval between examinations on different instruments following completion of subjective refraction.

2.2 Binocular wavefront optometer procedures

2.2.1 Click the Start Test button to automatically calibrate the detection distance and measure objective refraction in 0.05 D increments. 

2.2.2 Click the Electronic Software to simulate occluding the right eye and instruct the left eye to view (not identify) the 20/20 line of optotypes. Ask participants if they cannot see optotypes; measure objective refraction again. 

[bookmark: _Hlk202792507]2.2.3 Perform the red-green duo-chrome test. Select Green Clear to simulate adding a positive sphere lens if the green backgrounds appear clearer or select Red Clear to simulate adding a negative sphere lens if the red backgrounds appear clearer. Do not adjust the lens after participants observe equal clarity on both backgrounds.

2.2.4 Perform the Jackson cross-cylinder test by using electronic software to simulate two honeycomb pictures. Click to simulate adjusting the axis in 1° increments until equal clarity is observed by participants on two pictures, thereby determining the axis. 

2.2.5 Click to simulate adding a 0.10 D negative cylinder lens if the first picture is clear or add a 0.05 D positive cylinder lens if the second picture is clear. Adjust until participants observe equal clarity on both pictures, determining the cylinder. Conduct the duo-chrome test again when the cylinder and axis are modified. 

2.2.6 Repeat the above steps for the right eye examination. 

2.2.7 Ask participants to observe the two separate lines of optotypes, click Upper Sharper if the top line appears sharper, or click Lower Sharper if the bottom line is clearer. Continue until participants report equal clarity and complete the binocular balance test. 

2.2.8 Simulate adding a positive lens to fog both eyes, then increase the negative sphere lens until participants report no further improvement in visual acuity. 

2.2.9 Perform the duo-chrome test for both eyes. If red and green equality could not be achieved, choose the most negative sphere lens that red could not change to green. Record a subjective refractive prescription from the binocular wavefront optometer as sphere, cylinder, and axis. 

2.3 Autorefractor and phoropter procedures

2.3.1 Calculate objective refraction automatically using the autorefractor through analysis of infrared light reflected from the eye.

2.3.2 Enter objective refraction results into the phoropter and utilize this instrument for all subsequent procedures (steps 2.3.3 to 2.3.9).

2.3.3 Perform maximum plus to maximum visual acuity. Occlude the left eye and add a 0.25 D sphere lens to the right eye, fogging the visual acuity to 20/66. Gradually add -0.25 D sphere lens to refine the correction until the best corrected visual acuity is achieved.

2.3.4 Conduct the red-green duo-chrome test. Add -0.25 D sphere lens if the red backgrounds appear clearer or subtract -0.25 D if the green backgrounds appear clearer. Repeat until equal clarity on both backgrounds.

2.3.5 Present the honeycomb targets and use the Jackson cross-cylinder to compare the clarity of the two orientations. Adjust the axis in increments of 10° (or 5°) toward the negative axis (red dots) until participants see equally clear on both orientations, thereby determining the axis.

2.3.6 Align the negative axis (P position) of the cross-cylinder with the astigmatic axis and compare the alacrity of the two targets. Add -0.25 D cylinder lens if the target is clearer when the negative axis (red dots) aligns with the axis or subtract -0.25 D cylinder lens if otherwise. Continue adjusting until clarity is consistent in both orientations, thereby determining the cylinder.

2.3.7 Repeat steps 2.3.3 to 2.3.4 to complete the right eye refraction process. Repeat the test for the left eye following steps 2.3.3 to 2.3.6.

2.3.8 Fog both eyes by adding +0.75 D sphere lens. Use vertical prism dissociation to separate the images for each eye. Add a +0.25 D sphere lens to the clearer image until both images appear equally clear.

2.3.9 Remove the prism and gradually reduce the -0.25 D sphere lens until the best corrected visual acuity is achieved for both eyes. Perform the red-green duo-chrome test for both eyes. Confirm subjective refraction.
