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 F. Gender Differences in Color Vision Discrimination 

As mentioned in section 1.D, the genes for pigment in L- and M- cones are located on the 

X-chromosome, and the gene specifying the S-cone pigment is located on chromosome 7. 

It is also known that color blindness is inherited as a sex-linked characteristic and is 

observed in about 8% of the male population, and a much smaller percentage (<1%) in 

females (Rodríguez, 2008). Jeremy Nathans and others at John Hopkins University 

identified and sequenced the genes encoding for the three cone pigments, providing the 

world with insight as to the inheritance of color deficiencies. They found that that the 

genes that encode red (L) and green (M) pigments show a high degree of sequence 

homology and are located adjacent to each other on the X-chromosome, thus explaining 

the prevalence of color blindness in males (Figure 1.15). These discoveries suggest that 

red and green pigment genes evolved more recently, potentially as a result of the 

duplication of a single ancestral gene (Kolb, 2007). They also explain why the majority 

of color vision abnormalities involve the red and green cone pigments. 

 
Figure 1.15: Deficiencies in color vision as a result of genetic alterations (Kolb, 2007). 
 

Also, approximately 15% of women are heterozygote carriers where they inherit an X-

chromosome carrying an abnormal L-M array from one parent and X-chromosome 
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carrying an abnormal L-M array from the other. Due to random X-chromosome 

inactivation, one of their two X-chromosomes is transcriptionally silenced in each L-M 

cone cell. These carriers may partly share the color-defect, resulting from a loss of 

normal photopigment genes on one of their X-chromosomes. In the case of a L-M hybrid 

or abnormal photopigment on one of their X-chromosomes, they may even benefit from 

the presence of a fourth expressed cone pigment (Rodríguez, 2008). The potential for 

females to posses a fourth photoreceptor, along with the male predisposition to 

colorblindness due to their single X-chromosome, might imply that females may have 

better color discriminating abilities than their male counterparts. 
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2. Materials and Methods 

 A. Subjects and Pre-tests 

The students that participated in this experiment were all undergraduates from the 

University of Maine, from age 18 to 23 years old. Most of the participants were students 

in Dr. Leonard Kass’ Anatomy and Physiology (BIO 208), Medical Physiology (BIO 

377) and Neurobiology (BIO 474) classes, where the students received extra credit for 

participating. Upon arriving to lab (Murray 104a), subjects were asked to read an 

Informed Consent form and verbally commit to further participation. After agreeing, 

individuals signed in and received a subject number, so as to promote confidentiality. 

Subsequently, a series of pre-tests were performed and the subject was also asked to fill 

out a confidential questionnaire. The pre-tests were as follows: Astigmatism tests (grid 

and radial), Ishihara Colorblindness test, and the Landolt C test. The confidential 

questionnaire asks questions regarding age, gender, vision impairments, skin type, and 

other personal information. Most, but not all, of the information provided by pre-tests and 

the confidential questionnaire was used to select a subset of 18 male and 18 female 

subjects for analysis.  

 

 B. Experimental Setup 

Upon completing the preliminary tests, subjects then entered a separate computer room 

where the actual experiment took place. The subjects sat in a computer chair positioned 

12 feet from the flat screen monitor (Figure 2.1). On the desk in front of the subject were 

a keyboard, a mouse, and a sheet of paper with instructions for running the computer 

program.  
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Figure 2.1: The experimental station 
 
The experimenter explained the program to the subject, going through step by step. The 

experimenter then took the subject through a short practice run, after which the subject 

indicated whether he or she fully understood the program. If the subject had no other 

questions, the experimenter turned off the lights, shut the door and left the room. The 

following is an example of how the experimenter might explain the program to the 

subject: 

“In this experiment, you will see a box located in the center of the screen in which 
one of the sides (either left or right), will appear broken. You will use the left and 
right arrow keys to indicate on which side you think the opening is, and you will 
have a few seconds to do so. After a couple seconds without response you will 
hear a sound, and at this point we ask that you at least make your best guess even 
if you aren’t sure which is the broken side. You will see several colors in both the 
color of the box and the background color, all interchanged with each other. Upon 
completion of this short practice run, there will be four additional trials that will 
be longer in length – it should take around a half an hour to complete them all. 
After the practice run, I will help get you started for the first real trial and then 
leave you to it. At that point, I will turn off the lights and close the door. If you 
need to refer to the directions at any point, please use this flashlight provided. In 
addition, feel free to take a break and leave the room in between trials if you need 
to. Are you ready to begin?” 
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Following completion of the computer experiment, the subject is asked to sit down and 

complete a short post-test survey. Questions involved colors seen on the screen, 

perception of movement or blurriness, any problems associated with the program, etc. 

  

 C. Experimental Design 

The program utilized for these experiments was created by Mike Murphy (of Sensory 

Cyber Systems LLC; Orono, ME), who has produced programs in the past for Dr. Kass’ 

vision studies. This new software program uses an “open door” in which a centrally 

located square is broken on either the left or right side (Figure 2.2). There are a number 

of variables that could be manipulated in order to fulfill the needs of various experiments. 

In this experiment, the size of the opening of the box was manipulated, as well as the 

color of the box, the color of the background, and the side on which the box is open. The 

color of the box refers to the color of the lines of the box, not the fill-in color of the box. 

The size of the opening of the box ranged from 1-6 pixels wide. The colors used for both 

the box and the background were grey, black, yellow, green, and red. As for side on 

which the opening is located, the choices were either left or right.  
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Figure 2.2: Example of the open door as seen in the computer program. “YoG” indicates a yellow 
box on a green background; “XoA” indicates a black box on a grey background. Arrows point to 
opening. 
 

The intensity of the light emitted from the entire LED monitor was consistent between 

colors (except black), as varying intensities (number of photons) would impact the 

accuracy of the results. A photodiode and a voltmeter were used to measure intensities of 

different colors on the LED screen, and was the mechanism that allowed these intensities 

to be matched. If intensity were not monitored, we wouldn’t know whether a subject had 

better acuity with red, for example, over green, if the red color emitted from the monitor 

was a higher intensity. This uniformity in color intensity is very important in forcing 

subjects to distinguish between color differences rather than intensity differences. 

 
Subjects had four seconds to make their selection (either left or right) using the left and 

right arrow keys on the keyboard. After three seconds, a warning noise was issued, at 

which time subjects were instructed to make their best guess, even if they weren’t sure 

which side was open. The purpose of this is to impose a forced choice; theoretically a 

subject shouldn’t have acuity of lower than 50% (correct responses) for any color 

combination, because guessing either left or right provides a 50/50 chance of being right. 
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This is to be discussed in greater detail in later sections. If the subject correctly chose the 

broken side, the response would be recorded as “true.” If the subject incorrectly chose the 

broken side, the response would be recorded as “false.” If the subject provided no 

response, it would be recorded as “false” as well. This happened very rarely, and if the 

subject didn’t respond after four seconds, it is likely he or she couldn’t tell which side 

was broken anyway. The program also measures how long it took subjects to respond, so 

a no response would appear as “false” with a 4.0 second response time. A false response 

in which the subjects made the incorrect choice would appear as “false” with a response 

time less than 4.0 seconds. 

 
In my open door experiment, I used 14 different color combinations that were divided 

into four sections. All color combinations of red, yellow, green and grey were used (12 

combinations), as well as both combinations for grey and black (2 combinations.) Thus, 

the combinations were: red on yellow (RoY), yellow on red (YoR), red on green (RoG), 

green on red (GoR), yellow on green (YoG), green on yellow (GoY), grey on yellow 

(AoY), yellow on grey (YoA), grey on red (AoR), red on grey (RoA), grey on green 

(AoG), green on grey (GoA), grey on black (AoX), and black on grey (XoA). The word 

“trial” will be used to designate one four-second screen in which one color is displayed 

on another. For each of the fourteen color combinations, there were two left and two right 

trials, and also six different pixel widths (1-6 pixels) for each. Thus, there were 336 trials 

in total (14 color combos × 2 left × 2 right × 6 pixel widths) requiring about 32 minutes 

of subject time in front of the computer screen responding to visual challenges. This 32 

minutes was divided into four sections (~8 minutes each) so as to prevent fatigue from 

impacting the results. 
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As stated previously, a forced choice is imposed on the subject to allow for proper 

analysis of results. A score of 50% or less for acuity for a color combination is 

interpreted as an inability to distinguish the correct broken side at a given pixel width, for 

a specific color combination. A score of 100% for acuity for a color combination 

indicates that the subject could distinguish the correct side of the box opening every time, 

at a given pixel width and color combination. The halfway point between these two 

points would be at 75%, and this is the point at which I define acuity. I will refer to 75% 

point as the “inflection point”, the point at which the subject is able to distinguish 

between colors. An inflection point that lies between 1-3 pixel widths would be 

considered as high acuity, whereas an inflection point that lies between 4-6 pixel widths 

would be considered as low acuity. 

 

 D. Does Color Acuity Differ Depending on Which Color is in the Foreground 
 vs. Background?  
 
A major difference between the open door experiments and previous grating studies is the 

idea of “foreground” and “background” colors. With the gratings, both colors were 

represented in equal amounts in a pattern, so there was no way to establish one as being 

the foreground color or the background color. In this open door study, we did have the 

ability to make this distinction. We shall call the color of the box the foreground, and the 

color of surrounding area the background. As mentioned previously, a “RoY” designation 

would indicate a red box over a yellow background. As subjects were presented with 

“RoY” and “YoR”, an interesting question arises in asking if there are any differences 

between the two. Of course, this was done for all colors, not just red and yellow.  
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In creating these graphs, I found that there really were no significant differences to be 

observed between the two orientations, for all colors. Originally, the plan was to use 

these graphs and analyze them in the results. However, these graphs were less smooth 

than expected – a little “noisier.” To promote validity and accuracy of the results, I 

decided to combine the data for the two graphs for each color, and create one graph for 

each. For example, in combining RoY and YoR, the new designation for this graph I 

made R&Y. It is important to make this distinction because of the comparison to previous 

grating studies, where the designation “RoY” was used rather than “R&Y”. Although it 

makes more sense to me to use the designation “R&Y” if there is no clear foreground or 

background color, it was nevertheless at the author’s discretion to designate her graphs as 

she saw fit. I was pleased to see that averaging the two individual graphs for each color 

combination proved to reveal a more interpretable curve – that is, one that is smoother 

and is able to provide a better estimate of the inflection point.  

 
 
 E. Criteria for Selection of 36 Comparable Subjects 

In order to analyze and make conclusions about the subjects color acuities, I first had to 

ensure that they all were nearly identical for their black and white acuities. In order to do 

so, I used the data that the Landolt C acuity test provided. From the Landolt C data, I 

calculated an acuity number for each subject. This number is calculated using the correct 

percentages for each line of the test. The highest line at which a subject receives a 100% 

score indicates the number to the left of the decimal point, and the percent correct on the 

line immediately following represents the number to the right of the decimal point. For 

example, if a subject guessed 12/12 (100%) on the fifth row and 7/12 (58%) correctly on 
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the sixth row, the subject’s acuity number would be 5.58. Males and females were 

selected so that both had similar acuity range and average (Table 2.1). This allows for 

analysis of color acuity because theoretically, the subjects should have the same acuity 

scores if only presented with black and white open doors. Thus, individual differences 

should only be attributed to differences in color-distinguishing capabilities. 

 

Gender Age 
Acuity 

Number 
 

Gender Age 
Acuity 

Number 
M 21 5.92 F 21 4.92 
M 23 5.75 F 20 5.33 
M 21 6 F 19 5.92 
M 21 5.92 F 19 5.92 
M 21 5.58 F 20 5.83 
M 20 4.92 F 20 4.92 
M 20 4.92 F 19 5.83 
M 19 5.83 F 19 5.83 
M 18 4.92 F 20 5.83 
M 19 4.92 F 22 5.5 
M 22 5.92 F 23 5 
M 18 5.83 F 20 5.83 
M 20 6 F 18 5.92 
M 18 5.83 F 21 5.67 
M 19 5.92 F 21 4.92 
M 20 5.25 F 18 6 
M 22 5.58 F 21 5.83 
M 21 5.5 F 20 5.75 

 
Average 20.17 5.58  Average 20.06 5.60 
Range 18-23 4.92-6.0 Range 18-23 4.92-6.0 

Table 2.1: Male and female acuity and age data for all 36 subjects 
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F. Statistical Analysis 

Microsoft Excel was the computational tool used to complete the statistical analysis of all 

the data. Tables 3.1, 3.3, 3.4, 3.5, 3.6, 3.7, and 3.8 display the p-values of all of the data 

contained in the graph above each. The first three tables are comprised of p-values 

obtained by running paired, two-tailed t-tests as the arrays used in this data were from 

one subject group (either all subjects, males, or females).  

The next four tables are for each of the male versus female graphs, one for each color 

combination. The data here was obtained by running two-sample equal variance two-

tailed t-tests, as the arrays used in this data were from two different subject groups. 
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3. Results 

 A. Differences in Color Acuities for All Subjects 

Figure 3.1 displays the average acuities for all subjects and for all color combinations 

analyzed: XoA, R&G, R&Y, and G&Y. Each line represents one of these color 

combinations, where R=red, G=green, Y=yellow, X=black, and A=grey. In order to see if 

there was a significant difference between the average percent correct responses, error 

bars were added to each line to show the standard error for each point on the graph. 

 
Figure 3.1: Differences in color acuities for all subjects 
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P-values for All Subjects 

(t-test) 
Pixel Width 

3 4 5 6 
 
 

Color 
Combination 

XoA/R&G 0.963 0.037 0.101 0.028 
XoA/R&Y 0.035 <.001 <.001 <.001 
XoA/G&Y 0.004 <.001 <.001 <.001 
R&G/R&Y 0.019 0.045 <.001 0.002 
R&G/G&Y <.001 0.008 <.001 <.001 
R&Y/G&Y 0.264 0.833 0.405 0.372 

Table 3.1: Human p-values for all color combinations at the 3rd, 4th, 5th, and 6th pixel. Bold numbers 
indicate statistically significant p-values (p<.05).  
 
In looking at the graph as a whole, we see that they all do follow an upward trend from 

about 50% (random chance) toward the inflection point (75%), and some past that. 

Ideally, all of the lines should have made it to the 100% mark at least at 6 pixels, but they 

did not. The reason for the subjects’ difficulty in reaching this point is to be discussed in 

the next section. As for the individual color combinations, the graph shows that subjects 

had a much harder time distinguishing color combinations that included the color yellow. 

Both the black on grey (XoA) and red and green (R&G) graphs did make it to the 

inflection point, which was between 3 and 4 pixels for both. Subjects showed the highest 

acuity when exposed to the black on grey (XoA) color combination, and the poorest 

acuity when exposed to the green and yellow (G&Y) color combinations. Note that the 

stand error of the color combinations involving yellow do not overlap with those for XoA 

and R&G at 2, 3, 4, 5 and 6 pixels. 

 
Estimated Inflection Points (75%) 

 Humans Males Females 
XoA 3.03 2.40 3.65 
G&Y 7.10 6.20* 8.00* 
R&G 3.70 2.90 4.50 
R&Y 6.33 5.65 7.00* 

Table 3.2: Inflection points for all subjects and all color combinations 
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Table 3.1 above presents the inflection points for humans as a whole, as well as for males 

and females separately for all color combinations analyzed. The asterisk indicates 

inflection points that were not present on the graph as is; the values were calculated based 

on the extrapolation of the line between pixel 5 and pixel 6. These extrapolations are not 

shown on the graphs so as to keep the graphs visually looking similar. Also, keeping the 

graphs as is makes it clear that subjects had a difficult time with particular color 

combinations when the lines reach the inflection point. In looking at the color 

combinations mixed with yellow, we can see that the inflection point for these are about 

doubled as compared to combinations without yellow. Subjects experienced the most 

difficulty when discriminating green and yellow (G&Y), with the average inflection point 

for humans being 7.10. The inflection points for humans as a whole were calculated by 

averaging the male and female inflection points. Black on grey (XoA) showed the highest 

acuity, which makes sense in that black had a higher intensity than the others. All of the 

other colors were measured to have the same intensity, but obviously black could not and 

was included to act as more of a reference (this study investigates color vision 

specifically). 

 

 B. Differences in Color Acuities for Male Subjects 

Figure 3.2 looks at the differences in responses for the 18 male subjects for all color 

combinations that were analyzed. Again, the error bars are shown to depict the standard 

error at each pixel width. Males showed a decreased ability to discriminate yellow color 

combinations, as seen at pixels 3, 4, and 5 where the stand error bars do not overlap with 

those of other colors above it. They displayed the lowest acuity when discriminating 
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green and yellow (G&Y) color combinations, and the highest for black on grey (XoA). 

Note that the for the green and yellow (G&Y) line, males did not reach the 75% 

inflection point (at the 6 pixels maximum tested), indicating that they experienced great 

difficulty with discrimination of this color combination. 

 

 
Figure 3.2: Differences in color acuities for male subjects 
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P-values for Males 
(t-test) 

Pixel Width 
3 4 5 6 

 
 

Color 
Combination 

XoA/R&G 0.542 0.118 0.863 0.148 
XoA/R&Y 0.045 <.001 0.017 0.011 
XoA/G&Y 0.004 <.001 0.018 0.003 
R&G/R&Y 0.088 0.054 0.022 0.233 
R&G/G&Y 0.001 0.108 0.006 0.119 
R&Y/G&Y 0.277 0.601 0.302 0.532 

Table 3.3: Male p-values for all color combinations at the 3rd, 4th, 5th, and 6th pixel. Bold numbers 
indicate statistically significant p-values (p<.05).  
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 C. Differences in Color Acuities for Female Subjects 
 
Figure 3.3 illustrates the differences in color acuities for all 18 female subjects and for all 

color combinations analyzed. The standard error bars are shown for all pixel widths and 

all color combinations. At pixels 2, 5 and 6, we see that the error bars do not overlap for 

both combinations with yellow. In fact, those two lines are significantly less steep than 

the other two – neither line comes very close to the 75% inflection point. 

 

 
Figure 3.3: Differences in color acuities for female subjects 
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P-values for Females 
(t-test) 

Pixel Width 
3 4 5 6 

 
 

Color 
Combination 

XoA/R&G 0.617 0.186 0.046 0.073 
XoA/R&Y 0.363 0.020 <.001 <.001 
XoA/G&Y 0.249 0.005 <.001 <.001 
R&G/R&Y 0.122 0.409 0.002 0.003 
R&G/G&Y 0.004 0.022 0.009 <.001 
R&Y/G&Y 0.686 0.443 0.874 0.539 

Table 3.4: Female p-values for all color combinations at the 3rd, 4th, 5th, and 6th pixel. Bold numbers 
indicate statistically significant p-values (p<.05).  
 

As with males, we see again that black on grey (XoA) shows the highest acuity and that 

red and green (R&G) is slightly behind it. The order of color combinations, from highest 

to lowest acuity, is identical for both males and females and is as follows: XoA, R&G, 

R&Y, G&Y. 

 

 D. Differences in Color Acuities Between Males and Females 

Figures 3.4, 3.5, 3.6 and 3.7 illustrate the averaged differences in color acuities between 

the 18 males and 18 females in this study. Each graph is a comparison of color acuities 

for one color combination; thus there are four graphs for each combination analyzed.  

The standard error bars are displayed on each graph for each line and at each pixel. As 

mentioned previously, males exhibited superior acuity for every color combination 

analyzed. This is apparent in looking at the dotted inflection point line, where the male 

line is to the left of the female line every time (indicating that they maintained acuity at a 

smaller opening than did females). Both genders displayed very poor acuity for the graph 

of green and yellow (G&Y), where neither reached the dotted inflection point line. 
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Figure 3.4: Males display superior color discrimination for black on grey 
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50	  

55	  

60	  

65	  

70	  

75	  

80	  

85	  

90	  

95	  

100	  

1	   2	   3	   4	   5	   6	  

Pe
rc
en
t	  C
or
re
ct
	  

Pixel	  Width	  

Males	  vs.	  Females	  -‐	  XoA	  

In,lection	  
Point	  



 35	  

 
Figure 3.5: Males display superior color discrimination for red and green combinations 
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Figure 3.6: Males display superior color discrimination for green and yellow combinations 
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Figure 3.7: Males show superior color discrimination for red and yellow combinations 
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4. Discussion 

 The idea of an “open door” vision test for acuity is a new concept and, to our 

knowledge, has not been done before using pixel width of the open door as a measure of 

visual acuity. The results may indicate average differences in visual acuity for different 

color combinations for males, females, and all subjects combined, however, I am not 

claiming that such average differences were shown to be statistically significant. The 

graphs and infection point data showed that male color discrimination was slightly better, 

although the t-tests showed only one significant value. Although the number of subjects 

was somewhat few, the results may prove to be meaningful and provide a basis for future 

experiments. One of the first questions asked was, “Does/will the open door experiment 

work for determining color acuity?” The answer to this question is yes, with a few 

caveats. In addition, we asked, “Does this experiment have the potential for clinical 

application?” The answer to this question, provided the caveats are addressed, is yes. This 

experiment is potentially indifferent to differences in language or literacy in populations 

across the world – it is a simple solution to finding a universal acuity test that may easily 

be implemented by use of computers. In looking at these caveats mentioned previously, I 

will suggest changes that will likely provide for an improved experiment with clearer 

results. Additionally, I will address these male/female differences in color acuity and 

offer potential mechanisms for these differences. 

 

 A. Is the Open Door Experiment Comparable to Previous Grid Studies? 

Prior to the open door experiments taking place, experiments similar in theory were 

conducted by use of alternating-color grid lines. Also using a computer software program, 
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these studies consisted of grating patterns oriented either vertically or horizontally and 

varied in the number of pixels that formed the line widths. Subjects were asked to 

identify whether they saw vertical or horizontal lines, their responses of which were 

recorded by the computer. A slightly smaller study (12 males and 12 females), the results 

showed that both genders showed significantly lower acuities to green and yellow lines 

when compared with red and yellow lines. Below is a graph from this study that shows 

the poor acuity with yellow and green (Figure 4.1). 

 

Figure 4.1: Previous grating study in which females showed a significant decline in acuity when 
presented with green and yellow lines (Buckless, 2012). 
 

The graph of male color acuities for the grating study (not pictured) also showed a similar 

pattern in which the inflection point for the GoY line was much higher than that of both 

RoG and RoY. Compared to the graph in Figure 3., it is clear that both show the same 
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pattern of poor yellow/green color acuity. In addition, males showed better color acuity 

for all color-combinations, just as they did in this open door experiment (Table 4.1). In 

the grating studies, however, discrimination between grey and black for males was 

slightly better than that of females. 

 Pixel Width at Inflection Point (75% correct) 
 Overall Males Females 
 Mean Standard 

Error 
Mean Standard 

Error 
Mean Standard 

Error 
AoX 2.42 ±0.137 2.53 ±0.194 2.3 ±0.194 
RoG 2.32 ±0.207 1.95 ±0.293 2.69 ±0.293 
RoY 2.165 ±0.152 2.08 ±0.215 2.25 ±0.215 
GoY 2.73 ±0.199 2.875 ±0.282 3.58 ±0.282 
Table 4.1: Inflection point values for previous grid study (Buckless, 2012). 
 

Comparing this table to Table 3.1 in the previous section, we see that both studies show a 

male superiority in color acuity. 

 

Based on the results discussed above, it can be asserted that these two studies, open door 

and grating, are comparable. There certainly is an observed difference in inflection points 

to be noted between the two studies; subjects had a much harder time with color acuity in 

this open door experiment compared to the previous grating study. The open door 

experiment might have been more challenging in that it was almost a hybrid experiment 

that combined both resolution and localization, both types of acuity tests discussed in the 

first section. To refresh, resolution tests are those where the observer must respond to a 

separation between elements of a pattern, usually done by finding the smallest angular 

size at which subjects can discriminate the separation between a pair of dots, a grating, or 

a checkerboard (Figure 1.12). The grating study is an example of a resolution test. 

Localization tests look at discrimination of small displacements of one part of the object 


