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Background: Guidelines for predicting the amplitude of accommodation (AA) sometimes
are based on measurements for the subjective push-up-to-blur method. However, the push-
up-to-blur method often overestimates the accommodative response. Another method that is
commonly used to measure AA is the minus-lens-to-blur technique. This method is routinely
conducted at a viewing distance of 40 cm, with the addition of 2.50 D to correspond with the
initial accommodative stimulus.

Aim: Although the AA measured using the minus-lens-to-blur method can be performed with
the target at 40 cm, this study investigated changing the viewing distance and then comparing
the means for participants at 600 cm (6 m), 40 cm (0.4 m) and 33 cm (0.33 m). In this
manner, the possibility of using the AA measured at 6 m to estimate AA at 40 cm or 33 cm
could be explored.

Setting: The study was conducted in the Optometry Department, University of Limpopo.

Methods: The AA was measured using the minus-lens-to-blur method over the distance
correction when the target was held at viewing distances of 6 m, 40 cm and 33 cm. The minus
lens power used to stimulate accommodation was gradually increased in 0.25 D steps. All
measurements were performed using a phoropter.

Results: The mean AA was 8.46 = 2.07 D for 6 m, 10.62 + 2.05 D for 40 cm and 11.31 + 2.07 D
for 33 cm. The measured AA at 6 m was significantly lower than that with the target at 40 cm
and 33 cm measurement, p < 0.01. The Bland-Altman plots showed that there was a weaker
agreement between the measured AA with the target at 6 m and near; however, there was a
better agreement when the target was at 40 cm or 33 cm.

Conclusion: The findings of this study suggest that the results for AA measured using
the minus-lens-to-blur method at 6 m are not comparable to the results with the target at
40 cm or 33 cm. Even though there was a positive correlation between 6 m and the near
distances, the results were not interchangeable or useful to calculate AA at 40 cm and 33 cm.
The difference between the AA measured with the target at 40 cm and 33 cm can vary on
average by about 0.70 D.

Keywords: amplitude of accommodation; blur; dioptre; minus-lens-to-blur method; push-up-
to-blur method; subjective method.

Introduction

Accommodation can be defined as an increase in dioptric power of the eye for clearly focusing
near objects of regard on the retina. Accommodation results from a change in the shape of the
crystalline lens.?**5¢ The greatest increase in dioptric or refractive change an eye can undergo is
called the amplitude of accommodation (AA)."***>¢ The AA decreases with age; young individuals
have the greatest amplitude that gradually decreases with age leading to presbyopia (which starts
to affect performance with near-visual tasks around 40 years of age).*” There is little or no
accommodative ability left around the age of 55-60 years.®

The measurement of the AA is a component of a routine clinical eye examination to detect and
manage common refractive conditions, such as latent hyperopia and accommodative insufficiency.
A wide range of physiological, optical and other factors has been reported to influence or affect
AA measurements.” The significance of these factors is difficult to determine as AA measurements
are relatively variable. Hence, the standardisation and improvement of the measurements of AA
is essential.
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Amplitude of accommodation is commonly assessed
subjectively using the push-up-to-blur or minus-lens-to-blur
technique. Both tests require that the subject correctly
identifies the moment at which the target fixated on becomes
and stays blurred, that is, first sustained blur. Previous studies
have tested the accuracy of the push-up-to-blur technique
and found that illumination, target size, depth of focus, end-
point criteria, proximal cues and pupil size all affect these
measurements.*>67891011121314 Generally, the push-up-to-blur
method overestimates the AA and can suggest that active
accommodation is present when it is not.*” The subjective
push-up-to-blur technique overestimates the true AA of the
eye due to an increase in proximally induced accommodation
and the relative linear magnification of the target. The minus-
lens-to-blur technique can be performed at a viewing distance
of 40 cm with 2.50 D as the initial accommodative stimulus,
added to the distance correction to compensate for 40 cm and
the results recorded as the AA.

The use of computers and handheld smartphones for written
communication is becoming ubiquitous in modern society
worldwide.’'¢'7 The relative small screens of smartphones
may necessitate closer working distances than 40 cm, and the
small text sizes may increase the demands on accommodation
and vergence when compared to printed materials. This can
result in symptoms such as headache, blurred vision, diplopia,
eyestrain, ocular discomfort and dry eye after prolonged use.
The closer distances adopted when using smart phones for an
extended period may induce a larger lag of accommodation
and ocular fatigue. The effect of changing the viewing distance
on the clinical measure of AA is relatively unknown.

The purpose of this study was to investigate the effect of the
measured AA using the minus-lens-to-blur method with
the target at 6 m, 40 cm and 33 cm. The effects of changing the
standard viewing distance of AA using the minus-lens-to-
blur method is not well known; so, it is imperative to know
whether changing the target distance will result in a
significant difference in the minus-lens-to-blur finding.
Measuring AA with the target at a near distance can create
problems as more proximal accommodation occurs when
the target is placed more closely. The other purpose here was
to find out if measured AA with the target at 6 m could be
statistically reliable to calculate AA at the standard measuring
distance of 40 cm and to compare the measured AA with
target distances of 33 cm and 40 cm.

Method

The study was performed on 50 (31 women and 19 men)
university students. The mean age was 23.68 + 1.64 (18-26)
years. This project conformed to the principles of the Helsinki
Declaration, and the subjects gave their informed consent
before starting the study and after an explanation of the
nature of the study. Subjects were recruited through posters
placed at different noticeboards around the university.

Inclusion criteria were best corrected visual acuity of at least
6/6(20/20) in each eye at both far (6 m) and near (40 cm), and
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there was no history of ocular disease, ocular trauma or
refractive surgery. Subjects were excluded if they
demonstrated strabismus at far and/or near and systemic
illness (diabetes), as well as subjects on any systemic
medication that could affect accommodation (such as certain
flu medications). Refractive errors were determined using
static retinoscopy and refined by subjective refraction to
maximum plus while maintaining the best visual acuity. The
AA was measured with the target first at far (6 m) and then at
near (40 cm and 33 cm) using minus-lens-to-blur method.
Although AA was measured monocularly for both eyes of
all participants, only results for the right eyes were used
here for the analysis. Data from two eyes of one healthy
individual are likely to be correlated (except in cases such as
keratoconus); so, to avoid possible confounding of correlation
and regression analyses, only the measurement of the AA
from one eye of each participant was used for analysis.

In normal room illumination, each participant was directed
to the 6/9 row of letters on the distance Snellen chart for
measuring AA at 6 m or the row of 20/30 letters on reduced
Snellen chart for 40 cm or a row of 20/25 letters for 33 cm.
The minus lens power (sphere) was gradually increased
in 025 D steps over-and-above the subjective refractive
correction until the letters became slightly blurry and could
not be cleared by the participant. For the near measurements
(40 cm and 33 cm), the reduced Snellen chart was placed on a
reading stand perpendicular to the line of sight of the subjects.
The subjects indicated the first moment when the target
became and remained slightly blurred. The last lens of
negative lens power that produced the first noticeable blur
point when the subject could not focus clearly on the target
by making a conscious accommodative effort was recorded
as the subject’'s AA for the distance. For each viewing
distance, three measurements were averaged with 10-minute
breaks in between. All measurements were performed, while
the other eye was fully occluded. The AA was then recorded
as the amount of the minus lens power added before the
subject reported the first slight sustained blur, plus the
dioptric value of the test distance, 2.50 D for 40 cm and 3.00 D
for 33 cm. In the minus-lens-to-blur method, negative or
minus spherical lenses are added to the distance refractive
compensation until the participant cannot maintain clarity.>*
The AAis given by the maximum negative lens power added
and the working distance lens of either 2.50 D for 40 cm or
3 D for 33 cm. However, Scheiman and Wick® suggested that
for the minus lens method, the target should be placed at
33 cm so as to compensate for the effect of minification, but
only 2.50 D instead of 3 D should be added to the result to
account for the working distance. Again, the measured AA
with the target at 33 cm was recorded as the amount of
the minus lens power added before the subject plus 2.50 D
for 33 cm.

Statistical analysis

The data were analysed using the Statistical Package for
Social Sciences (SPSS) version 24 (SPSS Inc. Chicago, IL,
United States) and descriptive statistics such as means and
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standard deviation were obtained. The #-test and regression
analysis were used to assess correlation. The Bland—-Altman
method was used to assess the agreement between the AA
measured for different viewing distances. This method is
used by both researchers and/or clinicians to establish the
criteria as to whether or not a difference is significant.” Given
the sample size here, a small difference could be statistically
significant yet not clinically significant. Differences from the
bias (mean differences) were plotted to establish the 95%
limits of agreement. The limits of agreement were calculated
as mean difference +1.96 (standard deviation [s.d.]). The
intraclass correlation coefficient (ICC) was used to determine
the reliability of the test at 6 m, 40 cm and 33 cm. The
significance level was considered as p < 0.05 in all tests.

Ethical considerations

The ethical clearance to conduct this study was obtained
from the Turflop Research Ethics Committee, University of
Limpopo (Ethical Clearance number: TREC/196/2015: IR).

Results

Fifty participants (N = 50) participated in the study. However,
four of them were excluded (as outliers) from further analysis
performed on the remaining 46 subjects aged between 20 and
24 years with a mean and standard deviation of 22.20 + 1.23
years. The mean and standard deviation of refractive error
spherical equivalent were +0.25 + 0.50 D with a range of
-0.25 to +0.75 D.

Table 1 shows the normality test using the Kolmogorov—
Smirnov (K-S) test and Shapiro-Wilk test. Both tests show that
the measurements are normally distributed. It has been
reported that the K-S test has low power, and it should not
be seriously considered for testing normality and is very
sensitive to extreme values.” For samples smaller than 200, the
Shapiro-Wilk test should be used, but for more than 200 either
testis used. As we had 46 participants after removal of outliers,
although both tests are included, only the Shapiro-Wilk tests
were used for the interpretation of the normality of data.

Descriptive statistics for AA measured using the minus-lens-to-
blur method with the target at different distances are presented
in Table 2. The mean AA measured with the target at 6 m was
significantly less than that measured with the near target at
40 cm or 33 cm (p < 0.001). Sample skewness and kurtosis® are
also given in Table 2, and outliers can be seen in Figure 1.

In Table 3, the mean difference measures the absolute
difference between the means for two distances® and gives

TABLE 1: Normality tests for the measurements of the amplitude of
accommodation indicated that all three samples were normally distributed
(p>0.05).
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an idea of how much difference there is between the means of
the measured AA for two distances. The mean differences of
the AA with the minus-lens-to-blur method when the target
was at 6 m and 40 cm and at 6 m and 33 cm were —2.16 + 1.93
[CI: —2.73 to —1.59] D and —2.85 = 1.85 [CI: —3.49 to —2.30] D,
respectively. The differences were statistically and clinically
significant (p < 0.01). There was a small mean difference for
the AA measured at 40 cm and 33 cm, which was —0.69 + 0.84
[CI-0.94 to —0.45] D. The difference of —0.69 D was statistically
significant (p < 0.01).

Boxplots (box and whisker diagrams) are a simple and
effective way to summarise and display a group or groups

TABLE 2: Descriptive statistics of the means for the amplitude of accommodation
using the minus-lens-to-blur method.

Statistics 6m 40 cm 33 cm adding 33 cm adding
3.00 2.50
Mean t s.d. 8.46 +2.07 10.62 + 2.05 11.31+2.07 11.09 £ 0.36
Median 8.13 10.25 11.00 10.50
95% confidence 7.85 10.01 10.70 10.36
foeae! 9.08 11.23 11.93 11.82
Minimum 7.80 10.01 10.70 6.75
Maximum 9.00 11.22 11.93 11.50
Skewness 0.11 1.33 1.14 1.63
Kurtosis -0.40 3.84 3.79 4.10
Interquartile range 3.31 231 2.50 2.63
25% IQR 6.75 9.25 10.00 9.50
50% IQR 8.13 10.25 11.00 10.50
75% IQR 10.00 11.00 12.50 12.13

Note: The units are in dioptres (D).

s.d., standard deviation; IQR, interquartile (range is the length of the box in each boxplot);
m, metre; cm, centimetre.
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FIGURE 1: Boxplots for the measurements of the amplitude of accommodation
using the minus lens method with targets at 6 m, 40 cm and 33 cm. The three
numbers outside the box are outliers, which are 1.5 times greater than the
interquartile range.

TABLE 3: Correlation and mean difference of the amplitude of accommodation
in dioptres (D).

Paired distances  Correlation  p Mean 95% confidence interval

Distance Kolmogorov-Smirnov Shapiro-Wilk () difference of the mean difference
Statistic df Sig. Statistic df Sig. Low High
6m 0.01 45 0.20 0.99 45 0.84 6 mand 40 cm 0.56 0.00 -2.16+1.93 -2.73 -1.59
40 cm 0.12 45 0.11 0.91 45 0.39 6 mand 33 cm 0.60 0.00 -2.85+1.85 -3.40 -2.30
33cm 0.11 45 0.20 0.93 45 0.63 40 cmand 33 cm 0.90 0.00 -0.69+0.84 -0.94 -0.45

Sig., significance, df, degrees of freedom; m, metre; cm, centimetre.
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of numerical measurements (see Figure 1), including
medians, maxima, minima, and first quartile and third
quartiles.” (There were still three outliers left after the
removal of the more extreme ones.)

Correlation and linear regression are commonly used for
quantifying the association between two numerical variables. >
Table 3 shows the correlation () and mean differences of the
AA measured with the target at 6 m, 40 cm and 33 cm.
Figures 2—4 are graphical representations of the relationship
on the scatter plot. Individual dots represent paired Cartesian
coordinates (x and y values). There is a strong relationship
between the AA with the targets at 40 cm and 33 cm. The bold
straight line is the regression line. The dotted lines are the
95% confidence intervals of the measurements. The significant
correlation was observed between the AA measured with the
target at 40 cm and 33 cm (= 0.9, p < 0.001), although the results
of the AA measured at 6 m and 40 cm, and 6 m and 33 cm were
also correlated (see Table 3 and Figures 2—4).

A value for the correlation greater than 0.7 indicates a
strong correlation; values between 0.5 and 0.7 represent

R? Linear = 0.316

12.50 A

10.00 -7

7.50

5004 o

2.50 A .-

Amplitude of accommodation at 6m

7.50 10.00 12.50 15.00 17.50 20.00

Amplitude of accommodation at 40 cm

m, metre; cm, centimetre.

FIGURE 2: Linear regression of the amplitude of accommodation measured with
the target at 40 cm against the amplitude of accommodation measured with the
target at 6 m (r = 0.56, p = 0.00).
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FIGURE 3: Linear regression of the amplitude of accommodation measured with
the target at 33 cm against the amplitude of accommodation measured with the
target at 6 m (r = 0.60, p = 0.00).
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good correlation. Values between 0.3 and 0.5 may be
treated as fair or moderate correlation while any value
less than 0.3 would be poor correlation.”” The linear
regression equation (y = a + bx) was calculated and used
to predict the values of AA measured at 40 cm and 33 cm
from the AA measured with the target at 6 m.
The following equations could be used to calculate the
AA at 40 cm and 33 cm from the measured AA with the
target at 6 m:

AAat40cm =244 +0.57

(measured AA with target at 6 m) [Eqn1]
(F change = 20.35, residual = 131.705,

p <0.05, R? = 0.316, Figure 2).

AAat33 cm=1.68 + 0.60

(measured AA with target at 6 m) [Eqn 2]
(F change = 24.733, residual = 123.308,

p <0.05, R? = 0.36, Figure 3).

Correlation is used to assess the degree of association
between sets of paired measurements and quantifies the
linear relationship between variables. However, it cannot
be used to assess comparability between methods. The
assessment of agreement is therefore essential in the
comparison of the two methods. Bland and Altman
recognised the limitation of using correlation in the clinical
comparison of two measurement methods.?*? The essential
feature of a Bland-Altman analysis is that for each pair
of measurements, the mean difference d between the
measurements is plotted against the mean of these
measurements. It is expected that most differences would lie
within d — 1.96 (s.d.) and d + 1.96 (s.d.). The Bland-Altman
plots (see Figures 5-7) are scatter diagrams, where mean
differences between measurements are plotted on the y-axis.
Means (averages) of the measures of the two methods are
then plotted on the x-axis.?**?¢ The overall mean difference
obtained (for example, here with the target at two different
distances) is called the bias and is represented by the bold

20.00 R? Linear = 0.842

17.50 A
15.00
12.50 A
10.00

7.50

Amplitude of accommodation 40 cm

T T T T T T
7.50 10.00 12.50 15.00 17.50 20.00

Amplitude of accommodation at 33 cm

cm, centimetre.

FIGURE 4: Linear regression of the amplitude of accommodation measured with
the target at 33 cm against the amplitude of accommodation measured with the
target at 40 cm (r = 0.90, p = 0.00).
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central horizontal line on the graph concerned. The standard
deviation of the differences between paired measurements
were then used to construct the lines denoting 95%
limits of agreement (LoA), (d +1.96 [s.d.] of the differences)
one horizontal line above and below the bias are called
upper and lower LoA. As the LoA are only estimates,
confidence intervals were also calculated and plotted on the
figure. Firstly, the standard deviation of error of the mean
difference +1.95 s.d. was calculated using the following
formula:

V2.92
N&Ze [Eqn 3]
Jn

2.00

1.00 A

L]
0.00 f------mmmmnnn- T e e e e L P T PP PP

—1.00 + e o

-2.00 —

-3.00

—4.00 A

Mean difference of amplitude of
accommodation between 6 m and 40 cm (D)
[ ]
[ ]
[
]

-5.00 A

Page 5 of 7 . Original Research

for y = 0.975 and 0.025, where 7 is the sample size and using
the ¢ distribution table. For 95% confidence intervals, the
degree of freedom (n-1) = 46-1 = 45.

The ICC was determined (see Table 4) to assess the reliability
or consistent AA measurements with the target at different
distances. An ICC is measured on a scale of 0-1, where
1 represents a stronger or perfect reliability with no
measurement error and 0 indicates no reliability.??* Values
above 0.75 indicate strong ICC, values between 0.6 and
0.75 indicate good reliability, values between 0.4 and 0.6
indicate fair or moderate agreement and values less than 0.4
show poor agreement. The ICC differs from the Pearson
correlation coefficient in that ICC also takes into account
difference in the means of the measures being considered.”

The estimated reliability between AA measures with the
target at different distances was 0.69 with 95% CI [0.56-0.80],
which is quite wide. The 95% CI of the ICC estimate was used
to evaluate the level of reliability. Based on the results, the
level of reliability was regarded as moderate reliability as
95% CI of an ICC estimate was in the range of 0.56-0.80. The
Cronbach’s alpha (average measure) for the AA measurements
with the target at three different distances was 0.87,
suggesting that the measurements have relatively high
internal consistency. Although the obtained ICC value is 0.69,
indicating moderate reliability, its 95% CI ranges between

10.00 15.00 20.00 25.00 30.00 35.00

Mean of amplitude of accommodation
at 6 m and 40 cm (D)

m, metre; cm, centimetre.

FIGURE 5: Bland—Altman plot showing the difference between the amplitude
of accommodation at six metres and 40 cm. The bold red line represents the
mean difference or bias. The blue solid lines indicate the upper and lower 95%
LoA (bias £1.96 [s.d.]) while the black dotted lines represent the 95%
confidence interval of the upper and lower limits of agreement. LoA, limits of
agreement.
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FIGURE 6: Bland—Altman plot showing the difference between the amplitude of
accommodation at 6 m and 33 cm. The bold solid line represents the mean
difference or bias.
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FIGURE 7: Bland—Altman plot showing the difference between the amplitude of
accommodation at 40 cm and 33 cm.

TABLE 4: Intraclass correlation coefficients in the measured amplitude of
accommodation using the minus lens method with targets at 6 m, 40 cm or
33 cm, where n = 46.

Measure Intraclass 95% confidence
correlation interval

F test with true value

Lower Upper Value dfi df2 Sig.
bound  bound

Single measure 0.69 0.56 0.80 7.78 45 90 0.00
Average measure 0.87 0.79 0.93 7.78 45 90 0.00

Note: Single measure refers to single measurements with the target at 6 m, 40 cm or 33 cm
while the average measure (or Cronbach’s alpha) is the average covariance between two
measurements and the variance of the total measurements.

Sig., significance; m, metre; cm, centimetre.
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0.56 and 0.80, meaning that there is 95% chance that the true
ICC value could land on any point between 0.56 and 0.80.
Therefore, it was appropriate to conclude that the level of
reliability was moderate to good.

Discussion

The accommodative system of the human eye is highly
complicated but necessary to execute and carry out very
fine and detailed near work. The healthy eye alone does not
always guarantee provision of clear and comfortable vision
for an individual within a given distance of fixation.

This study showed that the measured AA with the target at
6 m was significantly lower than with the target at 40 cm and
33 cm. The mean difference was —2.16 + 1.93 D, -2.85 + 1.85
D and —0.70 + 0.84 D when the target distance was at 6 m and
40 cm, 6 m and 33 cm and lastly 40 cm and 33 cm. All the
comparisons were statistically correlated and clinically
significant (p < 0.05). The cause of this significant mean
difference when the target was at far and near is unknown
but could be due to the proximal cues and accommodative
effort when the target was held at near (40 cm and 33 cm).
Perhaps the lower AA could be attributed to tonic
accommodation or lack of convergence accommodation
when the target was at 6 m.**** Even though there was a
correlation between the measured AA with target at 6 m and
40 cm, (= 0.50), 6 m and 33 cm (r = 0.60), there was a weaker
agreement between those measurements (see Figures 5-7).
This shows that the measured AA with the minus-lens-to-
blur method with the target at far and near are not
interchangeable.

The difference between the AA measured with target at 40 cm
and 33 cm can vary by about 0.70 D. When working at more
proximal distances, the target subtends a larger angle at the
eye due to a smaller pupil size and larger depth of focus.
Such anincrease in depth of focus could delay the appreciation
of blur, hence resulting in a higher measurement of AA at
33 cm. This is not due to an increased accommodation but
rather delay in the perception of blur.

However, the formula was determined to exploit the
possibility of using the measured AA with the minus-lens-to-
blur method with the target at 6 m to calculate for the AA at
40 cm and 33 cm. The other purpose of the study was to
investigate the possibility of using a formula to calculate the
AA at 40 cm and 33 cm based on the measured AA with the
target at 6 m. The results of the calculated AA at 40 cm and
33 cm from the results of the measured AA with the target at
6 cm will be correct or useful only in 31.6% and 36.0% of the
study subjects, respectively (see Figures 2 and 3).

The purpose of measuring the AA is to obtain the maximum
accommodation at a near-viewing distance. Hence, AA was
also measured at 33 cm which is the average reading distance
of most scholars and pre-presbyopic individuals.’*® The
results of this study showed that the mean AA measured at
33 cm was significantly higher when compared with the
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measurement with the target at 40 cm. The mean difference
was —0.70 + 0.84, p = 0.00 (see Tables 2 and 3).As most pre-
presbyopic individuals read at 33 cm, the use of 40 cm as a
near-testing distance for all pre-presbyopic patients may be
inappropriate and give incorrect results.”> Although 40 cm is
used as a standard near-testing distance, the use of cellphones
and tablets has changed the viewing conditions, and closer
testing distances might be more appropriate.

The results of this study agree with the findings of Momeni-
Maghaddam et al."*? who found that the AA measured at
33 cm was higher than that with the target at 40 cm, and the
mean difference was 1.17 D on average. In this study, the
mean difference between the AA measured using minus-
lens-to-blur method with the target at 40 cm and 33 cm was
-0.70 = 0.84 D. The minus lens technique is one of the
subjective techniques for measuring the AA and like other
subjective methods tends to overestimate the true AA,
mainly due to depth of focus, target and pupil size and
illumination.””* So the possible cause of higher mean AA at
33 cm when compared with 40 cm could be convergence
accommodation and/or proximally induced accommodation
with pupil constrictions.'

The increased use of small display-screen devices
(smartphones) is associated with high levels of
accommodation and can lead to more load on the
accommodative system than with conventional near-vision
tasks.” The analysis of visual efficiency for contemporary
vision tasks would require precise measurement of AA as the
tasks may require maximal levels of accommodation.

When 2.50 D was added in this study, the mean result of AA
with target at 33 cm decreased by an average of 1.20 D from
11.31 D to 11.09 D (see Table 2). A study by Taub and Shallo—-
Hoffmann' used the target distance of 33 cm and added
2.50 to the result to determine the final AA. However, they
questioned whether the result of their study would have
been different had they used 3.00 D instead of 2.50 D. Based
on the results of this study, even the results of Taub and
Shallo-Hoffmann* would have been different (increased)
had they added 3.00 D instead.

The objective measure of reliability is the Cronbach’s alpha,™
which provides a measure of the internal consistency of a
test (how closely related are the measurements of AA as a
group).” Internal consistency describes the extent to which
all the items in a test measure the same concept. The
acceptable value of alpha ranges from 0.7 to 0.95; however,
some researchers recommend that the maximum value
should be 0.90. If the alpha is too high above 0.90, it may
suggest that some measurements are redundant.®

Conclusion

The results of this study demonstrate that the AA measured
with the target closer to eyes produced a larger increase in
accommodation. As a consequence of increasing near-vision
demands, in modern society, the use of 40 cm as a near-test



http://www.avehjournal.org�

distance for pre-presbyopic subjects may no longer be
appropriate. Measurements should perhaps be done at
33 cm; however, more studies are required to evaluate the
appropriate distance for performing near tests, including
the AA using the minus-lens-to-blur method. The agreement
of the AA was weaker when measured with targets at far
and near, indicating that the methods are not necessarily
interchangeable.
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